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Wood/coconut
shells/cashew

ENTERPRISE TYPE

sl o MICRO SMALL COMMUNITY
replacing
Wood Silk (D) MgCl, (U) Community cooking
Cardamom in India, | PoP (U, D) (D)
Nepal, Bhutan (ND) Tobacco curing Residential Hostels (U,
Arecanut processing | Myanmar (D) ND)
(D) Green brick drying Crematoria (D)
(ND)
Bamboo mat factory
(V)
Charcoal CO, manufacturing (D)

Diesel/Furnace Oil

Silk dyeing (D)

Rubber drying (D, U)
Canteens (D)
Bakeries (D)

Crematoria (D)

Electricity Water heaters in
hostels (D)

LPG Sweet making (D)

Other Fuels Puffed rice (D, U)

(tyres/rice husk)






Comparative energy cost

for different fuels
(For Q e, = 10 000 kcal/hr)

USD
0.00 0.50 1.00 1.50 2.00

Wood (woodgas) |

Wood traditonal

Charcoal

Coal

Diesel

LPG

Electricity






Approximate Initial Gasifier Costs and
Payback Periods for different fuel replacements

Capacity

(Updraft)

10 kg/hr

20 kg/hr

40 kg/hr

100 kg/hr

Cost In
Rupees
(USD¥*)

50000
(1111)
100000
(2222)
175000
(3889)
250000
(5556)

Fuel replaced

(Simple payback in years***)

Replacing

Wood
5
(2.78)
10
(2.78)
20
(2.43)
50
(1.39)

Replacing
Diesel

2.86
(0.21)
5.71
(0.21)
11.43
(0.18)
28.57
(0.10)

Replacing
LPG
2.5
(K))
5.0
(K))
10.0
(02%))
25.0
(0.17)

Note: * USD = 45 Rs, *** Operation assumed: 8 hr per day, 25 days per month





Approximate Initial Gasifier Costs and
Payback Periods for different fuel replacements

Capacity

(Downdraft)

10 kg/hr

20 kg/hr

40 kg/hr

100 kg/hr

Cost In
Rupees
(USD¥*)

75000
(1667)
150000
(3333)
250000
(5556)
450000
(10000)

Fuel replaced

(Simple payback in years***)

Replacing

Wood
5
(4.17)
10
(4.17)
20
(3.47)
50
(2.50)

Replacing

Diesel
2.86
(0.31)
5.71
(0.31)
11.43
(0.26)
28.57
(0.19)

Replacing
LPG
2.5
(05<10)
5.0
(0.50)
10.0
(0.42)
25.0
(0.30)

Note: * USD = 45 Rs, *** Operation assumed: 8 hr per day, 25 days per month





Wood gas based

silk reeling cottage basin oven
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Importance/relevance:
o 1.7 lakh people dependent on reeling

e more than 25,000 cottage based units

e Low income: Rs. 40 & 25/day for reeler & labour

e Low yield, low productivity, low efficiency (<15%)
e Low profit-margin, high energy intensity

e Smoky working conditions; high health hazards





_ Wood gas based
silk reeling cottage basin oven
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Field prototype
Commercial prototype





Large cardamom drying

Sikkim contributes more than 88%

Large cardamom is major cash crop of Sikkim

Cardamom is small farmers business

(more than 85% with small <2ha area)

Still primitive smoking method used for curing

resulting in poor quality product

Traditional bhatti system: low (5--10%) efficiency:

huge fuel wastage (estimated wastage: 20,000 MT in Sikkim)





Product development

Challenges to develop an appropriate system
 can be fabricated locally

 can be operated without electricity

 can be transported in hilly terrain

e Is affordable to small marginal growers

Use of tandoor
as updraft gasifier

- i . 4

Trial field testing of “Mark 1” system Improved “Mark 2 system
“NMark O cvtem at Kabi





SyStem Volatile oil content (Y%viw)
performance 000 050 100 150 200 250

Quality
Improvement
s 5% more
02 %0 fuel .
saving volatile oil

Energy
saving

000 050 100 150 200 25
Sp. fuel consumption (kgfkg cardamom)

- Traditional bhatti |:| Gasifier system

does not need electricity for operation
 transportable in hilly terrain
 can be fabricated locally
e more than 60% fuelwood saving
* retains 35% more volatile oll
 retains natural colour (better appeal)
Strengths of product good aroma of volatile oil

& financial viability . pays back itself in one curing season






Gasifier-based dyeing unit
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Salient features

e Reduces the firewood consumption by more than 50%

e One time fuel feed, for 5-hour continuous batch operation
e Good control of the “liquor temperature”

e Biomass briguettes can also be used as fuel

e Replaces petroleum fuels (kerosene, diesel), wherever used





Demonstratlon of a biomass-gasifier

bhatti at Jaipur

Namkeen units use diesel for
Namkeen making
Gasifier system of 40 kg/h
capacity intervention has been
able to save conventional fuel
(diesel) of the order of 11 I/h.
Economic benefit: with an
Initial investment of

, the industry has been
able to saves
which translate into payback of
just less than 120 days.
Reduction in GHG emission





Gasifier Installation at Ajmer
Shariff






Arecanut processing in Assam
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Traditional Boiling System  Gasifier based arecanut boiling system





Field Results

Traditional bhatti Gasifier based system
Amount of nuts 120-140 kg Amount of nuts: 140 kg
Time for boiling 2-2.5 hr Time for boiling 1 hour
Total curing time 4- 5 hours Total curing time 3 hrs
Wood consumption 100-125 kg Fuel consumption 45 kg

Arecanut shell tried in gasifier & encouraging results obtained
Savings of fuel: 50 — 70% ( for both wood and shell)

Fuel saving benefit was enhanced by supplying hot clean flue
gases from arecanut boiling bhatti to drying chamber and the
quality of dried nuts was also found better





Puffed Rlce maklng Karnataka
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: e Puffed rice making
Retrofitted gasifier in existed oven





Manufacture of Magnesum Chloride
at Kharagoda, Gujarat
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Replaces more than 100 year age old furnace system to produce
magnesium chloride flakes

A 500 kWth capacity updraft gasifier system was installed at PMW
(Pioneer Magnesia Works), Kharagoda, in Rann of Kachchh

Daily magnesium chloride flakes production: 25 tons

Fuelwood consumption reduced by more than 55%





Plaster of Paris (PoP), Rajasthan

About hundred units In Bikaner
district

— 20 to 25 units are located at Khara
industrial area.

— Around 15 to 20 units at Bikaner
city.

Calcination of gypsum requires heat

energy.

Fuel consumption: 150 Kg of fuel §

wood/ tonne of the gypsum

processed

No temperature controls are used,

the operator smells the gypsum and

decides by experience.






Gasifier system for Tobacco
drying (Myanmar)
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Gasifier for green brick drying in Kerala

Importance/relevance: Traditional bin method

* need to dry bricks before firing in kiln o,

 need to dry in shade to avoid cracks

e long drying periods 40-45 days

* large inventory: need huge shade space

o artificial drying required in cloudy weather

 huge fuel consumption in bin method
(about 1000 kg for 2000 bricks in 2-3 days)

» smoky operation: poor working conditions

Achievements

* Reduction in fuel consumption (to 250 kg)
* Reduction in drying time (to 24 hrs)

* Improved working conditions (no smoke)

Updraft gasifier system with
multiple burner






Gasifier for CO, making, Gujarat

Flue gas with out
carbon dioxide

— Carbon dioxide
" for bottling

2

MEP (after COoExtraction)
[~

\ ifi ‘ Fluegas with
\ C(;fgglsg;/h) / Carbon Tioxide

Boiler
Cum Regenerator

\_Carbon Dioxide
Seperator

MEP (with CO2)
Producergas






Gasifier system for crumb/block
rubber drying units in Kerala
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* India is fourth largest producer of natural rubber
after Thailand, Indonessia and Malasia

« A 100 kg/hr capacity gasifier installed to replace elctricity/diesel
used for drying crumb rubber in tunnel dryer

« About 30 litre diesel is saved per hour





Gasifier for institutional cooking at Gram Vikas
residential school hostel at Konkia in Orissa

Background: Achievements:
« 300 student residential school  Reduction in fuel consumption
 Firewood consumption: to less than 100 kg/day
300-400 kg/day  Improved working environment
(For breakfast, lunch & dinner) No smoke
» Smoky working conditions » Takes same time without blower
» Slow process » Time saving with small 0.1 HP blower

(2 hrs for breakfast, 3 hrs for lunch) (1 hr for breakfast, 2 hrs for lunch)
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Gasifier cooking systerlg at Radha Soami Satsang,
eas

_ _ Gasifier-based cooking system to cook
Conventional cooking oven 150 kg of dal (pulses)/600 kg of subzi (vegetable)

P ) B8
¥ - ) : 1
% Tla

Salient Features
Large-scale cooking application (of over300 kWth capacity)
Dal/sabzi cooked in each batch can serve 6,000 people

About 50% reduction of fuel consumption

Provides clean and smokeless working environment

One-time fuel feeding for the entire day cooking operation
Flexible heat input using gas control valves

Other Applications: Hotels/hostels/dhabas/hospitals/marriage/
community halls, religious places like temples and gurudwaras





Traditional crematorium
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Dead bodies are placed in close chamber and
exposed to high temperature above 1000 C
* Electric crematoriums, diesel/natural gas fired

under construction at Satya Sal Baba Trust at Valsad
(concentrating collector dish alone costs Rs 1 million)





based Crematoria (Goa)
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Gas






TERI thermal gasifiers in India











Application

Cardamom drying
SIik reeling

Dyleng

Other small Industrial
applicaions

(brick, bollers, paddy
processing)
Community cooking
Industrial applications
(rubber, MGCI2, CO2)
Crematorium

Total

of systems
In fleld

187

30
35

15

26

302

MNo of systems
{cumulative)
— — [\ ]

Total No Cumulative
.operation

(Hours)
28,000
70,500
68,700
8,400

14,500
1,68,000

1,800
3,59,900
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Important lessons: Thermal Applications

1. Introduction of a gasifier Is not just an addition, but an
Integration (both technological and cultural) with the existing
traditional/conventional practice
e.g. in silk reeling and cardamom curing technological

Integration was successful, but cultural/social integration was

not adequate.





Product Development Approach
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Important lessons: Thermal Applications

2. Recognition of “proud owners”in some categories
Use of shining “SS” in place of rust prone mild steel at slightly
higher costs.
3. Tread carefully/plan strategically where government
presence/control iIs predominant
e.g. Dept of Horticulture gave the order to an un-initriated/un-
trained manufacturer in Sikkim in order to achieve
“numbers”. Result: Breakage/cracking of high temperature

lining material in many installations





Important lessons: Thermal Applications

4. Strategy for market promotion not yet very clear. Current efforts
through existing users, local service providers (LSPs) and
consultants, and through workshops/business meets.

5. Strong QA/QC (specially material selection, welding quality,
casting and curing of high temperature insulation) needs to be
enforced through third party inspection

6. User education/training is critical for ensuring
o Safety

o Use of properly sized/dried wood





Important lessons: Thermal Applications

/. Financing through Fls and effective utilization of existing
government incentives (e.g. accelerated depreciation) yet to

be channelized properly

8. Options for short term/long term linkages for sustainable
biomass supply need to be explored (e.g. possibility of

replacing wood with pellets of agro-residues)





TERI Power Gasifier Installations

Capacity Fuel Year Location
DUAL FUEL
7 KVA Briguette 1989-1994 Dhanwas, Haryana
40 kWe Wood 1994-2005 TERI, Gual Pahari
50 kWe Lantana Sep 2004- Sanjay Basti, Uttaranchal
100 kWe Coconut shell Jun 2006- Thailand
100% PRODUCER GAS

10 kWe Charcoal May 2004- Kanheiput, Orissa
10 kWe Wood Oct 2004- Deodhara, Orissa
10 kWe Wood Mar 2005- Jamera, Chhatisgarh
10kWe Mustard stalk Mar 2006- Bhaogarh, Rajasthan
100 kWe Wood 2004- Yamunanagar, Haryana

50 kWe Wood Nov 2005- TERI, Guwahati





Power generation
7 KW, mobile power plant at Dhanawas, Haryana

Salient features:
 All sub components assembled on trolley making
It an mobile source of power
» Used for more than 5 years (1989-1994, about 2000 hrs) for
e community lighting in village
« for converting local mustard stalk into briquettes





Development of 40 kW gasifier design

Helical fuel agitator Water seal at bottom Plunger type fuel agitator





Final design of 40 kW gasifier
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Final gas cooling-cleaning train configuration

WATEER FROM
COOLING TOWER

CYCLONE

VENTUEY SCEUEEBER

SAND BED FILTEE.

T cQOLING TOWER DIESELENGINE  ATLTERNATOE

GARIFIER DURT SETTLING
CHAMEBEE.

Performance
monitoring
(Gradual reduction
iIn TTPM)

PACEED BED (625 kVA)
SCRUBEER

—a— After CYL —a— After VS

—e— After PBF —eo— After SBF

Time (Minute)






40 kKW, power plant at TERI s Gual Paharl campus

Salient features:

o Multi-fuel capability (can use woody, briquetted loose biomass)
 Existing DG set can be coupled to run on dual fuel mode

* One kg wood gives about 1 kWh electric power

e Up to 80% diesel replacement achieved using turbocharger

e Low operating cost (about Rs 2.5 against Rs 4.5 per kWh)
 Low installation cost (about 15-20,000 per kW)

 Suitable for decentralized power generation in remote areas





Modified 50 kWe gasifier

Major modifications:

* Preheated air supplied to gasifier to release volatiles

 Air supply through two layers of air nozzles in firebox
 Fuel charging door with water seal for quick fuel charging
« Conveyer-bucket hoist mechanism for fuel loading





oU KVVe blomass gasitier
BIVEINZVE Systerr |n Uttaranchal

BT Casitier Dual fuel Engine

Location: Shanti Nagar Basti, Ranipokhri, Dehradun
Main feed stock : Lantana (Forest weed)





100 KV €
Insta_lle '






Gasifier based 100 kWe power generation system

Flow diagram of "Components and controls"

Hopper lid ol

Pump? (F2)
cold water to scrubber

buffertwood chip filter

_I Sk I I
_ - tsas :ﬁ;ﬂ-‘ﬁ}‘\w@

Clean gas flare port | 2

Hot water
Cold water Castair mixhore






Development ot
1009 Producer Gas Engine

Engine Parameters

Conversion of Cl to Sl engine
CR reduced from 17:1 to 14:1
Spark advance of 26 to 28 BTDC with distributor

Simple Speed control device developed as safety device

Simple Governor mechanism developed
for air+gas mixture

Can take care of load fluctuations maintaining

frequency (50z1) with load variations within minute
frequency (5020.1) with normal load variations





10 kWe system (TERI):
System Specification

Power output:10 kWe
Fuel: Wood/Charcoal
Gas cooling
Water cooling (direct/indirect)
Gas cleaning

Combination of cyclone, Venturi scrubber, gravel, fabric and
paper filters

Engine: Kirloskar RV-3 (modified for operation on 100%
producer gas by TERI)

Initial starting: Pedal, DG set, Battery/inverter





10 kWe Charcoal system in village Kanheiput
System Configuration:
Dust Settling Chamber
Cyclones
Gravel Bed Filter
Indirect Gas Cooler
Foam Filter
Buffer Storage tank
Safety Paper Filters

Salient Features:

Indirect Gas Cooler Minimizes
Waste Water Generation
Moisture carry over

Easy to maintain in Rural areas

LLow maintenance cost
Uses low cost local materials

Gravel
Foam, etc






100% gas engine system at Kanhelput Orlssa

Pedal operated blower installed
at Kanheiput in September 2004

Gasifier Iower portion (Firebox, air Condition of Paper Filter-2 after 200 hours of field operation

blower, grate shaker, ash pit tank)





Installation of governor at Kanheiput
(In September 2004
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Tar reduction concept by
primary methods

Eiomass Feed Biomass -
Pyrolvsis Unit

Pyrolytic gas

w Charcoal

A
Pyrolytic zone

(1% stage)

Steam + Adr
-+

Pyrolysis gas Tar

CGrasifier

4

Reduction zone
(20 stage)

Two stage gasification concept of DTU

TWO Stage gaSIflcatlon Concept Of TERI Fig. 5. Two-stage gasifier { Technical University of Denmark).
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Vlllage electrlflcatlon —

Gag] e Degdhara,
Orif = 1

A well-lit household
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10 kWe gasifier system
at village Jamerra





Month

Actual hours the
system operated

Total no. of hours during
the month @4 hours per

fa =1V
Ui

November 05

79

124

December 05 109 120
January 06 73 124
February 06 83 112
March 06 86 124
April 06 73 120
May 06 120 124

623 856

Percentage availability of the biomass gasifier for the period:

73 % (November 05 to May 2006 )






Major reasons of non-availability

» Engine related issues

» Social issues (related to collection )

» Distribution network related issues

» Fuel wood non availability due to excessive rains

» Operator un availability

12%

9%

3%

1%

1%





Characterization of wastewater

e \Waste water was characterized for eight systems
— Capacity range: 10 kW to 100 kW

— Fuel varieties: mixed wood (local wood like Eucalyptus,
Acacia), Ipomea (local weed), Rice husk, charcoal

— Sources of water: ash pit, gas cooling system: venturi (I, |1
as per system design)

— Type of systems: updraft and down draft system (dual fuel,
100% producer gas based system)





Characterization of Wastewater

celling |- SiA 9-49| 52-650|  40-1950 1.4 -19
water 3.65

Wood

88%25 3.5-8.0 08-742 42-70 1.6-1.8






Treatments studied

Activated charcoal
adsorption

— Char made from
e Bagasse
e Coconut husk
e Gasifier Charcoal
e Rice husk
e Saw dust

— Type of treatments for activated
charcoal preparation:
e Untreated
o Steam activated
e Thermal activated
e Acid activated
e Acid+thermal activated

T : thermal activated
. Steam activated
A: Acid activated
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T-Gasifier
charcoal
S-Gasifier
charcoal
Gasifier
Charcoal
T-rice husk
S-rice husk
A-gasifier
charcoal

A-rice husk






Microbial treatment of waste water

* Microbes were isolated from the effluent treatment system of Hindustan
Organic Chemicals (HOC), Cochin

e Enriched and isolated microbes were identified as
— Micrococcus
— Pseudomonas
— E.coli
— Staphylococcus
» Phenol degradation performance

Microbial strains Phenol reduction (%) Rate of degradation (mg/h)

Micrococcus 48.8 15.0
Pseudomonas 45.6 12.52
E.coli 42.2 15.58

Staphylococcus 32.8 13.56





Important Lessons:
Gasifier Power Plants

* Major scope where biomass Is produced “In-
Situ’ e.g. rice mills

However, technology for rice husk gasification is
yet to mature. The current plants based on updraft
gasification and extensive cleaning of gas are

highly polluting





Important Lessons:
Gasifier Power Plants (contd...)

* High degree of social mobilization needed for
running rural power plants sustainably. Tariff
collection on a continued basis iIs a big challenge,
which can probably be leveraged by livelihood
and income generation activities (Needs
substantial state support). The lure of free
electricity from the grid Is too big to handle






Important Lessons:
Gasifier Power Plants (contd...)

* The capital costs of establishing distributed
generation and micro-grids are about 50% higher
than centralized power at present and can be
brought down further. The economic costs of
providing electricity to remote users are also
comparable for both routes. Plant availability can
be made as high as desired through training of
local operators. Increasing the PLF, however,
needs sustained efforts.





Important Lessons:
Gasifier Power Plants (contd...)

e Control of engine Is largely manual. Substantial
R&D needed for optimization of engine
performance, reduction of CO emissions and for
rugged speed control. Servicing of engines and

gasifier systems IS a major cost item at present





Important Lessons:
Gasifier Power Plants (contd...)

e Future R&D needed for reducing tars In raw gas
substantially (e.g. through two-stage gasification)
for reducing costs both for engine maintenance

and for gas cleaning

 R&D needed for treating gas cleaning wastewater
and for providing value added products (e.g. low

cost membranes from biomass ash)





THANK YOU






		Gasifier for CO2 making, Gujarat

		Important Lessons:�Gasifier Power Plants

		Important Lessons:�Gasifier Power Plants (contd…)




GTI1 Gasification R&D
Program

FUTURE

Presentation to IEA Task 33 1 November 2006

WHO WE ARE
Gas Technology Institute

> GTI’s mission is to be the leader in the
development and deployment of
technology solutions that contribute to a
secure, abundant, and affordable energy
future. -

An independent,
not-for-profit,
performing R&D
company.

Serving the Energy Industry Since 1941

gtl > Over 1,000 patents
‘ > Nearly 500 products commercialized






Facilities & Staff

> Main Facility: 7.3 hectare
Campus Near Chicago

- Over 19,000 m? of
laboratory space

- 28 specialized laboratories
and facilities

> More Test Facity
than 250
employees
- 70% are Offices
scientists

and engineers

Energy & Environmental Technology Center

ﬂ’

Natural gas
reliant
industrial
base now
supplies ¥4
of US jobs.

Industry Fuel and Feedstock Economics

If global economic growth persists, natural gas prices are
forecasted to rise through 2030

Annual Energy Outlook (AEOQ)
Forecasted Natural Gas
Prices

$10.00 ~
$9.00
$8.00
$7.00 A
$6.00
$5.00 A
$4.00 A
$3.00
$2.00 A
$1.00 A
30.00

ST

© S P &
RS
MNotes: Real prices in 2000 dollars

Industrial delivered prices
Source: EIA AEC 1993-2006

...but prices have been consistently underestimated.
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New Power Generation Will Include IGCC
U.S. Coal Capacity Additions, 1940 — 2025
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17 -

16 4
& 154
E 14 4 Capacity Addition
O Levels Not Seen
= 134 .
T 42 in 40 Years /—
2 ]
3 1+ \..._.
< 10
2 9 Industry Growth
= 84 Trend Not Seen in
2 7 50 Years
S e

i : 20 Year

3 Market Trough
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Increasing Reliance on Petroleum
Imports

28.3M BPD I

30 '
1
1
25 :
>
3 _m——
5 20 y.s.consumption 19-8MBPD
1 0,
Qo : Total |70 f’d
3 15 Imports ncludes
a s —p| 4M BPD
o 1 Finished
= 10 i 40:5M BPD¢, Products
= U.S. Production
5 Rl BPD 8.6M BPD
| <— 2002 '
0o o [
1975 1985 1995 2005 2015 2025

Source: EIA (AEO 2004); Reference Case Scenario
[Courtesy John Winslow-DoE]






The Fully Integrated Biorefinery

The Integrated Biorefinery
The right tool for the right job

Biological processing of carbohydrates

Thermochemical proosssingf_.
of' non fermentables

L\

An effective integrated
biorefinery must
include biological and
thermochemical
conversion

Maximize efficiency of
biomass (and land)
utilization by
producing fuels
thermochemically and
biologically

GTI Goals

> Increase the use of biomass and coal through the
development, evaluation and commercialization of

new gasification technologies.

> Develop and evaluate new technologies to
clean/treat syngas for various end use applications.

> Integrate advanced gasification-based technologies
with end-use technologies for production of power,

fuels, and chemicals.

gti
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Advantages of GTI Location

Vv

Fast-track by integrating with existing facilities

Vv

Existing gasifier for long-duration operation

Vv

Flexibility in handling different fuels with air or
oxygen as oxidant

Vv

Existing gas cleaning and conditioning systems

Vv

Facility already permitted

Vv

Experienced scientists, engineers, and operators

11

Gasification and Gas Process R&D Expertise

> Advanced gasification systems
- GTI fluidized-bed technologies
- Advanced entrained-flow reactor
- Catalytic gasification reactor

> Gas cleanup systems for sour gas and syngas
- Warm gas cleanup with sorbents & membrane systems
- Tar reduction catalyst development
- Low temperature solvent & membrane systems
- Direct sulfur-recovery systems

. > Integration of syngas production and conversion
- Power generation processes - solid oxide fuel cells

- Fuels generation processes - syngas-to-liquids, substitute natural
gas, hydrogen products

for}

o
gtl > Process simulation and techno-economic evaluations
A
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... |
GTI Energy Development Center

e el

HYGAS - SNG

'\

g * 1951-1996

e :

Proprietary Fluidized Bed Gasifier

HOT PRODUCT GAS

ASIFICATION > Unique biomass gasification
CYCLONE technology developed for:

- A wide a range of fuels including
agriculture and forest resources

- Scalable to all necessary sizes
- Multiple process applications

BIO

FEED HOPPER

> Many years of development and
FLUIDIZED BED optimization at GTI

........ > Demonstrated at commercial scale by
FEEDIN Carbona

> High-value syngas production possible
- Combined heat and power

. - High-efficiency electric power

gtl ASH - Hydrogen and/or liquid fuels

ASH REMOVAL
SCREW

"

CARBONA e u






Technology - Scale-up and Investment History

Commercialization of GTI Gasification

1000 ,. 180

160
LP Coal —>

| 140

%100 120 —
S| o
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[~ I 23
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> = O
= =un
= F =
e 24 93
(o <= n @
P (oJ) Wt [ R AU (| FA— 3
o E @

1 1 1

UGAS Pilot and PDU - Chicago RENUGAS Finland  Shanghai Flex-Fuel
Chicago aul
1970 1975 1980 1985 1990 1995 2000 2005
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Fluidized-Bed
Gasifier
Scale-up Projects

100 ton per day Bioenergy Demo Plant in
Hawaii using bagasse

80 ton per day Gasification Pilot
Plant in Tampere, Finland using
biomass & coal

1000 ton per day U-GAS® Industrial fuel gas in
Shanghai, China using coal

16






U-GAS Fuel Flexibility:
Feedstock Properties

Moisture Content, wt %

Volatile Matter, wt %
Fixed Carbon, wt %
Sulfur, wt %

Free Swelling Index
Ash Content, wt%
Ash Softening - T,, °C

Heating Value, HHV, kJ/kg

Tested Range

1-41
3-69
6-83

0.2-4.6
0-8
0-41
1,045 - 1,370

12,770 - 31,600

17

Feedstocks Gasified

Bituminous Coals
Western Kentucky No. 9, washed & ROM
Western Kentucky No. 9 and 11, Camp
lllinois No. 6, Peabody No. 10 and Crown Il
Pittsburgh No. 8, Champion and Ireland
Australian, Bayswater No. 2, Sydney Basin
Polish, Silesia
French, Merlebach - ROM
Utah , - ROM
Columbian
Chinese, Shen Fu
Indian, North Karanpura, washed and ROM

Low Rank Coals

Montana Rosebud, Colstrip

Wyoming, Big Horn

North Dakota, Freedom
Saskatchewan Lignite, Shand

Coke Char, Peat, Wastes
Metallurgical Coke, U.S., China, Poland
Western Kentucky No. 9 coal char
lllinois No. 6 coal char
Finnish Peat, Viidansuo and Savaloneva
Automobile Shredder Residue

Biomass
Finnish waste wood and pulp mill waste
Danish Willow '
Danish Straw
Pelletized alfalfa stems

Pelletized waste wood






Skive, Denmark

Combined Heat & Power PROJECT

® Pelletized wood fuel
® 165 tons/day fuel feed, max.
® 20 MWth for 5.5 MWe + 11.5 MW district heat

® GTI fluidized bed gasifier - 3 gas engines, 2
boilers

® |nternational show case: DOE, EU, DEA- subsidy
for the project

gineering ang, pracurement for gasificationy plant by Carbona
| e _'Plant starting joperation in fall 2006

CARBONA

19

con,

Henry R. Linden oy
Flex-Fuel Test Facility J&

for Thermo-Chemical Conversion of Fuels

GTI’s Flex-Fuel Test Facility

Flexible fuel
capability

Operational
flexibility

Plug and play
systems
integration and
testing

20






... |
Flex-Fuel Test Facility Capabilities

Features

e Coal - 10 tpd w/air; 17 tpd w/oxygen

e Biomass - 24 tpd w/air; 40 tpd w/oxygen
e Opportunity Fuels & Dual Fuel Operation
e On-line Syngas Analysis Systems

Integrated Process Evaluations

e Advanced Fuel Feeding Systems

« Syngas Cleanup Systems

= CO, Capture Technologies

e Syngas-to-Liquids Production

e Advanced Power Conversion Systems
* Hydrogen Production

"
21

Configurable Systems Development Platform

Solids feed system
Gasifier

Cyclones

Gas conditioning unit

0
>

5

=

<

{ =
i o
>

wn

<

wn
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®

3

w

Mass Spec
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bluegas® Catalytic Gasification

Value: Produce low-cost substitute natural gas (SNG)
from coal.

>Sponsor: GreatPoint Energy

>Scope

- Evaluate catalytic gasification for production of SNG from
two potential fuels.

- Laboratory tests followed by pilot-scale tests in Flex-Fuel
Test Facility.

>Schedule
. - 12+ month program, started Jan 06
LU
gt

25

Pratt & Whitney Rocketdyne (PWR)
Compact Gasification System

Value: Convert all coals to power and fuels at high

efficiency and economy with advanced gasifier.

: Commercial
Componerjlt De\I/e opment & |:> Demonstrations (1500 &
Pilot Plant 3000 TPD Gasifiers)

2004 - 2009 2007 - 2012

W

Component Pilot Plant Gasifier & Commercial
Development Test Facility Gasification Plant

gt' 15% to 20% Lower End Product Cost from
A Improved Efficiency, Cost and Availability

26
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I
Acid Gas Treatment Pilot Plant

Value: Sulfur and CO, capture for low
emissions and carbon management.

> Sponsor: State of Illinois DCEO, GTI

> Scope

- Refurbish and Reconfigure the Acid Gas
Treatment Pilot Plant for syngas
application

- Integrate with FFTF for sulfur and CO,
removal evaluation on syngas

> Status

Y - Equipment installation at FFTF and
gtl prepared for use by end of October
A

27
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Engineering New Catalysts For In-Process

Elimination Of Tar

Value: Create a lower-cost, high-performing catalyst
for tar reductions in biomass gasifiers.

> Sponsor: DOE-EERE

> Participants: GTI, Ohio State University, Alfred University,
Nextech Materials

> Scope

- Engineer new catalyst forms and use GTI submerged combustion
melter to economically produce optimized catalysts for the
reduction or elimination of tars in biomass gasification

- Evaluate catalysts for in-bed tar reduction in Flex-Fuel Test Facility

> Schedule
gti - 36 month program, started April 05
A
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Hydrogen Production from Biomass
Gasification

Value: Demonstrate H, separation from biomass-
derived syngas.

> Sponsor: Xcel Energy

> Participants: GTI, Natural Resources
Research Institute (NRRI) University of
Minnesota at Duluth

> Scope

- Develop high-temperature H, separation
membranes for biomass-derived syngas

- Test membranes in slipstream at NRRI

gasifier
tl > Schedule
g . 4 - 24 month program, started 10/05

Biomass Gasification Project

Value: Create advanced sampling and analytical
diagnostic systems for biomass gasifiers.

> Sponsor: DOE-EERE

> Participants: GTI, UAB, Technical Advisory Panel (VTT,
Southern Co, AEP, IPST)

> Scope
- Developing, building, field testing novel syngas analytical system
- Testing at Weyerhaeuser New Bern Mill, Flex-Fuel Test Facility

- Flex-Fuel Test Facility operation provides GTI co-funding, other co-
funding by Southern Co., VTT, UAB

. >Schedule
gtl - 36 month program, ending 12/31/06
A

30
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Novel Gas Cleaning Process

Value: Hot syngas contaminant removal to ultra-clean levels for high-
efficiency IGCC (fuel cell) and methanol plants.

= Particulate < 0.1 ppmw

= Total S (H,S, COS) ~ 1 to

= Halide (HCI) ~ 1 to 5 pp

)

5 ppmy. . [\ ——

H,S : 35 ppmv (9.3 Ib/hr)
HCI : 250 ppmv (74 Ib/hr)

Bulk Removal

Raw
Fuel Gas

Gasifier

Limestone
sorbent

(Coal, Biomass, Other
Carbonaceous Fuels

Oxidant

gti

Part. : 10,000 ppmw (1600 Ib/hr) \ Sulfur & Halide

System
Raw
Syngas
Syngas
Choler
Cyclone

Sorbents  Recovered
Makeupand  Sulfur
Cyclone Disposal
char/sorbent

Bed
char/sorbent

Steam

Stage |
Filter -Reactor

Sorbent
ines
Injection

Sorbent Ultra-Clean
Fines Syngas

Injection

Stage 11
Filter -Reactor

Sorbent Fines

Sorbent Fines
& Char

Particulate < 0.1 ppmw

Total S (H,S, COS) ~ 20 ppbv
Halide (HCI) ~ 10 ppbv

Hg ~ 50 to 70% removal (at 570°F)

Project Team: GTI, Siemens Power Generation, DOE-NETL a

UCSRP-HP Multi-Contaminant Process

Value: A new, inexpensive process for syngas contaminant removal and
recovery for coal-based gasification processes.

> “‘Warm gas’ (>260°F)
removal of multiple
contaminants - sulfur,
ammonia, HCI, mercury,
other trace metals.

> Solvent with high
temperature stability and
high sulfur solubility.

> Sulfur removed as pure
liquid product.

> Integrated loop to remove
multiple other
contaminants.

ipmmn LD
ey

T TRty

o
gtIA Project Team: GTI, University of California, ConocoPhillips, DOE-NETL, ICCI

32
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Fischer-Tropsch Process Development Unit

Value: Produce liquid fuels from Illinois basin coal.
Sponsors: USDOE-Fossil Energy, Headwaters Energy Systems, GTI

Participants: Headwaters, GTI, Nexant, Argonne National
Laboratory, DOE National Energy Technology Laboratory,
Department of Defense/Air Force

Scope:
= Design and build pilot-scale PDU to integrate with Flex-
Fuel Test Facility - use existing gasifier, gas cleaning

and conditioning systems to pre-treat the syngas ‘
* Produce F-T liquids and wax for downstream refining

and evaluation (5-10 bpd) (DOE and DOD/AF to o
evaluate) e [

 Compare medium- and high-alpha catalysts ’ | I
e Compare slurry and fluidized bed operations ; W
gtl * Test with syngas from various coals A = i ___,/!
" * Train operating staff . 8 ,

33

Key Roadmap Milestones
(SECA - SECA/Fuel ('eil Coal-Based Systems - FutureGen - Central Generation) F C E/G T I /V P S

+ 2005 - Phase | SECA prototypes

« 2005 - Select Fuel Cell Coal-Based System Teams C Oa I = B a.S e d S O F C

+ 2008 - SECA Phase Il prototype testing = -

o 2008 -- Modular fuel cell stack test on coal gas P rOJ e Ct Ove rVI eW
«+ 2010 - Phase IIl SECA $400/kW modules

i L TITEET TN ﬁn% - -y
e e it aggregeed, MRS~ Value: Prove feasibility of SOFC

mo

+ 2012:2015- MW-class scaleable fuel cell coal based for high_efficiency power
system at FutureGen .
+ 2015-2020 - Test MW-class fuel cell coal based system in the FutureGen Concept.

on coal producing 60% efficiency plant efficiency

o 2020 - 100 MW-class fuel cell systems

Scale Up cell to 900
cm2 [7X).

Includes Scale Up stack to
Pressurized 600cm? {4 by 500 \-;-._;,T'Stack
SOFC Testing 2301 Stac e Clus{er

10 kW]
{ J POC

System
Condltions.

Conditions.

Includes

. FlexFuel Test PHASE 3LSHI 'y
tl FaCiIity Iong 5 Stack Modules per Cluster
’ ‘ duration run

1 I
2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016

15





CO, Capture

Value: Lower-cost CO, capture from
syngas. TN
> Three decades experience in CO,

capture technology development,
testing, scale-up, and demonstration.

> Developed the commercial Protreat
amine simulator.

> Commercialized physical solvent-based
Morphysorb® technology for acid-gas
removal from natural gas, conceived
and developed at GTI (with partial
funding from DOE) and licensed to
Uhde.

> Operating successfully at the world’s
largest acid gas injection plant.

35

gti

Final processed seismic

section surveyed in White > Developed survey designs for reliable mapping of
County, lllinois.

Carbon Sequestration

Value: Development of background data, knowledge, and know-how
for reliable Measurement, Monitoring, and Verification (MMV) of
injected CO,,.

Current activities

Final Crosswell Reflection Imege

... - SW Regional Partnership

> Develop laboratory data necessary for
characterization of changes in seismic signals
resulting from addition of a gas phase in water
saturated limestone and coal
E - lllinois Clean Coal Institute (ICCI)

> Develop seismic imaging design for delineation of
thin Illinois coal seams as a CO, sequestration host

Illinois coal seams

> Developing laboratory data for characterization of
CO, signals in coal and limestone

36
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.|
IGCC Gasification Technology
Evaluation for High Ash Indian Coal

Value: Solution for advanced power production in India.

> Sponsor: USAID
> Participants: NEXANT (Prime), GTI

> GTI Phase B Scope completed
- Lab evaluation of Indian coal samples
- Thermogravimetric (TGA) testing
- Pilot-scale gasification testing
> Washed and ROM
- Preliminary performance, equipment sizing and cost
estimations for a 100 MWe IGCC plant

> Phase C Schedule
gt' - Phase C Demo Plant Feasibility nearing completion
A

37

... |
Supporting U-Gas® Gasifier Design
for Application in China

Value: Syngas production as Methanol plant feedstock
using low-cost Chinese coals.

>Synthesis Energy Systems - Hai Hua Project

>GTI Scope
- Lab evaluation of Chinese coal samples
- Modeling of gasifier design
- Design support for gasifier & cyclone systems

gti

38






Concept -
Expanded Gasification Test Facility (1)

Morphysorb

/ Oxygen supply

o]

==

SulfaTreat
Fischer-Tropsch PDU

Rocketdyne Gasifier

39

GTI Goals

> Increase the use of coal and biomass through the
development, evaluation and commercialization of
new gasification technologies.

> Develop and evaluate new technologies to
clean/treat syngas for various end use applications.

> Integrate advanced gasification-based technologies
with end-use technologies for production of power,
fuels, and chemicals.

E

43
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5 | wable power technologie
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5 Years of Operating Experience with a 2 MW CHP Plant
Based on Wood Gasification in Gussing, Austria






repotec

renewable power technologies

Gasifier

product gas 4 4 flue gas

_—_*
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renewable power technologies

Biomass-CHP-Plant-Gussing

product gas

scrubbér Y

roduct gas roduct gas
P c:oolerg P filterg A
catalyst
: gas engine
g, air gﬂue as
2 cooler
: district heating
| i boiler
| |
O Lk
| i ® — —
oil burner
flue gas
flue gas filtgr
cooler chimney
biomass
4I air A
steam ; P

¥ bed ash i:'fly ash
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renewable power technologies

Feeding System

biomass

biomass

dosing screw conveyor dosing screw conveyor

rotating valve 1 .
9 gasifier

feeding screw

nitrogen

biomass
into the gasifier
rotating valve 2
biomass

into the gasifier scarify
screw
gasifier plug
feeding screw screw ! nitrogen

Initial System Improved System
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renewable power technologies

Gas Composition

| —H2 —CO —CO02 — CH4 — C2H4
50

45 -

40 -

35
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renewable power technologies

CHP-Plant Gissing

o Start of Construction September 2000

o Startup November 2001
 Fuel Wood Chips
 Fuel Power 8 MW
 Electrical Power 2 MW

e Thermal Power 45 MW

» Electrical Efficiency 25 %

o Total Efficiency 80 %

* Investment 9 Mill. EURO

e Optimisation 1 Mill. EURO
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renewable power technologies

Energy Production
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renewable power technologies

Increase of Availability of the Plant

100%

90%

W Gasifier
l Engine

80%

70% -

60%

50% -

40% -

AVAILABILITY

30% -

20% -

10% +

2002 2003 2004 2005
YEAR
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renewable power technologies
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renewable power technologies

R & D Projects

« Combined Heat and Power production (CHP)
— Gas engine: combined cycles
— Fuel cell (SOFC, MCFC)

« Synthesis Gas
— SNG (Substitute Natural Gas)
— Fischer-Tropsch
— Hydrogen
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I renewable power technologies
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renewable power technologies

Office Gussing:

Europastral3e 1, A-7540 Gussing

& Office Vienna:

Nordbahnstr. 36/3/2.5, A-1020 Vienna
phone +43 (0)1 2161895

® fax +43 (0)1 2161895 15

mobile +43 (0)664 2048369

e-mail: c.aichernig@repotec.at

web: http://www.repotec.at







Forschungszentrum Karlsruhe
in der Helmholtz-Gemeinschaft

Status of the biolig-process

Prof. Eckhard Dinjus

2nd International BtL-Congress

,oynthetic Biofuels
Techniques, Potentials, Perpsectives”

Berlin, 12.-13. October 2006






Forschungszentrum Karlsruhe
in der Helmholtz-Gemeinschaft

Motivation

Biomass is the only renewable carbon source!

Biomass should be used favourably for organic chemicals and
fuel production instead of electrical power and heat generation!

Syngas and its main constituent, Hydrogen, are key
Intermediates for synthetic chemistry!

Synthetic fuels are most promising products!

z
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Forschungszentrum Karlsruhe
in der Helmholtz-Gemeinschaft

Fuel options of syngas and hydrogen

Hydrogen —— >| Fuel Cells

ﬁ MTBE
s

Gasoline CO +H Methanol
Diesel ‘ DME

@Y

CH, (SNG) Medium BTU gas

|. Wender, Fuel Proc. Techn. 48 (1996) 189






Forschungszentrum Karlsruhe
in der Helmholtz-Gemeinschaft

Biomass

Production paths to synthetic fuels

-

Fischer-
Tropsch-
Synthesis

Synthesis
gas

~~

Methanol-
Synthesis

Refining

Further
Processing

= Wax

= Diesel

= Gasoline
= Liquid gas
—=Gas

= Diesel

= Propylene
— Ethylene

= Acrylic acid
—=DME

= ...






Forschungszentrum Karlsruhe
in der Helmholtz-Gemeinschaft

Thermochemical gas formation from biomass

Fischer-
Tropsch
LIy CO, H,

Blomass MethanOI

DME .....
6CO+6H,0-56CO,+6H,
Fuell cells
_ Wet H,, CH, Gas engines
Biomass

EEEEEEEEE






Forschungszentrum Karlsruhe
in der Helmholtz-Gemeinschaft

Hurdles in biomass utilization

= Usually low volumetric energy density

= Widely distributed occurrence

» Heterogeneous solid fuels

* High ash and salt contents

» Direct gasification is problematic (tar and methane formation)
= Unfavourable H,:CO ratio after gasification

» Downstream syntheses require high pressures
(Fischer-Tropsch ~ 30 bar, Methanol, DME ~ 80 bar)

» Use of catalysts sensitive to impurities






Forschungszentrum Karlsruhe
in der Helmholtz-Gemeinschaft

The slurry gasification concept

Energy density Distributed biomass Transport radius
[GJ/m?3]

Straw 1,5

Slurry 20

Diesel 36 Central syngas and fuel
production






Forschungszentrum Karlsruhe
in der Helmholtz-Gemeinschaft

Straw Fast pyrolysis

—_

Slurry preparation

— |
- >>—__— | The process chain

High pressure entrained
flow gasification

|eljuao-a(J

basing on areview an
technologies suitable to

v be adapted to biomass

feedstocks

|eJluad

Gas conditioning

S

Fuel synthesis

z
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Forschungszentrum Karlsruhe
in der Helmholtz-Gemeinschaft

Mmexs paddoyd pjog

Fast pyrolysis using a twin screw mixer reactor

Straw, wood, ....

VQ,V

//Chopper

Hea?er, e
Heat carrier loop

L \Pyrolyiis gas A

Pyrolysis oil

0,0GSG pues Jo0H

Cooler

O
' 1I

Slurry

Pyrolysis char

3P

Twin screw mixer reactor






Forschungszentrum Karlsruhe
in der Helmholtz-Gemeinschaft

Variation of heat transfer carriers
= Optimisation of the heat transfer medium for:

- sperical particles — reduced abrasion of the medium

- higher heat capacity — low heat carrier / biomass ratio
- coarse-grained particles — Dbetter milling of the char and
its separation from the heat carrier medium

Steel SiC SiO,

Cp.wr (@t 600°C) [kJ/(kg-K)] 0,6 1,25
(Taus'Tein)WT 50 100
My 1/Mgi, (Wet) 24 12
Mw1/Mgio (dry) 21 10
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Forschungszentrum Karlsruhe
in der Helmholtz-Gemeinschaft

Representative results

1000

800 -

600 4 [ JGas

I Schwelteer
1 I Schwelwasser
400 I Koks
200 -
Tty s T T e g

Wood Straw

Produktausbeute g/kg

= Focus on more ,difficult® biomass like straw

» less condensates, more ash (solids)






Forschungszentrum Karlsruhe
in der Helmholtz-Gemeinschaft

Slurry preparation

Highly porous char from straw,
soaked with 78 wt.% tar
Is liguefied by milling and heating

char

particle

volume \‘5/{

fraction *-‘ porosity j
~50 % 50 - 80% 4

s

r.

HELMHOLTZ
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Influence of milling on slurry preparation

& = Suitable for entrained flow gasification
""'.m.’ i 100 T T // L Ta—T— % T 3 | — 1 % 1
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Original char particles ® 504 L A Slumy4 x, =120 pm, x,=200 pm -
suspended in alcohol S ;
o 404 __ .
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Continuous slurry preparation

Supply of pyrolysis oil (8 t) and Continuously operated slurry
char (4 t) at Future Energy mixer (1 t/h) at FZK

N
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High pressure entrained flow (GSP) — gasifier

piloti flame
fuel_,\Z ~— oxygen

» Tar free synthesis gas

steel pressure shel
~

= Suitable for feeds rich of ash

» Gasification with pure O,

= High pressures, 30 to 100 bar

» Temperatures around 1200°C

water cooled
radiation screen

= Residence time of seconds,

complete C-conversion - 1200°C ~ 50 bar
» 4 gasification campaigns with %%"1

different feed materials, r'—law synL'gas

process parameters, molten slag

engineering the future
ssssssssss

500 kg/h (2-3 MW, Fuw@mmmw 7
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Results of slurry-gasification

Gas composition Feeds:
Solids: 0—-39 wt.%
Ash: 3%
Heating value: 10 — 25 MJ/kg
Density: 1250 kg/m?3
Operation conditions:
Throughput: 0.35-0.5t/h
Pressure: 26 bar
Temperature: 1200 — 1600 °C

Feed-Temperature: 40, 80 °C

* no tar, < 0.1 vol.% methane * Equilibrium:
» C-conversion > 99 % (CO, e H,) / (CO e H,0) = K(T) f.-
e operation without problems « Slag melting point < 1200 °C /.-

GEMEINSCHAFT
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Experimental results of slurry gasification*

No tar, < 0,05 Vol.% methane, 0,5 t/h
1200 — 1300 °C, 24 MPa, 25 - 33 % char

62-1/2

78-1

Versuch Nr.

79-1

0 20 40 60 80 100

Gasausbeute / Vol.%

H,0 Conv. HHV

% % kJ/kg
5,8 95 24500
27,8 92 16860

50,6 90,5 13590

* Gasification campaigns in
Freiberg 2003 and 2005

70

57

44

z
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Lignocellulo

5e 100 %

Fast pyrolysis

SIS @ood or Straw with 15 wt.% H,O
Entrained - ,
flow gasification 1

5.4t Condensate/char - slurry

Synthesis-raw gas Heat of ti -
Synthesis-clean gas =< o feae of pIUS 1,8 t 02

~76 % l

FT- Synthesis
1.2t FTS-raw products

Heat of reaction l
Synthesis products
~51% Not converted Syngas nthetiC fuel

Separation  Cs - Products
~5%

Energy- and mass balance

v

El. Power and
Heat losses: HT steam:
Sum ~ 6 % ~42 %

By-products:
5+ FTS- Produkte ~ 5 % valuable Chemicals, Steam, Electricity .

ael, waxes, olefines... ... Cs-products
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State of development

Biomass to Liguid Karlsruhe

» Fundamental studies in lab scale equipment,
parameter determination for various feed materials and conditions,
selection of appropriate process technologies

Demonstration of the principal technical feasibility in
technical relevant plants, process variants in bench scale plants

Construction and operation of a pilot plant proving practicability,
allowing for scale-up and reliable cost estimates
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Pilot plant (500 kg/h) Stepwise construction :
1. Biomass conditioning

Fast pyrolysis,
slurry preparation 2006
2. Gasifier 2007

3. Gas conditioning
Fuel synthesis

MMMMMM
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State of
construction

Pyrolysis plant

Conditioning

Slurry mixing

MMMMMM
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Concluding remarks

* For syngas production from biomass to large extent, thermochemical
processes adapted from fossil fuel treatment are well suited,
operational practicability and economics have to be proved

» Biomass as the only carbon containing renewable energy preferentially
should be used for the production of fuels and organic chemicals
(consuming ca. 10 % of the primary energy). Heat and electrical power
can be produced from other renewable energy sources

= Since C/H-ratio available from biomass is worse than that from fossil
fuels, additional hydrogen should be produced from other
renewable resources
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Financing

R&D budget of Forschungszentrum Karlsruhe
Supplementary support by HGF

Ministerium ftr Ernahrung und landlichen Raum
Baden-Wurttemberg MELR

Ministerium fur Verbraucherschutz,
Erndahrung und Landwirtschaft BMVEL und FNR

“ EU-Commission

inistry Lurgi

of Education
and Research
7.
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Krister Stahl
KS Ducente AB

Sweden
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Development of the Gasification Plant
Demonstration Power Plant, Varnamo

R&D Program

Commercialisation through Bioflow Ltd.

| Ducente





Power
Heat
Power / Heat

Ne
MNth

MNtot

approx. 6 MW,
approx. 9 MW,

0.65
32 %
50 %
82 %

| Ducente





PRESSURIZED GASIFIER
Fuelinput 18 MW (LHV)

Gasification pressure 22 bar

Tim, v ——— S
N L m-mu:a:w.,vg;l L
N

i | Ducente B3






Varnamo Process Diagram

i | Ducente B3





1991 1992 1993 1994 1995 1996 1997 1998 1999 2000
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Gasifier

Ceramic filter
Metallic filter

Gas turbine
Waste heat boiler
Steam turbine

Suppliers

Foster Wheeler Energia OY, Finland
Schumacher GmbH, Germany

Mott Corp., US

ABB Alstom Power, U.K.

Foster Wheeler Energia OY, Finland

Turbinenfabrik Nadrowski GmbH,
Germany

| Ducente










Sydk

raft

Foster Wheeler

Elect

ricité de France

Energi E2, Denmark

Euro
Swec

nean Commission
Ish Electric Utilities R&D Company

Swec

Ish National Energy Administration
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2000 —+ .
Gasifier
1800 =~ operation
1600 4
1400
Gas turbine
1200 operating
1000 hours on
product gas
800
600
400
200
0

1993/94 1995 1996 1997 1998 lelely

‘| Ducente





CO
CH,
co,

2
LCV

Gas composition
(% vol, dry gas)

10-12
155-17.5
5—-7

14 -17
45 — 50

5—6 MJ/m3n

| Ducente





IGCC Varnamo






Hot gas filter failure

ENEEENEEE
IIIII'IIIIH

——RMA10CPAO04, dp hot-gas filter —— RMAZ10CPO006, dp police filter

| Ducente






Gas Fuel

Tars <5¢g/m?3n —
Alkalines (Na + K) <0.05w-ppm <0.1%
Ammonia 380 vol-ppm  0.06 % N,

1600 vol-ppm 0.30 % N,
Dust < 2W-ppm

| Ducente





Gas turbine exhaust emissions

IHEEEE AN
IHENEEEN

B A N B
B 5 I

IHENEARD

| | |
e g
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B 5 S S S—— — 8 —
| F—— | T
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in turbine exhaust
in turbine exhaust

tration
tration

— CFBO01FQO001, NO-concen
—— CFBO01FQ002, NO2-concen





NOX In exhaust versus NH3 in product gas

=& NOX Test rig

X testin Plant

y

500 1000 1500 2000 2500 3000 3500
NH3 (ppm)

i | Ducente B3






NO
SO
CO
HC
Dust

50 — 150 ppm, (N, 0.06 — 0.30 %)
5—15ppm,

50 — 200 ppm,,

0-4 ppm,

~5mg/nm?3, dry gas

| Ducente





Fuel Flexibility

Forest residue wood chips
60% / 40% bark / wood
100% wood

95 % + bark

100% willow

100% straw

50% / 50% RDF / wood

| Ducente
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Technical performance

Typical plant size 20 — 80 MW,

n. het (LVH) 44 — 50 %

ne Net co-gen. (LVH) 40 — 45 %

Power / Heat 0.8-1.2

LVH of product gas 5 MJ / m3n

NO, <50 mg NO, / MJ;
So, <25mg S/ MJ;,
Dust <10 mg / m3n

| Ducente





More than 3600 hours integrated operation
Approx. 8500 hours gasification tests

No adverse effect on gasifier, hot gas filter or GT
Potential for high fuel flexibility

Varnamo Test Programme successfully
completed October 1999

Demonstration Programme finalised June 2000

Bioflow IGCC ready for up-scaled
demonstration

| Ducente





High efficiency

High ratio between produced power and heat
Low emission levels

High fuel flexibility

Suitable for retrofit of gasification to NGCC

| Ducente
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GREVE, Arbre and
CHRISGAS

Lars Waldheim
TPS Termiska Processer AB
Studsvik
611 82 Nykoping
Sweden
lars.waldheim@tps.se

IEA Task 33 Worskhop tps
October 2006





GREVE-IN-CHIANT]

FLUE GAS
TREATMENT SECTION

FUEL
1 POWER
PROCESS GAS _r ) PRODUCTION
> SECTION
GASIFICATION
SECTION ELECTRIC POWER
| (public use)
ASHES
HEAT RECOVERY
) » (MULTI-USE)
o | | | —
CEMENT INDUSTRY
|IEA Task 33 Worskhop tps
October 2006





Greve-in-Chianti

Technical characteristics

o 2 Gasifiers, 15 MWth each

* RDF

 Gas Boiler and Flue Gas Cleaning
* 6.7 MWe Condensing Turbine
 Fuel Gas to Cement Factory

o Licensee: Ansaldo Aerimpianti

History

o Start-up of Gasifier # 1 and 2:

_ 1991 and 1992

e * Boiler fouling — Boiler

B modifications in 1997

' o( 1999 Owners and others in gas

- cleaning project for gas engines
that never materialised ?)

Project stopped in 2004 from fuel supply restrictions.

IEA Task 33 Worskhop tps 3
October 2006





TPS ATMOSPHERIC GASIFICATION

Stack , Dolomite
7

Gasifier 9 Cracker
Fuel el

AT

A a
>reparation|Pryer

Gas purification

Fuel gas

(

Gas cooling
—
Heat Recovery ang Effluent]
Flue gas Steam Generation.Z
Steam
T turbing (Gas compressc
B
Q Air
Air .
Gas turbine %
Eilectricity to local grid
IEA Task 33 Worskhop tps p 4
October 2006





PROJECT ARBRE Technology

Gas turbine 4.7
Steam turbine 6.0
o8 | msngd®8  Gross output 10.7 MW
flrlng,ggge a‘-y~} sy
Thermie band df 8to va J\A¥V)
- reduces efficiency compar-'ed to Gas compressor -1.5
an ideal IGeC Misc. usage on site -1.2
- 3|ze of GT and plant-and-— Net output 8 MW
conservative design reduces
efﬁuency - S Wood feed: 7 to 8 tonne/hr, wet

@

Steam. 60 bar_, 485°C

> 30% el. efficiency LHV

IEA Task 33 Worskhop tps
October 2006





PROJECT ARBRE Gas Turbine

Alstom Power
Typhoon gas
turbine

IEA Task 33 Worskhop tps

October 2006





TPS Atmospheric Gasification
ARBRE COMBINED CYCLE PLANT

Stack,,a Dolomite ° Supplier: SEC, NL
"
FTEI | £a3| o g Cracker Gas purification (TPS)
/) « Start up: Oktober 2001
| e |7 Fuel gas
reparation [Py e Fuel: Wood chips
“ * Fuel : 25 MW
Flue gas :([eat Regoverytgn ) % Effluent
eam Generatior _
Steam e Elect. gen.:. 8 MW

turbine

(Gas compressc

5 * GT: Typhoon 4,7 MW
? pir - TIC: 30 M£, 45 M$
Air
Gas turbine
%ﬁ » EC support: 35 %
Ellectricityto local grid e PPA: 105 £/MWh 2001
IEA Task 33 Worskhop 7
October 2006 tps





BIG-GT Capital Cost Reduction

3500

/0
%#

3000

2500

2000 -

Euro/kWe

MWe

1500

1000 -

500

0 ‘

IEA Task 33 Worskhop
October 2006

Units built

s

60

50

40

30

20

10

0

% and MWe





PROJECT ARBRE flare, September 2001

IEA Task 33 Worskhop tps
October 2006





Heating value and gas composition

60

N
o

Average percentage in syngas(except EVV and EVK (MJ/m 3))

from the cracker

]
o
|

30 -

20 -

=
o
|

H2 norm

N2 norm

CO norm

CH4 norm

Gas component

CO2 norm

EVV

@ Test 1 cracker data
O Test 2 cracker data
O Test 3 cracker data

m Plant spec

IEA Task 33 Worskhop

October 2006
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TAR LEVELS IN FUEL GAS

6000
OTest1
=000 OTest2 |
= OTest4
< .m0 o
g O Pant spec.
=t
O 3000
@
5
8 2000 |
c
@]
O
1000
0 T T \
Benzene Napthalene Total Volatiles (BTX)  Total condensibles (inc.
Napthalene)

Compound

IEA Task 33 Worskhop tps
October 2006
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ARBRE DEVELOPMENT TIMETABLE
1993 || 1994 || 1995 | | 1996 | | 1997 | | 1998 | | 1999 | | 2000 || 2001

® T ® ® ® ® T ® T ®
Commissioning
£10m EC 100% Forestry Starts
THERMIE
Fuel Supply
Grant ! Contract -
UK NFFO3 !
Contract .
Environmental ¢
¢ Assessment Planning
betailed Desi Permission .
SRF Land Use DQetalled Design*________, Construction :
Assessment Gasifier Testing Starts g Operation
=w Establishment of
1500 ha of SRF
IEA Task 33 Worskhop

October 2006





PROJECT ARBRE Short History

1994 financial support from THERMIE programme
1994 15 year UK NFFO contract signed

1995 Arbre Energy Limited formed

1996 Arbre Farming Limited formed

1997 planning permission granted

1998 turnkey contract awarded

Dec 1998 foundation stone laid

2000 project reorganisation

2001 hot commissioning started

2002 gas turbine operates on wood fuel gas
2002 transfer of ownership, conflict, liquidation

IEA Task 33 Worskhop tps
October 2006





PROJECT ARBRE commissioning Milestones

May 2000 Gas turbine operation on kerosene

Aug 2000 Major system pressure test

Jan 2001 Waste heat boiler commissioned

Mar 2001 Wood fuel feeding system commissioned

Apr 2001 Gas first produced in gasifier from wood
May 2001 Bag filters commissioned

Sep 2001 Wet scrubber commissioned
Oct 2001 Clean LCV gas first produced
Jan 2002 LCV gas fired in gas turbine

IEA Task 33 Worskhop tps 14
October 2006





The ARBRE Plant, Eggborough, UK

e Commissioning 2001-

o GT operated in Jan. 2002

» Kelda sells to new owner, EPRL,

In April 2002

. .|* Contractual dispute leads to AEL

liquidation in August 2002.

* DAS Green Power UK bought

assets in April 2003

IEA Task 33 Worskhop tps 15
October 2006





LESSONS LEARNED

B The project pace and progress is essential. Otherwise, the starting conditions,
organisations, policies and the people can change and set completely new
agendas.

E Large organisations can put a budget and engage in projects to a point that
they saturate a small organisations with all their questions even before a
contract.

E For innovative projects, turnkey maybe not the best form of contract. A
contract only reduces risk if the counterpart has both the intention and the
capacity to honor it

B A technology licensor is always twice removed from the customer and the real
iIssues. Feed-back of information, which is essential, may benefit your licensor
more than yourself.

B The commissioning phase for prototype projects requires resources typically
not allocated in the original planning because of optimism, self-deception and
impact on IRR. How to maintain credibility during and extended start-up phase.

IEA Task 33 Worskhop tps 16
October 2006





BIG-CC Projects - Operational Detalls

Project Varnamo ARBRE *
Operational hours
- combustion 411
- gasification 8500 448
- gas turbine 3600 5
- Steam turbine 220
* June 2002

IEA Task 33 Worskhop
October 2006
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CHRISGAS
Clean Hydrogen-rich Synthesis Ga

Biomass and waste

e
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green fuel» l

C Reforming

Synthesis Gas
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R
//}61

( Natural Gas

CHRISGAS

green fuel»
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CHRISGAS Partners

Sweden: Vax|6 University (co-ordinator), Vaxjo Varnamo
Biomass Gasification Centre (VVBGC), AGA-Linde, Catator,
KS Ducente, Royal Institute of Technology (KTH), S.E.P.
Scandinavian Energy Project, TPS Termiska Processer,
(Valutec),Vaxjo Enerqi

Denmark: TK Energi, Finland: Valutec, Germany: FZ Julich,
Linde, Pall Schumacher, Italy: University of Bologna,
Netherlands: Technical University Delft, Spain: CIEMAT

*Budget 15.6 MEURO + costs outside project

« 9.5 M€ EU grant

1.5 M€ STEM grant + 7 M€ grant outside project

e Balancing financing 28 M€ applied for from STEM in May
CHRISGAS

green fuel»

IEA Task 33 Worskhop tp5 pav
October 2006






The Varnamo Plant after Rebuilding

FLARE
ey GASIFIER
INPUT _ —
: 5 OXYGEN
STEAM
damm e —
‘ X
L HOT GAS E=\REFORMER L
STEAM——T  FILTER 15
OXYGEN——| { 1
g
(KT | | HYDRO
START-UP 1
( ) GAS COOLER P
TO FUEL
< PRODUKTION
PLANT
STEAM
SIALI ) TURBINE
r\ e H
Pilot Plant
=AW P after Rebuild
HEAT RECOVERY DISTRICT
STEAM GENERATOR HEATING

|IEA Task 33 Worskhop
October 2006
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Objectives and Deliverables
Production within 3-4 years of cleaned,
hydrogen-rich gas from biomass fuels

at the scale of 3 500 Nms/hr H, equivalents

e Varnamo Plant Status

— Plant status review concluded September 2005

— Completely new DCS system procured November 2006

— Conceptual engineering concluded Dec 2005

— Basic engineering concluded June 2006

— Funding for next period, 28 M€, requested in May 2006

— Evaluation by international experts in September 2006

—Gas turbine and steam turbine operated in October 2006
on fossil fuel with new DCS system

— Funding and organisational related issues Dec 20067

CHRISGAS

green fuel»

IEA Task 33 Worskhop tp5 e
October 2006
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TK Energi AS
The Story of TK Energi AS

 TK Energi AS was founded in 1990 by Mr. Thomas Koch and became
a limited company in 1996. The company employs mechanical and
chemical engineers, engine experts, technicians, and craftsmen — all in
all 35 people.

 The company is expanding very rapidly, estimated growth rates in year
2004 and year 2005 of more than 100 %.

 Technology developer
o Turn-key supplier

 Own production — but primarily prototypes. All other production is
outsourced.

Business Areas and Network

« TK Energi's primary business partners are power utilities,
decentralised CHP plants, larger companies within the renewable
energy sector and several Danish and European research partners.






TK Energi AS

Main Business Areas
Advanced Biomass Handling Technologies

e Thermal gasification of biomass and waste

— Thermal conversion of biomass and waste into heat and electricity
in a 3-stage fixed bed gasification system.

« Turn-key bio-pellet plants or adapted components for existing plants

o Screw feeding and dosing systems for biomass and waste

— Feeding and dosing systems for pellet plants, drying plants,
combustion plants, torrifaction plants and pyrolysis plants where
accurate dosing or air-tight feeding is required.

» Piston feeding systems for pressurised reactors

— Complete feeding system for biomass and waste for medium and
large size IGCC-plants or other pressurised thermal reactors.





TK Energi AS

Green Energy Technologies

Thermal gasification of
Biomass and Waste

Biomass Engineering
and Waste Consultancy,

Handling Project
Technologies | Development
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What IS a success
story and a lesson
learned ??





TK Energi AS

Success IS when you:

Earn money?
Have fun?
Drink beer with nice people?
Contribute To a better environment?





TK Energi AS

A Product succes?

e Must be able to convince someone that there is
a product on the way

* Measurable progress over time must be
obvious

» The progress have to be fast enough to
maintain interest from investors.





TK Energi AS

"Process” success?

e New things must be learned

* There have to be good fun (meetings In
Interesting places, good food etc)

 No commercial product needed to be a
success.





TK Energi AS
Content of this presentation

* The first steps of bringing a staged
biomass gasifer in the range from
0,3-5 MWel to the market

* The efforts involved in developing
new gasifer concepts

e Spinn offs





TK Energi AS
Non Technical Challenges

e  Financial support structure and the
consequenses

 Keeping and motivating key
employees

 Change In energy policy
 Change In financial conditions





TK Energi AS
Does it pay off to invest?

* Our bottom-up method: How much does it cost to
produce 1 kWh electricity based on variable fuel and
heat sale prices and proportional operation costs?

+ Operation cost

+ Fuel cost
heat sale income
Electricity production cost

* The profit before depreciation etc. is then the
difference between the green electricity price
and the electricity cost.

Electricity sale price
Electricity production cost
Profit before depreciation






Turn Key Plant Price — Scale Advantages

TK Energi AS

€/ kWe

4000

3500 +

3000 +

2500 +

2000 +

1500 +

1000 +

500 ¢

Turnkey Plant Price

Scale advantages

Small plants are less competitive as some of
the main components are quite expensive but
relatively cheaper to up-scale.

Safey costs are relatively lower with size.

300

500 700 850 1000
kWe

2.500.000

-+ 2.000.000

+ 1.500.000

-+ 1.000.000

+ 500.000

—

Price (£

—Price (€)

—£/ kWe






TK Energi AS
Does It pay off to invest?

Electricity production price estimation
at variable fuel and heat sale prices

This calculation is based on a 1000 kWe plant
10,0 - Price: 2,200,000 €

Efficiency (biomass to electricity): 30 %
Efficiency (biomass to heat): 55 %

5.0 Availability: 5500 hours annually

Annual operation costs: 8 % of total price

\ — 15 € MWh fuel

0.0 ‘ ‘ | |— 10 €/ MWh fuel

) 10 20 30 40\\0\60 70 80 5 €/ MWH fuel

Fuel price: 15 €/ MWh (65-70 €/ ton dry wood)
Heat sale price: 20 €/ MWh
-10,0 - Electricity production price: 4,5 €cent/ kWh

-5,0 A

Electricity production price (€cent/kwh)
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. essons learned?





TK Energi AS

. essons learned?

Investors are not interested in projects
with a combinations of low return of
Invest and too high “talk/result” ratio.





TK Energi AS

. essons learned?

Investors are not interested in projects
with a combinations of low return of
Invest and too high “talk/result” ratio.

Investors are expecting “Indian Prices”
(1200-2000 €/kWel)
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The Staged
gasification
Technology -
Principle and
Advantages





TK Energi AS
TK Energi’s gasification principle
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3-stage Fixed Bed Gasification — New generation
The No-Tar Gasifier

iy compustionand TKEs new generation
| gasifier only produces
I i about 5-20 mg/Nm3
and is designed
without any moving
parts in the hot
zones. With a cold
gas efficiency of up to
80% and low
maintenance costs.

Cyclone — Dry gas
cleaning system

Ash discharge system ‘
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Technical choises

NO hot and moving parts
As simple as possible
Pressure below atmospheric
Gas combustion
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Experience and
Reference Plants
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Installation
In Japan
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Installation In
Japan
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Latest News from the TKE Gasifier in Japan

Fra: B4 #EMA [mailto:horiuchi_h@hitachizosen.co.jp]
Sendt: 23. oktober 2006 05:03

Til: Mads Nielsen

Emne: Koromogawa Engine

Dear Mads,
Thank you for your letter about engine and 2.3MW plant progress.
Regarding our engine damages,
1. Bad operation (not shutting) of intake valve with rusted stem part.
2. Worn cylinder, especially No.1, 8 caused by agglutination (stick) of piston ring with rust or
something.
| think other cylinders also are worn and it's not a best solution to replace each damaged parts
one by one.
Besides there have been some unidentified parts in break down list the you sent
So could you tell us the cost estimate and delivery time for the next cases and, the information
about same engine secondhand
, If possible. GM is not helpful for genset user in Japan.
a. The assembly of cylinder head parts (both sides)
b. The assembly of cylinder block and piston with crank shaft
c. Whole engine without intake manifold (brand-new and/or secondhand )
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TK Energi’s

own pilot Ll
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Installation In

TK Energsi AS
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TK Energi AS
The Gjgl Plant

2,3 MWth

To substitute natural gas for an
exixting Jenbacher engine.

Gasifier placed 400 meter from the
engine

4 funding sources (EU, EFP, PSO,
Veerkspuljen)
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1,5-

The Gjgl Plant

2 years behind schedule

To early in demophase

Lac
sup

Lac

K of understanding of the nature of a
norted project

K of technical ekspertise by the

decision makers
Bad communication in the project group
Low funding percentage to demoplants
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Outer shell

Pyrolysiszone

Combustion zone

Biomass in

Ash out

Feed screew

"Grate”

Combustion zone

Char bed
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FEM Analysis on the shell
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Conseguences of insulation faliure
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The outside temperature
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The gasifier
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The filter
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The syngas transport
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A Problem!!!
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A Problem!!!






TK Energi AS -
The inside of the gasifier
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The fuel
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Technological challenges

Explosion safety

Bed stability

Mechanical stability, thermal transients
Lifetime of ceramic and insulation

Reliable measurements of pressure in zones
where tars are present

Filter operation
Char loss





TK Energi AS
Installations

200-400 kWth pilot plant (wood chips) at TK Energi premises — in operation for
appr. 1500 hours. The pilot plant is fully equipped and designed for continuous
operation. The plant will be re-commissioned later this fall.

June 2004: 50 kWe demo-plant for a large industrial manufacturer in Japan —
commissioned in December 2004. (approx 4500 hours until now)

August 2004: 50 kWe demo-plant for CIRAD in France — commissioned September
2004.

2005: 2,3 MWth plant (wood chips) at Danish CHP-plant — to be commissioned
2007.

Projects under negotiation in Denmark (5,5 MWth), the US (300 kWe), India (1,5
MWth, 3 MWth), Italy (3 MWth, 1,3 MWth) Austria (2,5 MWth) and several other
European countries.
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Other TK Energi’s
Gasification Systems

e The Upside down 3 stage gasifier

* The Entrained flow waste gasifier
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T Gas and ash

T Char and gas

Upside down char bed

Principle:

- The gravity force is balanced with the lift
of the particles in the bed.

- If the height of the bed is increased then
the bottom of the bed moves downwards to
Increase the pressure drop and then the lift.
- If the height of the bed is decreased then
the bottom of the bed moves upwards until
the forces are balanced again.
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Laboratory model

Pilot scale: 0,5-1 MW
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- N Cold flow experiment
1000 4 r =
800 1 ;2ID . . . .
o éig/ Single stage gasification of wood pellets
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Staged gasification

23 RSView32 Works 32K

Sugerars position: 349

Gas og it flow Wednesday, May 17, 2008

Setpunkt position:

Skift til manuel
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el =1 w1 e el el

0 00
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. essons learned?
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. essons learned?

It was possible to get good public
funding for testing a new risky idea —
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. essons learned?

It was possible to get good public
funding for testing a new risky idea —

Non commercial risk are difficult to
asses and quantify
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TKE's Entrained flow slagging gasifier

*Developed in an EU/DEA funded project in 1996-1988
TCC?

*Reactor diameter 400 mm

*Maks temperature 1700 °C

*Has operated 400 hours.
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TK Energi AS
Sludge gasification

2 week ago the major Danish sludge treatment plant
displayed major economical problems

*This company have spend 400 mio. kr. (30 M€) over
the last years on sludge gasification and 250 mio. kr.
(30 M€) over the last years on PVC pyrolysis and.
*The sewage plants have a problem.
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. essons learned?
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. essons learned?

Suddenly strange things happens!!!!
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Other TK Energli’s spin off
activities
e Feeding

e Pretreatment

e Dosing
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A fully automated 3 step feeder

A fully atomized 3 step plug
feeder has been developed
and is currently being tested






TK Energi AS
P-t-diagram

Pressure [bar]

200
180 - |— Pressure of the jaws
160 - — Pressure of the piston
1497 Moving the plug
120 1 (app. 29 kJ)
100 7 Cutting the pre-compressed plug
80 - (app. 3.5 kJ)
60 -
40 -
20 —A
U I I I I I
334 336 338 340 342 344

Time [s]

Wood. powder, 3 step feeder, 200 g per. plug
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L eak flow
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Wear of critical parts

A 100 hours long term test has been conducted in
order to examine the wear on the critical parts of the
system. Based on the wear, a lifetime of the critical
parts is estimated to between 2500 and 60000 hours.
The parts are made of mild steel. A change to wear
resistant steels will increase the lifetimes significantly.

- —
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Up scaled 1 step plug feeder

An up scaled 1 step feeder with a capacity of app.
1000kg/h is currently being constructed
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Technical results
*Results from testing triple piston feeder 75 mm

Can operate with a large variation in moist and particle
size.

Capacity (speed optimised) 150 kg ~ 0,7 MW

Leak flow (25 bar) ~ 0,05-0,2 m/s ~ 1 Nm?3pr hour.
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Expected Performance of a full scale feeder

Plug Diameter 250 mm

720 strokes per minutes (Max 1200)

8 — 10 kg biomass per stroke (max 15-18 kQ)
Plug length 110-140 mm (max 250)

Capacity up to 10 tons pr hour.

Leak flow ~ 5 - 20 Nm3 pr hour.

Energy consumption to feed 4000 kg pr hour ~
150-200 kWh

Installed hydraulic capacity 350 kW
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. essons learned?
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. essons learned?

Many challenges have to be solved
before there Is money to earn for an
equipment supplier.
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Pretreatment and dosing?

Implementing the same fuel feeding
strategy for a biomass pill press as for a
large fluid bed gasifier can improve
productivity by 10 % with out adding
other extra cost to the process.
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. essons learned?
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. essons learned?

he technology approach developed in
the process of developing gasification
technology can be very competive —
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Contact Information:

For visits and other information:

tk@tke.dk, Mr. Thomas Koch, Founder, Technical Director
fm@tke.dk, Mr. Frede Mgrck, Managing Director
Telephone: +45 46 18 90 00

Web: www.tke.dk

Address: Stationsvej 4,
DK-4621 Gadstrup
Denmark



http://www.tke.dk/
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Experience with Large and
Small Scale Feedstock and
Gasification Systems

T. R. Miles, Technical Consultants, Inc,
Portland, Oregon, USA

www.trmiles.com

WS. 6: Biomass Gasification: Success Stories and Lessons Learned

Fall 2006 Meeting, IEA Bioenergy Task 33: Thermal Gasification of
Biomass, Willowbrook, IL Oct 31, 2006





Topics

Fuel Preparation and Feeding for Syngas and Industry
— Straw and stover: Chariton Valley Biomass Project
— Sugar Cane Residues — Hawaii, Central America
Industrial BFB Gasifier 1986-2006
Energy and Nutrient Recovery by Gasification and Staged
Combustion
— BEST LLC (Smithfield)
— Integrated Poultry and Ethanol Production (IPEP)
Small Scale Gasification
— Mt Wachusett Community College (CPC)
— Tallon Lumber (Pudhas, Schmitt Enertec)
— Heyes Forest Products (EERC/Ankur)
— Fluidyne licensees

Gasification Discussion List (1994-2006)





New Biofuels and Feedstocks

Syngas for Ethanol, DME
Glycerin from biodiesel

Corn Stover, Wheat Straw, Distiller Grains and
Solubles (DGS), VOCs

Bran from Corn Fractionation
Sugar Cane Bagasse, Tops, Leaves

Issues
— Fuel Storage, Preparation and Feeding

— Fuel Moisture
— High Alkali





Feedstocks for Syngas: Switchgrass,
Corn Stover Sugar Cane Re3|dues

* Processing 12 tph (100,000 tpy) Switchgrass — Chariton
Valley Biomass (Cofiring) Project, lowa

* Design of Fuel Preparation Systems for USDOE
Biorefinery solicitation — wheat straw, corn stover

* Preparation of Sugar Cane Tops and Leaves for Co-
firing and Gasification
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Switchgrass: Chariton Valley
Biomass Project

Near commercial 17 MWe (of 35 Mwe) cofiring facility.
Processes 12.5 tph straw to 6-10 mm product

15,000 tons co-fired 2006.

All permits in place for commercial operation.

Resulted in development in new equipment for baling,
bale handling, twine removal, debaling and secondary
milling

Used as example plant for design and development of
cellulose to ethanol plants

Prepared equipment suppliers for industrial biomass
production





Process Equment Development

B RNIE (e
'-.1.a1h_lhil‘1;

Hammers 30,000 t/set Steffen Systems 2t Bale Hooks
Screens 8,000 t/set "y

Attrition hammers 7,000 t/set 400 I‘|I0 De- baler 12TPH 2in
Warren & Baerg Inc.





Self Propelled Hydraulic Baler
o Self propelled prototype

— Increased field rate
— High availability(+50%) for
field operation, mobility

— Good bale quality with less
operator training

— Lower fuel consumption

« Commercial prototype in
development —
Allied/Freemen Mfg

e Result: lower cost, higher
quality bales requiring
less downtime in
processing and higher
production capacity and

Self-propelled Baler 30 TPH better quality feedstock
Kelderman Mfg.






Sugar Cane Tops and Leaves

* High moisture, High
alkali, Abrasive, High
Capacity

* Processes

— Wet: separate, size,
wash, crush, dry

— Dry: bale, store,
debale, size, co-fire
* Private development
and scale up of fuel
and energy processes
Including gasification






Feedstocks — Lessons Learned

Business

— Fuel supply and procurement major issue for quality control and reliable
operation

— Contracts, tipping fees, tax credits are essential to first plants
Fuels
— Highly variable moisture in switchgrass
Processes
— Different feedstock processes are possible
— Typical feed lines of 6-8 tph with 12-15 tph maximum
— Level of processing depends on reactor
Equipment
— Will need to be adapted to highly abrasive, moist residues
— Start the processing in the field
Experience from co-firing systems is useful.





Catalyst Energy (1986-1992)

BFB Gasifier (Energy
Products of Idaho), 60,000
pph boiler 6 MWe Turbine

Purchased sawmill chips
shavings, sawdust, bark

Fuel sizing, drying and
gasification

Modifications to fuel feed,
distributor, media, burner
and emissions control

Reduced pilot fuel use

1990-92 96% availability
4.8 MWe (boiler max)






Catalyst Energy
Lessons Learned

Undersized boller (30%) limited production
Need uniform feed for good gas quality

In-be
Few

Neec
Need

d feeding for fine wood fuels

oroblems in gasifier or hot gas ducting
ESP

good power contract even with tax credits

NeeC

use for waste heat

6 MWe too small for stand alone plant





BFC Gas & Electric (1998-2006)

e ]
by e o

6 MWe BFB gasifier from Catalyst Energy

« Moadifications to fuel preparation, fuel feed, distributor, media,
additives and emissions control.

» Partial oxidation for NOx control
» Enclosed flare
« ESP and baghouse





Gasification of Agricultural and

* Fuels: Mixed waste paper, GMO corn grain, urban wood
* Fuel sizing, blending (no dryer)
« Highly variable production





BFC Gas & Electric
Lessons Learned

Fuel supply and reliability difficult with urban fuels
Few problems in gasifier or hot gas ducting
Gasification alone not solution to high alkali fuels

Undersized boiler (30%) limits production and
enhances fouling

Fuel dryer essential to control fuel quality for some fuels

Need good power contract and/or tipping fees even with
tax credits

Need use for waste heat
6 MWe too small for stand alone plant
Good gas generator for co-firing





Gasification and Staged Combustion for
Energy and Nutrient Recovery

MANURE GAS P, K

BEST LLC (Smithfield) Hog manure and turkey litter

On-farm, two-stage solid-liquid separation of the swine manure

Transporting swine solids to a centralized fluidized bed gasifier-
combustor

Mix poultry litter with the swine solids to provide a sufficiently dry
feedstock

Gasify-Combust mixture of swine solids and poultry litter

Use the heat from the combustor for direct drying or to produce
process steam and/or electricity

Export the nutrient rich ash to existing fertilizer granulation plants
and incorporate ash into existing fertilizer products





Extended Pilot Testing

No fuel feeding problems

Free flowing media and
bottom ash

Temperature excursions
(982 °C/1800 °F) caused
fouling of cyclone and
“convection” pass

Refractory walls
accumulated sintered
deposits

Some agglomeration on
fluidizing nozzles






Gasification for Integrated
Poultry and Ethanol Production

SE U.S. IPEP
Markets === 34
Corn Ethanol DDGS Carbon
15 M bu 40 M gal 128 K tons Dioxide
Poultry Steam &
Litter Hot Air .
178 K tons 6.5% v of feed \/
Ash 1/2 | Poultry u Meat
|35% 26 K tons 7; Feed
of PL
| supp.
v

Fertilizer






Gasification for Energy and Nutrient
Recovery- Lessons Learned

— Business, tipping fees, tax credits
« P and K can return enough to pay for feedstock handling
» Integrated processing provide competitive heat source
— Fuels
» Blended fuels reduce impact of alkali
— Gasifier
« Gasify in bed, staging combustion above bed
« Good temperature control and low emissions
— Boller
* Flue gas exit temperature critical
— Emissions
* Low expected use of ammonia etc.
 Low NOx, SOx

— Gasification and stage combustion is a good approach for
nutrient recovery from high nitrogen, high alkali fuels





Small Scale Projects

Mt Wachusett (Community Power
Corporation)

Tallon Lumber (Pudhas)
Heyes Forest Products
Fluidyne





Mt. Wachusett Community College
Heating Plant Demonstration Gasifier

’ >

8,000 pph Boiler

50 KWe Gasifier Uses Existing Boiler
Fuel Handling System





50 kWe Community Power
Corporation Gasifier-Generator

Baghouse-Gasifier-Chip Screen-Dryer Engine-Generator

Rob Rizzo
Director of Facilities Administration
Mount Wachusett Community College
RRizzo@mwcc.mass.edu
http://www.mwcc.mass.edu/renewable





Tallon Lumber 300 kWe CHP
Connecticut Clean Energy Fund

ki

-4 . ﬁ,ﬂ' ;; _';.-'-__
Chipper at Sawmill

Pudhas
Energy

Gasifier

Dryer and Fuel Bin
Schmitt Enertec 300 kWe CHP





Tallon Lumber (CCEF/Pudhas)

Extended development and
commissioning of fuel system, integration
of controls and project organization

Gasifier and engine-generator
commissioned 2005

Operated to 300 kWe

Restart 2006/2007 pending modifications
to ESP for operation and safety





HEYES FOREST PRODUCTS
300 kWe CHP Gasification
Demonstration/Commercializatio

Biomass Energy Resource
Center, Vermont

Massachusetts Technological
Collaborative

Request for Quotations Spring
2005; Insufficient project
budget

Gasifier Testing of Fuels, Gas
Quality, Engine and
Wastewater using Flexenergy
(200 kWe Ankur) gasifier at
EERC, North Dakota

Project pending funding and
Increased net metering
allowance in MA.
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FLUIDYNE LICENSEES

e Gasifiers: Tasman,
Pacific, Mega

 Low cost modular
systems for heat and
power

* Net metering for power

e Modifying systems for
handling chips and other
residues.

 Northern Ireland,
Australia, Canada, US






Conclusions

Business, tipping fees, tax credits, heat
— Net metering to 2 MWe essential
— Start with heating plants as first step

Fuels - fit the gasifier, dryers
Gasifier-
— more gasifiers are being modified for chips and smaller fuels
— Make better use of staged combustion for high alkali, nigh nitrogen fuels
Gas Cleanup- need affordable clean solutions
Burners — small scale direct heating in nursery

Boiler - useful base for project development heat recovery: schools.
nurseries, dry kilns

Emissions —
— Wastewater zero discharge
— Emissions regs for stationary generators





Gasification Discussion List
http://gasifiers.bioenergylists.org

Hosted by Renewable Energy Policy Project
1994-2006 www.repp.org; future uncertain

Website to support discussion by TR Miles
2002-2006

Major change to website (CMS) 2006 will result
In Increased traffic, bandwidth and maintenance
costs

Funding needed to expand and maintain
gasification discussion website.




http://gasifiers.bioenergylists.org/

http://www.repp.org/



T R Miles Technical
Consultants, Inc.

1470 SW Woodward Way
Portland, OR, USA 97225
Tel 503-292-0107
Fax-503-292-2919
tmiles@trmiles.com www.trmiles.com




mailto:tmiles@trmiles.com

http://www.trmiles.com/



		Experience with Large and Small Scale Feedstock and Gasification Systems 

		Topics

		New Biofuels and Feedstocks

		Feedstocks for Syngas: Switchgrass, Corn Stover, Sugar Cane Residues 

		Switchgrass: Chariton Valley Biomass Project

		Self Propelled Hydraulic Baler

		Sugar Cane Tops and Leaves

		Feedstocks – Lessons Learned

		Catalyst Energy (1986-1992) 

		Catalyst Energy �Lessons Learned

		BFC Gas & Electric (1998-2006)

		Gasification of Agricultural and Industrial Residues

		BFC Gas & Electric �Lessons Learned

		Gasification and Staged Combustion for Energy and Nutrient Recovery

		Extended Pilot Testing

		Gasification for Energy and Nutrient Recovery- Lessons Learned

		Small Scale Projects

		Mt. Wachusett Community College Heating Plant Demonstration Gasifier

		50 kWe Community Power Corporation Gasifier-Generator

		Tallon Lumber (CCEF/Pudhas)

		HEYES FOREST PRODUCTS�300 kWe CHP Gasification Demonstration/Commercialization

		FLUIDYNE LICENSEES

		Conclusions

		Gasification Discussion List�http://gasifiers.bioenergylists.org  

		T R Miles Technical Consultants, Inc.




Biomass Engineering Ltd
Gasification Systems

/Biomass Engineering\\ Jim Campion, Managing Director





Facilittes — UK (Newton-le-Willows WA12 8DN)

E

= 2,600 M production facility
= 8,000 M3 outdoor storage/expansion
= Extensive modern office facilities

Biomass Engineering





Biomass Engineering I.td.

= Biomass Eng. Ltd. formed in 1996 to develop
gasification based renewable energy systems
(down draft gasification)

= Gasifiers and associated key components
manufactured by sister co. Shawton Engineering

= 6 gasifier installations, plus development/test
units. over 20,000 hours accumulative operating
experience.

= Circa 30 gasifiers (250kwe modules) to be
Installed by end 2007

= Multi module design up to SMW+

Biomass Engineering






‘ 250Kwe typical layout
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‘ Module design

= 250kwe gasifier and
filter module leaving
the factory

= Module design
enables flexible site
layout and ease of
Installation for muilti
unit sites

= Units cold tested at
the factory

Biomass Engineering





250 kWe Mossborough Hall, NW UK

/ Over 5,000 hours (gasifier) |
Installed June 04, Grid export march 05
Biomass Engineering l





Mossborough, Wood chip size
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‘ Wildshausen 270Kwe, engine, fuel delivery

Biomass Engineering





ilshausen, Fuel delivery/dry

Biomass Engineering





Wildshausen, Fuel delivery (operational)
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2 70kWe Wildshausen, Germany
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New projects (selected)

= 3 MWe Gasifier, Stoke, UK

o Reclaimed wood

o 12 gasifiers, 6 engines

o Design phase complete,Q3 2007 operation
= 2 Mwe gasifier Preston, UK

o Clean wood fuel

o 8 gasifiers, 4 engines

o Under manufacture, to be installed early 2007
= 1Mwe gasifier projects

o Wood fuel

o 4 gasifiers, 2 engines each

o 3 separate projects all to be installed by End Q2 2007

Biomass Engineering






1MW Gasifier plant Cumbria UK
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‘ IMW Gastfier Plant, Stoke UK
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‘ Operational 1ssues:

= Fuel delivery systems
o Bridging in Lock hopper (resolved)
o Chip size/quality, chipper dependent
o Moisture outside spec
o Dryer systems open loop, on line moisture detection ?
o Multi unit delivery systems yet to be proven
= Filtration systems
o Filter body distortion (rectified, now our design)
o Candle failure (rectified as above)
o Ash screw issues (sealing etc)
= Gas quality
o Tars produced when off spec, police filter design
= Condensate cleaning
o Active carbon filtering, better solution sought

Biomass Engineering






‘ Project 1ssues

= Grid connection issues (UK)

= WID compliance
o Cost
a fuel risk
a Corrosion/life issues

= Engine Suppliers, limited choice

= EXxperience on larger engines (Biomass Eng.)
= Susceptibility to maloperation

= Potential Latent defects (rate of expansion risk)

Biomass Engineering





		Biomass Engineering Ltd�Gasification Systems�� ����

		Facilities – UK   (Newton-le-Willows WA12 8DN)

		Biomass Engineering Ltd.

		250Kwe typical layout�

		Module design

		250 kWe Mossborough Hall, NW UK

		Mossborough, Wood chip size

		Wildshausen 270Kwe, engine, fuel delivery

		Wilshausen, Fuel delivery/dryer

		Wildshausen, Fuel delivery (operational)

		270kWe Wildshausen, Germany

		150kWe, Culcheth

		New projects (selected)

		1MW Gasifier plant Cumbria UK

		3MW Gasifier Plant, Stoke UK

		Operational issues:

		Project issues
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Disclaimer and Government License

This work has been authored by Midwest Research Institute (MRI) under Contract No. DE-AC36-99G010337 with the U.S.
Department of Energy (the “DOE”). The United States Government (the “Government”) retains and the publisher, by accepting
the work for publication, acknowledges that the Government retains a non-exclusive, paid-up, irrevocable, worldwide license to
publish or reproduce the published form of this work, or allow others to do so, for Government purposes.

Neither MRI, the DOE, the Government, nor any other agency thereof, nor any of their employees, makes any warranty, express
or implied, or assumes any liability or responsibility for the accuracy, completeness, or usefulness of any information, apparatus,
product, or process disclosed, or represents that its use would not infringe any privately owned rights. Reference herein to any
specific commercial product, process, or service by trade name, trademark, manufacturer, or otherwise does not constitute or
imply its endorsement, recommendation, or favoring by the Government or any agency thereof. The views and opinions of the
authors erllnd/orfpresenters expressed herein do not necessarily state or reflect those of MRI, the DOE, the Government, or any
agency thereof.
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Efficient biomass gasifiers exploit the unique

Characteristic

Fibrous material

High reactivity

» High volatiles content
» High char reactivity

Raw syngas composition
= Tars

= Sulfur
= Alkali, ammonia, others

Scale of Operation

11/16/2006

characteristics of biomass

141

Implications

Feeding systems:

= Particle size limitations, pressurized operation
more difficult

Gasifier design

» Allows gasification without pure oxygen

Gas cleanup

= More tar, water soluble
= Low sulfur (except BL)
= Must be considered

Limits economies of scale
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A large number of companies are involved in
biomass thermal conversion

Product&=——> Bio-Qil Syhgas
Changing World DUTAET g T
Technologies
GTI (02) Chemrec (02)
Gas Product: PNNL Wet Carbona (02) Future Energy (Siemens)
Gasification (CH4/H2) HTW O2)
Hig h Foster Wheeler (02) Choren — 2 stage
Pressure 10-25 MPa 1- 3 MPa 2 -3 MPa
Feed: Biomass _
Feed: Bi Feed: Black Liquor &
el BlonEse MTCl-also Black Biomass
Liquor
FERCO (Indirect)
MTCI (Indirect)
Pearson (Indirect)
TUV (Indirect)
Low For CHP:TPS (Air)
0.2 MP Dynamotive Lurgi (Air) Chemrec (Air)
: a BTG Foster Wheeler (Air)
EPI (Air)
NESTE Primenergy (Air)
Community Power
Frontline
Low Medium High

11/16/2006 (300-600°C) (700-850°C) (900-1200°C) 4
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Although ethanol and Fischer-Tropsch liquids are presently preferred
products, previous work on methanol can help guide analysis

Methanol from Biomass
Comparison of Capital Investment

(2002%)
= 5.00
8- Pressurized O2
S fluid bed
c 450} A
2 O 0
3] Atmospheric O2 slagging Pressurized O2 slagging
= 400F entrained flow entrained flow
©
o
-]
c
S 3.00 F _
Py Pressurized O2
= _ ‘ fluid bed &
c 250 Pressurized O2 Indirect steam
GEJ fluid bed ¢ Indirect steam
7 i . .
q>) 200 ‘ |nd|rect steam IndlreCt Steam Wlth
c hot particulate removal
_‘_:.U 150 F ’Indirect steam with
% catalytic reforming rlb, 08/25/06
O 1.00
Wyman, et al., 1993 Hamelinck & Faaij, 2001 Katofsky, 1993
2000 tpd biomass 2000 tpd biomass 1815 tpd biomass

11/16/2006 5





el

« »NR=L. National Renewable Energy Laboratory

&5
Production Process Engineering

2012 Market Target Case: 2010 Tar Reforming Goal & Mixed Alcohol Production
2,000 Dry Metric Tonnes Biomass per Day
BCL Gasifier, Tar Reformer, Sulfur Removal, MoS2 Catalyst, Fuel Purification, Steam-Power Cycle
All Values in 2004$

Minimum Ethanol Selling Price ($/gal) $0.93

Analysis

$10.75
$11.98

($/GJ fuel, HHV basis)
($/GJ fuel, LHV basis)

EtOH Production at Operating Capacity (MM Gal/year) 65.2
EtOH Product Yield (gal/Dry US Ton Feedstock) 84.5
Mixed Alcohols Production at Operating Capacity (MM Gal/year) 74.4
Mixed Alcohols Product Yield (gal/ Dry US Ton Feedstock) 96.3
Delivered Feedstock Cost $/Dry US Ton $35
Internal Rate of Return (After-Tax) 10%

Equity Percent of Total Investment 100%

Capital Costs

Operating Costs (cents/gal product)

Feed Handling & Drying $21,200,000 Feedstock 43.9
Gasification, Tar Reforming/Regeneration, & Quench $29,900,000 Natural Gas 0.0
Compression & Sulfur Removal $18,700,000 Catalysts 0.4
Amine, and Synthesis Compression $6,200,000 Olivine 0.6
Alcohols Synthesis and Purification $18,700,000 Other Raw Materials 0.6
Steam System and Power Generation $15,100,000 Waste Disposal 0.4
Cooling Water and Other Utilities $3,600,000 Electricity 0.0
Total Installed Equipment Cost $113,400,000 Fixed Costs 16.2
Co-product credits -12.4
Indirect Costs 43,900,000 Capital Depreciation 12.0
(% of TP1I) 28.1% Average Income Tax 9.3
Average Return on Investment 22.5

Total Project Investment (TPI) $156,500,000

Operating Costs ($/yr)
Feedstock $28,700,000
Loan Rate N/A Natural Gas $0
Term (years) N/A Catalysts $200,000
Capital Charge Factor 0.183 Olivine $400,000
Other Raw Matl. Costs $400,000
Maximum Yields based on carbon content Waste Disposal $200,000
Theoretical Ethanol Production (MM gallyr) 158.9 Electricity $0
Theoretical Ethanol Yield (gal/dry ton) 205.8 Fixed Costs $10,600,000
Current Ethanol Yield (Actual/Theoretical) 41% Co-product credits @ $0.85/gal -$8,100,000
Capital Depreciation $7,800,000
Gasifier Efficiency - HHV % 81.0 Average Income Tax $6,100,000
Gasifier Efficiency - LHV % 80.7 Average Return on Investment $14,700,000
Overall Plant Efficiency - HHV %

Overall Plant Efficiency - LHV % 48.0 Total Plant Electricity Usage (KW) 2,824
11/16/2006 Electricity Produced Onsite (KW) 6 2,876
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There are technical barriers needing addressing in
the major processing steps in thermochemical
conversion

Feed
Processing

* Size Reduction
 Storage and Handling

» De-watering T T

Gas Conditioning Fuel Synthesis Heat
> » &
Collection/Fractionation Upgrading Power

|

 Partial Oxidation
 Air blown

» Oxygen blown

e Indirect

* Flash pyrolysis
o Steam pyrolysis
* Vacuum pyrolysis

11/16/2006

 Particulate removal
 Tar reforming

* Benzene removal

* S, N, Cl mitigation

* High T Filtration
» Alkali removal

» Methane reforming
» CO, removal

* H,/CO adjustment
* Sulfur polishing

* C1 chemistry
—FT liquids
-MTG
—Mixed OH

» Aerosol collection

» Microfiltration

» Chemical Stabilization
» Hydrotreating

» Dehydration

» Upgrading
* Production Separation
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Barriers and R&D needs were identified by a panel of expert
stakeholders at the DOE 30 x 30 Workshop in August

 Technology issues with scale and syngas quality, and process integration
» Feeder systems
» Gas cleanup: tars, sulfur, particulates, etc.
e Matching scale to economy
* Lack of demonstration plants
* Other
* Business links: fuel resources > conversion > product distribution

« Competition between biomass, coal, natural gas, and tar sands for
talent, construction materials, capital

« Competing markets for resources

* Permitting issues

11/16/2006 8
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The 30 x 30 panel also developed a set of R&D needs

» Feeders (solid biomass)

* High temperature materials, esp. for black liquor gasification

» Syngas conversion to match scale — better processes/catalysts
» Gas cleanup

» Gasifier type

* Blended fuels

 Technology demonstrations

11/16/2006 9
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Representative Gasification Pathways

: Low Pressure Shift !
Blomass —> Gasification > Conversion P Compression >
Feed Preparation
& Handling > Oxygen
L
\ 4
> High Pressure Hot Gas . _ Acid Gas |
Gasification ll > Cleanup ¥ formings-p-@empressial Removal » Synthesis

: LP Indirect . Cold Gas > Compression
Gasification Cleanup & Reforming

!

LP Indirect e Lol vig
—P . —P Conditioning ——PrCompressiont—P>
Gasification ]
& Reforming

11/16/2006 10
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Lessons Learned

'\\. EKY 1|'"|. —_,'M-“f

2
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Lessons Learned Areas

Non-Technical
Management
*Financial
|nstitutional
*Permitting
*Reqgulatory

*Technical
*Feed
«Conversion
Cleanup
Intergration

11/16/2006 12
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Table 4.3: Summary of Biomass Power Plants in this Report

Plant Online Fuels Boiler(s) Io/hr  Psig _PF MWe
Bay Front Dec-79 Mill, TDF, coal 2 modified coal stokers 280,000 30
Kettle Falls Dec-83 Mill 1traveling grate stoker 415,000 1500 950 46
McNeil Jun-84 Forest, mill,urban 1ltraveling grate stoker 480,000 1275 950 50
Shasta Dec-87 Mill, forest, ag, 3traveling grate stokers 510,000 900 905 499
EINido (closed) Oct-88 Ag, forest, mill,  1bubbling FBC 130,000 650 750 10
Madera (closed) Jul-89 Ag, forest, mill,  1bubbling FBC 260,000 850 850 25
Stratton Nov-89 Mill, forest 1traveling grate stoker 400,000 1485 955 45
Chowchilla Il (closed) Feb-90 Ag, forest, mill, 1bubbling FBC 130,000 650 750 10
Tracy Dec-90 Ag, urban 1 water-cooled vib grate 185
Tacoma (cofiring) Aug-91 Wood, RDF, coal 2bubbling FBCs 400 750 12
Colmac Feb-92 Urban, ag, coke 2 CFB boilers 464,000 1255 925 49
Grayling Aug-92 Mill, forest 1traveling grate stoker 330,000 1280 950 36.17
Williams Lake Apr-93 Mill 1watercooled vib grate 561,750 1575 950 60
Multitrade Jun-94  Mill 3fixed grate stokers 726,000 1500 950 795
Ridge Aug-94 Urban, tires, LFG 1traveling grate stoker 345,000 1500 980 40
Greenidge (cofiring) Oct-94 Manufacturing 1tangentially-fired PC 665,000 1465 1005 10.8*
Camas (cogen) Dec-95 Mill 1watercooled vib grate 220,000 600 750 38-48
Snohomish (cogen) Aug-96 Mill,urban 1sloping grate 435,000 825 850 43
Okeelanta (cogen) Jan-97 Bagasse, urban, 3watercooled vib grate 1,320,000 1525 955 74
Lahti (cofiring, cogen) Jan-98 Urban, RDF 1 CFBgasifier+ PC 992,000 2500 1004 25**

*108total net MW, 10% fromwood and 90% from coal.

167 i[/?('glazlogaet MW, 15% frombiofuels and 85% from coal. Wiltsee, NREL/SR-570-26946, 200(1)3
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Lessons Learned From EXxisting Plants

Fuel
 Tradeoff between Cost and Quality
 May be limited by permit requirements

Fuel Yard and Fuel Feed System

* Cited as area giving most problems during startup phase
 Problems include odors, pile heating, varying moisture content, handling

Design for Fuel Flexibility
* Design must be flexible to handle varying fuel quality
Location
* Plant must be located near the available fuel supply - economics
Reliability and Dependability
* Plant design/equipment selection critical
Partnerships
* Need to form formal/informal partnerships with key customers and suppliers

Benefits
 Plants demonstrate economic and environmental benefits to local area

11/16/2006 14
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Hawaii Project Lessons Learned

« Non- Technical
» Cost increase — lack of E&C firm

* Environmental Assessment — EA process has to be
included in time/cost estimates

» Energy Policy Act of 1992
» Technical Advisory Group
» Technical
» Cost Increase — feed system redesign
* Feed equipment technical design
« Capability to operate R&D versus commercial equipment
» Experience — needed for review of equipment details

11/16/2006 17
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MNVAP Project Lessons Learned
*Project

*65 MW IGCC located in Granite Falls, Minnesota
*Alfalfa Pellets
«Carbona/IGT Technology

o[ ack of Commercial Readiness

*Extensive operating experience in proposed configuration needed

*1000-2000 hours at steady state
*Scale of 10 too large to incorporate guarantees and warranties for unproven unit
operations
*Doubly important for downstream unit operations dependent on upstream unproven
operations

*Suitability of Feed

*Problematic composition — alkali, nitrogen, sulfur

*Form of feed to determined at start of project

Composition of feed not determined correctly before pilot testing — hand harvested Impact
of off-spec feed not determined

11/16/2006 18
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MNVAP Project Lessons Learned

*Operability of Pilot Plant

*Kvaerner had no real “ownership” of technology

*Mothballed facility — project had to bear cost of activation

*Full complement of operators not on staff

District heating — timing requirements incompatible with DOE funding cycle

eTechnical Problems and Solutions

*Primary problems with ash handling & removal

*New dome-loaded ash removal valves successfully tested

*Operation of ceramic candle filters — ability to handle process upsets was not
demonstrated

11/16/2006 19





. FERCO GASIFIER- BURLINGTON, VT

350 TPD

Ash recov ew =—

cyclone
[
]“Hue v tr
gas

Medium Btu
product gas
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Vermont SilvaGas™ Gasifier
Performance

= Over 20,000 hours of
operation in 10 ton/day
pilot plant validated by
system performance in
350 ton/day gasifier

= Consistent gas heating
value with 10-50% feed
moisture

= Capacity increased to
over 150%o0f design

= Rapid response to feed
rate changes

= Feedstock data base
expanded

11/16/2006

Heating Value, Btu/scf

Gas Composition August, 2000
Gasification |
—"""""'"‘l""""'""“"l
4 Startup [ Shutdown

SEIEL

§1000 §11/00 §11/00 81200 §12/00
1200

000

1200 000 1200
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Vermont SilvaGas™ QOperating Results

= Over 600 tons of
wood process in

param ?triC tESting Comparison of Burlington Data to PRU
campaigns 100
* Inputs to design < 80- —
improvements s . > odl
identified 5 Operation /;@m///

o [ )
= Equipment limitations S 40 . ..: . — Pru Data
related to auxiliary 5 t
systems not main-line
process 0 ‘ ‘

1000 1200 1400 1600

= Reliable data gathered Gasifier Temperature, F
confirming process
performance

projections

11/16/2006 22
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TRI gasifier at Georgia Pacific Big Island Mill

Facing South

Replaces 1970's Black Liquor smelters

Fully integrated into GP mill; 2-x-200 t/d BLS
Produces 440-500 Btu/scf gas and 25 MW,
Significant emissions reductions

Facing North

11/16/2006
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Black Liguor Steam Gasification

Saturated [ Pulsed heater cooling circuit
Steam to Mill BEW. omitted from this unit for clarity.

Flare ﬂ

Green Liquor
Superheated (Na2C03+Na2s)
Steam to Mill To Effluent

A

SO,
Scrubber;

Superheater

I() Black
Liquor
N I »"Green Liquor

Eductor Eductor (Na2c03)
: To Mill
Process l
Condensate I i ® Y —
——1
— .
mmmm  Green Liquor PFD1-REV 7

Filter

Process
Condensate
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Norampac Gasifier

11/16/2006 25
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Small and medium size combined heat and power is a good
opportunity for biomass

Credit: Carbona Corp

Credit: Community Power Corp

11/16/2006
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DOE and the USDA Forest Service have supported development
Community Power Corporation’s BioMax Modular Biopower System

5, 15, 50 kW systems

SECONDARY

AIR INPUT -\ r

PRIMARY
AIR INPUT

il

By 7 /35
J BioMax 15/33

STATIONARY
FLAME FRONT

Gas Production Modle
S I—

CHAR REMOVAL
AUGER

4

Credit: Community Power Corp
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DOE, the European Union, the Danish government, Skive
Fjernvarme, and Carbona are cooperatlng In the 5SMWe Carbona

Project in Skive, Denmark

TAR CRACKER €0

ASH GAS TANK

— D — STACK = =7
GAS COOLHR N ! i

FUEL
FEEDING

HEAT RECOVER

POWER

GAS ENGINE(S)

» 110 tpd wood pellets

* 5.4 MW electric power

11.5 MW thermal

» 30, elec LHV eff, 90% overall

11/16/2006 Credit: Carbona Corp.
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		USA Gasification Projects – Lessons Learned���

		Efficient biomass gasifiers exploit the unique characteristics of biomass

		There are technical barriers needing addressing in the major processing steps in thermochemical conversion

		Barriers and R&D needs were identified by a panel of expert stakeholders at the DOE 30 x 30 Workshop in August 

		The 30 x 30 panel also developed a set of R&D needs

		TRI gasifier at Georgia Pacific Big Island Mill

		Small and medium size combined heat and power is a good opportunity for biomass




SKIVE BGGE/CHP PLANT PROJECT

October, 2006

Jim Patel
Carbona Corporation

2611 Marshfield Road, Vallejo, CA 94591
tel. +1 707 553 9800
fax: +1 707 553 9800
e-mail:carbona@carbona.us
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PRINCIPLE OF THE FLUIDIZED BED GASIFIER
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HOT PRODUCT GAS
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GASIFICATION PILOT PLANT (20 MW;;)
Tampere Finland
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MAP OF DENMARK SHOWING SKIVE

CARBONA






INTERNATIONAL FUNDING COOPERATION

DOE
U.S.

Carbona Carbona Inc.
Corporation

SKIVE
CHP Project

SKIVE Fjernvarme

DEA
Denmark

CARBONA . =






SKIVE PROJECT PARTICIPANTS

CARBONA
Gasification Plant

CARBONA

SKIVE
Fjernvarme
Plant Owner

BRUUN & SORENSEN
CHP Plant
& BOP

RAMB@LL
Project Coordination
& Building

AAEN
Consulting Engineers
Owner’s Engineer






SKIVE PROCESS DIAGRAM

GAS COOLER GAS FILTER A

TO STACK

BOILER
BIOMASS

v

FLY ASH

DISTRICT HEATING
11.5 MWy,

GAS SCRUBBING CZ

GAS BUFFER TANK

GASIFIER l

AIR & STEAM v
WATER

POWER
5.5 MWe

GAS ENGINES
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SKIVE PROCESS DESIGN BASIS

® Plant Configuration:

low pressure fluidized bed gasifier
tar reforming

gas cooling and scrubbing

gas engines

district heating system

® Plant Capacity:
= biomass feed 110 tpd
=  power generation max. 5.45 MW
= 11.5 MW district heat, supply at 94/50 °C

® Fuel:
= wood pellets, thermal input 19,5 MJ/s
= 9.5 % moisture content

® General:
= annual operation 8000 hours
= technical life time >15 years

® Plant Efficiency:
=  electrical efficiency 28 % (LHV, net)
= electrical efficiency 30% (LHV, gross)

CARBONA N






SKIVE PROCESS DESIGN BASIS

® (Gasifier:

= fluidized bed gasifier with one cyclone
= operation at 2 bar pressure

= dry ash removal

= gasification with air and steam

= heat input: 20 MWth

= product gas composition to gas engine:

CO %-vol 23.41
CO, %-vol 9.90
H, %-vol 20.71
H,O %-vol 3.32
CH, %-vol 0.93
C,H, %-vol 0.001
C.H, %-vol 0.001
N, %-vol 41.72
H,S+COS %-vol 0.008
NH,+HCN %-vol 0.005
HCI %-vol 0.003

= product gas heating value:
LHV MJ/M3n 55

CARBONA S





SKIVE PROCESS DESIGN BASIS

® Tar Reformer (Cracker):

= Ni based catalyst blocks

= decomposes tars and ammonia

=  operating temperature 900°C

= gas combustion with air to compensate
heat consumption of catalyst process

= Nitrogen/steam back - pulsing

® Gas Cooling and Cleaning:

= water cooled, fire tube type, steam generating
gas cooler from 900 to 200 °C

=  bag filter operated at 200 °C, nitrogen
back pulsing

= two gas scrubbers using water to cool
from 200 °C to 30 °C

=  gas heater to adjust relative humidity in gas

CARBONA S





SKIVE PROCESS DESIGN BASIS

® Gas Engines:

= 3xJMS620GS from Jenbacher AG, Austria
= four-stroke, 20 cylinders, turbocharged

=  engine capacity 2 MWe

= cooling heat recovered as district heat

= exhaust gas heat recovered as district heat

® District Heating System:

= connected to existing system

= gas cooler heat recovered

= gas engine cooling heat recovered

= gas engine exhaust gas heat recovered

CARBONA I





TAR REFORMER

General

® Removes tars and higher hydrocarbons from gas

® Converts tars and higher hydrocarbons to lighter
combustible gas components: Carbon monoxide (CO) and
hydrogen (H,)

® Removes also ammonia (NH,)

® No loss of energy

® No waste

CARBONA B





TAR REFORMER CATALYST

Catalyst
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SLIP-STREAM TESTING UNIT

SLIP-STREAM TESTING UNIT AT LAHTI
CFB-GASIFICATION PLANT

+ nickel catalyst long-term testing
= SCO testing

FILTER CATALYST
REACTOR

Pulsing nitrogen )
g g Air

B .
Lahtl Kymijani Power Flant

I,
) s

)

Data acquisiion
via Intarneat

]
<
0
(<
L
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]
n
<
L
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STEAM EJECTOR
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JENBACHER ENGINE
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GAS ENGINE GAS QUALITY REQUIREMENT

GAS ENGINE GAS QUALITY REQUIREMENT (JENBACHER)

Jenbacher limits
Temperature 104 °F
Pressure 4 psig
Relative humidity 80 %
Particle content 10 ppmw
Sulfur content 197 ppmv
Halogen content 9-37 ppmv
Ammonia content 11 ppmv
Oil (tar) content 0.21 ppmv
Jenbacher experience with gas LHV: 46-230  Btu/scf

CARBONA ——————





VENDORS

The following vendors are contracted for the building and main equipment:

Piping and Equipment Installation Dansvejs A/S
GE Jenbacher AG is selected to deliver the gas engines.

® Building: Erling Jensen A/S

® (Gasifier and other main pressure vessels: Hollming Works Oy

® Fuel feeding and ash removal equipment: Pneuplan Oy

® Gas coolers: Sento Oy, Hogfors

® G(Gas scrubber: Condens Oy

® Gas filter: T. B. Dahlman B.\V.

® Gas boilers: Dansk Energi Service A/S
® Refractory: Suomen Muuraustyo Oy
® Electrification: Wicotec A/S

® Automation: BV Electronics A/S

[ J

([
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PROJECT STATUS

Readiness of installation work at the end of September 2006
Building 100%

Mechanical 98% (insulation work excluded)

Piping 90% (insulation work excluded)

Electrical 95%

All erection shall be finalized beginning of October 2006.
Insulation work starts in October 2006.

Mechanical cold commissioning starts in October 2006
Electrical commissioning starts in mid October 2006

Hot commissioning is scheduled to start in January 2007

CARBONA ——





COMMISSIONING SCHEDULE

SKIVE GASIFICATION PLANT COMMISSIONING

|» Task Name
GP ERECTION COMPLETED
Tz | PRE-COMMISSIONING TESTS
7| ERECTION COMPLETED INSPECTIONS
"1z |FUNCTIONAL TESTS

1€ |COLD PROCESS TESTS (no gas generation)

28 |TEST RUNS {optimization, uninterrupted)

38| TRAINING 1

O TRAINING 2

18 [WARM PROCESS TESTS PAHSE 1 (wfo reformer)

25 WARM PROCESS TESTS PHASE 2 (with reformer)

[N Wov T2 Qec 0 Jan ‘17 =eb 07 Mar o7 ApricT
18125| 2 |2 [6f22]50] & 132037 (4 (11|32 1 |8 [1£]22]20| & 121925 5 |12]15]26]| 2 | C

.]21:1
= — ]
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ﬁ

Project 320 SKIVE
Date: Fri £ 10.06

"Roiled Up Miesione <>
*Roiled Up Progress NN

Saternal Tasss
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EXISTING BIOMASS HEATING PLANT AT SKIVE, DENMARK
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02
03

05
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08
09

CARBONA

Feedingsystem
Gasifier

Cyclon

Dolomite feeding
Tar Cracker
Heal exchange
Filter unit

Gas tank
Scrubber
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Gas engines and silencers
Gas bollers

Ash removal

Exist. biomass boilers
Exist. filter units

Exist. chalk dosage

New chimney

Exist. chimney






GROUND BREAK 4/2005
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START CONSTRUCTION
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GASIFIER TRANSPORTATION
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FUEL STORAGE
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FUEL FEEDING
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GASIFIER TOP
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GASIFIER FEEDING POINTS
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GASIFIER BOTTOM
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REFORMER
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GAS COOLER
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FILTER
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SCRUBBER
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GAS TANK
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GASIFIER AND FLARE INSTALLED






PLANT OPEN CONSTRUCTION

Flare, Gasifier, Reformer
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AIR COOLERS

24 3 2006
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GAS BOILER
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ANDRITZ/CARBONA

@ Andritz Oy acquired minority ownership in Carbona Inc. in 8/2006 Option for
full ownership in future

@ Andritz has biomass gasification background from 1980’s as Ahlstrom
Machinery Oy

@ Carbona has developed improved biomass gasification technology since 1990

@ Initial target in P&P industry
= Lime kiln gasifier
= Fuel for power boilers
= RB Steam trimming

@  Future target in P&P industry

Biomass IGCC power plant
= Biorefinery/liquid fuels

Q CHP Plants
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