CHAPTER 2

RICE HUSK

2.1 Rice Husk

Rice husk is one important biomass material. It

1s a

i ligno-cell ic waste which has an energy
- value of abou i is about 41% of the fuel

value of bity oall . ve low energy density of
rice husk -;"n;“ ared to other ligno-

cellulosic ' : A ;_ ; :h se, coconut husk, ete.

However, of non-biodegradable

characteristics such
as lowbulkdens:
and high si

“poor nutritive value
adl amount ofRHis being
utilized. Traditiemally, in adlarge part of the world disposing
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Movement of the hu to any great distance from themillis
usually prohibitive due to the very 1low bulk density of
thematerial. In some countries the rice husk is burned to
generate industrial process heat, but the combustion efficiency

in conventional burner is low and the large quantity of low-




value ash thus produced becomes another disposal problem. The
more common practice is open-field burning and incorporation of
the ash in to the soil. Open field burning causes
serious air pollution problems, hence is faced with increasing

opposition both by the public and by government agencies.

2.2 Physical and Chemi istics of Rice Husk

Rice
which hasan ener

about 41% of

low energy i ;"“ ] y&qpe unattractive compared

,_ \%astes such as bagasse,

yields of double crdhngkg» .:rif'source potential for rice husk
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percentages as low as 14%, while warieties in ®ther countries
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of two local paddy varieties showed percentages 18.1 and 22.59%
respectively, and these could be milled, in subsequent lots,
in the same mill. Fraps reported that Japanese paddy contained
17.9%  husk, Honduras paddy contained 20.98% husk,and Blue

Rose paddy contained 17.9% husk. It is easier to visualize wide




differences in widely separated countrieswith different varieties

and climatology than to accept wide variations in adjacent fields.

In some countries,particularly those that harvest a

form of stalk rice, the term "husk" is sometimes thought of to

include all dockage that W brought to the mill from the paddy

field. 1In this case h\ isproportionate amount of straw.
a.nka showed 26% husk, which

To illustrate,
was really 22%?9 ﬂla@ straw and other dockage.
The accuracy o ‘ n echnlques of collection,

i : her ariable is the consequence

pre-cleaning and

of local termi

Atten '_ '1' made to increase the

breeders expect - + ;.,‘,_ uture husk proportions will be
less than 15% i ‘

Anall»es of husks are var1Qle by type and variety.
There a ﬁ m paddy was shelled._
Rubber ﬁ TI ﬁmym ﬂﬁﬁbﬁlce. The epidernis
(silver skm) when shelded with a.disc (stonek,”stays with the
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shows a higher rice outturn and thence a higher bran outturn.
An analysis shows less silica and more cellulose for a disc-
shelled sample, and more silica and less cellulose for a rubber-
roll-shelled sample. Similarly, in disc shelling the rice germ

is trapped inside the grain, and this affects fat and protein




analyses, as well as fuel values.

Table 2.1 shows a tabulation by Houston of analyses
of hull over a hundred-year period. A tabulation of husk

analysis, partially overlapping Houston’s but containing more

easily comparable data, ap‘ears at table 2.2.

%ve also been made from the

standpoint of ‘ctﬁ'ls use as fuel. A tabulation

Analyses

of these analy

2.3 Rice Husk

‘pice in Thailand is around
20 million tons 4 pnIY : corresponding amount of

around 5 million ns.of: Taking the value of 3000

The alount. of “rice husk pa unit weight of paddy

would d ygn he average figure
deternlﬁeij ’l] % ﬂﬁgﬁ Ej:ﬁiﬂ i 20 kg. per ton of
paddy. However the survey of 158 s apple rice millss in the present
S A Y1 e o
3251 kg. per ton of paddy. The yield of rice husk was found to
be virtually independent of the milling capacity, wit.h the
overall average yield of 261.36 kg. per ton of paddy (see table

2.4 ). The small difference between this yield and the yield

determinedbyNiyom and others may be due to the difference in



Nitrogen-
Crude Crude Free Crude
H,0 Protein Fat Extract Fiber Other Year
9.7 3.4 4 27.0 428 1871
8.27 2.87 0.85 34.99 38.15 1889
8.97 3.50 0.49 37.86 41.89 1904
10.0 3.7 4 - 13 1907
8.5 3.6 0.9 29.4 39.1 1916
6.62,6.12 2.56,2.69 0.50,0.86 35.99, 1916
4.4 1.6 35.5 4.15 1919
11.04 1.7 0.4 28.95 1920
5.95 2.22 38.97 31.71 1.76 starch 1924
9.2 7.26 0.90 1926
8.80 A 46.97 lignin  192¢
9.3 34 1.1 4.0 1354 197
11,35 3.90 1.27 25.83 40.22 =y . 1
9.8-11.00 2.94-3.62 0.8-1.20 24.70-27.90 o 1.10-42.90 s
77,68 18,20 06,06 327,300  35.0,389 16
9.03 1.79 0.44 25.79 40.67 . 1940
8.25 1943
3.74 6.06 1.332 27.25 1943
8.1 3.0 0.9 y 8 1944
8.1 3.1 0.9 28.9 40,1 Lo = 1946
L7 ') 39.2ugnin 1947
2.86 0.92 38,43 = ) 1949
8.49 3.56 0.93 29,36 3.4 , : ﬂ
8.3 2.88 3.52 ¢ 26.0 42.2 19.2lignin 1950
9.23 6.38 0.65 31.58 3130 39.05 1952
0.0 s 1953
10.0 2,00 1.20% ﬂ ‘3’2 .88 lignin 1953
10.23 1:94 0.52 29.6 1954
8.0 3.0 0.8 28.4 1956
1.75 2.98 26.05 24.16 1962
8-11 2-3 0.5-1 25-3 1964
0.0 1.8-2.6  0.56,0.81 29, 9% rﬁw}}a)g ﬁﬁgﬁu umr]’]\ w El'-] a El 1969
0.0 2.18-4.84 0.38-0.78 26.0- 1970
24-1135 1.7-7.26  0.38-2.98 24.7-38179 31.71-49.92 13.16-29.04 16.94-21.95 34 34- 43.8  21.4-46.97 Range

3Alcohol extract.

bCellulose plus pectin.
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TABLE2.2

Composition of rice husk
(% by weight)
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'.'&) = i3
3 c . B
. ® o = w 2
Investi- i 5 < o = 2 w S
gator Description year > < a w i = (=
Auriol 50 s.
_ variety Vietnam 10.23 32 | 1.94 | 052 | 39.39 | 2960 | 17.64
Borasio Neruvialong 1928 | 10.50 j 3.62 1.20 41.10 27.9 14.50
| Tolmino 1928 | .10.0C i .94 0.88 42.40 25.54 12.50
Originario 1928 181 0.90 42.80 | 24.20 | 17.20
Originario | 1928 ] 7.8 095 | 42,10 | 26.35 | 16.70
Maratelli | 19 116 10w 1.10 42.90 | 25.92 15.50
Browne “not known L1904 ; JB,,-E.!Q-- 0.49 41.89 | 27.86 | 17.24
Forttilfas | not known | - 19448 491 ("2 269 | 49.22 [ 2067
Fraps _gpiqj'mu_m B b3 F7 1 0.54 31.43 24.56 13.69
| maximum 5. 98 | 46.37 | 36.83 | 20.84
average .93 39.05 | 29.38 | 17.52
Grist not known .18 35.68 33.71
_Joachim __ | Ceylon .26 40.22 | 25.83
-Morrison | notknown 0.8 40.7 28.4
Morse California | 0.24 42.23
Possenti | lalian
Reed | minimum 0.51 36.57 15.27
maximum 1.31 46.82 20.98
average 0.80 41.29 18.58
Ross not known 38.15 34.99
Wise | Hondourus 35.99
Japan 36.08
Fueliﬁla ‘ ice husk
Invest- Hauting Valua Mois - Hydro Velatile | Fixed
igator basis| year ‘FH Ash | ture Curbon | Sinca yen Nitrogen [ Sullur | Oxygen| Matter | Carbon
“Agnew i |dry R | s} WU UT L4504k i tei ws .
T Agnew k2 |dry / 6 ‘ rla. : - ol AN v
“Bagle 1 L ol e O e B R TR T R T T e
“eeage T T fay | v | e | b ) ez T[sar| o foor [arza|
ko~ | : 20§ | e ] ,&/ L V. Ao
|_ Greaves Cotton /] w@}ﬁ @‘i’gfﬁ 'q %{ [ nw 'a e
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Maheshwari — IR8 | dry " | ~ 1973 |7 3090 7|7 ~ :, A 556 | 39.26 d_ 4.80° H 0o 686 | 140
Patnai___ dry 1974 | 3560 4 | 158 | 356 | 3892 | | 510} 217 1012 693 | 149
dry | 1974 | 3065 w86 | 356 | sl 467 | 152 |oii | 1687 | 127
{dry 1974 | 3560 16.5 | 3.56 | 38.51 488 | 182 | 010 Tle8gEn | &9
| Basmati dry 1974_| 2980 165 | 356 | 38.68 508 | 209 | 0.10 666 | 169
_Nelson 1950 226 | 83 958
Posseall 2 1 841 | CAH00
_Power Gas 1950 6340 | 21.7 ol Sl el IR PN s L )
Ricegrow. — Char 1970 28 55.8 37-95 s s ST S
“Rodgers 1 1946 6024 i ) TR N e R ==
| Rodgers#2 | | 1936 Jlewa | 1 S
Spilling 1970 2900 5500 23.0 i LS e
_Thaingel | 1922 | 3619 Joer j 80 4 400 1 . ] 50 0.30 T T s s
_ Thai ABB4 1922 | i ] 22 0.2
ST T - . O . 5.0 | 032 B
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rice varieties.

From the yield figures, the total amount of rice husk
produced in 1980 was readily determined to be 4.54 million tons,
distribution in various regions is shown in table 2.5. The
average amount of rice
115 tons. Based on &t

(on dry basis) M.%, ve

t.ot.al energy oi-ﬂ‘-* nﬂlo

to 1,916 nll(

value of crude

usk for each rice mill would be about

eating value of 3,880 kcal/kg.
ture content of 9% , the

rice husk would be equal

0il, assuming the heating
‘ 11. re. For an average rice
mill the avai be equal to 4.85 x 10°
liters of put U.S.$28 per barrel,

average rice mill would

However, the act

1'.?"!

.2-"‘
of rice husks w 1c'hr

S.$ 8,487.5 per xm*’iﬁﬁw s the economic potential of

rice husk. " A ' _.,.j

The sngply of fice husk followsﬂhe operation pattern
of rice m rice.mills varics from 4
to 8 ﬂﬁ ﬂﬁﬁﬁﬁ y‘] y and the amount of
paddy stored for milling during.off-rice season. Large rice
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Hoﬁver, the reverse is found in the southern region. The

be utilized. The fugure of U.

discontinuity of rice husk supply would be a major constraint
of its use as fuel for other industries and as industrial raw

materials.

i




Rice Husk

Region

(x106ton)'
Northern 1.27
North-Eastern 152
Central 1.‘45
- Southern : ' - 0.30
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2.4 Rice Husk Utilization

For large rice mills using steam engines large than
30 hp., the major use of rice husk is fuel for their own
consumtion. Assuming a mechanical conversion efficiency of 30%

and a boiler efficiency of 40%, the average milling energy

requirement was dete e 19,000 kcal per ton of paddy
which is equlvalo@ e rice husks produceed that
would be cons thil r&o-.-iiing operatlon. Infornatlon

steam engine 15# and 25%. The

obtained from (’ .\\:@mg rice husk for their

deviation may ficiency of the steam

engines and boi

fuel in other industries

is limited by ;i 8 icated by its density

¥ is used for firing
claybricks syrup. As packaging

material, ~eggs from damage during

handling and tFamsportation. @They a sed as "insulator”
to helpﬂdu&‘l &weﬂ m sfﬂﬂ ﬁ laking, husks are
added to" decrease the unit weight_and make theyheating process
“ﬁ*’W RN H Wi’} ik jdobdzdibrer in f1over
beds) and for making bean sprouts, by keeping the bean moist,
are also known in Thailand but the quatities used are
relatively small. Other utilizations include uses as poultry

litter and as a filling material, in the form of husk ash.
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The amount of rice husks used as fuel, in 1980, was
estimated at about 0.7 million tomns (9) which accounted for
only 15% of the total amount produced. Quantities used for
other purpose would, therefore, appear to be insignificantly
small. Consequently, a very large amount of rice husks would
still remain unused, and thus, have to be disposed of. The
figures would vary Q w seasonal variation of the
supply and denand\ some occasions, rice husks
could be sold m_fes lvlng 25 to 250" baths per ton.

S‘T‘rlce husks is relatively

It thus appe

very cheap

In

of scale, g _ 7 isinormally the choice for rice
mills which require vemﬁb han 20 tons/day capacity)
Small and medium r ce:ﬂﬁls would p efer electric motors if the
public supply vere -ﬂ#é;ﬁnb,f 7w he absence of electricity

-

TherD is no available dal:’al on the number of rice
mills each’ “energ tied not possible in the
present Fi‘uﬁq Q‘qvg ﬁl‘j Mﬁlﬂaﬁlla Consequently,

1but.ion of rice mills ccord1ng to, their energy

‘Q"‘W ) GRS 184 HOI b o s

suriey of only 158 sample rice mills. Of the total 158 rice

=

mills surveyed, 116 mills (73.42%) used diesel engine, 18 mills
(11.39%) used steam engine, and 24 mills (15.19%) used
electricity (see Table 2.6). Assuming there was no change in

the distribution of rice mills according to thier power rating,

14
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Table 2. ‘ \ " ved Rice Mills
Fie ,
. nergy Uses
Size of Rice Mill — .
igsel Off \ ge Husks Electricity
g Large 3 I 18 6
e ‘ 1 = 7 19 a9
BT 57 (66.67) | (2222
o
<< Medium BHo/N 7, 5 | 7
; o Ty
- : . !
Small 11
(88.78) £1l.23
‘ e ﬂﬂﬂ?ﬂﬂﬂ?”ﬂqﬂ‘ﬁ #
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Figures in flarenthesis are percent
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the rice mills with power rating lower than 30 hp would account
for 92.77% of the total number of rice mills (see table 2.7)

0f the 27 large rice mills selected for the survey,
only 3 mills used diesel engines and another 6 mills used

electric motor. (see T 2.8). For medium and small rice

e
]’”y used but electric motor was

able._

g \S%d from the survey, the

esel engine was found to be 1186.

"
EQ paddy ranged from 8.38 to
N
}hﬂps of 9.42 liters and

mills, diesel engine
preferable if publ

diesel engl rice ---»u BULES. ~to about 73.42% of the

total outpu e total consumption of

1980, is about 115 million liters, or a total

::1:ezaoaﬁgi ﬁlﬂl@]ﬂ %ﬂw“ EI ,!.]hﬂcﬁrent market peice

*Appox1la%Lly 23 baths equal 1 U.S.dellar
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From the survey result, it is apparent that the

diesel oil,

milling porcess for in rice mill with capacity starting from 100
kwiens/day can be classified into 2 types, ie. milling of
parboiled rice and milling of white rice. Rice mill for

parboiled rice consumes a lot of energy due to energy required

16



Table 2.7 Number
Accordin gt

Region.
Over 60
Northern 313
North-Eastern 18!
' !
Central 109
Southern 39 ‘
To1al 948
(2.86)
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N Size
of Rice Mill
Rice Husks Broken Rice Rice Bran
Large 259.23 Z503:29/4 47.78 89.70
, 1
Medium 46 41 86.54
i
- = .
Small 262.04 'l , 505 4373 . 88.75
Average ])j 88.33
’J 5 W W -y

wes@maf@mzu URINYAY
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) ' \\\ ‘ Mills
I/ . 1\\'*\9\\\ a
RN

Region
Electricity
Northern 5
North-Eastern. 15
.Central
)

~Southern ]
ﬂum LIk mnm

5.4 ! (15.19)
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for the milling process as well as for the parboiling process.
Rice mill for white rice consumes much less energy since energy

is required only for milling process.

Energy consumption in the rice mill can be classified

into two categories:

1. Heat
2. Ele

.f‘!"'.l“"‘ i

obtained husk can/ be “'#ised for the boiler to produce

steam for various 'J B ~required in the rice mill. Heat

energy consu ion ;‘r.-i";3 i _according to the types of

Rice Mill for ﬂrhoiled Rice

ﬂ’u ﬂlg nﬂmiﬂ ﬂ':]ﬂ‘j type of rice mill

consume heat energy from itean.
a. Soaking Process
Steam is utilized to heat soaking water to reach
the temperature of approximately 70 - 80 C for soaking paddy to

increase the moisture content in the paddy from 18% to 50%



b. Steaming Process
Steam is utilized to steam the properly soaked
paddy to abtain the fusion of starch granules of the paddy

which reduces cracks in the paddy grain.

Heatava the steam is utilized to reduce
the moisture content @) paddy grain to about 14% so
that the grain @. ‘

itable £0F-Rilling.

¢. Drying Process

steam engine to drive

. .may also use electrical

In WS ; f rice mill will have
inadequate suppl 55 . Th sfefore, addition amount of husk
must be pu prige Bf 150 bahts/ton which includes

the husk

will solve ply of husk by reducing

ing ‘process by replacing it

with electrical #nergy or dryingsthe paddy by sun drying method.
AUHINENINEINTD

Rice Hilﬂlfor‘ White Rice p

AN\ Y
’alqwl-]T@mq ij o &I{l ut.i:;zes only steam supply for
the steam engine to drive the milling machine. Therefore, the
husk leftover will be approximately 20-25%. If electrical energy
is also employed to drive the milling machine, there will be

husk leftover of approximately 30-35% of the total amount of husk

i




obtained from the milling. The leftover will be sold to other
industries such as parboiled rice mill, brickyard, and
distilleries at the price of 20-35 baths per ton. In the case
of some rice mills located in remote areas with inconvenient
communication or without other industries nearby that can

consume husk as fuel, the remaining husk will be worthless

and cause problen ffort by dumping somewhere

else or by burning i

—

o
3

2\

Since 4 ;? has excessive amount of
husk and the re 0 N g

cannot cover #thesls 30

h 3 such a low price that

the truck, therefore,

this type of ig cention to saving measure for

Pr

heat energy. L

&

§
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