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Livestock manure provides mineral fertilizers and
soil conditioners

In regions with intensive livestock production, manure managementis a
problem. Nevertheless manure can become a valuable resource when its
components are recovered as specific fertilizers and soil conditioners. For a year
now a pilot plant for the processing of livestock manure - constructed under
the leadership of Fraunhofer IGB - has been producing mineral nitrogen and
phosphate fertilizers as well as organic soil conditioners. On June 14, 2016 the
partners of the EU project BioEcoSIM will present their results and give a live
demonstration of the plant.

Fraunhofer researcher Dr. Jennifer Bilbao presents, in clean glass dishes, three products
that can be used directly in agriculture: The first is pure ammonium sulfate, a white
salt, even more finely grained than table salt (sodium chloride). The second little dish is
filled with fine, sand-colored crystals. It is a mixture of various phosphate salts: calcium
phosphate, magnesium ammonium phosphate, magnesium phosphate. In the third
little dish there are dark-brown pressed pellets reminiscent of earth — humus-forming
soil conditioners.

Project manager Bilbao brought the products with her from Kupferzell, where the
consortium of the EU-funded project BioEcoSIM has set up a pilot plant for pig manure
recycling on the site of their project partner Agro Energie Hohenlohe. Every hour the
plant processes for demonstration purposes 50 kilograms of pig manure: to about 500
grams of mineral phosphate fertilizer, 500 grams of mineral nitrogen fertilizer as well
as 900 grams of organic biochar. 15 partners from five countries have worked for three
years to convert this problematic substance into a valuable resource. The project, which
is scheduled to run till December 2016, is coordinated by the Fraunhofer Institute for
Interfacial Engineering and Biotechnology IGB.

Livestock manure: a problematic substance

Every year in Europe pigs, cattle and poultry produce around 1,800 million cubic meters
of livestock manure. According to the agricultural census of 2010, this means in
Germany alone 160 million cubic meters, of which 36 million cubic meters is pig
manure. A large part of the manure is produced in the major pig farms, most of which
are located in regions of Lower Saxony and Northrhine-Westphalia. However, there is
not enough arable land to spread the livestock manure at the locations where it is
produced in an environmentally compatible manner. More than half is therefore
transported to regions with nutrient demand, frequently several hundred kilometers
away, and this involves millions of round trips by tank truck.

Fraunhofer IGB Press | Nobelstrasse 12 | 70569 Stuttgart | Germany | www.igb.fraunhofer.de/press



\

~ Fraunhofer

IGB

FRAUNHOFER INSTITUTE FOR INTERFACIAL ENGINEERING AND BIOTECHNOLOGY IGB

Livestock manure is basically well suited for agricultural fertilization and irrigation. Pig PRESS RELEASE
manure has a high water content (90 percent). Further components are valuable plant  April 18, 2016 || Page 2 | 4

nutrients, mainly nitrogen and phosphorus, and indigestible feed solids such as plant
fibers. However, if more livestock manure is applied to the fields than the soils can
sequester and the roots of the plants can absorb, the soil becomes overfertilized. This
means, nitrogen contaminates the groundwater in the form of nitrate. As a result, in
many places suppliers already mix nitrate-polluted with uncontaminated water in order
to comply with the limits for drinking water supplies. Excess phosphate pollutes the
water too. Unlike in the Netherlands or Belgium, overfertilization with phosphate is not
yet regulated by law in Germany.

Combined process for the treatment of livestock manure

Various steps are necessary to process livestock manure. In the course of the project
the Fraunhofer researchers and their project partners have succeeded in integrating all
the processes as separate modules within a single plant. This makes it possible to treat
the manure directly at its place of origin and thus to extract the three products.

In a first step, manure is pretreated, so that the phosphorus dissolves completely, and
separated by a coarse filtration into a solid and a liquid phase. The solid phase is then
dried using a process developed at Fraunhofer IGB; this works with superheated steam
in a closed system and therefore achieves a high energy efficiency. After that, the dried
organic components are converted to organic biochar at over 300°C by a pyrolysis
process — in an atmosphere of superheated steam, as in the drying step.
Microorganisms are completely destroyed in the process.

The liquid manure fraction contains plenty of dissolved inorganic nutrients. In a
precipitation reactor first of all phosphorus is recovered, and filtered off as calcium
phosphate, magnesium phosphate and magnesium ammonium phosphate. Nitrogen is
recovered in a second step. For this purpose the liquid fraction is transferred to a
membrane cell. Ammonia dissolved in the water diffuses across the membrane and is
recovered as crystaline ammonium sulfate. What remains is water that now contains
only traces of phosphorus and nitrogen, but which is rich in potassium and ideal for
irrigation purposes.

Individually made up fertilizers

In extensive investigations and field studies the researchers have shown that the
mineral fertilizers and organic soil conditioners made from livestock manure can be
used directly in agriculture as readily available fertilizers and humus-forming substrates.
"We can also mix our products to obtain a nutrient composition to suit the type of
plant and the soil conditions," Dr. Jennifer Bilbao explains. "This prevents any
overfertilization of the soil. Additionally, our products save on synthetic fertilizers. The
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production of synthetic nitrogen fertilizers requires large quantities of energy; synthetic
phosphate fertilizers are obtained from raw phosphate using elaborate processes. "
Finally, the mass of the dewatered and processed products makes up only about four
percent of the original volume of livestock manure. The number of round trips
necessary to transport the manure would be radically reduced.

Demonstration of the pilot plant

Talks with agricultural organizations and farmers during the course of the project have
indicated that there is great deal of interest in the processing and recycling of livestock
manure. The present plant has not yet been able to pay for itself out of the proceeds
from the products alone, not least because of the political hurdles that exist at the
moment. However, fattening farms have to pay up to 25 euros to dispose of a cubic
meter of livestock manure, so this is an area with a huge savings potential.

On June 14, 2016 the project consortium will present the pilot plant in Kupferzell to
interested investors, agricultural machinery manufacturers and end users in the
agricultural sector. The process steps integrated in the plant will be presented in short
talks; the operation of the plant will be demonstrated live. The participants are invited
to discuss the economic and ecological impact of the technology in workshops after
the demonstration.

Project funding and project partners

The project BioEcoSIM "An innovative bio-economy solution to valorize livestock
manure into a range of stabilized soil improving materials for environmental
sustainability and economic benefit for European agriculture” has been funded by the
EU since October 2012 for just over four years within the scope of the 7th Framework
Research Program (Grant Agreement No. 308637). Besides Fraunhofer IGB, the project
partners are Stichting Dienst Landbouwkundig Onderzoek (Netherlands), Centre de
Recerca i Innovacié de Catalunya (Spain), the University of Hohenheim (Germany),
Centro Technologico Agrario y Agroalimentario (Spain), Acondicionamiento Tarrasense
Associacion (Spain), Gospodarstwo Rolne Jacek Sliwka (Poland), Biocompostajes
Espafoles S.L. (Spain), Dofco BV (Netherlands), YFlow Sistemas y Desarrollos SL (Spain),
Initial Projects Limited (UK), Geltz Umwelttechnologie GmbH (Germany), Agroenergie
Hohenlohe GmbH (Germany), ASB Grinland Helmut Aurenz GmbH (Germany) and
Heckmann Maschinenbau und Verfahrenstechnik GmbH (Germany).

Further information and preliminary program
www.igb.fraunhofer.de/demo/eng|
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You are cordially invited to the live demonstration of the plant.
If you are interested please contact us in advance with a simple email
(to: claudia.vorbeck@igb.fraunhofer.de).

With the BioEcoSim process,
livestock manure can be
converted into valuable
phosphorus fertilizers (rear),
nitrogen fertilizers (right) and
soil conditioners (front).
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The Fraunhofer-Gesellschaft is the leading organization for applied research in Europe. Its research activities are conducted by 67 institutes and
research units at locations throughout Germany. The Fraunhofer-Gesellschaft employs a staff of 24,000, who work with an annual research budget
totaling more than 2.1 billion euros. Of this sum, more than 1.8 billion euros is generated through contract research. More than 70 percent of the
Fraunhofer-Gesellschaft's contract research revenue is derived from contracts with industry and from publicly financed research projects.
International collaborations with excellent research partners and innovative companies around the world ensure direct access to regions of the
greatest importance to present and future scientific progress and economic development.

The Fraunhofer Institute for Interfacial Engineering and Biotechnology IGB develops and optimizes processes and products in the fields of
health, chemistry and process industry, as well as environment and energy. We combine the highest scientific standards with professional know-
how in our competence areas — always with a view to economic efficiency and sustainability. Our strengths are offering complete solutions from
the laboratory to the pilot scale. Customers also benefit from the cooperation between our five R&D departments in Stuttgart and the institute
‘branches located in Leuna, Straubing and Wrzburg. The constructive interplay of the various disciplines at our institute opens up new approaches
in areas such as medical engineering, nanotechnology, industrial biotechnology, and environmental technology.



