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Densification of rice straw such as compacting and pelletizing is an important process to increase the density of rice
straw resulting in a reduction of transportation cost. Within this research, we conducted a techno-economic investiga-
tion of rice straw densification to produce compressed bales and pellets, which are later used for animal feed. In line
with the main deliverable of the performance of rice straw compacting and pelletizing processes, we also looked into
the quality of the product in terms of uptake and digestibility of the cattle feed which could be improved by adding
amendments such as urea during the compacting process. The compacting technology resulted in a 400% increase of
bale density (from 94 to 390 kg.m'g). This could reduce transportation costs by about 60% for a 60 km driving distance
using trucks. The net profit that resulted from compacted bales was USD 0.0062 kg'l. Although the pelletizing technol-
ogy increased the cost of the densified product by 40-50%, its density increases by 700%, from 94 to 666 kg.m'a. The
enriched-rice straw pellets contained 12.1% protein, 2.8% lipid, 32.7% raw fibre, and 11.2% ash. In addition, a test of
this product for cattle feeding illustrated an increase in its eating desirability for cows. Findings from this study contrib-
ute to reducing feedstock cost and developing densified rice straw products. These, therefore, provide more alternative
options to increase the benefits from rice production and thus, reduce the unsustainable burning of rice straw in the
field.

Nén ép rom I qud trinh quan trong va can thiét dé téng khoi long thé tich vdi muc dich gidm chi phi vén chuyén. Trong
nghién ct?u ndy, chung téi dd thuc hién nghién ctru ddnh gid tinh kha thi vé kj thudt va kinh té dbi vdi néi dung nén ép
rom cudén va ép vién rom. Cting vdi muc dich chinh Id téng dung trong cla sén phdm tir rom, ching téi ciing ddnh gid
chét luong sén phém lam thire dn cho bo gitp cho tédng kich thich qud trinh tiéu hda. Két qud nén ép cudn rom dé lam
tdng dung trong clia kién rom dén 400% (tir 94 dén 398.7 kg.m™). Qua d6, da gidm duoc chi phi vén chuyén 60% duoc
wdc tinh cho 60 km khodng cdch van chuyén. D4i vdi ép vién rom, dung trong ting dén 700% (tir 94 dén 666 kg.m’).
Ham lwong dinh dudng cta vién nén hén hop rom gém protein (12,1%), chét béo (2,8%), chdt xo (32,7%), va luong tro
téng (11,2%). Ngoadi ra, két qud thi* nghiém cho bo dn sén phém vién nén nay cho théy bd c6 cdm gidc thich va dn hét
todn bé vién nén. Két qua ctia nghién citu dd gdp phdn gidm chi phi khi sén xuét thire én cho bo, téng thu nhdp cho
ngudi néng dén va tir dé giém tdc déng méi trudng do viéc dot rom trén déng.
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1. Introduction

Rice straw is a by-product of harvesting paddy. In the Me-
kong Delta of Vietnam, about 90% of rice field is harvested
by a combine harvester. With the use of combine har-
vester, straw is spread out in the field leading to difficult
and tedious work for gathering causing intensives of burn-
ing or incorporation of all rice straw in the field. Negative
impacts of straw burning and incorporation were reported

by Romasanta et al. (2017). For example, burning straw in
the open field causes greenhouse gas emission while en-
ergy is waste. Nguyen Van Hung et al. (2017) also recom-
mended the better practices of removing rice straw for fur-
ther alternative uses such as mushroom production and
cattle feed. Benefits of off-field rice straw practices for bi-
oenergy was revealed in Nguyen Van Hung et al. (2016a)
and Ngo Thi Thanh Truc et al. (2011). However, transpor-
tation cost is the main barrier for off-field options of rice
straw management. Densification of rice straw such as
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compacting and pelletizing is an important process to in-
crease the density of rice straw resulting in a reduction of
transportation cost. With rice straw, densification process
can increase its density from 40-100 kg.m’3 to 600-800
kg.m3 (Kargbo, et al., 2009). Some improvements of rice
straw briquetting were revealed in Munder (2008).

In principle, densification includes tumble and pressure ag-
glomeration. Tumble agglomeration includes baling tech-
nologies that involved the gathering of rice straw described
in a recent research in the same operation (Nguyen Van
Hung et al., 2016b). Pressure agglomeration includes ex-
truding, pelletizing, and briquetting.

In Vietnam, a large amount (80%) of rice straw are burned
in the field causing a high environmental foot-print (Ngu-
yen Van Hung et al., 2014). Thanks to the mushroom pro-
duction business, a straw market has been established
since 2003 (Phan Hieu Hien et al., 2013), but it only utilizes
a very small amount of the rice straw produced.

In Vietnam, aside from mushroom production, rice straw
has been used for cattle feed, as mulch in the cultivation of
other crops, and for soil enrichment, etc. However, with an
abundant amount of straw in the Mekong Delta, creating a
new market for rice straw is a need. Pelletizing technology
has been applied to many agricultural by-products.
Pelletizing machines are well-known for producing rice
husk pellets.

At present, rice husk pellet product is used for combustion
energy. Similar to rice husk, rice straw can be pelletized to
use for energy purpose. Furthermore, this research also
generated a concept of using rice straw pellets for cattle
feed.

The objectives of this activity were 1) investigation of the
rice straw compacting technology based on the density of
product and financial benefit, and 2) techno-economic fea-
sibility evaluation of the rice straw pelletizing for cattle
feed.

2. Method
2.1. Rice straw compacting experiment

The experiment was conducted using the compacting sys-
tem (Fig.1) at Binh Minh Group, Cai Lay Town, Tien Giang
Province. The machine compacts the 11 small round straw
bales with a density of 87.4 kg.m’3 into one larger and
denser cubic-bale in each batch. Five replications were
conducted to investigate the performance parameters
such as compacting capacity, power consumption, and
compacting density.
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Round bales

Figure 1. Rice straw compacting

Parameters collected and calculated during the experi-
ment included compacting capacity [kg.h'l], power con-
sumption [kWh.kg’l], moisture content of straw and pellets
[%], and temperature of product after pelleting [°C].

The compacting capacity of each machine was computed
based on the actual amount of feeding materials and rec-
orded working time [h]. Power consumption was a ratio of
measured power using a three-phase power meter and ac-
tual compacting capacity.

Moisture content (MC) of straw was determined using an
oven dryer to dry straw samples (30 grams per sample)
which were taken during the test. Samples were dried at
105 °C until constant mass. It is computed by following for-
mula:
G; — G

Gy
MC = moisture content, %
G, = initial mass of sample, g
G, = final mass of sample, g
The density of straw pellets was determined by the
following equation:

MC =

in which:

w

P=y

p = density, kg.m’3

w = mass of straw pellets, kg
V = volume of pellets, m’

in which:

2.2 Rice straw pelletizing

Figure 2 shows the process of rice straw pre-treatment and
pelletizing investigated in this research. This process in-
cludes chopping, grinding, mixing, pelletizing, and packag-
ing.

‘ Round straw bale }——‘ Chopping }—~‘ Grinding ‘

|
l
‘ Mixing H Pelletizing H Packaging ‘

Figure 2. Straw pelletizing process from straw bales

Rice straw is chopped using a rotating chopper shown in
Figure 3. Then, it is fed into a grinding and pelletizing sys-
tem with its schematic diagram shown in Figure 4. Within
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the experiment, we used the existing rice husk grinder (Fig-
ure 5) and pelletizer (Figure 6) for corresponding pro-
cessing processes of rice straw.

Figure 3. Rice straw rotating chopper
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Figure 4. Schematic diagram of pelletizing system
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Figure 5. Rice husk grinding
machine

Figure 6. Rice husk
pelletizing machine

The experiments were conducted with the three treat-
ments of different ratio of feed materials. These feeds
were processed by mixing ground rice straw into processed
cattle feed. Mass compositions of the materials in each
50kg-sample is shown in Table 1.

Parameters collected during the experiment included com-
pacting capacity, power consumption, and temperature of
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the product after pelletizing. The moisture content of
straw was determined using an oven dryer to dry straw
samples which were taken during the test.

After the pelletizing process, samples of the pellets were

randomly taken for nutrient analysis. Parameters for nutri-
ent analysis include protein, lipid, raw fibre, and total ash.

Table 1. Components of materials used in the tests

No. Components Treatments

No.1 No.2 No.3

1  Ground straw, kg 25 30 35
2 Rice bran, kg 10 7.5 3.75
3 Corn meal, kg 5 5 3.75
4 Dried soybean oil, kg 4 2.5 2.5
5  Fish meal (60%), kg 3.75 2.5 2.5
6  Bone meal, kg 2 2 2.5
7 Premix vitamin and minerals, 0.25 0.25 0.25

kg

8  Salt, kg 0.25 0.25 0.25
Total, kg 50 50 50

3. Findings and discussions
3.1 Rice straw compacting

Table 2 shows the results of compacting performance pa-
rameters. The machine in one batch compacts 11 round
bales into a cubic bale with the dimension of 95cm x 75cm
x 55cm and its mass of about 153 kg, corresponding to the
density of 398.7 kg.m’s. With the compacting time of
6 minutes to complete one cubic bale, the compacting ca-
pacity is 1530 kg.h’l. However, including the time for man-
ual unloading of 6 minutes per cubic bale, it has an actual
capacity of 5 cubic bales per hour, corresponding to
753.5 kg.h'l. Specific  power  consumption s
0.0185 kWh.kg’1 of straw.

Table 2. Test results of cubic baling of 5 replicate samples

Parameters Replication Ave. Std
1 2 3 4 5
Moisture content, % 13 14 14 14 13 136 0.49

152 155 157 150
927 930 942 907

150 152.8 2.79
900 921.4 15.46

Mass of cubic bale, kg
Compacting capacity,
kg.h™

Power consumption, kW  16.4 185 17.5 16.4 164 17.0 0.85
The density of a cubic bale is 398.7 kg.m’S. The density of
the compacted bale is higher by about 400% than that of
the round bales. This technological investigation resulted
in the basic parameters for estimating the cost-benefits of
the practice. Cost analysis of compacted rice straw results
in Table 3. The total compacting (operation) cost is SUS 19
per ton of compacted straw. The total compacted straw
bale accounted for cost of in-field straw, collection, and
transportation is estimated at SUS 55 per ton of com-
pacted straw. For the present in Vietnam, the compacted
straw bale is purchased at 105 SUS/ton generating a net
profit of 38 SUS/ton and the payback is just 0.9-1.1 year.



J. Viet. Env. 2018, 10(1):11-15

3.2 Rice straw pellets for cattle feed

Pelleted products are shown in Figure 7. The length of the
straw pellets was in the range of 2-3 cm. The final moisture
content (wet basis) of pellets was from 7.53 to 7.97%. The
density of the straw pellets was 666 kg.m’3. In addition, the
average specific mass of a straw pellet was identified at
1,244 kg.m’S, higher by 1000% than that of loose straw.
This product also has another advantage such as prevent-
ing straw floating in water in some further processing such
as anaerobic digestion.
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Figure 7. Rice straw pellets

3.2.1. Cost-benefits of straw pellets

This was computed based on the estimated cost of equip-
ment, assumed cost of straw and labor at the locality. The
total cost of pelletizing included costs of depreciation, ma-
terials, and labor. The cost of materials (straw and cattle
feed additive) used during the test was USD 280 ton™. The
price of straw varied from USD 0.09 to USD 0.1 kg'l. The
costs of depreciation, labor, and electricity were estimated
based on the existing rice husk pelletizing system. Including
the pelletizing cost of USD 0.0226 kg'l, the cost of straw
pellets is USD 0.125 kg .

A cubic bale is sold at a price of USD 0.11 kg'l, excluding
transportation cost. At present, the transportation cost of
the cubic bale is about USD 0.0355 kg’1 with a distance of
1000 km by truck. For grinding straw, the estimated cost is
USD 0.1 kg™.

3.2.2 Nutrient analysis of straw pellets

Samples of straw pellets produced from the experiments
were analyzed in their nutrient contents shown in Table 3
without loss of nutrient during pelletizing. Highest protein
content was in treatment No.1 with 50% straw and 50%
cattle feed. On the other hand, the highest raw fibre per-
centage was in treatment No.3 with 70% straw and 30%
cattle feed. The lowest protein percentage was in treat-
ment No.2 with 60% straw and 40% cattle feed.

These pellet samples were also initially tested to feed cows
at Nong Lam University, Ho Chi Minh City (Fig. 8). It was
found that the cows ate each of the treatments without
leftovers.
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Table 3. Test results of the nutrient analysis

Parameters Treatment

No.1 No.2 No.3
Moisture content, % 7.9 6.7 5.9
Protein, % 14.3 11.3 12.1
Lipid, % 3.5 3.1 2.8
Raw fibre, % 27.2 26.6 32.7
Total ash, % 12.1 11.8 11.2

Figure 8. Feeding cattle with straw pellets

4. Conclusions

This initial research resulted in the potentials of densifica-
tion technologies and products. The compacting and
pelletizing technology resulted in reducing transportation
costs due to increase in its density. The enriched-rice straw
pellets were fed the cows without leftovers. The study con-
tributes to creating a new market for rice straw with more
alternative options which cause reducing GHG emission
from rice straw burning in the field.
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