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Biofuels are hot again - this time it’s the global warming

America’s new thinking on the Middle East
Why hedge-fund fees need dipping

The soaring price of luxury assets
The kidney market

[t (R
ECO]IO INIST  Actvistsharsholders =

Another day, another new exoplanet
J ~onm How Chechnya changed Russla

(7 Cleaning up

4 ]
A 15-page report on how business istackling dimate change I o u e s

towards a greener and
secure energy future
Editor :



http://www.time.com/time/magazine/0,9263,7601070409,00.html�

Outline

Introduction
= Characterisation, resources
= Fuel prices, trade, politics

Process routes and options

Technologies and cycles
= Combustion/Co-combustion
® Gasification/gasification-combustion

Producer gas impurities and gas/particle cleaning

Examples of projects at NTNU/Sintef

Biofuels for transport

Poly/tri-generation biomass systems

Conclusions

@ NTNU

Innovation and Creativity

www.nthu.no




Biofuels — some examples

Pellets

www.nthu.no
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Brenselanalyser

Direkte Analyse (Proximate Anlysis)

—  Fuktighet (moisture content) [vekt%]
- Flyktige Bestanddeler (volatile matter) [vekt% |
- Fast Karbon (ix-C) [vekt% ]
- Aske (ash) [vekt% ]

Analysen gjgres pa ratt brensel

Elementanalyse (Ultimate Analysis)

— Karbon C [vekt%]
- Hydrogen H [vekt%]
- Oksygen O [vekt% ]
- Nitrogen N [vekt%]
- Svovel S [vekt% ]

Analysen gjgres pa tgrr og askefri basis (DAF)

@ NTNU
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Wzl properties of coal, natural gas and varlous Woody and herbacedus raw materlals and feedslocks

B NTNU
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Motivation
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Source: OECDVIEA
Warld Energy Outlook, 2004
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Forest Biofuels in Norway

Avvirkning og tilvekst av skog | Norge

FoAil ] m3 med bark

10
25 1
Tiheksk
20 33-TWh
15
10 ,\_d_/\.\"\][
Annrirkming
& | | 20 TWh
= ; v
1Q20 1940 1564 1950 20CHD

Kilde: SSB, NIJOS, Petter Heyerdahl (UMB)
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FUEL MARKET POTENTIAL

Lo
Refuse

= derived fuel

O. Grasses

Woady
MARKET . biomass
POTENTIAL

Straw

Short

. rotation

- forestry

High . Sludge

High OVERALL TECHNOLOGY Low
RELIABILITY




I WOOD FUEL PRICES Euro/mwh)

NTNU

O Wood chips — large scale W \Wood pellets — large scale
O Wood pellets — domestic user 0 Wood logs — domestic user
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BIOMASS TRADE
IN EUROPE

o

2= BN

e O
v r‘ g‘ *""', a1

e FOREST RESIDUES

m— |NOUSTRIAL BY-PRODUCTS
(sawdust, bark, chips)

—& OMESTIC FIREWOOD

— OO0 WASTES

——& REFINED WOOD FUELS
{pellets, brigueites)

e PEAT

== OTHER (SRC, straw)




EU-Politics, regulations

*RES increase from 6% (1997) to 12% (2010)
RES-E incr. from 14% (1997) to 22% (2010)

Energy Performance Certificate in Buildings
(Savings, Space Heat., DH, reduce FF)

Solid Biofuel Standardisation — CEN TC-335

Biofuels Directive to replace gasoline and diesel
by 2% in 2005, 5.75% in 2010 and 20% in 2020



Energy from biomass. Routes and options

FUELS INTERMEDIATE PRODUCTS / SECONDARY ENERGY FINAL PRODUCTS

CARRIERS
SilgtOhejlng)as biological —— Hydrogen | '
processes (H,) eng‘/fob/ne
gas,-ﬁ';a? synthesis [~ reforming |
biomass Z,’:‘Z;geﬁ:fn —»| Substitute natural gas £t eng/turbine — &

& fermentation —» ethanol engine —| movement i
biom?ss pyrolysis —» engine ——» cell
W: e extraction —» bio-diesel engine —
energy generaaar/engme I

crops

Combustion + steam cycle or Stirling *‘ electricity I



Small scale combustion

. Whltfeld b
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Medium/Large scale combustion

M\ v
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Fluidized bed

Stationary fluidized bed.

Flue gas

Secondary combustion
chamber

Startup burner —— Secondary air

Secondary air

Residue feed

Combustion

air entry 5 —- 100 MW

www.nthu.no

Circulating fluidized bed.

Riser

Cyclone

Secondary air

Residue
feed

Orifice plate

1y _l)///
Combustion
air entry

Combustion
air entry




Waste combustion

(F)
1 - Dumping terminal 10 - Electrastatic precipitator A - Municipal solid waste
2 - Storage bunker 11 - Washing tower B - Bottom ash
3 - Waste crane 12 - Water treatment system C - Fly ash
4 - Feeding hopper 13 - Filter press D - Filter cake
5 - Dosing pusher 14 - Bottom ash container E - Drain water
6 - Furnace with moving grates 15 - Bottom ash bunker F - Flue gas
7 - Primary air supply 16 - Flue gas stack
8 - Secondary air supply 17 - Control room and offices

9 - Hot water boiler

www.nthu.no




Co-combustion — Pulverized fuel
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Gasification

FEEDSTOCK
PP
® .00

NTNU

AIR (STEAM)

AAAAA

GAS CLEANING

UPGRADING \'l

AS
ENGINE

SYN-GAS “COMBUSTION

LCV: 4-6 MJ/Nm3 (air)
MCV: 10-15 MJ/Nm3 (steam)
Naturgass: 40 MJ/Nm3

ASH




SNTEF project - CFD-modeling of gasification/combustion

E PYROLYSIS
A

DRYING

\Hzo

Char, Tar, CO, CO,,
H,, H,0, C,H,,NO,

x! tyr
HOMOGENEOUS
REACTIONS

HETEROGENEOUS
REACTIONS

OXIDIZER

CO, CO,, H,, H,0, ,NO,
LCV-GAS
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o AUSTRIA
CHP- Plant Glssing ooy

product gas

oduct gas oduct gas serupher ®
rodu rodu
P cooerg P filterg N

AL ES

-

gas engine

RENEWABLE ENERGY NETWORK AUSTRIA

|
X, air flue gas
: cooler
' district heating
I air boiler
I I
O ! '
- — - ® — —
oil burner
flue gas
flue gas filtgr
cooler chimney
—g
air i m
¥ bed ash ¥ fly ash



Gasification — co-combustion natural gas

Flue gas

Natural gas T

Supplemental firing

Boiler
| Process steam
Biomass gas Burner

Gasifier > D> A

Natural gas

v v

Combustion
T chamber @
_ Steam turbine
Biomass

q\ Compressor Gas turbine

Air
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SINTEF project - Duct burner: Co-fire of natural gas and syngas




Gasification —co-combustion coal

1] L oFa
/ -

|_Rebuming
il flame

Biofuel

| Main

A
A e

Gasifier

Ash to recycling Coal ash to cement
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TECHNOLOGY STRENGHT

Strong  Average Weak B atm. cFe

= ) ) Atm. BFB

High __ 7] Press. cFB
| . Press. BFE

ol S Updra

MARKET
ATTRACTIVEMNESS

Low

I Entrained Bed

Figure 1.21: Status of gasification technologies (Madified from Maniatis, 2000).




Biomass gasification for heat and power production

BIOMASS ™ s—

feeding
Flare Motor
y'y 7}
Air inlet
I ]
Generator
0‘0
0‘0 i
PBixx Filter
| = t
- - - ! ; »
Gasification reactions Product gas
C(s) + H,O + heat — CO+ H, (H2+ CO)

C(s) + CO, + heat => 2CO

Gas analysis




Stratified downdraft gasifier

Reactor dimensions

Diameter: 100 mm
Height: 500 mm
Feeding rate

4-6 kg/h wood pellets
Air supply

6-8 Nm?3/h (8-10 kg/h)

» Controlled and stable operation.
* Air excess ratio: 0.25-0.30

* 23-26% CO, 14-16% H,, 1.5%CH,, 46-49%N,, 8-11%CO,,
¢ 10 -14 Nm?3/h of product gas.

* Energy output: ~18 kWth

eLow heating value: 5.3 - 5.7 MJ/Nm?

» Cold gas efficiency: 52-64 %

e Tar content: 3 g/Nm?




I Reaction kinetics and models

NTNU

K11
C, +CO, =2C(0)
Kib
C(0)——>CO +C,
nth order Langmuir-Hinshelwood
. K
I =K (pcoz) [ = 11 Peo:

C k k
1+ Pegy + -2
k CO?2 k3 CO

3




Kinetic compensation diagram for
H,O/H, gasification.

E/R (K

¢ Inklfo
= Ink30 birch (tw)
Inklbo wood (13) blrch (tw)
X k nth order wh -
| O different data treatment |barley (41) eattl
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wheat (41) beech tw)
>|< beech (tw)
X washed barley (41)
wheat (41)
barley (16) wheat (20)
wood (12)
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Biomass, steam

steam
gasification
unit

BioSOFC — Project contents and goal

Tar & particle remaval

oand filter

(500°C)
Fy

Cooler

&

-

Heater

h J

SOFC fuel
cell
(1000 =C)

H2, CO, COZ HZ20, NH3, CxHy, tars, particles,
alkali metals, sulphur- and chlorine compounds

Introduction

Goal: Technology development for integrated SOFC, biomass gasification
ntxu and high temperature gas cleaning

H2, CO,C02, H20 MH3, CxHy
insignificant pollutant levels

Low-temperature gas
cleaning system




Particulate gas cleaning in combustion and gasification

Processes
- The Panel Bed Filter, working principle -

Normal operation Regeneration

Cleaned gas : Cleaning pulse

Dust cake

/7

Uncleaned
gas [

7

/P




Panel Bed Filter




H,S removal reactor

Sorbent screening:

— Temperture curves, flow rates, fuel gas
concentrations, influence of water

e (lass cover for the
thermocouple

» Glass disc to avoids
flow towards top/gasket




Single cell test | - Setup

SOFC

SOFC unit

NTNU

Detail of the upper part




Single

cell test | - Results

0.776
0.774
0.772

0.77
0.768
0.766
0.764
0.762

OCV @ different feed composition
1000C

N2+H2+CO2+CO+Air
[ml/min]

B 5075750200
W 50 50 75 25 200
0050 25 75 50 200
0500 7575 200




Single cell test | - Results

50+0+75+75+200 [ml/min]

Voltage drop:
N2+H2+C0O2+CO+AIR 1000C

0.089V per 1A

078 Power:

| ‘\ 0.69W @ 1A
E 0.76
) \‘\
8 0.74 \
S 0.72 \\
S 07 \,

0.68 ‘ ‘

0 0.5 1 1.5
Current [A]




Single cell test | - Results

50+75+75+0+200 [mI/min]
N2+H2+CO2+CO+AIR 1000C
0.9
0.8 |
0.7 T,
> 0.6 M“
% 05
S 04
& 03
0.2
0.1
0 ‘ ‘ ‘ ‘ ‘
0 0.5 1 1.5 2 2.5 3
Current [A]

3.5

Voltage drop:
0.054V pr 1A
Power:

0.72W @ 1A



Three different technologies will coexists for production
of biofuels

Bioethanol

Hydrolysis Fermentation Distillation Bioethanol

Biodiesel

Biomass to liquid (BTL)

-

e Catalysed T . .
Gasification e NIEWN—> Biodiesel



http://www.home.no/skarevik/traer.gif�
http://upload.wikimedia.org/wikipedia/commons/f/fa/Canola_field_temora_nsw.jpg�

Both agricultural and wood based materials are involved
In biofuels production

Bioethanol Biodiesel

Sugar cane Sugar beet Corn Wheat Rapeseed Jatropha

Europe,

Brazil, India, Europe, China US, China Indlal,J(éhlna, Europe, Canada, Indonesia, Africa, South

China, Colombia China, Russia Malaysia, Nigeria Eastern Asia, India

Biomass to liquids (Second generation)

oK,

Switchgrass Miscanthus Bagasse



http://upload.wikimedia.org/wikipedia/commons/f/fa/Canola_field_temora_nsw.jpg�

Bioethanol and biodiesel have different properties

Bioethanol
 CH,CH,OH
» Can be blended with gasoline (up to ~10%) or used in special cars

« Commercially available
» Brazil is the largest consumer

Biodiesel
* Depends on raw material, typically C,,H,, to C;cHs,

e Can be used in today’s diesel cars
« Commercially available from agricultural crops
 Germany is the largest consumer




World production of bioethanol eight times that of
biodiesel

Production of bioethanol dominated by Brazil and US Production of biodiesel dominated by Europe

Mtoe Mtoe
18 5 B Rest of the world 18 - B Rest of the world
[[] United States I [l France

15 [l Brazil 15 1 [J Germany
12 - I 19 -

9 — 9

6 6 -

3 3

—
O T T 1 0 T I I T
2001 2003 2005 2001 2003 2005

Source: IEA World Energy Outlook 2006




Gasification of biomass is flexible with respect to raw
materials and end products

Wood/
Wood waste

Fischer-Tropsch

process Biodiesel

Black liquor

Agricultural DME- .
materials production Dimethyleter

Gasification

Sewage

Methanol
sludge

production Methanol

So%E Hydrogen

production Hydrogen

Organic
waste




Syntetic fuels - Choren

-

air oxvyoen

heat exchanger

raw gas
(tarfree)

temperature T _
gasifier _ - combustible
(NTV) Carbo- ViF- = CO+H;

gasifier

deduster =—

residual colke,
ash, dust

salid-baondad
vitritied slang

washer -

wigste water



Concentration [Mol %]

b
AUSTRIA

[energy from biomass]

FT-product in off gas (condensed)

FT-Diesel

RENEWABLE ENERGY NETWORK AUSTRIA




Wide range in LCA results (1)

200

180 +——

160

140

120

100

80

WTW GHG (g CO 2¢q / km)

60

40

Gasoline
®

| Conv.diesel

16% GHG savings per v-km

EtOH: wheat

Common basis: 2010
PISI or
DICI DPF (not for DME)

EtOH: sugar

beet

63% GHG savings per v-km

300 350 400 450 500
WTW energy (MJ /100 km)

oncawe, et al., 2004.
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AUSTRIA

[energy from biomass ]

The basic concept —
“Green Chemistry”

| Biomass
Blomass Gasification

Producer Gas

(gas engine, gas turbine,
L fuel cell)

Synthetic Natural
Gas (BioSNG)

FT-Fuels
(BioFiT)

Methanol

Hydrogen

Others (e.g.DME)

RENEWABLE ENERGY NETWORK AUSTRIA



-iNE-

AUSTRIA
[energy from biomass]
% Efficiencies in Case of Polygeneration
100 . L
B Synfuel__M Electricity [0 District heat
CHP-plants Fischer-Tropsch Bio-SNG
80
Fuel Fuel
orientation orientation
60
40
20 A
0 Il T
Gas engine BIGCC FT FT POLY BioSNG BioSNG POLY

RENEWABLE ENERGY NETWORK AUSTRIA
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AUSTRIA

[energy from biomass]

ST — NCO + 2nH, = NCH, + NH,0
Slurry bed reactor

Temperature 200-
300°C | _ o
Pressure 20-30 bar ; Biomass gasification
Capacity ~ 10 /
Nm3/h i
Catalyst 005: Iron ) |
20086: : | -. -

Cobalt EE Wiy = ST H-— .

& | . Biomass

HIE{'I- }l‘:*_} Eﬁ ’E‘Ss
i I

BioFiT- liquid fuel '

ereclieijon)

BioSNG-production

RENEWABLE ENERGY NETWORK AUSTRIA



Conclusions

Biofuels can be utilised in a large range of processes and by the
use of many different technologies at different scales.

Biofuels will play an increased importance in the energy system in
the future.

Biofuels is the only renewable energy resource which can be used
In both heat, electricity and transport applications.

The most important processes will be combustion and gasification.
Combustion and co-combustion will be most important for heat,
power and CHP applications.

— Particles, UHC, CO small plants

— Fouling/slagging (Cl, K, S, Na) larger plants
Gasification/combustion/co-gasification can be the source of both
(heat), electricity and transport fuels including hydrogen

— Gas cleaning like tars, H,S, particles, alkali metals and chlorine
compounds

Gasification also has the potential for advanced processes like
high temperature fuel cells.
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