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Ei’ﬁ)ﬁﬁmﬁ Sﬁamjﬁﬂﬁﬁﬁi’ﬁ)ﬁﬂﬁ%

al b

mNH 1L RNy SHASISING i85 (DS, dry substance) [1]

Description Unit
Composition

Cellulose 50% of DS
Hemicellulose 10 — 30% of DS
Lignin 20 —30% of DS
Physical and energetic characteristics

Humidity 25 -60%
Mass density 800-1120 kg/m3

Calorific power (with a humidity of 12 — 15%) 3600 — 3800 kcal/kg
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a3

MmN 2. UENN: U SRABISAINNAIAEIAY (DS, dry substance) [1]

Humidity Medium Calorific

Agricultural sub-product (%) production C/N ratio power
(t/ha) (kcal/kg DS)
Soft wheat straw 14 - 20 3—-6 120-130 4100-4200
Hard wheat 14 - 20 3-5 110-130 4100-4200
Rice straw 20-30 3-5 60—-65 3700-3800
Maize stocks 40 -60 4.5-6 40-60 4000-4300
Corncobs and vine shoots 30-55 1.5-2.5 70—80 4000-4300

Biomass Slide 12



5595 I8 (RS SIS
WHHOIBDR2

[~

AsdAYNE NS MIM G gt S yanmiguga
mﬁﬁmmmmn B T A N O A S A Y

2]

HES SHALY

2]

S.

}

3D

Sorghum Miscanthus

Biomass Slide 13



sumiscshas ,

PO HYBIBONS

MmN 3. Goamn SacenuisSivasNadAagthyn
(DS, dry substance) [1]

Fresh substance - Dry substance Calorific
. Humidity .

production (%) production (t/ha power

(t/ha year) year) (kcal/kg DS)
Fiber sorghum 50-100 25-40 20-30 4000 - 4050
Kenaf 70-100 25-35 10-20 3700 - 3900
Miscanthus 40-70 35-45 15-30 4200 -4250
Common reed 45-110 35-40 15— 35 3950-4150
Measly 25-60 35-45 10— 25 4100 - 4200
Poplar 20-30 50 10-15 4100 - 4200

Biomass Slide 14



SEIR (RCSHRS

PIBEORAING DRSHHEH:
I AN E N RGTE U Y anmsrs*lnijﬁnmnn O ¥y

Gmﬁ (PUH R/ fun) mwmmmmﬁﬂmm mmnmma
[S‘lnii‘l‘“lnﬁjﬂﬂ IS T

MATR AEIMATNRFI M STIUAmE Yingwini
mgznnﬁs&mmms Snutiamstiigagsiin
HSSIHISNUENIUZGHAT]

ﬁjmﬁjmnﬁﬁﬂﬁ ANy fum
MIUJ"H“ISﬁfn Sﬁmlﬁﬁ[ﬁnm
mgmnnmgwﬂ

frumsuanauimy
TR LS

2 PA)

3]
1

3]
1

Biomass Slide 15



SEE (RCSTIRS

PIBEORAIAG DHSHHENG

olo

Mg 4. ssmmmiamsmﬁnmmm ﬂﬂﬁnﬂf[SLﬁn SHa
(DS, dry substance) [1]

Organic substance

Material Dry subs;tance (volatile solids-VS, B'°§a|f il

(DS, %) %onbs) . (M/keVs)
Swine liquid manure 3-8 70-80 0.25-0.50
Bovine liquid manure 5-12 75 -85 0.20-0.30
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Biomasses

| Residues

Other agri-use_|):|

Dispose

Valorisation

Pellets/Briquette

Thermochemical conversion

Heat-Electricity

Energetic Cultures

Collection

Storage

Pre-treatment/Transport

Biochemical conversion

Bio-Products
(Gas, liquid, & solid)
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- YISGUIHG AMARRMIS I
IngIs |

- BAMITMYMWIENS bacteria,
funagi, archaea or protozoa

- MMy

- iUISI{EuERTgh

TUAN 3. JHIEU A Algae ijifl ¢ [§[ﬁjﬁﬂ S;
green algae, Chlorophyceae ahd golden algae [16].
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Hydrolitic

Hydrolysis —> ‘1’ bacterium
Acidogenesis ‘1' Fermentative
g > bacterium
Acetogenesis —> Acetogenic
= ‘1' bacterium
Methanogenesis —> ‘L Methane-
forming
CH, CO, bacterium
e jumn 4. GuNSISMiT U WmS [ [1]
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* Hydrolysis: futnfumiii (proteins, carbohydrates, lipids) Lm’m i)
BONS 1 TRt U e B M I L (amino acids, sugars, fatty aC|ds)

. AC|dogene5|s ﬁj&ﬂﬁjmnmﬂUjLnimSLﬁjijtﬁnnntﬁﬁLnﬁmmh
Mt U] tijﬁmnmsm volatile fatty aC|ds alcohols, lactic acid,
Seng 2 51 U mmqm:ms:gj 5ijGth carbon dioxide, hydrogen,
ammonia, $&1 hydrogen sulphide gas

e Acetogenesis: [irUntiniiS Acidogenesis Lnim sUtruigith
acetate, hydrogen, 811 carbon dioxide

e Methanogenesis: Smﬁmsﬁménh&[ﬂfm“ﬁﬁhﬁmﬂ YA S
o SUIaf acetate YNMIBUIG: IS carbon dioxide fintis
hydrogen [N UJLLULmﬁj acetotrophic Si1 hydrogenotrophic

bacteria
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Methanogenesis

Acetotrophic methanogenesis: CH,;COOH —>» CH, + CO,

Hydrogenotrophic methanogenesis: 4H, + CO, =—>» CH, + 2H,0

GSGATSNT IR U{RIAGIM U ARTINNIMI WIS 2[n5e
1. (i 30% Isumsumainyiagiumetdupin stiunmivms

muitis: hydrogenotrophic pathway 1 D& 16 Ecetotrophic
methanogen i M A M mﬁﬁméaﬁmﬁnﬂ W WIS 8

2. MAFH FIAUFEANANNGE sﬁmﬁm:mmsmﬁnﬁwmﬁ bk
FN S NS 8 8 ASIEM s methanogenesis & inimimsiaganigsan

neutral pH values
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o Psychrophilic: {paisiieaiannmniGhi 20 °C

o Mesophilic: {peistdrannmn Gigi:h 2 20 °Ct1¢140°C

o Thermophilic: {538 iGaiganmn Gig1:H 50 °C1¢l 65 °C
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p |
mMNH 8. C/N ratio ’ismmmﬁﬁ [19]

oo e G

Duck dung
2 Human excreta 3
3 Chicken dung 10
4 Goat dung 12
5 Pig dung 18
6 Sheep dung 19
. Cow dung/ Buffalo 54

dung
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Elephant dung 43
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Straw (wheat) 90
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MmN 9. BT AN aisidn ¢ grum SNy RGN I (18]

Type of manure Gas production per Kg manure (m3)

Cattle (cows and buffaloes) 0.023-0.040

Swine 0.040-0.059
Chickens 0.065-0.116
Human 0.030-0.050
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BBV ENIBESE

ﬁiﬁl?lilf)'ll?)° Methanogens HSu[ﬂﬂiﬁi[mwnnﬂﬁﬂSﬁj S
911)’81{1’1"] ﬁjnnnﬁmﬂjﬁti n 35°CT [S‘IZFLI‘I fu”nﬂﬂ’“lﬂ
miji:’ﬂt’l 10°C A ﬁiﬁmnaﬁjSSﬁLnimSUmij [18]

pHE EONUMIGIGASAIS gRIUHRAGIZ: 6 81 71 H{MIS
methanogenesmtﬁtﬁl‘j 8L‘Lﬂ pH nm:’ﬂij 65"1 it iaatixiatts
SSIARESACRRSAS IR RRY 21430 pH [LULUHJU[S“I N7218.2 [18]
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PRIVIRIS

Loading rate: nmﬁimnﬂlsinmn[uﬁtuWMnUmm A
H[IJ’S“IF]‘H‘I%[SQJD’?ZMS nij"a"tﬁlti"l LﬁﬁjS[U‘.}JmSinmn
[u‘H[LGS[FIn IS mﬁjnS{ﬁ[nSIQJDBM MIGURIEM S
sthimSUanm nii‘lniﬂﬂ?JH‘lSi’nmﬂ[uHHSLnUL‘“IS
MIHGagajS SNBWIGS (18]

Retention tlme/Hydraullc retention Time: & tHitis: [0 U HEJH
[uﬂﬁnmn[uﬁ fU’n[S‘lnth"l M GIFT qty: mmmﬁﬁn[[ju
Lﬁmmcsg fl 30—100 :g’ 118]4

HRT = V/U

[iify HRT = hydraulic retention time (15), V = ¢t §j (m?3),
U= sinanigmatdstimagunvygwpainn (m3/ig)
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Mineral ions, heavy metals, antibiotics S11 ﬁﬂijmmﬁjiﬂﬁj
Eﬂnﬂﬂj[uﬂjmﬁﬂﬂﬁ“ﬁﬂjﬂﬂﬂﬁj[SHLnﬁﬂimilem

P puen SinH‘ISnﬁ Qjﬁia NS [18]

UiH‘IﬂﬂnUnU[S mineral ions (e.g. sodium, potassmm

caIC|um magnesmm ammonium S§1 sulphur) U[«ijS‘“lmjn
N ESES B’Lnﬁflim{fl““ltﬁ onn: [uﬂjntmﬁu[LUS[ﬂjﬁj

UGS N : 1SS Sﬁﬁmmmmmmnmm [18]
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a
PRIB RIS
mna 10. /ia ﬁjmﬁjmn[ﬁji‘]ﬂ[Wu[ﬂﬂi‘”‘lﬁﬂﬂtﬁ[uﬂ[ﬁ‘“lSBJﬂj [20]
R
concentration concentration

1 Sulphate 5000 ppm Sodium 3500 - 5500 mg/I
2 Sodium Chloride 40 000 ppm 8 Potassium 2500 - 4500 mg/I
3 Nitrate 0.05 mg/ml 9 Calcium 2500 - 4500 mg/I
4 Copper 100 mg/I 10 Magnesium 1000 - 1500 mg/I
5 Chromium 200 mg/I 11 Manganese Above 1500 mg/I
6 Nickel 200 - 500 mg/I
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BOHHRS

MNi 11 e maISRigags [18]

Description Volume (%)
Methane (CH,) 50-70
Carbon dioxide (CO,) 30-40
Hydrogen (H,) 5-10
Nitrogen (N,) 1-2
Water vapour (H,0) 0.3
Hydrogen sulfide (H.S) Traces
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muSisemucSSRS: PNIBITIEERS:

BHB

mna 12. muLﬁ]ﬁmjﬁﬁia RS SnEgs g Y [18]

Type of fuel Calorific value | Application | Efficiency | U/m3
(kWh/ U) tA) Biogas

Wood Cooking 5.56
Charcoal Kg 8.0 Cooking 25 1.64
Hard coal Kg 9.0 Cooking 25 1.45
Diesel Kg 12.0 Engine 30 0.55
Electricity KWh 1.0 Motor 80 1.79
Biogas m3 6.0 Cooking 55 1
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Deen-bandhu biodigester model-India
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Pyrolysis {1 GiilANiMiMsiaaiasnns
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RS ANAISMAMIHANGE s THuuAngHANA
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PUEHEBIBHISE 5

MNi 13, MIANAN IR UISTINNIMI AN WM S 8]0 [1]

Typology Temperature (°C) Characteristics

Only recovers solid

Carbonization 300-500 :
fraction

Three fractions of same
proportion

Production at 70-80%
of liquid fraction

Production at 80% of
liquid fraction

Conventional pyrolysis <600

Fast pyrolysis 500-650

Flash pyrolysis >700
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PYROLYSIS

COMBUSTER

Source: http://www.dorset.nu/en/page/home-gm/products/pyrolyse.html
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NRORNRUTS pyrolysis [T I SO RO WIAG{IAGISIgma
3] Nmmmjmmﬁmm [1]: '

ZfU’Sﬁj”H‘IS CO, CO,, H, S Ilght hydrocarbons;
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Sphal Spkal
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BPORERGES pyrolysis MGSN{AIM ST MG ONI{MY [1]:

B8 MGHAY]MSALHINUG] UIDMAS S AREIadS

P

-4

turbo-gas U internal fuel engines

é’ﬁtﬂﬁm’ﬁ 3 i AIANG IS ﬁHSLnfmS[LULm PN U E S S:

iﬁﬁlﬁﬂi" [uﬂjn[ B0 O INIAT pyrolysis [SESTIANE T NG
Eitﬁnij‘“lﬁﬂﬂ b5 Pyl ﬁjmnﬁjmh[ﬁjhﬁm‘m pyrolysis
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mni 14. MNP MALES CO, AMUP{M as 8

Wooden biomass
Chips

Briquettes and pellet
Agricultural residuals

Winter-autumn cereal
straw

Stocks, corn cobs, maize
sculls

Rice straw
Dedicated cultures
Fiber sorghum

Miscanthus

Avoided emissions

Kg CO,/m?3
200-350

650-1,100
Kg CO,/ha
300-1,100

800-1,600

300-850

Kg CO, /ha
22,000-50,000
17,000-58,000

x
“\, - -

a al

PORNTEEG [1].

Produced emissions Medium balance

Kg CO,/m?3
25-35
90-95
Kg CO,/ha
20-75

50-110

25-65

Kg CO, /ha
700-1800
500-1500

Kg CO,/m?3
170-320

560-1,010
Kg CO,/ha
250-1,050

720-1,520

250-800

Kg CO, /ha
20,000-48000
16,000-57,000
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SO, (Kg/T)) NO, (Kg/T)) Dusts (Kg/TJ)

Mineral oils 140 90 20
Gas 3 90 2
Mineral coal 300 150 20
Biogas 3 50 3
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Source: http://wihresourcegroup.wordpress.com/2011/05/20/biomass-energy-clean‘-green-
renewable-energy/
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