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Elephant and cow manure for making paper
sustainably
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Paper (top) can be made from cellulose derived from elephant manure (bottom).
Credit: Kathrin Weiland

It's likely not the first thing you think of when you see elephant dung,
but this material turns out to be an excellent source of cellulose for paper
manufacturing in countries where trees are scarce, scientists report. And
in regions with plenty of farm animals such as cows, upcycling manure
into paper products could be a cheap and environmentally sound method
to get rid of this pervasive agricultural waste.

The researchers are presenting their results today at the 255th National
Meeting & Exposition of the American Chemical Society (ACS).

The idea for the project germinated on Crete, where Alexander
Bismarck, Ph.D., noticed goats munching on summer-dry grass in the
small village where he was vacationing. "I realized what comes out in the
end is partially digested plant matter, so there must be cellulose in there,"
he recalls.

"Animals eat low-grade biomass containing cellulose, chew it and expose
it to enzymes and acid in their stomach, and then produce manure.
Depending on the animal, up to 40 percent of that manure is cellulose,
which is then easily accessible," Bismarck says. So, much less energy
and fewer chemical treatments should be needed to turn this partially
digested material into cellulose nanofibers, relative to starting with raw
wood, he conjectured.

After working with goat manure, Bismarck, who is at the University of
Vienna, Austria, his postdoc Andreas Mautner, Ph.D., and graduate
students Nurul Ain Kamal and Kathrin Weiland moved on to dung from
horses, cows and eventually elephants. The supply of raw material is
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substantial: Parks in Africa that are home to hundreds of elephants
produce tons of dung every day, and enormous cattle farms in the U.S.
and Europe yield mountains of manure, according to Mautner.

The researchers treat the manure with a sodium hydroxide solution. This
partially removes lignin—which can be used later as a fertilizer or
fuel—as well as other impurities, including proteins and dead cells. To
fully remove lignin and to produce white pulp for making paper, the
material has to be bleached with sodium hypochlorite. The purified
cellulose requires little if any grinding to break it down into nanofibers
in preparation for use in paper, in contrast to conventional methods.

"You need a lot of energy to grind wood down to make nanocellulose,"
Mautner says. But with manure as a starting material, "you can reduce
the number of steps you need to perform, simply because the animal
already chewed the plant and attacked it with acid and enzymes. You
inexpensively produce a nanocellulose that has the same or even better
properties than nanocellulose from wood, with lower energy and
chemical consumption,” he says.

The dung-derived nanopaper could be used in many applications,
including as reinforcement for polymer composites or filters that can
clean wastewater before it's discharged into the environment, Bismarck
says. His team is working with an industrial consortium to further
explore these possibilities. The nanopaper could also be used to write on,
he says.

The researchers are also investigating whether the process can be made
even more sustainable, by first producing biogas from manure and then
extracting cellulose fibers from the residue. Biogas, which is mostly
methane and carbon dioxide, can then be used as a fuel for generating
electricity or heat.
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More information: Title: Cellulose Nanopapers from Elephant
Manure

Abstract

The interest in cellulose fibres, in particular micro- or nanofibrillated
cellulose, utilized in paper and composite materials as alternative to
conventional fibre materials, has recently grown significantly. Thereby,
particularly in countries without access to large forest areas, an
alternative to wood as raw material for natural fibres is highly desirable.
In order to promote an environmentally sustainable, widely available and
cheap raw material, elephant manure was proposed as potential source.
As elephants digest only 30 to 40% of their diet, their manure contains
large quantities of fibrous cellulosic material. In addition, the
mechanical, acidic and enzymatic pre-treatment during ingestion and
digestion initiates break down of the fibres. This makes this animal
waste a suitable candidate for the use as precursor for the production of
micro- or even nanofibrillated cellulose. Nanocelluloses are commonly
prepared by mechanical disintegration of plant material, optionally with
chemical pre-treatment, thus requiring a lot of energy and chemicals
during the fibrillation process. Therefore, utilizing the elephant as the
first-stage bioreactor for the defibrillation of cellulose fibres by
mechanical and chemical means would constitute an energy-efficient
approach.

We demonstrate that by chemical purification of elephant manure,
microfibrillated cellulose with controllable properties can be isolated.
The fibrils were characterized regarding their cellulose content and
physico-chemical properties in order to optimize the extraction process.
Optimized fibrils were initially used for the preparation of papers that
were characterized regarding their physico-chemical and mechanical
properties and served as reference material. Moreover, the fibrils were
further mechanically refined and papers produced from these refined
elephant manure nanofibrils that were compared to the non-refined
elephant manure papers and cellulose nanopapers.
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