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What is biomass?

Biomass Is any sert ofi plant matter or
animal wastes. From It, we can extract
stored energy. Biomass energy, or
“Ploenergy,” Is stored in organic matter

with the help of the sun.
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Biomass : bioenefge

|

= 1,000 kWh/m? per year = 3,600 MJ]
oplant = 1,200 M]
- 80 % Loss due to reflectlon = 240 MJ
' Yo Use for photosynthesis = 120 MJ
% Storage in cell = 36 MJ]
-4 Use for growing = 20 MJ]
So 1 m? can store the solar energy of

HEHER
1214 dusnil



Biomass : Reduce greenhouse gas
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1. gadded muagauda (Eucalytus camaldulensis Schlecht.)
2. nsgdunnn (Acacia mangium Willd.)
3. nszfiufinyd (Leucaena leucocephala (Lamk.) de Wit)

4. nszfiuausad (Acacia auriculiformis)
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1) 35n15Usudiu

Uszidiununfminnzan 14 Climatic Mapping (Suitable Area)
Usciiiunanan Tddayanisdanady

L %4 Q/ Q/ Qs o A
2) 2iayailafanearuniianndantuunssiy

ilaldanivaruniannne g6 AscAUNN | ascduiingd | nsciuaisea

1. Bmnanidueaasail  (uu.) 400-2,500 1,000-4,000 600-2,000 600-2,000
2. Rainfall regime 3 3
3. 2hvwrisuay Usnauhaudaundy ».8 0-4 3.6 3-6

40 Jadwas/hau (vvau)
4. aauunfligegatais (°C) 20-40 30-40
5. aauundiengnataas (°C) 6-22 10-24
6. anunfian (°C) 18-29 18-28 20-30 20-30

#iun : Gedfe way Booth (2539)
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Simulation Mapping Program

Clinmate Comnb ined
TA = 14.0
TB = 2Z&.0
TC = 2&28.0
TD = Z34.0
- "’r
N i
n

2500.0

1)

E. cam {(Petford?
Limitations
=18 ] Roil
10
1
2
3
]
s
L
.
o F
o )
.i!
i
#1. HMean ann. rainfall A00. 0O-
*¥2. Rainfall regine : =
1=unifornbhinodal, 2Z2=-winter, J=-sunner
¥3. Dry season : 2.0-
# indicates selected factori(s)

0
2.0

¥4,
*5.
*&.

S imulation model run for areas satisfying following requirenents:

Mn max. hot mth : 28.0-
Mn min. cold nth: & . 0-
Mn annual temnp. 1=2.0-

Lat 14.02 Long 100.50

0.0
22.0
29.0
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Acacia mangiun

Green locations satisfy these reauirenents:

#1, Mean ann, rainfall | L000.0- 4000.0
#2. Rainfall reaine ' 3 0 0
lzuniforn/binodal, 3=winter, 3=summer

#3, Dry season ' 0.0- 4.0

3

« Mean max. hot month | 30.0- 40.0

&

. Mean win. cold month: 10.0- 24.0
#6, Hean annual temp. @ 18.0- 28.0

# indicates selected factoris)

ptmria | maanideila

Gremn Jocakiors sakisdy fhose reostresarial

i, Fean swn. ralefall @ GDE.O- DO
B Rainfadl regies 2 L £ E

Lusbfombomg b druiabir, D=prme
i, Brw s L R0
& Paad reix Bl mofR 0 UL | AU
%, Maan pn. cold month® -35.0- 250
. Fean commd fesn. ¢ IO- 10O

# indiealen anletad fuedariad

ACac1a mangiun
Green locations salisfy these reauirements:

#1. Mean ann. rainfall : 1000.0- 4000.0
#2. Rainfall reaine ' 3 0 [

lzuniforn/binodal, Zzuinter, 3=summer
%3, Dry season ' 0.0- 4.0
#4, Mean max. hot month | 30.0- 40.0
gM %5, Mean win. cold month:  10.0- 24.0
#6. Mean annual temp. i 18.0- 28.0

# indicates selected factoris)
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1,200 unweia'ls

fasausnilu

+ saudnilu
(Crop) # 2 114
ATNRNWUG

1. dunurunls 3,575 625 4,200

1.1 Aus99u 1,300 350 1,650
LATNAU 350 0 350
gn 600 0 600
AUATNEN Aau Al 350 350 700

1.2 aidin 2,275 275 2,550

e | 2000 0| 2000)
Atle 275 275 550

2. dunuail 300 315 615
ARGy 300 315 615

3 arnantiaduasnu 271.25 65.80 337.05

mm

5. uunanan (fuea'ls)

6. nmandewia T (wsiodu) ---m

7. s1e1'l6 (unsia'ls) - 4,800
8. A'ls (znanu) fns (unea'ls) - - -15
9. AALAL+ AU - - 4,200

(200+150=350 uneasu)



Biomass, Conversion

3 Composition
— Dlo-fartlllzar
4 Fermentation (Azrooic agd Aviaerobic)
aEnicnpel/ Blogas
| Carponizztior)
— Crlzlrcoz)]
PR - S
dCE Complistiors

> Synth sis Gas/ Bio-oil
B Chemical conversion
- Biodiesel




Table 1 Biomass technology chart.

Conversion Major Biomass Energy or Fuel
Technology Process Type Feedstock Produced
Direct Combustion Thermochemical Wood heat
agricultural waste municipal steam
solid waste residential fuels electricity

Gasification

Pyrolysis

Anaerobic Digestion

Ethanol Production

Biodiesel Production

Methanol Production

Thermochemical

Thermochemical

Biochemical
(anaerobic)

Biochemical
(aerobic)

Chemical

Thermochemical

wood
agricultural waste municipal
solid waste

wood
agricultural waste municipal
solid waste

animal manure agricultural
waste

landfills

wastewater

sugar or starch crops
wood waste
pulp sludge
grass straw

rapeseed

soy beans

waste vegetable oil
animal fats

wood
agricultural waste municipal
solid waste

low or medium-Btu producer
gas

synthetic fuel oil (biocrude)
charcoal

medium Btu gas (methane)

ethanol

biodiesel

methanol




The uses of biomass energy

1) Direct Combustion

The simplest way, and oldest way, of
generating electricity from biomass is to burn it.
This is called direct combustion. Direct
combustion (or “direct-fired”) systems burn
biomass in boilers to produce high pressure
steam. This steam turns a turbine connected to
a generator. Direct combustion systems
typically have thermal efficiencies around 20
per cent. These efficiencies can be increased
through cogeneration.




oLy

Biomass —» -

Travelling Grate
Stoker

Bubbling fluidized bed

Stoker Fluidised bed combustion



2) Co-firing

Co-firing involves burning biomass, along with coal,
in traditional power plant boilers. This is considered to
be one of the most economic ways to produce electricity
from biomass, because existing power plant equipment
can be used without major modifications. Some coal-
fired power plants in North America use this technology
to help reduce the use of coal and, thereby, lower
emissions of carbon dioxide, sulphur dioxide and
nitrogen oxides. Co-firing also allows biomass to be
converted to electricity at a higher thermal efficiency in
the 33 per cent to 37 per cent range.




Power Generation System

Steam
turbine

@ feed wale
1k

Par electrical aulpul
n heat consUumer
Liw heal input

L= geEnerstor

Back pressure turbine Condensing extraction turbine



In pyrolysis, biomass is heated to high temperatures
iIn an oxygen-free environment to produce a gas rich in
nydrocarbons. This gas is quickly cooled to create an oil-
ike liquid (bio-oil) and the remaining solid is a charcoal-
ike residue (called “char”). The bio-oil can then be
burned like petroleum to generate electricity while the
char can be used for heating.

Bubbling fluidised bed (BFB) and Circulating fluidised bed (CFB)
to create an oil-like liquid (bio-oil)



Type of Pyrolysis

Carbonization

\ Table 4. Pyrolysis Methods and Their Variants®
pyrolysis technology residence time heating rate temperature (“C) products
carbonization days very low 400 charcoal
conventional 5—30 min low 600 — o1l, gas, char
fast 0.5-5s very high 630 bio-o1l
flash-liquid® <ls high <650 bio-o1l
flash-gas® <1ls high =630 chemicals, gas
ultrad <0.5 very lugh 1000 chemicals, gas
Vacuum 2-30s medinm 400 bio-o1l
hydro-pyrolysis® <10 s high =500 bio-o1l
methano-pyrolysis’ <10s high =700 chemicals

Table 11. Typical Product Yields (Drv Wood Basis) Obtained by Different Modes of Pyrolysis of Wood®
Product Yield (%o)

process liquud char gas
fast pyrolysis (moderate temperature and short residence time) 73 12 13
carbonization (low temperature and long residence time) 30 35 35
gasification (high temperature and long residence time) 3 10 85

@ Data taken from ref 23 with permission from Elsevier.




Biomass Pyrolysis

Products
Liquid Char Gas
FAST PYROLYSIS 79%

moderate temperature
*short residence time

‘CARBONIZATION 39%
-Jow temperature
-Jong residence time

GASIFICATION 89%
*high temperature
-Jong residence time

L =
"',I:"Hi.':!n Mationsl Renewable Energy Laborstony



What are bio-01ls?

— Bio-oils are dark brown liquids; complex
“microemulsions comprised of char particles,
waxy materials, aqueous droplets, and
micelles formed of heavy compounds in a
matrix of hollocellulose-derived compounds
and water.”

W

saw dust cuhes = Waood Chips

— Not an oil as itis

immiscible in petroleum
oils

— A typical bio-o0il may contain more than 200
chemical compounds

— Compound classes are more easily defined:
= water 10— 25%
e aldehydes and ketones 15-35%
 sugars 6-10%o
e carboxylic acids 15-35%6
e phenols 6-15%
e lignin 15-30%




Gas

BioOil

Biomass

. I Gas & Vapor

The Pyrolysis
Process

\ Char

HEAT




Bio-Oll

Pyrolysis liquid (bio-oil)
from flash pyrolysis is a

low viscosity, dark-brown
fluid with up to 15 to 20%

water

Source: Piskorz, J., et al. In Pyrolysis Oils White Poplar

from Biomass, Soltes, E. J., Milne, T. A., Spruce

Eds., ACS Symposium Series 376, 1988.

Moisture content, wt% 7.0 3.3

Particle size, um (max) 1000 590

Temperature 500 497

Apparent residence time 0.65 0.48

Product Yields, wt %, m.f.
Water 11.6 12.2
Gas 7.8 10.8
Bio-char 12.2 7.7
Bio-oil 66.5 65.7

Bio-oil composition, wt %, m.f.
Saccharides 3.3 2.4
Anhydrosugars 6.5 6.8
Aldehydes 10.1 14.0
Furans 0.35 --
Ketones 1.24 1.4
Alcohols 2.0 1.2
Carboxylic acids 11.0 8.5
Water-Soluble - Total Above 34.5 34.3
Pyrolytic Lignin 20.6 16.2
Unaccounted fraction 11.4 15.2




Chemical and Physical Properties

Table 7. Typical Properties of Wood Pyrolysis Bio-oil and Heavy Table 8. Typical Properties of Bio-oil, Compared to Those of Light
Fuel Oil* and Heavy Fuel Oil°
17 = . .
Value BioTherm light heavy

physical property 10-01 heavy fuel o1l property H10-01 fuel oil fuel a

moisture content (wt %) ] 0.1 mbustion
- s 18200
specific gravity 0.94 o P10 5 36.9
elemental composition (wt %) 1 .
C 85 °C

H 5.5—7. 11 at 80°C
| [1|“ ash content (wt %) <0.02 =0.01

! LT L
0.3 4 ; 0.15-0.3
01
40

nitrogen content (wt %o) - 0
pour point ( ) —15

! - turbine emissior '
solic 02—-1.0 1 - ’
N NO, =(0.7 1.4

distillation residue (wt %o) up to 30 1 50, 0.28

2 Data taken from ref 39 with permussion from the Amencan Chemical

Society. @ Data taken from ref 106.




Applications of Bio-olils

Chemicals

Electricity Transport fuel
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Rrnciple ofiDowndraft Gasification

Drving Zona ((LUU=2400 ¢)
ﬂ COMBUELGHE eRoXUation Zone (1000-1500 C)
C+0, ¥ GO+ 405 (1) lesnol]
DRYING 25,00, - g0 -HebZa [ v f<gldl
Mpisture to vagor (Heat sourcs)
VY sist=bistullati -
Pyrolysis o EyIOlysis x50 Distillation Zone (300-900 C)
Lglor. 10 R el IDIVEIBIIGSSRRIEGt > Charceals-CO+CO,+ H,0 +CH,
Ca ¥ cg:rmtungxmudggonD - QT » | I Pyroligneous Acid +Tar
REduction Zone (400-900 C)
C

HD
*Reduction s GRG0~ 17296 [MJ)/kmboli (Boundouard Reduction)
ar free
> 4 SERIBOEACOH, —15iR4) [ MJ/kmol ] (Water gas Reduction) 900 C
- BNEE) c+2H,0 > CO,+2H, 500-600 C

GO HEO 14452 [MI/kmol] (Water shift Reduction)
CEH2HE > CHpEE 75 MI/ kmolj(iMethane Production)

Down Draft Gasifier
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Activated Carbon| (C Bambeepeoconuts)
Amorphous Silica ashi ( Rice husk ash)
Char Coal (Wood , Carbonizer')
Fertilizer Pellet (Ash + P, K")
Fuel for Cocking Stove

Precipitate Silica from Husk Ash
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