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ABSTRACT

This report shows the overview of manufacturing technology and utilization of
products from low value agricultural wastes and agricultural industrial wastes from
research reports and articles in the past up to the present. 14 products synthesized from
these biomass wastes were classified into 4 groups of solids, liquid fuels, biogas, and
energy. Solids group includes bio-char, activated carbon, cellulose derivatives, pulp
and fibers, micro-fibril and nano-fibril, sugar, xylitol, 2,3-butanediol, and fertilizers. Liquid
fuels group includes ethanol, bio-oil (both before and after upgrading to refine to clean
fuel for transportation sector). Bio-gas includes methane, hydrogen, and synthetic
gases. Energy group includes heat (in the form of superheated steam) and electricity.

It was found that Thailand currently utilized the biomass for production of ethanol
and methane (by microbial fermentation), heat and electricity (by biomass combustion
and gasification) while production of bio-oil (by pyrolysis, direct liquefaction, and
gasification), hydrogen, synthetic fuel gases, and specific chemicals had not been
started vyet. This results in a big room for Thailand to develop and manage on
production of liquid bio-fuel, hydrogen, synthetic fuel gases, and specific chemicals to
support national energy stability in the long run to withstand energy crisis, military

conflict, and marine fuel transportation.
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D-xylose 50,533 5
autoclave 121 15
2
250
Hydrolysate
Hydrolysate 100 15
0.1 10.0
6.0 60
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5 30
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0.41 (gpgs)
24

32 6-8

11



15

YEP ( 3
110

(Gas chromatography)
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((NH4)2HPO4) 0.25 Fermentation medium
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(ml CH4g of TSIVS)

- 60 24 15 RC
1. HFI (hydrogen fermentation 1)
- CM4 medium 50 RCos Inoculate C. thermocellum /CM4 medium (OD~ value
inoculum 1.0) 10 I 55 2
- Liquid effluents 40 35
5 Incubate 35 2
2. Alkaline treatment
- RC 20 (NaOH) 2 240 120 20
2
60 24 ACC 205.8 (ml/g™y
- Hydrolyzate, Nutrient solution, 20, 5, 125
35 5 Incubate 35 2
3. HFIlI (hydrogen fermentation I)
- CM4 medium 50 ACC 0.5 Inoculate C. thermocellum /CM4 medium (( 6@Dvalue
inoculum 1.0) 10 55
- ECI 40 35
5 Incubate 35
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(ml CH /g of TS/VS)

Alkaline
Cornstalk
ol i . Solid residues | —reament ACC HEN Solid residues
(RC)
Effluents Cl Hydrolyzates C Effluents ClI
> >
(ECI) (HC) (ECIl)
CH
Methane Methane Methane $
fermentation fermentation fermentation
- 200, 30, 200 120
10-25 20-15 PFBR SRT
values 0,241 10,15 22 30 9
400 (ml/gB)
- Inoculum PFBR Air-tight polythene
250 ( !Ygls)
can 1 I e 1
150 ( /gB)
20 135 Vial Monitor 3 (<1
115 ( Y9 B
/50 3 ) Inoculum
- 1 Inoculums 49.5 30

Gas chromatograph method
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- Biochemical methane potential 1

Inoculums 350

550
200
60
4
Inoculums

()

0.3-1.0 PPP

Eudiometer-batch digesters
1:3

NDIR analyzer

50-100 Inoculum
Inoculums 12 2 40
4
20:80
35 digester
(Na, -TH0) 0.25
60
Mesophilic5  Loading rate 2 VS
05 75 Inoculums 20
Incubator 35

Inoculums
375
10 30
60 40
Co-digestion plant
40 VS
3
05-1.0
2
HRT 20

(ml CH4g of TS/VS)

377 ( Ngw)

317 (mINgv )
195 ( Ngv)
218 ( 'Ngws)

330 ( lgws)

357 ( Uyws)
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(ml CH4g of TS/VS)

2 1=ARL+ UASB 2 = AR2+ straw packed-bed
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Granular sludge 0.2 Inoculums ~ UASB  Anaerobic
sludge 0.2 (TS) L7 (V§) 59 TS
Inoculums  Straw packed-bed
1 ARl  AR2 0.8
Recirculate the leachate ARl AR2 9 Recirculation
24 Leachate Methanogenic reactor
14 30 COD UASB 10 30
COD sindmssiadu AFU The packed-bed reactor Wusz Lt wiamauuaan 50 Fu
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/l\ /{\\ Qverflow return
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recirculation
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1-5 1
120-150 DM 400-600 80
Residence time 6 180 15
190 3 20
8 48 0.2 60 50
24 Inoculate 0.2
Incubator 32 6-8
Medium  Hydrolysate solution ( ) 40 11
HRT 72 Inoculums 140 Hydrolysate 25 Medium
560 10
Inoculums 30 Material solution 5, 50
100 ) 10 3-5 2-3
Incubator 55

(ml CH/g of TS/VS)

3L ( lgvs)
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Batch mode

- 20
30

6.0 2

Semi-continuous mode

- 200

HRT 5
- 35+2

300

31

100

120

4.0, 3:1, 1:1, 1:3 0:4

300

10
4:0, 3.1, 1:11, 1:3

44 HRT 5

60

55
) 0.7

400

7.5

0:4

HRT

11,9

12.5

85.36

(ml CH4g of TS/VS)

338.9
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v (ml CH4g of TS/VS)
- 2 210 10
4 4
- 37 6-9 15
227.5
n - 400 2
2
. 30 (
35
3
0-4
- 7000 200
_ 20 8 10 CSTR
19
50-100 37
2

*CSTR = Continuously stirred Tank Reactor

HRT = Hydraulic Retention Time
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RC = Raw constalk

CM4 medium = Contains KH2P04 1.5 g, KHPO43HD 3.8 g, (N\HA2504 1.3 g, MgCI26H2)
1.6 ¢, CaCl20.013 g, yeast extract 5.0 g, FeS047HA) 1.25 mg, resazurin 1.0 mg and L-
cysteine 0.5 ¢ in 1 lite

C. thermocellum = Clostridium thermocellum

ACC = Alkaline-treated cornstalk

ECI and ECU = Liquid effluents from hydrogen fermentation land Il

The nutrient solution = Contains KH2P04 10 g, K2EIP04 15 g, NHACI 5 g, MgCI21 g,
NaFICOj 20 g and yeast extracts 2 g

Anaerobic sludge = Anaerobic sludge from wastewater that contained 35,000 mg/L total
solids as inoculums

TS = Total solids

VS = Volatile solids

PFBR = Plug-flow hiogas reactors

SRT = Solids retention time

ppp = Potato peel pulp

Ln= Normal litres; dry gas, T = OOC, p = 1013 hPa

DW = Dry matter

BA medium = Basic anaerobic medium
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Process
Carbonation
Conventional
Fast
Flash-liquid
Flash-gas
Ultra
Vacuum

Hydro-pyrolysis

Mathano-pyrolysis

)

300-600

(tar)

3

Residence time
Days
5-30 min
0.5-5 sec
<1 sec
<1 sec
<0.5
2-30 sec
<10 sec

<10 sec

Heating rate
Very low
Low
Very high
High
High
Very high
Medium
High

High

Temperature, K
673
873
923
<923
<923
1,273
673
<773

>973

Products
Charcoal
Qil, gas, char
Bio-oil
Bio-oil
Chemicals, gas
Chemicals, gas
Bio-oil
Bio-oil
Chemicals

A



20-50%
25-35% 20-50% SRS '

60-70% 15-25% 10-20%

Exhaust Cool pio-oil
+

C Vapor.
Biomas ~ Pre-treatment CrB ! Cyclone P s*  Quench"
(@i grinding) pyrolysis
A Fo—y Liquid &VResiduaI Solids
Sand/char Filter
Hot Combustor "y olids
Heated
Exhaust Combustor
Gas to Combustor
Fluidizing gas

'lon-Condensables

G» Bio-oil



bed)

Physical property
Moisture content (Yowt)
pH
Specific gravity
Elemental composition (%wt)

= < I <

Ash

HHV (MJ/kg)

Viscosity, at 773 K (cP)
Solids (Ywt)

Distillation residue (%owt)

C-0 c=0 n-hexane

Bio-oil
15-30
2.5
12

54-58
5.5-7.0
35-40
0-0.2
0-0.2
16-19
40-100
0.2-1.0
Up to 50

2-6

Heavy fuel oil

0.1

0.94

85
1

0.3
0.1
40
180
1
1

(Fluidized

W
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5-9 f Ru/C

340 200 320-
340 200-250 5kw
W)
8 i3
Compound, wik Switch grass Alfalfa stems ~ Guayule
full flower bagasse
Water 11.04 18.45 1.44
Cellulose/hemicellulose-derived compounds
Acetic acid 2.94 3.49 1.29
Furfural 0.62
Flydroxyacetaldehyde 2.4
Acetol 2.75 2.35 0.73
Levoglucosan 6.38 0.37 1.37
Lignin-derived compounds
Guaiacol 0.18 0.46 0.39
Isoeugenol 0.45 0.73 0.65
2, 6-Dimethoxyphenol 0.2 0.43 0.73
Phenol 0.66 0.95 0.65
Protein-derived compounds
Pyrrole
BenzyInitrile Trace 0.06 Trace
Indole | 0.01
o |

Levoglucosan  Hydroxyacetaidehyde " additive

37

Chicken

litter

24.46

0.7

0.04
0.05
0.27

0.41
0.24
0.11
0.51

0.07
0.06
0.13



(biomass)

' 2352

2470-2483

Kohleog!
2530 200 [ |
Fe (
470
SASOLI
(NK & SMI & MHI) 2523

solvent extraction
2545

551 255)) WA

2524 (OPEC)
2529-2545

Kohleogl

(coal)

Berthdlog
2369 IG Farbenindutrie
2456 Friedrich Bergius
(oil yield)
12
14

2524-

)
00 ]

2513-2523

H-Coal
brown coal

2516-
2524-2529
2546
BRICs |
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2519

90

(12

5-10

Exxon Donlor Solvent
Conoco Zinc Chloride

23

(boiler)

2506 1?71

SCR (solvent refined coal)

(
3-4

Imhausen High-pressure

heteroatom (

3 ) G

10-15

2503-2513

%5
(38
(50-
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Midgett[TL

/ tallowseed, switchgrass 300
34 Milkg
20-33%  Elliott 1]
(77-94.9%) (spent grain)
19.2-34.7%
0.4-3.8% ( )
( /
) NOx
Yin  Tan[7] (pH)

5-HMF (5-Hydroxymethylfurfural)

2-5 5-HMF
3 Cheng R |
50% ( ) oil
yield  65% ( ' ) 300 35%
350 (
)
240
>300
XU L
( )
(
) 2-methoxy-4-propyl-phenol 4-hydroxy-3-
methoxy-benzoic acid methyl ester
methyl  (3-D-

mannofuranoside, methyl a-D-galactopyranoside, methyl a-D-glucopyranoside, and
methyl P-D-glucopyranoside Zhang A
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Aarhus

Beckerigl

60.0
50.0

9 40.0
30.0
20.0
10.0
0.0

Vapa b
Qg

3t 2556
Aalborg ( ) Steeper Energy

Aarhus
(solid residue)

Oil m Solid residue

- d ]
300 ¢ — ) 350 360 400

Reaction Temperature [°C]

-

A



9
(%) (MJ/kg)
B , 69.1 29.9
- Fast pyrolysis oL .
kit Direct liquefaction 75.8 17
& Hydrothermal liquefaction 39.7 30.75
Switchgrass 33 Pyrolysis 37 36.3
R \ 65 23.1
= Fast pyrolysis 0 1807
(Silver birch) %8 Direct liquefaction 53.3 30.1
B Solvolysis liquefaction 96.4 29.42
& Hydrothermal liquefaction 21.62
( )31 Hydrothermal liquefaction 67.6 34.7
B Pyrolysis 56 23.5
Jatropha seedshell cake 3B Pyrolysis 48 30.2
3B Pyrolysis 46.1 11.94
ki Pyrolysis 26.44 26.22
% Fast pyrolysis 55 17,77
w Fast pyrolysis 40 M
kit 45.8 5.01
Miscanthus3L Fast pyrolysis 64 (2% ash) 19
B Fast pyrolysis 60
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()

(%) (MJ/kg)
(Oregano) B 39
i Fast pyrolysis 41
i 35
Bl Fast pyrolysis 56 17.42
[ Fast pyrolysis 25.8 30.74
[ 43.64
B 42.22
] Fast pyrolysis 34.79
B 37.95
B 48.23
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18.3-59 % )

-253 )

0.7

480V @ 60 Hz, 3 0 4-wire 3 phase

(PEMFC),

(PAFC),

142 MJ/kg (

( / tack)
I
100 kW, 200 kw, 400 kW

(PEMFC),

(AFc),

35 )

(Fuel Cell, FC)

(SOFC),
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" (MFQ)

(MCFC),

(ZAFC),

link http://en.wikipedia.org/wiki/Fuel cell

( link http:/lwww.utcpower.com/prodijcts/space-defense (

2556 UTC power

http:/lwww.bloomenergy.com/)

Daimler AG

700

3-4

5-6

ClearEdge Power)

( link

20

BMW, Mercedes Benz, Toyota, Hyundai, Nissan,

2-3

.. 2557-2559

10
200 |

http:/fwww.h2incidents.org/

.. 2535
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(COo) ( INOX SOX co2 )
( Co
(OH)
)
]
( )
(
)
cyanobacteria
(NaBH4)
pH
Co"2 (
)
(
)
L

Chiamydomonas reinhardtii, Chlamydomonas moewusii, Scenedesmus obliquus
Chlorella fusca
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Anabaena variabills, Gloeocapsa
alpicola, Rhodospirillum rubrum, Rubrivivax gelatinosus

3. Rhodobacter sphaeroides
(purple non-sulfur bacteria, PNS), Rhodopseudomonas palustris, Rhodopseudomonas
capsulate, Rhodospirillum rubrum

4, Enterobacter aerogenes,
Eschirichia coli, Clostridium cellobioparum, Clostridium bejerickii, Clostridium butyricum,
Ruminococcus albus, Enterobacter cloacae

( )
Rittmann Herwig[1
Thermoanaerobacterales (Family 1lI),

Clostridiaceae Enterobacteriaceae. Sen m
2519
2551
Chlamydomonas reinhardtii, Scenedesmus obliquus Chlorella fusca
(substrate)
Chlamydomonas reinhardtii Rhodospirillum rubhrum
Chlamydomonas reinhardtii ~ Clostridium butyricum
( )

Rhodobacter sphaeroids

4



2552
Enterobacter cloacae

Rhodobacter sphaeroides Rhodobacter sphaeroides Haiobacterium
salinarum Clostridium butyncum Citrobacter freundii

1

!

2.

3,
( )

( )
4,

10
48
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10 ]

15
BA 10

(Corn straw)

1881 220

(Com stover) 3

maL
12
(Corn stover)
200 1

0.5
1881
30
(Corn stalk)

1881 0.2
(Corn stalk) 30
maL 130 30
(Maize leave)
ma1 130 30
(Bagasse)
1Bl 130 30
(Wheat straw)
B&L

(Rice bran)

man

(Wheat straw)

35

35

35

36

36

70

70

70

35

36

Batch

Batch

Batch

Batch

Batch

Batch

Batch

Batch

Batch

Batch

68

49

66

57

150

42

19.6

49

61

68

50



10

B&a

(Wheat bran)

VI [Bg
(Bean curd

manufacturing waste)

B&l

(Cheese whey)

(B

(Palm ail mill effluent)
1mal
(Molasses)
B&E
(Molasses)
®m

(Vegetable waste)

B
(Wheat straw and cow dung

compost seed)

(Rice straw and sewage

sludge seed)

m

je: 8

18

*CSTR: Continuous Stirred-Tank Reactor

n.d.

n.d.

20

CSTR

CSTR

CSTR

35

CSTR*

60

36

55

37

Batch

35

Batch

Batch

Batch

Batch

2.5

21

0.74

43

21

290

84.4

21.95

68
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44

122.2

.. 2544

.. 2548

.. 2553

22

. 2553

12

vin

65%

66

.. 2544

11

37.57 52.2

619.80 -19.6

1,000

52



11

2540

56.39

22.33

2.69

1.42

18.08
4.53
0.15
0.08
0.36
0.23
106.26

2548

63.61

23.73

4.03

1.42

15.85
543
0.16
0.08
0.36
0.26

114.92

2553

68.58

24.66

5.2

1.42

14.59
6.07
0.17
0.08
0.36
0.29
1214

stalk

2540
141
16.79
5.14
6.83
0.71
0.39
0.08

0.63
0.45
0.18
0.07
0.31
0.65
0.98
0.05
0.24
0.73
0.22
55.5

.. 2540, 2548
( )
2548 2553
15.9 17.15
189 2042
5.46 5,67
1.26 7.54
1.06 1.37
0.59 0.76
0.12 0.16
105 13.53
0.94 121
0.45 0.45
0.18 0.18
0.07 0.07
0.31 0.31
0.57 0.52
1.17 131
0.05 0.05
0.24 0.24
0.73 0.73
0.25 0.28
64.8 71.95

25534

2540
90.65
11452
66.01
60.29
11.62
6.35
14
55.8
9.31
6.7
2.96
0.96
4.49
1
16.26
0.53
3.17
13.2
3.84
479.06

2548
102.15
129.18
70.15
64.08
17.42
9.52
2.1
83.7
13.96
6.7
2.96
0.96
4.49
9.63
19.46
0.53
3.17
132
4.49
557.9

53

2553
110.14
139.27
72.86
66.56
22.45
12.27
2.11
107.83
18
6.7
2.96
0.96
4.49
8.88
21.78
0.53
3.17
132
4.95

619.8



12
.. 2543, 2548

( ) ( ) ( )

2543 2548 2552 2543 2548 2552 2543 2548 2552
0.4656 0.2765 0.2937 3.352 3.352 1.467

16 0.95 0.7
0.4832 0.2869 0.2114 2.521 2.521 1.103

20.57 25.96 38.55 127.59 127.59 239.17

48.05 60.66  90.07 7.06 8.92 132 51.97 51.97 97.42

2.35 2.97 441 37.13 37.13 69.59

0.266 0.207 0.166 4.315 4.315 2.701

0.118 0.0914  0.08735 2.107 2.107 1.319
0.734 0571  0.459

0.036 0.028 0.022 0.554 0.554 0.347

0.165 0.128 0.103 2.644 2.644 1.655

50.384 62'118 91;2 - 3151 38.87 45.16 232.18 232.18 414.77
3 (Pyrolysis)
(Gasification) (Combustion)[%]
300-600
(feedstock)
( )
3
( ’ ")
CO H
( producer gas/coal gas/town gas/illumination gas/synthesis gas/synthetic gas/
syngas) / (

2303)
C02

b4



C
C
cC + O
C
C

13

) 20

+ D
+  2H2=
CoO+
CO + 3H2
(
(
S (

(feed-in tariff)

CcoO
O z
2CO
CcCOo + h2
chi4
co2 + h2
ch4 + h20
50 8
25

7

(
1.5 MWe)

(Gasification with Oxygen)
(Combustion with Oxygen)
(Gasification with Carbon dioxide)
(Gasification with Steam)
(Gasification with Hydrogen)
(Water-Gas Shift)

(Methanation)

Samy Sakada 191

800-1000

300

2553[9]

18 R&D

4x500 MWth)

55



ri

13

Stove/Fernace

Pile burners

Stoker grate boiler

Suspension boiler

Fluidized bed
combustor
Current fixed bed
Downdratft,
moving bed
Circulating

fluidized bed

Reactors

dl b

6-50

1-6

<50

6-100

<50

1-6

10-30

<65

10-50

<20

<60

<20

15

15-50

<10

4 to 110

20-300

1.5-30

300

2.5

56



(02

4.5

vl

) (€
(HCI)
(Co) ' (NOX
* Flue gas
Ok
Cyclone

combustor: conical FBC)

0.9

50

PC

(@ Gas sampling point
(1) Thermocouple

) Flaw meter
ck Control valve

(Conical fluidized bed

5/



14

81.5
81.5
81.5
82.4
82.4
82.4
70.0
70.0
70.0

[20m

14

16.9
61.1
99.8
16.3

100.7
17.3

101.1

2.75

1.401
0.116
0.080
1.586
0.596
0.374
1.529
0.312
0.101

60-100

15

0.940
0.076
0.035
1.319
0.116
0.065
1.001
0.198
0.083

99

16

1.49
1.53
2.29
1.20
5.14

1.53

1.58
1.22

1

00

58



15

81.5
81.5
82.4
82.4
82.4
70.0
70.0
70.0

16

[0

81.5
81.5
81.5

82.4
82.4
70.0
70.0
70.0

[100

16.9
61.1
99.8
16.3
59.6
100.7
17.3
60.7
101.1

16.9
61.1
99.8
16.3

100.7
173
60.7

1011

109
123
144
136
191
219
91
116
131

3.51
0.39
0.16
4.29
0.53
0.34
3.72
0.81
0.53

2.75

80
112
125
127
157
172
71
96
121

2.75

0.01
0.02

12.47
13.15
18.35

0.03
0.06

1.36
1.10
1.15
1.07
1.22
1.27
1.18
1.21
1.09

96.48
99.59
99.82
83.24
86.32
81.31
96.26
99.16
99.41

59



17.72

17.72, 17.68, 17.33, 16.3, 16.29

16.12 17
17
( 50
(
0.1 24
0.127
0.490
0.0753
0.30
0.20
2540
2.5 MWe
iR Al ( 420
/
2547
41 MWe
( )
2 120/
68 ( 24 MWe)
278,610 |

)[101102]

16.29
16.3
17.33
17.72
17.68

16.12

140 /

35

70,000 /

510

60
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(Vi)
(V1)
(PAC) (GAC)

(Micropores) -

(Mesopores) -
(Macropores) -

18
5220
400-478.5

((ITAY)

(i) 500

(V1)

916.26

uUS EPA

(V1) 0.05

(V1)

2-50

50

0.1

61



1273.16

(I

(V1)
(1) 140.85

68.92

131.56

(I

99.05

62



18

z

(Apricot)'1BL
1|
1o
'mm
'n2

"
"1

B

BET ( 2g)

1940

2825
1356.25
1084
1223

570

18.8

80.75

13.7

32.09

80.5

(%)

MB

MB

MB

MB

MB

MB

MB

MB

MB

MB

MB

MB

MB

MB

MB

MB

MB

MB

( 9/9)
434.78
143.2
277.9
164.9
277.78
225.64
142.86
136.98
5.87
263
916.26
418.15
90.9
382.32
5220
478.5
529

85.16

63



18

BET ( 29)

1004

1083
991.82

596.2

12.95

16.5

80.5

(%)

MB

MB

MB

MB

MB

MB

MB

MB

MB

MB

MB

MB

MB

MB

MB

MB

MB

GV

346.4

312.5

454.2

423

400

294.12

289.26

243.9

555.55

285.71

243.9

217.95

158.73

141.92

119.05

90.1

82.64

1273.16

(

g/g)

64



18

BET ( 29)

1 .
iy} .
gicul _
gic 3l .
gic:i| .
'l .
‘1 _
"l .

f 1053
i ]

AL 536.5
ol ]

=B = (Methylene blue)
GV = (Gentian violet)

(%)

GV 227.27
GV 341
GV 92.59
GV 64.875
Ni(ll) 102
cd(ly 35.52
Cr(VvI) 131.56

cd(ll), Pb(ll 68.92, 99.05
Ph(ll) 40.12
Cr(VI) 7.138
Ni(ll) 140.85

cd(ll), Pb(lly 46.1,43.5

(

g/g9)

65
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44

37

62.5

19

66



19

[473

(Raphia)

(Ifiassava)

Vi

18

50-55

10

10

0.4

200

80+5

50-55

41.20

17.85

23.13

20.80

20.23

20.00

39.00

44.00

18.80

20.75

20.03

44.00

39.00

52.00

51.00

43.10

46.60

49.00

35.00

40.60

40.60

54.00

57.50

62.50

52.00

38.70

Degree of

substitution

67



19

0.04

30

121

10

60
10

5.0

80

80

0.5
15
5.0

24

5.0

0.5

30

60

(%)

23.9
26.6

25.8

<>

Degree of
substitution

68



19

1

- cellulose Steam explosion process
- 20 350

135
0.75 0.5 0-5

1
. - 2,4,6,8 10 18
1
0.5 10

- 3
- 60 6

«> substitution

@ )

2.6
(@ )

3.0

6 )

2.8

@ )

2.8

(10 )

2.9

(18 )

69



19

mi

(Cotton burr)

(Cotton seed hull)

Acetvlation reaction

- Cotton burr

30

6

0.04

95

Cotton seed hull

80

15

7.0

35
95
40
0.5
30
4
60

12.0

<%0

<*>

Degree of

substitution

10



19

mi

(Cotton burr)

(Cotton seed hul)l

lodinecatalvzed acetvlation reaction

0.04-0.64 80-100
2

- 50

0.95-15.2

30
60

20-24

K«

37

34

<>

Degree of
substitution

1
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20

- 40
80 4
5
- ' 5 75
]ﬂl .. .
Cuisinart Vari-Speed blender 10
Two-stage homogenization 550

25

60

200

3



20

- 3-4
24"
(¥4 60 2 )
(Peel of prickly
2 ) 0.05 ( 80
pear fruits/B1
( 80 2 2
- 1 15

Manton-Gaulin homogenizer

- 500

(Ultrasonic bath)

500

76, 70

30

50

64

38:62

0.5

@

95

@

(Thickening)
2 )
60
20-30 (Suspending)
2
60 (Binding)
(Coating)
80
30 3
355, 250, 150
4,6 8

74



100-300

10

90

I Vascular bundles of banana rachis I

I Ground vascular bundles l

Samplo PA

[154]

Sample KOH-5

300 mL 5 wt% KOH

Sample PA-HCI

[ 300 mL 0.5 M NaOH |

}

| 300 mL 0.5 M NaOH |

Sample KOH-18
300 mL 18 wt% KOH

200 mL 1 wi% NaClO, at pH
5.0, adjusted with 10 wt%

acelic add

200 ml 1 wt% NaClO, at pH
5.0, adjusted with 10 wt%
acetic acid

o gtagésnro:uo" - 3"v“2%°i-?,oh: . 1
200 mL 5 wt% KOH
200 mL 2 M NaOH | [200mL2MHCH |
- PA PA 0.5
300 30 18
0.5 3 200 45
14 PA 2
, 55 2 PA-HCI 2
200 80 2

200

3-5

15
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90 (Ca0) (Sio2
(A0 3 (FeD 3 10
(MgO) (Ti02) : ©(KD Na2)
( )
6
additive
)
24
Uit
Jan) - FausTnast
11
:’ ey o
UNEAN uafsing
758l
NIRTIN
PUUTDNIIN
6 i3}

16




(Compressive strength)

(Elastic

21

(Lightweight concrete)

28

94.1 66

34.67

modulus)

(Flexible strength)

28

28

(additive)

41.2, 53.05, 37.8, 26.7

(Density)

180,

1



21

41.2

30.4

21.10

21.34

53.05

84.45

44.95

48.33

26.7

37.8

23.2

24.5

31.9

39

180

170

24.61

28.35

94.1

-52

39.5

38.5

82

71

78

43.31

41.48

(MPa)

(MPa)

7.17

11.58

7.09

4.68

2.01

4.96

6.98

(kg/m3

1976

2367

2000

1903

1970

1869

1683

2520

2190

(MPa)

10900

6200

18



21

(MPa) (MPa)
58.5
57.5
59.5
1 57.0
34.67
Jird 43.27

66
1 56

(kg/m3)

(MPa)

19
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40 (Microfibril)

1/ )
1/ /
] /

224, 33.8, 12.8, 6.5 4.8

22

80



1/
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81



22

200

TPSG
TPSG5
TPSG10
TPSG20
TPSGS
TPSGS5
TPSGS10

TPSGS20

60

(%)
50
50
50
50
50

50

50

20

(%)
30
30
30
30
15
15
15

15

40

(%)

15
15
15

15

6-7

(%)
20
15
10

20
15

10

6.5

27.5

10
20

10

20

(%)

(%)

11,24+0.11 (TPSG)
7.11+0.10 (TPSG5)
7.30+0.08 (TPSG10)
7.63+0.06 (TPSG20)
9.30+0.14 (TPSGS)
7.65%0.11 (TPSGS5)
7.70+0.18
(TPSGS10)
7.90+0.15

(TPSGS20)

(MPa)

1.8 (TPSG)
2.5 (TPSG5)
2.8 (TPSG10)
2.6 (TPSG20)
4.1 (TPSGS)
4.8 (TPSGS5)
3.8 (TPSGS10)

4.2 (TPSGS20)

(MPa)

10.8 (TPSG)
23.7 (TPSG5)
25.8 (TPSG10)
27.3 (TPSG20)
44.5 (TPSGS)
84.3 (TPSGS5)
51.5 (TPSGS10)

49.1 (TPSGS20)

29.8 (TPSG)

76.7 (TPSG5)

76.5 (TPSG10)

55.0 (TPSG20)

83.3 (TPSGS)

71.0 (TPSGSS5)

79.0 (TPSGS10)

92.4 (TPSGS20)



*

[176]

v 1[177.|

22

(Soxhlet extraction)

‘
- Banana fiber (BF)
10:1
3 (Banana fiber, BF)
- Steam explosion
BPW) 1 25-1 batch reactor 220 °c
lignocellulosic microfibrils (BMF)
- ! 250 100
67-70 1
3 2
24 Maleated Banana Fiber (M-BF)

Microfibrils (M-BMF)

- PE) 1

- 2
(KCI103) 10

24

72

10% (w/v)

BF, BMF, M-BF M-BMF

(BF)
392 50
Cellulosic crystals (BCCs)

6, 2.4 91.6

(%)

10

(Banana plant waste:

(BF BMF)

Maleated Banana

30

20, 40 60

50

0-8%
48

(MPa)

=4.6 (BF)

=6.5 (BMF)

=5.5 (VHBF)

=6.3 (BMF)

2.5 (0%)

12.8 (8%)

(MPa)

=210 (BF)

=210 (BVP)

=220 (MBF)

=225 (M-BMF)

20.4 (0%)

210.3 (8%)

(9

=1.35 (BP)
=1.85 (BVP)
=2.3 (MBF)

=3.2 (BVF)



\

4

[178]

[179]

22

5 8 10

30

20

10-12

75

37

1

80

20

10

30

Nylon-6

Cellulosic crystals

80

10:1

10

0, 5 10 15

! (%)

0 1,2 3

60+1

High density polyethylene (HDPE)

Maleic anhydride grafted styrene/ethylene-butylene

g-MA)

200-235

HDPE/Nylon-6

30

80:20

styrene triblock polymer (SEBS-

SEBS-g-MA

6

(MPa)

76245 (0%)

107+5.3 (5%)

175+8.7
(10%)

224+15.4

(15%)

25.5+0.6
(29.3%)

34.5+0.5
(38.8%)

33.8+0.4

(MPa)

1290+0.05

(29.3%)

2310+0.03
(38.8%)

2550+0.13

(%)



? o @9

(MPa) (MPa)
2 Maleic anhydride grafted polyethylene (PE-g-MA)
"1l 160-175 40 BaF (48,2%) (48.2%)

29.3, 38.8 48.2






0.81

0.71,0.71,0.51

0.41

23

86



23

181 - C. tropicalis

8, 4, 10 20

(KHZPO4)

(MgS047HD)

Medium

150

10
500
7.0
?[
Agar slant (
140, 10, 12, 3, 2

48

0.1

Xylito/9xylose
100 0.1
24
5.5-6.0
160 120
1
6.0 ) Agar 0.71
30 48 4
((NH4)2HP 04
1.2 30
200 24-26

(9/rh)

2.12



23 ()

(9x”,0/9xy,01)
- 0.5 T 1-3
50 40 145 20
High-pressure hydrolysis reactor 160
10 High-pressure hydrolysis reactor
- 1 1 Steam explosion
reactor 200 1
Steam explosion reactor
Voo - , Silvergrass Napiergrass 10 1-4 071
60 130 15 0.51
Silvergrass 0.37
Napiergrass 0.36
. 20 (Na2HP04)
041
(KH2PO4) (NacCl) . (NH4CI) 6.8, 3.0, 0.5,
11 20 30 100 24
YPX- agar plate 30 2
- , 6.0 10 Inoculation cultures
10, 20 20 30
100 24

1-15 Medium 60 30 100-150

(9/1-h)



23 ()

A Xylito/3 Xylose” (gll h)
R 0.45-0.9 40 g 1
120 1 60 40
- 100 15 10.0
(Ca(0CH)2 7 3
(Ethyl acetate) 50-75
1 Candida tropicalis w103 (KH,P04) 0.7 0.95
((NH4): ( o (MgSO/7THD) 2, 5
4, 0.5 20
2,5 5 05 1 Medium
Candida tropicalis W103 100 35
250 14 Bioreactor 5
Bioreactor 0.29. 031 Medium 750

35 500 ' ! 6-12



23 ()

~Xylito/™ Yo
- HW 80 1 200-500
HW 1 70 1
1:8 ( ) 65 4
10.0 1
8000 5 55 11
30 200
1
(183 - c. athensensis SB18 Agar slants 10, 20, 20 20
) 4 0.81
(HOI’tICU|th&| W&Ste, Yeast nitrogen base-Yeast extract (YNB-YE) medium Seed culture yeast nitrogen
HW) base (YNB), Yeast extract (YE) Xylose 6.76, 1.0 20 Yeast nitrogen

base-Yeast extract-Urea (YNB-YE-urea) medium

Urea 6.76, 1.0 2.0

- Yeast nitrogen base
6.76, 1.0, 2.0, 0.25 2.05
SB18 15
2.0
200

Yeast nitrogen base (YNB), Yeast extract

¢. athensensis
7.0 2 30
250 24

0.7

(9/1-h)

0.98






(Acid Hydrolysis)

1

2-3

20-30



7.0

9.65x10s
G(S) D
Mnb
Mn
D
G(S)
1 (RO2H)

(Polymethyl methacrylate)

1

Mn

(Degradation)

1

Mi'Q

MGy

(ROOR)

LET

G(S)

(LET) G(s)

(R0O2)

LET

LET LET

92
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24

300, 500 900

|1 120
15

15 121

230 10-60

f

60

100-700

710-300

15, 20, 25

10

30

105

3,5

30

170-

42 (300
415 (500

45.6 (900

22.48 (700

57.17 (700

57.5

94



24

1w

(Maple syrup)

Switchgrass[1

Switchgrass

(10/9-40

11/5-47)

10

0.14x10s, 0.18x10s
15, 30 45

Brix degree 82

50

Fisher Scientific High-Temp Bath

72

(Brix degree 66)

90
0.22x10s
: 0.1
76+2
30
0.75,1
101 (30
0.75 4

1.25

10

(%)
71.12
(0.14x10s ,
45
20 )
75.9

( Switchgrass)

82.6

(10/9-40)
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150 5, 10,20 30
Fisher Scientific High-Temp Bath

60

( 4.8) 0.05

15

50 150

140

0.50

Cellic CTec2

0.3

72

40

82.2

(11/5-47)
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1.00

autoclave

20

50

150

2.0 3.0

(%)
5
25 0.25, 0.50, 0.75
1:20 1
140, 150, 160 170 5, 10, 15
500 autoclave
82
2
4.8) 20 FPU/g dry matter
100 (
250 50
60
2
5 0.5,0.75,1.0,
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1:10 ,,

15, 30, 60 90

- 1
4.8) 0.05 0.3
40 FPU/g dry biomass
30
150
4
-20
- 1
25, 50, 75 100
on
1 10( ) 120

autoclave 121

dry biomass

70 CBU/g dry biomass
250
72

4000

30

(%)

400

71

55

15

55.32 (100 kGy)
48.75 (100 kGy)

48.64 (100 kGy)
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( 4.8)

substrate

24

500

175

5
15 FPU/g SUbstrate

150

1.25

1:5

60

1.50

90

(%)

50
5
20.87
25
15 1U/g
50
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140 1

33
- ' 1 200

R
5.4-9.4 220-300
30
1
120-600
(DNS) colorimetric method
- 1
(1A
5 1

30

170

dinitrosalicylic

(%)

65.7

57.8

100
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20

63

9.6

25

60

2 15-25

60

200

200

50

1:9

60

0.05
150

5, 10, 20, 30 40
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Microorganisms)

25

(Aerobic compost)

30 -70

(Anaerobic compost)

EM (Effective

40 - 60

. 2548



co ~N o o1 b

10

25

.. 2548

(pH)
(CIN)
(EC:Electrical Conductivity)

(Arsenic)
(Cadmium)
(Chromium)
(Copper)
(Lead)
(Mercury)

26

12.5x12.5
, 35

30
5.5-8.5
20:1
, 6 /
(total N) 10

(total P2 Y 0.5

(total k0)
0.5
80

, 300 /
500 /
500 /
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A B 126

Compost A Compost B talian .
P P awzﬁ]mlts

A(:Olive tree pru::-;)820 ,\fl.|0i3ture ([;_/Q %8%361021 3824(63)?4 58085

T Tglﬁg% %6806%8) §7398553 S

| ?tgl S N(g kg-D) g( S 30
B: ExH 70 N~ _ 2 166 <25
” . Huggfg acld ” Ifgﬂwc 292 (118) 142(39) >10
Tod Ejg%g-l 27 ozg 51105

8tg m -kg-l 8% 8 8.3" ((S.O' <15

* ExH Tota) Cu \(( ! 28, O.Si 5.1 (0.5 <150

151 Toi Fgmy ko A ik

o 78.1 TotaEE ﬁ ] <0, 26(11) <

(Olive oil husk) 1 144 02} <(). P <140
TrH Total Zn (mg kg 218(04 41.2(1.0) <500

EIectnca conductivi Total or anic car on, TKN, Total Kjeldahl ni
EC' * ] aTO% gﬁk%aslls K/O alles

4rl EJ or m0|sture 08 e 64 pressed o a dry weight
( A ) . regresen the mean with standard error in et
Limit of sensitivity of the method used.
200 ( A
B) 240 A B

0.35
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55
2
50-60
45
( )
' 2 126
- P1 P2 90
1 P1 90
P1 1
2 P2 P2 NH4N
1
540 400
(Rice straw and
Pl P2 CHA/CFA 0.48 1 P2
sewage sludge)
2.6:1 10 90
1.0x0.8x0.75 90
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250

0.0, 0.2, 0.8, 1.5, 3.0, 6.0

0,1 24,6, 10, 20

10

100

100

Colour

Density (g/cm ")

Moisture content (%)

pH (H20)*

EC (dSm’)

Oxldizable organic carbon
Total organic matter (%)
Total Kjeldahl nitrogen (%)
CIN ratio

p;05 (%)

Kjo (%)

Ca0 (%)

MgO (%)

Fe (mg/kg )

Mn (mg/kgl

Zn (mglkg ")

Cu (mg/kg

Ni (mg/kgl)

Pb (mg/kg ")

Cd (mg/kg

Cr (mg/kg ")

7.5Y 21
1.01 (0.01)
79.0 (2.0)

7.5-77
3.10 (0.60)
20.0 (0.6)

60 (2)
3.0 (0.1)
7.0 (0.5)
3.6 (0.3)
0.30 (0.02)

11.00 (1.00)
1.0 (0.2)

31200 (2700)

165 (9)

1100 (80)
230 (20)

53 (3)

50 (20)
2.55 (0.05)

210(20)

n

2.5Y 7/6

0.05 (0.00)

10.0 (0.3)

8.4-8.6

6.95 (0.61)

34.0(1.0)

78(1)

0.7 (0.1)

48.0 (2.0)

0.2 (0.1)

1.90 (0.01)

0.85 (0.03)

0.6 (0.0)

310 (3)

92 (2)

29(1)

9(1)

6(0)

2(0)

n.d.

n.d.



(MFW)
. 4112 , (C1)
)
C1 MFW 5 - Organic matter loss >42%
C2,C3,C4 C5 MFW - C:N ratio <15
(RP: 100 - Water soluble organic carbon (Cw):organic N (Norg) ratio <0.55
9.4 ) 1 - Humic acid (HA):fulvic acid (FA) ratio >1.9
- Humification index (HI) >30%
30:1 - Cation exchange capacity (CEO): total organic carbon (TOC) ratio >1.7
5 - Germination index (Gl) >70%
150
(SS) 5
250
(DE) 5
250 C3,

250
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{ C4 5
250 { C5
( x
x  16x2x1 )
5 150

Composting mixture

C1-MFW (farm waste compost)
C2-MFW+N+RP+SS (sawage sludge compost)
C3-MFW+N+RP+DE (distillery effluent compost)
C4-MFW+N + RP+PM (pressmud compost)

C5-MFW+N+RP+PW (poultry waste compost)

organic matter loss
C:N ratio
water soluble
organic
carbon(Cw):organic
N (Norg) ratio
humic acid
(HA):fulvic acid (FA)

ratio

humification index

(H1)

cation exchange
capacity (CEC)dotal
organic carbon

(TOC) ratio

germination index

(G1)

C1

27.08%

36.7

150

150

150

c2

MFW +N +

RP+SS

44.8%

11.7

<0.55

>1.9

120

>30%

120

>1.7

120

C3

MFW+N +

RP+DE

40.8%

17.6

150

150

150

150

>70%

c4

MFW +N +

RP+PM

43.8%

14.1

<0.55

120

>1.9

>30%

120

>1.7

120

>70%

120

C5

MFW+N +

RP+PW

42.5%

14.4

<0.55

150

150

>30%

150

120

>70%

120

(optimal

values)

>42%

<15

<0.55

>1.9

>30%

>1.7

>70%
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0,

8

16

53:47

21

KO, K8

K16

1.6

11

C/N

6.9

Mg

7.7

16

110



()

- AB: organic fertilizer (AgroBiosoM la product ]
containing fungal mycelium, N content 7%, p 1%, 00 %dm)(-) N@dm)(-) aN(-) P@dm)(-)  K@dm)(-) MyQdm)(-)
KO 2176 a 14045 a BiHE)a 0R@E0Ma 1B@EPD a 12E00a) a
K3 192#0a 1%E) a r4a#2a 0P EM) 130 157@) b
- MD: mineral fertilizer (Nitrophoska spezial, 12% K6 169M02 a 17D a D3Ea)a 0%BE00) C 1286001 b 1BE0a) b
N, 12% P2 5 17% K2) (333 kg d.m. ha ') ab c

K 1%) (1143 kg d.m. ha'])

- KO: (23.7 td.m. ha')
- K8: 8% wood ash (25.6 td.m. ha'l)

- K16: 16% wood ash (29.3 t d.m. ha'))



( 1
) ]
21 (P1)
(P2) ]
21
P1 P2
1 . 5% 39.9 % 42%
2 ‘ 30 % 53% 48%
3 (pH) 5,5-85 683-7.21  7.03-7.12
4 CN) , 21 9.8 10.6
_ . 6dSm1 367dSm1 38dSml
(EC: Electrical Conductivity)
6 (total N) 1.0% 2.3% 1.9%
1 (total P2 5 , 0.5 % 2.5% 2.7%
8 (total KjO) 0.5 % 1.2% 1.1%
9 (Cadmium) 5 mglkg 12mglkg 25 mglkg
10 (Chromium) 300 mg/kg 150 mg/kg 152 mg/kg
1 (Copper) 500 m/kg 170 mg/kg 170 mglkg
12 (Lead) 500 m/kg 9% mglkg 99 mglkg



N2, ch4

C02
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2, -

(2, - ta ediol)
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28 2,3-

0.375 120
20 (Accellerase) 1500 3
200
1500 150 (FPU) 24 45
100
2.08
Klebsieblla sp. Zmd 30 50
(Difco) 20,4 4 24
o 2 100 150
(KCI) 0.75 (NaHP042H) 1.38 62
2.28 (Na2504 0.28 (MgS047H2) 0.26
0.42 2 5.13x10'4
(FeCI36H20) 4.05X10'4 (MnCI2-4H20) 6.90x10'4
(CuCI2-2H2D) 1.3x10'5 " (H3B03 1.5%10'5
(CoCl2-6HA)) 5.71x10'3 24 30
200 2, - (High

performance liquid chromatography, HPLC)



28 2,3-

mn 11-12

500

K. oxytoca ACCC 10370

(K2HPO4) 4.4

Trace element solution 1

30

0.45-0.9

120

60

100

40

2000xg

(20-40 )
1
40
15
10.0
50-75
200
20
100

(KH2P04) 1.3

(MgS04-7H20) 0.2

14

10

1000

100

100:1

40

((NHH2s 0 4)2
20

500

50

0.59
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(Stirred-vessel bioreactors)

200

pH

200

100

2, -

6.3

5
0.5

0.2 15

3MNaOH * 2 M H2504 60
20
(C12H5 04Na) 30
(Na2B40/10H20), 10.81
(2-methoxyethanol) 10

1

20

150

1 25.0

150 1

60-70

0.3

100

0.5

01

15

750

Trace element solution 1

37 °c, 300 rpm

(Na2EDTA) 18.61

(Na2HP04) 4.56

71.2

82.8

0.42

0.53

1ns



28 1 2 -

- 100

200 50

- Klebsiella oxytoca (CICC 22912)

500

, ! : 250

5 150

5 200
15 6.5

40

250

Luria-Bertani (LB) agar slant

50
6.8-7.0
50
37
15
37
3
2, -

120

60

12

0.66

73.4

0.79

80.4
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@

@

C)

(upgrading)

Methanation

B

(CO + HY)

2,3

( )
Fisher-Tropsch

(Process heat)

(E10 E20 £85)



300



2556

81%

600

13%

6%

(

2-3



MTG

Fischer-Tropsch (

124



20-30

(

back pressure (



44,198

2555

2555

E10 E20

2554

E85

19

9.9%

(

2.9
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1(

backpressure

25

2556

2555)

covered lagoon 1 )

27.5 MWe

2553)



E20 E85

33%
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