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_ _ Oxygenates
Bioprocessing Ethanol

Chemicals

Resource Transformation Marketplace
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Biomass

Biomass Thermochemical Conversion PRODUCTS
For Fuels and Chemicals
* Hydrogen
+ Alcohols
« FT Gasocline
. L 1 + FT Diesel
Gasification Cleanup Synthesis . Olefins

* Oxochemicals
« Ammonia
- SNG

1 _ * Hydrogen
| onversion o | « Olefins
Pyrolysis B Collectial Purification L

» Specialty Chem

* Hydrogen
Sthal Separation Purification * Methane
Conversion . Oils
* Other

* Examples: Hydrothermal Processing, Liquefaction, Wet Gasification
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C+C02=2C0
C+H20=CO +H2

C+02=0C02
4H + 02 = 2H20

Biomass

Updraft Gasifier

/K Gas, Tar, Water

_ —i
Pyrolysis
Reduction
Combustion

"—-._‘_‘_‘_‘_‘_‘-‘_‘_FFH_.___._,_.-—'—"'_
+ Ash + I )
Air

o

C+02=C02
4H + 02 = 2H20

C+C02=2C0
C+H20=CO + H2

!

Pyrolysis
}

Combustiol

Gas, Tar, Water
T

Air

LReducIiun V_'
Ash

Downdraft Gasifier
- Community Power BioMAX

- Primenergy/PRM
- Lurgi
) Secondary
Gasifier (P;nmmalmrye Cyclone
I L Py e
— - A
Biomass T /
AirfSteam
Botiom Ash ¥
Circulating Fluid-Bed Gasifier
- FERCO

Flue Gas

I

Cyclone

Freeboard

jzaa

Ash

-%— Biomass

#——  Ajr/Steam

Fluid-Bed Gasifier

-EPI

-GTI - RENUGAS

-Carbona

-Foster-Wheeler

-MTCI

Y

\n

Furnace

Char

N2 or Steam

T

Air

Recycle Gas

Entrained Flow Gasifier

- Brightstar
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% of non-feedstock energy related to:
Non-feedstock
SISIGL Flue-gas Transportation | Natural gas
(kI/kWh) cleanup production or
coal mining
Biomass IGCC 231 0% 16% N/A
Direct biomass 125 0% 49% N/A
Coal 702 35% 32% 25%
Natural gas 1,718 0.5% N/A 98.3%
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Life Cycle GWP and Energy Balance
for a Natural Gas Combined-Cycle System

Net greenhouse gas emissions

499.1 g CO,-equiv/ikWh of net electricity produced

372.2
— —— (74.3%) —

/1.0 \

= Electricity
|Fossil Out — 3
| Ener 124.5 0.4 2.0 |

n o (24.9%) (0.1%) (0.4%) 0.40 |
\ Natural Gas | Ammonia ' Construction & || Power Plant |

Production & Production & Decommissioning Operation /
Distribution | Distribution [ _ yefm | |

———_ = L ; I
EEREEEEE iy T : 7
B5H [MCo e 03 o' § _ . - =

Natural Gas Combined Cycle System
0% carbon closure
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Life Cycle GWP and Energy Balance for a
Coal-fired Power System
Current coal-fired power plant industry

%

Total greenhouse gas emissions
1,042 g CO, equivalent/kWh

// .
/1.0
R Electricity
Fossil Out |~
| EEnmergy 0.3 '
|| |
(95%) -'
Power Plant
Ope ratlion

Coal Power System
0% carbon closure
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Life Cycle GWP and Energy Balance for Cofiring
15% Residue Biomass with Coal
Greenhouse gas emissions reduced by 18%

Total greenhouse gas emissions
849 g CO, equivalent/kWh

1.3 2.2

Biomass
Transportation

Power Plant
Operatilon |

Conqtruction

Electricity

‘1.0

et b o ML Pl e = Out
—— i e SEREE =E 0.34
| Fossil V& _
l'. I%:‘aergy
! Landfill and S ~vbon
Mulching /
~_ o

Coal/Biomass Cofired Systan
26% carbon closure
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Life Cycle GWP and Energy Balance for a
Direct-Fired Residue-Biomass Power System

Current biomass power industry

Net greenhouse gas emissions
-410 g CO, equivalent/kWh

Operation

‘ Power Plant

Direct-Fired Biomass Residue System
134% carbon closure
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Life Cycle GWP and Energy Balance for Advanced IGCC
Technology using Energy Crop Biomass

Future, wide-spread potential

Total greenhouse gas emissions
49 g CO, equivalent/kWh

E‘ﬂectri city

Out
1%

(

Biomass
Productio

Power Plant
Operation

o

Advanced Biomass Power System
95% carbon closure




A 68 3 49 CO28E 3%

GWP (g CO,-equivalent / kWh)

1200

1000

800

600

400

200

-200

-400

-600

RESI 2004

Direct-fired
biomass
- | | | residue
Dedicated Average Coal/biomass NGCC
biomass PC coal Cofiring
IGCC
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Particulates SOx NOXx

CO NMHCs

B Average PC coal
B 159 Coal / biomass cofiring
L Direct biomass residue

H pedicated biomass IGCC
BNGCC

-41 g/kWh

Biomass IGCC also emits isoprene at 21 g/kWh
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CNALE X2

500
450
400 - B Average PC coal
B 15% cofiring
350
L1 Direct-fired residue biomass
300 B Dedicated biomass IGCC
é B NGCC
250
D
200
150
100
50 |
_ L

Coal Limestone Ol Natural Gas
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Alternatives:

Coal

Heavy Oil
Petroleum Coke

Refinery
Residues

Orimulsion

Natural Gas
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Combined Cycle
Power Block

o -

Gas & Steam
Turbines

SULFUR Clean Syngas

REMOVAL

SULFUR
RECOVERY

Electricity
Steam

Alternatives

Hydrogen
Ammonia
F-T Liquids

Marketable
Byproducts:

Solid Sulfur

Slag (ash)




RESI 2004




RESI 2004




RESI 2004




Mitsui Recycling 21

Heat for pyrolysis is generated & High
Temp. Air Heater, not requesting
suppementa fugd a8 long as the lower
heat value of waste is more than about

Waste is shredded into less
than 200mm in length to enable

its efficient pyrolysis

RESI 2004

L1
Lime Hydrate
Mo.2 Bag
Filter
q.
— — ||
Sark
nduced Draft Fan
@
o HC | < S50ppm
* 2= < S0ppm
Dechlaringion WO < 100ppm
_ngidue Tres. DxXMs < 0.1ng Nm'
. Dust <0.01g N
DEMs :Polyehlorinat ed-
Land Disposs dibenzo- p- dioxin

et Steam (40ata 400°C)
High Temo.Air
1 S D
High Teqo Al Elsctric Pover Gene.
30T
Waste Purolvsis Gas Flue Gas  No.1 Bag
‘ " WH Bailer  Cooler Filter
oo Q00D -
Shredder o o
S Q 'y
20T ]
O
o [w T
[y : Smc o B
glf;-:ut-L' High © gl;UL o
, <, O
PyrolysisDum © o Temp.Air & 0 o
10T g g Corrbustion B Heder S g g
Retension time of waste in Prolysis lmmha @ G rhgrher B o o 0
Drum s about 1 hour, g o | iyt s iyt
§ E ) D
which homogenizes the composition <L o{ooooo = 0000000000000000000:
of Pyrolysis Gas end Carbon against o Flv Ast
waste composition changes. Solid Sorting 7] e
O 3 =
a a a
o a ]
0" "" "." Pyrolysis Gas and Carbon are burnt at

Laee |

L0
=

Al

Solid Residue is cooled down to
B0°Cin Solid Residue Cooling
Drum and sorted into Shes,
Aluminum, and Carbon.

1,300%Cin High Temperaiure Combustion

Chamber,

High Temperature Combustion will lead to

the reduction of DXNs generation rate
ivtater Cooled Wall Type ~ Prolongation

of refractory life)

Dechlorination Residue is the
only material to besent to Land
Disposal

Higher Volume Reduction Ratio
can be attaned.
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Mitsui Recycling 21

Electricity Generation

Generator

Exhaust Gas

Combustion

Pretreatment

High Temperature Air

N - Recovery Treatment
~ B e _‘__1
4 shredder
(to H.T. Combus.
Chamber) -
Aluminum

Incombustible Waste Bunker

Bulky Waste Disposal Facility Sorting of Solid Residue
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Plasma Gasification
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RESI
Plasma Gasification
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Plasma Gasification .
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AD Plant LEX A8 #

2

fon Hsin Chang,

Pho D #eH

Robin Hsu

i

W Smith

Process Flow and Mass Balance KH-MSW-AD-2004 ID 400-0.1 RESI2004

Design Basis 40000 tong/day
Lnintentional Waste 10%
\oproved By RHC
Chacked By Robin Hsu
Prepared By SF Liv
W Smilh
Project 1D KH-MSW-AD-2004
Run Nurmber 400-0.1

Tipping Floor Rejects

18 lons/day

R

Y

2004419 kA

Bik

-
—
—
-
—
S
)
—
—
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(Oversize

— 40000, Jonslday

PETHOPE  Ferrous metal

Alurrinurm

o %-'{)'& u

33

27

fonsfday

A% dne el
-x’. h;lm»lmy

84857

tong/day

362 tans/day Mddie and oversize after Picking ~ 342.000 fonsiday
ol Vet Seperaion Grit & Heavies 10.00 tons/day
Plastic Rejects 1200 tons/day
Slury  1,20857 Ermereercy Hlare H2S Removal Compressor
/J fans/day §
TSN |BioGias OL6% rikay L H2ORemoval
v 534
Anagrobic Digester Wet o L
Mesophils 5548667 KiWHia———— R
115223 fonsfay 1 ' = 5721 tansiday
0 e [
e Sfld L-‘};?;j i 26495 Sold Digestate Aerobio Ciring
_ Addition e 260603 tongday
\—/ Fresh Water 20454 l Bulking Agent 6356 tons/day
EEi 110282 Add:tion
Additon | Process Water Tk |Wastewter Treatment )
Reciculaled Process Waler 5475 lonsiday ”|-Mitrogen removal 26425 lonsitlay
-Phoenhome Remowal |

Electricity
otal 10857267 KiWHiday
Used 380403 KWHIday

Bxport 76,768.64  KINHday
Thermal Energy
Total 136,163.40  KIWHiday

Used
Bxcess

55,40667 KWHIday
269673 KiWHiday

26060 tons/day

[Water Discharge l 25425 {ons/day
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ASIM Db/s1 SSEEGHGATION

ASTM
ASTM Standard Standard #2

Attribute Unit Biodiesel Diesel
Flash Point F, min 266 125
Water and sediment % wol, max 0.05 0.1
Viscosity centistokes, @ 100 F 1.9-6.0 2.0-5.8
Total Sulfur % mass, max 0.05 1.0
Ash Content % mass, max 0.02 0.02
Copper strip corrosion degree of corrosion No. 3b max
Cetane min. 47 40
Cloud Point report to customer
Free Glycerine % mass, max 0.02 n/a
Total Glycerine % mass, max 0.24 n/a
Phosphorous Content % mass, max 0.001 n/a
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46.23% i

68.07% 13.61%
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% Ax4 (PAH) 80%
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Phase | — Biodiesel Plant

KBS AEK
(4 £ 250,000 Tons/Yr) )/Ej:r ’7"%/\43 T Bk

——> 4 & 2k 7k (50,000 Tons/Yr)

K B RARIK 8 g

7
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H H

H— :: C-R mc%:z-@m m-@agsm
H— C-0-C-R + 3CH;0H—= H-C-~OH + HC~0-C-R
Hi— %l!:-@;%m m‘%::-@m HC- 0GR
H H
7 fg ¥ B2 H Jig B B ¥ B
100 13. 7 12.9 99. 8
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