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Abstract - Torrefaction is a thermochemical treatment techniques performed at low temperature in an inert atmosphere to 
transform a biomass into a value-added bioenergy. In this study, fresh dairy manure was torrefied using a rotary kiln 
combustion type reactor at 200oC, 250oC and 300oC and the manurewas treated up to four timesfrom each temperature. The 
findings showed that the mass yield of the torrefied dairy manuredecreased gradually with the treatment times due to 
dehydration. Biochar at 250oC was preferable in consideration of final mass yield and duration time taken for the production.   
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I. INTRODUCTION 

 
Livestock supplies meat and dairy product as a 
protein sources for human and its manure provide 
organic material for human needs [1]. By the year of 
2050, it is expected that animal product will be highly 
in demand because of the increasing of the world 
population. Moreover, this will contributes to the 
higher amount of livestock waste production. 
Currently, the United States produces 35 million dry 
tons of livestock dung annually while the EU-27 
produces more than 1500 million fresh tons of 
livestock effluent a year [2]. Japan on the other hand 
produces around 97 million tons livestock manure per 
annum [3].  
 
Furthermore, proper livestock waste management is 
necessary to handle animal dung so that common 
environmental problem that related to the livestock 
effluents such as emission of chemicals, methane 
(CH4), nitrous oxide (N2O), ammonia (NH3), and 
nitrate (NO3) to air and water [4] are prevented and 
with that, advanced technology to transform waste-to-
energy is recommended. There are two types of 
treatment technologies involved which are 
thermochemical (eg; pyrolysis, gasification and 
liquefaction) and biochemical (eg; aerobic and 
anaerobic digestion)[5]. The conversion will produce 
a value-added bioenergy product that can be 
categorized into three form which is neither solid, 
liquid nor gas [6]and being recognized as biochar, 
bio-oil and biogas respectively [7]. Those product 
will further can be use in three major area that are 
heat and power generation, transportation fuels and 
chemical feedstocks[8]. 
 
Therefore, this study examinethermochemical waste-
to-energy conversiontechnology to treatdairy manure 
using torrefactionto produce solid bioenergy or the 
biochar at various range of temperature using 
industrial reactor.  

II. DETAILS EXPERIMENTAL  
 
2.1. Sample collection 
Fresh dairy manurewas collected from experiment 
farm of Field Science Centre for Northern Biosphere, 
Hokkaido University. The fresh manurewere then put 
into a cover bucket with total samples collected 
were50kg where approximately 10kg weighed of 
each bucket. All of the sample were then shipped to 
KINSEI SANGYO CO LTD at Gunma prefecture of 
Japan for torrefaction.  

 
2.2. The torrefaction reactor 
Torrefaction experiment was performed using arotary 
kiln combustion typereactor owned by KINSEI 
SANGYO CO LTD at Gunma prefecture of Japan. 
The rotary kiln consist of three main body part which 
were the input hopper, the kiln and the chimney. The 
torrefaction process take place in the kiln. The kiln is 
designed to have 4 degree inclination with rotating 
speed is 50 second per cycle. The heat of the kiln is 
supplied by the burner which is on and off 
automatically based on the set temperature. The 
rotary kiln is able to operate up to 1200oC.  
 
2.3. Dry torrefaction 
The torrefaction was conducted with three different 
temperature which were 200oC, 250oC and 300oC 
with approximately 10kg fresh dairy manure were 
used for each temperature. The torrefaction was 
started by putting the samples into the input hopper. 
During torrefaction, the sample undergone rotation in 
the kiln.Once torrefied, the sample collected from the 
collecting tray and measured and small amount of the 
sample was separated for further analysis. 
Thetorrefiedsamplewas then put back into the input 
hopper andtorrfying again and treated until three 
times for complete drying. However, the 
torrefactionfor 200oCwas treated until four times to 
fully dried.  
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III. RESULTS AND DISCUSSION 
 
3.1. Biochar production and temperature 
Total massyield of torrefied dairy manure (the 
biochar)at different temperaturefrom fresh sample are 
summarised in Table 1.T0 is the weight of fresh dairy 
manure. Percentage of the mass yield of each 
treatment are calculated as below; 
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Table1: Mass yield (%) of biochar from each 

treatment at different temperature 

 
 
For 200oC, the biochar production is 33.93% at T1 
followed by 13.67%, 2.53% and 0.22% at T2, T3 and 
T4 respectively.While at 250oC, mass yield is 
reducing graduallywith the treatment with 45% (T1) 
to 12.93% (T2) and 1.33% (T3) where 300oC also 
showing the same trend of biochar yield per treatment 
from 100% at T0 to 34.41% at T1, 7.83% at T2 and 
0.39% at T3. According to [9], drying is the first 
thing that occurred when biomass is heated and the 
quantities of hemicellulose decrease and change to 
volatiles and char products as the temperature raise 
above 200oC. Some lignin and cellulose begin to 
devolatilize and carbonized which cause mass 
decrement [10] as shown in Table 1. 
In the same time, biomass started to turn browns in 
colour and at 300oC, it is said that severe 
decomposition of biomass started because of the 
tonechanges of biomass to black in 
colour[9].Furthermore, level of colourchanges of 
torrefied dairy manure are can be physically seen in 
Fig.1.  
 

 
Fig.1.Delineation of biochar color from each treatment at 

different temperature 

Fig.1 summarisedcolour changes of biochar from 
dairy manure torrefactionat different temperature. As 
torrefaction also known as a roasting process due to 
dehydration [11], the less roasted colour is light 
brown while roasted is dark brown in colourand black 
for fully roasted. 
 
3.2. Biochar production and treatment time 
Total treatment time and final mass yield of torrefied 
dairy manure (the biochar) at different temperature 
are elucidate at Fig 2 and 3 respectively. 
 

 
Fig.2. Treatment time of torrefied dairy manure at different 

temperature 
 
In Fig.2, total time taken for torrefactionat 200oC is 
116 minutes with 43 min during T1, 29 min at T2, 24 
min at T3 and 20 min at T4.  For 250oC, dairy manure 
is fully torrefied for 96 minutes where T1, T2, and T3 
is 49, 26 and 21 minute respectively.For 300oC, 
biochar production is completed in 90 minute with 
every treatment is 44min (T1), 22min (T2) and 24min 
(T3). Torrefaction at 200oC took the longest due to 
four treatment times compared to 250oC and 300oC 
which only torrrefying the sample with three 
timestreatment.  
The fourth treatment times is necessary for complete 
drying so that the final biochar produced at200oC is 
as black as the last biochar output of 250oCand 
300oC.Moreover, drying contribute to dehydration 
and results to mass reduction[12]to final production 
as described by Fig.3.  
 

Fig.3. Final mass yield (%) of torrefied dairy manure at 
different temperature 

T0 T1 T2 T3 T4
200℃ 100 33.93 13.67 2.53 0.22
250℃ 100 45 12.93 1.33
300℃ 100 34.41 7.83 0.39

 Mass yield (%)
 Treatment
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Study by [13] and [14]reported that the yield of solid 
product decreases with temperature and residence 
time. In Fig.3, final mass yield at 200oC is the lowest 
compared to end production at 250oC and 300oC and 
it is expected that longest duration of total treatment 
time is to be the main factor that affect less yield of 
the last torrefied dairy manure production at 200oC in 
this study.  
 
CONCLUSIONS 
 
This studyhighlighted the mass yield from 
torrefaction of dairy manure at temperature of 200oC, 
250oC and 300oC respectively. It was found that the 
yield reduced gradually per treatment for each 
temperature and duration of treatment time affect the 
final mass yield of torrefied dairy manure. It was 
found that torrefaction at 250oC is preferable in 
consideration of mass yield and duration time for 
biochar production.The results obtained from this 
preliminary study providethe basic information of 
dairy manure torrefaction withfurther analysis is 
necessary.  
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