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Abstract
In a near future, the fossil fuels depletion will be a reality. Thus, the development of a new source of fuels
has become an area of research among the scientific community. The conversion of agricultural wastes into
bio-oil could be considered as a potential solution to produce clean and renewable energy. Direct liquefaction of
biomass is considered as having the potential to be use for that purpose. Herein, we intend disclose, the first and
preliminary results conducted towards the use of swine manure as a putative raw material for direct liquefaction
is tested, and the results of calorific values analysis are briefly evaluated.
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Introduction
Presently, all over the world, the population’s elementary diet
is centered mostly on meat, leading to its massive production. [1]
Over the years, that production has been increasing in the developed
countries as well as on the developing ones [1,2]. This steady increase of
livestock production led, inevitably, to higher production of wastewater
and manure. Usually this manure can be used as fertilizer of farmlands.
However, the quantities of manure produce are higher than that which
can be used for that purpose. Stocking those residues represent higher
economical and environmental cost. These kind of bio-waste leads to
eutrophication of water bodies, spread of pathogens, production of
phytotoxic substances and air pollution with the emission of methane
(a greenhouse gas), ammonia, hydrogen sulfide, amides, volatile
organic acids, mercaptans, esters, and other compounds [1,3,4].
Currently, the approaches in use, for the treatment and
management those residues, englobes biological nutrient removal,
anaerobic digestion, and composting. [1,5] However, the solid/liquid
separation is a mandatory step to employ those techniques. To remove
the solid compounds from the manure mixture chemical agents, like
coagulants and flocculants must be used In order to improve the
separation. Several chemicals have been tested with good results for
swine manure [6,7]. Afterwards the solid fraction recovered can be
used as a solid fuel. However these type of treatments represent an
expensive costs. Thus alternatives to expensive treatments, before its
discharge into the environmental, are needed.
Recycling is, nowadays, considered an old-fashioned idea. Instead,
two new points of view have emerged and are considered more accurate
when evaluating the potential of a waste to be re-used to obtain a
new product. Upcycling is now used to characterize the process of
transforming by-products, waste materials, and useless products
into new ones with better quality and consequentially with a higher
economical value. On the other hand, downcycling is the process that
converts useless products into other materials with low quality and/or
reduced functionality. Both processes aim at the same goals, preventing
the waste of potential useful by-products, manage wastes, reducing the
consumption of unprocessed feedstock, to re-use wastes, lowering
greenhouse gas emissions, etc.
The upcycling of manure may help to mitigate those residues and
subsequently increase its economic value. The liquefaction process,
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which is already well established for lignocellulosic materials, may be an
answer to that problem generating a product that can be used whether
as a fuel or as feedstock for biorefineries. The process have a strong
advantage which is the possibility to deal with waste with high moisture
content, hence the water will be removed during the operation.
Liquefaction of biomass, such as lignocellulosic residues, is a
process that has been largely investigated, consisting in the conversion
into polyols towards the depolymerization and solubilisation of
biomass at high temperatures [8-12].
Being biomass a renewable, biodegradable, and abundant resource,
it can be, and should be, seen as a source of raw materials for the
chemical industry. In fact, throughout its liquefaction products rich in
hydroxyl groups are obtained. Being extremely reactive, they can be
readily used as starting materials for the production of environmental
friendly polymeric products [13,14]. Polyurethane industry has been
exploiting them in the formulation of new materials [11,13,15,16].
With different liquefaction reactants, this process can lead to a wide
variety of reagents used in the formulations of biomaterials, resin and
coatings and others. The reaction mechanisms involved in liquefaction
processes are quite unknown. Biomass liquefaction involves wide
number of reactions. Amongst them are esterification, etherification
of free hydroxyl groups and the decomposition into smaller of the
macromolecules.
Aiming at the transposition of the liquefaction process from
lignocellulosic biomass to swine manure, we envisage to apply the same
protocol and process to this waste, which, to the best of our knowledge,
has never been investigated. With this study we expect to upcycle this
waste and hopefully give our modest contribution to mitigate the
environmentally impact of this waste. The potential use of the resulting
product as biofuel will be, also, evaluated.
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Experimental
Materials and chemicals
The studied swine manure (Figure 1A) was supplied by SECIL
and was used without any further treatments. The reagents used were
chemical grade (Sigma-Aldrich).

Liquefaction procedure
A typical procedure for the experiments were performed as
described by Mateus et al. [12]. 500 mL reaction reactor were loaded
with a mixture of solvents (2-ethylhexanol: diethylene glycol = 4:1,
w/w), 3% w/w of p-toluene sulfonic acid and 40% w/w of undried
swine manure (both based on solvent mixture). The temperature was
set to 160°C being the reaction mixture then stirred until no solids were
observed in the liquefaction mixture. The water content of the loaded
sample as well as that formed during the reaction was distilled during
the reaction. After liquefaction, the reactor was allowed to cool at room
temperature.

Measurement of liquefaction extent
The conversion was gravimetrically evaluated based on the
residue content (unreacted raw material). The reaction mixture was
diluted with acetone and then filtered and washed with acetone and
methanol. The filtrate was evaporated under reduced pressure by rotary
evaporator system at 40-50°C temperatures to recover the bio-oil. The
obtained solid residue was then dried in an oven set to 120 °C until no
change in weight was observed. The liquefaction yield was calculated
according with equation 1.



MR 
Liquefaction Yield ( % ) = 1(1)
 ×100 (1)
 M C × H 
100 

Where MC is the initial mass of swine manure, H is the humidity
content (%), MR the mass of the residue obtained.

when compared with swine manure, explaining, thus, the increase of
the high calorific value (Table 1), since less oxidized compounds are
present in the mixture. Concerning nitrogen and sulfur the change
was not significant. When compared to other fuels, the bio-oil herein
obtained, presents similar heat of combustion except when compared to
diesel or thick fuel which have a much higher values, which encourages
conducting further studies to determine if this bio-oil could be used
as fuel for, as example, furnaces that can be burned by the industries
for heating its facilities. Moreover, this method proved to be not water
sensitive allowing treating this residue independently of its moisture
content. With these very preliminary results, we strongly believe
and advise that further studies should be conducted in order to fully
verified if the bio-oil obtained, towards the swine manure liquefaction,
can, indeed, used as biofuel.

Conclusions
In conclusion, we described a highly efficient procedure to liquefied
swine manure. This environmentally friendly and safe protocol
presented high product yield and short reaction time. Thus, liquefaction
is a promising alternative for traditional treatments of this waste. The
obtained complex mixture of liquefied products, whose composition
was not studied, yet, could be used as fuel in biomass steam boilers
or even as a source for the extraction of added value, sustainable and
environmentally friendly chemicals. Those chemicals, can be further
upcycled as polyols for the formulation of PU foams [13], adhesives
[16] and others polymeric materials.
We hope that with the preliminary results reported in this brief
communication, other scientists feel encouraged to study, thoroughly,

Samples analysis
The elemental composition concerning carbon hydrogen and
nitrogen of the various samples were obtained via elemental analysis
using a LECO TruSpec CHN analyzer instrument. While for sulfur the
determination was carried out in a LECO CNS2000. The oxygen was
estimated using the equation 2,
O(%)=100-(C + H + N + S)(%)			

(2)

Figure 1: A) Swine Manure, B) Bio-oil.

The calorific values were determine with an LECO AC500.

Results and Discussion
The work developed led to the complete liquefaction of swine
manure in 89.6%. The process was conducted without any restraint
whatsoever; actually, the expected product was after only 45 minutes.
The process was considered to be finished when the solids suspended
in the solvents mixture were no longer observed, and no water was
distilled. Despite all the moisture present on the sample, the reaction
ran smoothly being the water removed by distillation as well as that
formed during the complex set of reactions that can occur during the
liquefaction process. The afforded product was then filtered leading to a
darkish oil (bio-oil, Figure 1B), which was then sampled for preliminary
chemical analysis (Table 1 and Figure 1).
The chemical composition of the product obtained clearly
indicated higher amounts of carbon/hydrogen and lower in oxygen,
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Heat of
Combustion
(MJ/Kg)

Analysis (%)

Sample

Oa

Moisture

LCV

0.99

52.6

75.3

15.9

0.7

22.9

1.5

30.9

nd

nd

nd

5.0

34.1

4.8

1.2

0.7

5.9

2.7

32.9

86.7

13.0

b

b

b

b

42.7

nd

nd

nd

nd

nd

4.7

39.3

C

H

N

S

Swine
Manure

38.3

6.13

1.95

Bio-oil

63.2

11.7

1.51

Petcoke

nd

nd

Coal [17]

80.9

Diesel
Thick fuel

O (%)=100 - (C+H+N+S) (%)
b
below level of detection/not detected.
nd: not determined.
a

Table 1: Chemical and heat of combustion analysis of: swine manure, bio-oil, pet
coke, coal, diesel and thick fuel.
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this methodology. Developing new products may lead to the mitigation
of the negative impact of these wastes on the environment. Other
studies are already being conducted and will be presented as soon as
they become available.
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