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T

R4 B R/ PRI R/ E = %“«f’/i"’.;é

1. 32x/5%3 4
2. Fﬁ/}a /l/rv/?ﬁ.
S VS S
4, F=2 "/ LRT A

MRgge Ml A 22eg[ B3 4FY[HHe

4

w ?Jf@/ L4 iE ek /02-23666525
B/ g k 4 /02 23666870
¥l 1 e/ #h Vg ik /02-23229531

ISR S S
E

Ty Ty

DR RE 98 E 102 27T P2 98 E 112 5P DB R R HBL CER
FEPH 98 E L2 24 p
KR B
B dse 2 B 7R (biomass fuel ) & B34 (wood pellet )~ &4+ Fat (torrefied
wood ) ~ &% (torrefaction)~ s f€ < % (ECX)

PEREC(CFIZFF)

AT R (wood pellet) o 2 JF 4t 5 AT ® £ 2 & iR > B b 5 85% T
B AEFRERFERFF-BE 2 BRI EFRAEEE R R T
AR E F kR KR MU R P KR B
YRR B AT R F o PR TR LB T

b

/),%l
A2 HFaMemBE oo ARREFFHEEZLE 2270 %0 REFER
Ao A Y BRFRAETBRATHERE WAL I RF T HBRERY 28
B TR e L BN GG OM AT A R E A SRR
o BFMFEE PR AL AR IR TR AT SRR
T27 A TR Sy RT A RL LT o

>
4
H

> T the BI IR L T (http://open. nat. gov. tw/reportwork )
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T BACHE - AL EZ IRP
Fla MR CH
k= R RA R T £
ped 4 H had B -
L E - 1% B Rl Rk
Moo T # T VA Y
kR B B R ERE- A
/é < 1l ‘*”5 VL }f‘@ ﬁ"?ﬁg £
» 28  (FARK
A DR BRAAAME 0T A
BRI | BF BT f 1] I?F?E“ =k Jf“
10127 CA (™ — IR ED
Topell . e ¥ Torrefied Wood Sy » i
: P 5 IR
Dellets (| PR 10/28 Torrefied Wood S5 T H [ 1 Jfi
Vapo 1.*5%}#%1[’ Wood Pellets %!@’ﬁﬁ  FylT) HepE
Group 10/29 Wood Pellets 4 147 41
% | R ) 2% Fortum Pl 4 W72 [ 9oLt
Fortum 10/30 o TR e BRI R ERT R
Energy Tl S
European
Climate 1. iﬁ%iﬁgiﬁ“%«'%?ﬁ?fﬂgﬂf
Exchange o 1031 (2. i gy i b PSRRI B (i —
TS
» 4 ol [ f GIASGOW )
Glasgow o
Doosan 1173 3. BRIV 1% > B (GIASGOW — i
Babcock ¥7)
Energy
N/A~11/5 |59 (i — 7347 )
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A ESE R (wood pellet) B2 Bl 4 372 L 4 i R
T8 H AR FERRE I L 2 E
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BB 2 Famey 3o A MRl L B4 ol i
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AR RE T MRRERY 2RI F R REMNF G
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;‘ﬁu FrEPfSADT Y ATV EE N TRy

o

RIS PR P T2 7 A T s ST AR 7
X OBE TG R R R S TSR EOER
F1& 2 FesE s
- ~ & H ~ AF3EE Wood Pellet % %24 Fat Torrefied Wood
T

Iy A ERT £ 2z ild Fae o ¥ iFF kY %5 A4
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P RBLFT Y R

S

B

7
T~

te b RHEE Z K TR
LG R 1S BB S FT% > BREES A A
e =] (pelletizing) ~#FH=3 ~EahL ~ FFEH
# AR (pellet) s & 90 # P~ d A0 IR iR W} i
BT AR R Y o

A RTR A w5 3] (Pellet) & A A
(Briquette) -

ONorm M7135  DINGI73l -

E /% mm 4~10 4~10
£ & mm D X E T <50
% & Kg/dm3 >1.12 1.0~1.4
#i8 kcal/kg 4300 4181~4659
ki % <10 <12
7 2% <0.5 <1.5
mzE % <0. 04 <0.08
¥ 7 2<% < 0.3 <0.3
#72<% <0.02 <0.03

European Commission/DG JRC Institute/2006)
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=
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— v B TR A RS 200~300 B AP A4k F R

BT 0 210~30 A g A A f2 B A% o 3t 7 iy TOPELL
SRR SR 2_ Torbed Reactor # it 8 B #
X320 B AABREOF o B AT RN

5 BRMEAEEAY i TR L S RIS B
%o iR g 90 2 T0%PE £ o (dofl- )
m_

B — ~ ket A T R (1)
g

Torrefaction for upgrading biomass

Gas
Dry Tomified
biomass 0.3 ]DJ biomass
1 Torrefaction 0.7 b ¢
—'1 200-300°C —FID_EI rocess parameters
Temperature: 200-300°C
0.9 - Residence time: 10-30 minutes
Energy dEI‘ISlfCEITan 'Z|"-.'|J-"kg} 1 ;? =13 Particle size: = 4 om
- Absence of oxygen
mass energy Pressure: near atmospheric

AR RS R 4 B H i enf i (4539~5256Kcal/Kg v LHV
AR) 2277 Bt (HGI 38~48) > ¥ 1" MiE % ¢ha { 7 5 &2

E(co-firing) - (ir@B= -~ Bl=)
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B — > RBEERALE TR LE (2)

Why torrefaction: from biomass/waste to commodity fuel

Woody biomass  Agricultural residues

Friable and less fibrous
19 - 22 MUkg (LHV, ar)
Hydrophobic
FPresaned
Homogeneous

Tenacious and fibrous
10 - 17 MJkg (LHY, ar)
Hydrophilic
Vulnerable to bodegradation

Helerogeneous Bulk density 700-B00 kg/m?
Bulk energy density 13-17 GJ/m? Fuel peliets

‘\n

Bl = ~ ki + i

COMBINING TORREFACTION AND PELLETING

LEADS TO SUPERIOR ENERGY DENSITY (GJ/M3)
Handling characteristics improve substantially

Torrefaction <|.|_ Pelleting ;l: Torreflied pelleis |
Inereased calorific value *  Increased bulk density (~ = Increased energy density
(=22 MVkg) when compared BO0 kp/m") when comparned {~19 Glim3) when
to wood (~+30%4) o regular wood pellet compared to wood pellets

[=+30%) (=+T0%)
Hydrophobic nature
Hydrophobic mature *  Hydrophobic nature
Easy grindability
=  Easy grindability
(Hardgrove Grindabilit
Irde 38-48)

= Mo biologikeal activity
= Mo biological activity
* Homogeneous output from
heterogenesus [nput =  Homogeneous outpul From
heterogeneous {nput

TOPELL
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= j\;}ﬁg’gir{#ifﬁ,%:

Bokix% ar 10 (15max)
5 ki»9% a.d 5

% a.d 28 (24min)

A i»9% a.d 14 (18max)
9% a.d 0.62 (1. 25max)

i Kcal/Kg a.r 6200 (5900min)

et HGI 50 (45min)
T e a.d 60max

S AT REATHE AP Bz 2R LR
Bl g
i s R F R R
Rz LRG> FlEmy £l
FEF (HGD) $i » fsps g
AFARCR 2 B4Ry o REA AR 7 B
F 28 2 FRORRES 2 F AR

— v PR A FRERES N4 (deBle )
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Biomass @D , .
Pellets Coal Mills 1
Coal Burners Boiler
Coal o Coal Mills ! I
@ 1€)) D
. . . o
Biomass Biomass Mills Biomass Burner
o  Gasifier ©

1. The milling of biomass pellets through modified coal mills,

2. The pre-mixing of the biomass with the coal, and the milling and firing of the mixed fuel
through the existing coal firing system,

3. The direct injection of pre-milled biomass into the pulverised coal pipework,
4. The direct injection of pre-milled biomass into modified coal burners,

5. The direct injection of the pre-milled biomass through dedicated biomass burners or
directly into the furnace, and
6. The gasification of the biomass, with combustion of the product gas in the boiler

Page 1
Bancen Rabearck Ensogy

1~ & &8 % %u(Direct co-firing system)

O~-Off s B #R%E:
FOMB N LA TR AT B RE BE BT
FOVLGE H A e b o SR fRIRET SN MR K~ M2 B
SAFTE (ERT R PRI GFTE) B R

£ T AR T SRS S (R - BR L)
PO N LA FTRREERIERE (RI ) ERNF 2HER

MR B BAERES RFARTR Y
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)

[E&#L -~ Biomass pre-mixing system

gl PP AL B & 5 TR - SR
B R P N o BRI N2 R B (BER A
#E ) BB 5~10% (5~6% = L ML 5% L) a7 it
2B AT B T RSB R - b ER W
PR > Ao

PO NFHK A TR ML PRS2 2 s & o
SFERERR IR TG P RPI R REFRL
B E R RS N MR L BE LR
(# R Drax £ 4 2005 £ § %Az © X445 % o R

N0 P ow P CGREREY )
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SO A S OB A B GRA R ETHRA R
Mill> e 5120 60 2 ol Frabok - § AR I aads 2 3 B
PR R SRR LA B PR A
B NGB R (4ot ¥ Studstrup T Ak
coal-straw &% > 4eHl» )

m_;

B 75 ~ FF4Studstrup & mik ke 2315 20 )

Odl lance | rew position)

Ctram

| Ol lanie - ., —

{org. positin ) \u/_ !_L_J“‘ '
T —
¥ — ——— —

s ==

Daasar Aascack Eusgy

SO N HRFZHME AT ML ~ FlarasF % 2% i
D ARHUE T LA TR R Bk
FORREKA A R A TR A T
FHEL Yt PR AL - At oA b
i PR ik

2~ iR E k %e(Indirect co-firing system)
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FOML FHRIRYE o A& s RS R

(gasification) ?R%$#-Z 4 chsyngas £2 %28 dihlp — 428

G IL T I Y - syngas SRR R & B SRgT FR

S - BRE S PR T B R wood pellet A FREALRE

g3t 5 5 5-1096 -
BANTRE /- DI RE R SR

T R FAERR S ATl

BEHPER AE T 2R

KL KR S E R RN (W ) S

m.:

[&+: -~ Biomass storage shed

BB en® 24 (A0 RIA B )0 A lAe R B TR iR S
HEE AR

B~ REHEE RS P s TR B R R
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T Aeend R AT

~ ‘S‘_f‘\l&f‘/{-‘w"

= ~ W Drax & B % L Fortum & Rz &2 Fopd i 4
# ® Drax & R -
6 3% 660MW Y2 % % » & 3048 10 S k%48 > & S & | PFER R
3 36H BRPENFERE L 02 0 °
2005 # § %Az > S ey B2 AERMES NRAEA TR (T
WA FREMIL S EG2 4 FREE A B BRERE
ERFOEFEFPIAGT BETF 2 RN AR AoB N B
1)

B A\~ 35 B Drax & B B ikt
E R E A

i The prototype direct co-firing system
i has been in successful operation
since summer 2005, firing a range of
 pre-milled biomass materials.

Drax are now replicating this
approach to two mills on all six

: boilers.
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10% co-firing at Drax power station (UK)
Processing System Boder
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FH & Fortum % A
B~ 330 100MW 5 %2 (1959 # @& » P4 b ~ % )5 1970 & &
oo o sts R 53 01990 & A Hp R 2 B A Felo
fo o Bm b PR RT R NEREAR G A W S o (B 1
BRFATH A P e 0 B3R Rlee k FERY )
e~ b 3 3R T0OMW 4% feet A B ap k3 3030 & Hammer
Mill~ A 922 Bid 3 ~ G5 BT R ASZ A 1 g A 32
A~ A R B fs 2 Particle 100%<3mm > 30%<0.5mn -
7o~ F 100% A~ FaE 0 SRy Ball Type Mill > Zf4e 10%
A s
N F 0% A FREA 0 SR Ball Type Mill » ¥ 30965547

3% 2. Hammer Mill R+ i% §¢

B R E AT (SHBRERFLEEETT M)
SO0z ~ COz ~ NOx * *% o

B FlA AR E RN R BT R A

#5F

& )@.’éé FFE"EE °

~>

3 A AR AR BIF 0 EH R AR R B
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B A RELR Y e AT

I~ 2 Fool Mill 2 B AT 1 % 5 dicd PR P B R
AT R PERE L FIEEFLZER R SR
FEAERESIB AT EF A BV RLER ST R
EREZRILMIIFTREAIAFE - b EE > FHL
Mill p 22 R¥:E % 2B 8 o

22 ERPER P 7R LR E M FAEENEE I
VEEARM K A o MR IRVER TR
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FoRFRALFVRPEOET (B RE S FRE
) deg A TR R R TRURES 5 Faeg
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Shp BT LR E B AR AT ¢ FGD tp ARk
FEEF2ZEF -

T~ 2 Folin > i 4§ P i aerosols 0 ¥ it B
SESP ye f 2 o

8 A s s A BB R LG A dA oo v
P EAEFERB A I DERS TR 4B

AR o PR YR 2 0 TP Y A AR T

CERPRAL A KR E

QLK A U aEE  F A S B & 502~ NOx ~ Mg

538 Rl
"‘B’/{%{\

EF2002 & 4T Acde L A RRAE Dk 74T
AP O A R MR A TGRS e
Hote (4oBlL - Do gt b g S BRI S 0T B
9 RN R

1% L

Z

S AR L
w B e 2% (Fly Ash For Concrete EN-450) /& 3F 2 7B % 4
AR B R AR E DR F 2096 (mass) fuel based %2 10

9% (mass) ash based (iREz 2 Fop " T & )o



E-+— * Current status of biomass co-firing at the large central coal-fired
stations in Britain { April 2002-A

Statian Capacity (MW,) Generator cumulative Gyyh
Aberthaw 1,455 FWE npower 431
Cockenzie 1,200 Scottish Power 217
Cottam 2,000 EdF 571
Ditlcot 2,100 RWWE noower "y
Drax 4,000 Drax Power 2,263
Egahorouah 1,960 British Eneroy 742
Ferrybridge 2,035 SSE 2,132
Fiddlers Ferry 1,995 SSE 1,409
Ironhridae 870 E.on UK 178
Kingsnorth 2,034 E.on LK 769
Longannet 2,400 Scottish Power G20
Ratcliffe 2,00 E.on UK 38
Rugelev 1,000 Int. Power ke
Tilbury 1,085 RWWE nnower 100
West Burton 1,880 EdF 392

Total MWh 10,676

Wood Pellets 2 f 4t p # 46+ 4 150~200 % ~ /o (& 454 #
PEFF LR ) BEL A5 4000~4500 Keal/Kg » H i & &

X 5~6 % ~/GJ> * I k& Wood Pellets 2. CIF % # & 47354c™ £

Cost estimate for R dam CIF at several potential
locations( € /GJ)

8.0
8 -~
_‘gj 7.0
[ 3]
£ 6.0
=
. 0.0
S
= 4.0
~
w 3.0
=
w 2.0
-
3
S 1.0
0.0
& |\ A\ & & @ o N ] > > N
I S R T IR VN
< S & & & N & & & © 2 &
5 8 & @9 @e @Q &
o
Salaries(2) ®Travel costs
Flant Maintenance as % of fixed assets ®land leasing
Sales, Marketing and RED costs ®Consul tancy Cost/ Project Management
Managements Fees/ costs charged by Topell B.Y. (holding) ®(eneral & Administration Costs
Licence costs ®Stochiometric price(raw material cost per mt pellets produced)
Electricity costs(3) BBinder costs

" Transport Interest



5719 F1 o H 37 FI

Torrefied pellets 2 %t d »202%&= 4 2 | > Torrefied pellets
1} 1
Ji w#fp'z% ¥ &

pellets Wi 7

7 AR a& L % Torrefied pellets ®i¢ 7 TOPELL 5 & »
$200~250 2 ~> HE i=#E = A 10% ~/GJ-Torrefied

R B CRERN > A R FRER S

Torrefied pellets g . #-< g™ " » g5 2020 # H =& &

T2 309 0 £ Twc~/G) s Torrefied pellets & 78 = & & 45 ( AL ~

SERE. AN @ﬁ;—l) 2Rk AABF AT £ oo

€ 10,00
€900
€8,00 -
€7,00 -
€6,00 -
€5,00 -
€4,00 -
€3,00 -
€2,00 -
€1,00 -
€0,00

Transport
m Production

m Feedstock

Plant NL - 2010 Plant 2015 Plant 2020

Wood Pellets &*

Bt 4 R

K
ot
B

« Torrefied pellets 2

AARFENDPDALSP BB AR BIRF BE Y KA

FoADP P B AMRE S As Y TR B R R 4
e , Wood Torrefied
i R R #R Pellets Pellets
. 15 24 14 90 150 250
¥t e ~ /4 /M3 | F /R | F /M| E R/
Hifma A
USS/MVBTU 11.5 20. 2 11.3 3.8 7.0 10.0

BE R4 Fh R
= v N AN 7N

’ﬁ v Fr=

FRPTY FTSCTAl AT

LAY gk fE
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AR FRT O H EARMY A ERL R F YRR R ARES A
2 isz2 R AAdTE > A TR AR ki g B i 0 14 TOPELL eh

Torrefied pellets B %2 A 2 6] F R p o3 A5 3.6%~/G] CO
*AG1.0bwm~/G) = ¥ H & &35 5.1 8%~/Gl> * Torrefied

pellets e 10 &~ /GJ » 2% F CO2 = & F ik » W8 &8 A BiR & 3R
H > F @ Torrefied pellets FlEpr= g m k& 7 ' » p 15 2020 &
Torrefied pellets & 7T & ~/GJ &% = A4p g » F 2 F § £ CO2
xR gtk o B 2015 # Torrefied pellets £2%4°% & A2 i 4p
K o 33 Wood pellets 2 #iE =~ 55 6% ~/G]> 1 & 2015 &

Foil S $ AR 2 R e I -

€ 10,00 G
€9,00 -

€ 8,00

€7,00 \Q

£€6,00 - e C0al
€5,00 co2
€4,00

£3.00 Coal ¥
£2.00 o
€ 1,00 High
opell
2010 2015 2020 eﬁ’er

€0,00
4 RTRRLR 2 R F AT

95 KEMA &0 i 2 @ B AT HLEE T > P 9 IR S in s Fonps
Aixa 2R EL-316 8% &> T3 28FeE 8- H A7 L

SRR R AT B A TR REEERR O RA L RES
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Base case value is -3.763

Net present value NPV after operating period (MUSD)]
-20 -15 -10 -5 a 5 10 15
) ) - i i
Biomass price {USD/MWhiuel) is 7.34 e * 5,87
1
1
Coal price (USD/MWhuel) is 6.41 413 7.7
Spec investment cost biomass installation (USDVKWth) is 182 | s
130 !
CO2-emission cost (USDAon) is 3 1.5 | 4.5
1
Biomass-firing efficiency (-, rel o coal-firing) is 0.95 0.92 | 1
1
502-emission cost (USDdon) is 650 325 | - (]
[}
Operating period {a) is 30 25 B - 45
Equivalent full load cperating hours (EFOH) is 7008 5307 - i -}

Additional fixed O&M cost biomass installation

(fracticn of investment costfa) is 0.03 Lhen H 803
Specific CO2 emission of coal (Ie/MWhiuel) is 694 &850 h 708
Additional variable O&M cost piumass installation 0.4 " 038
{UsSD/MWhfuel) is 037 !
Specific 502 emission of coal (IbMAWhfuel) is 14.7 13 Il 161
Specific 502 emission of biomass (Ib/MAWhfuel) is 0.8 1 i 0.6
1

&2 209 -

I

CPE A TR R RN RARR LA B g 0 F A
w4 %‘r);l—«} FH e 0 10 2 = Eg‘rw— 3 ﬂ-ﬁ 5 ,%,zg‘n o
oA R E A § K dodRURR T F R 2 R
LR Y v 4 % 14 0.5-1. 596 (£ Bl &% 2004, 11.3 F

,s}:i>o
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$z3 mMERELY
%1% Climate Exchange PLCf 4
(- ) Climate Exchange PLCiRm4z

ASA B B PR B T SR RS R s 4 KR

S
5
a3
5
A
5
75
pe
-\T\
5
3£
i
~D,_
IR

g F P 0k B iE E 2
FoERATGAF 2 F EE o ol BB
Slde 7 R"EAL g g R ML -

1994 & 1 3 sk & WF BRI HE 2L

3
p-i3
«r
o

Eﬁ G- %é?{ 1997 & #7+4] 2 shm. 'FK;% i’?—.‘v‘ g

ETINS
.-
’%_.;\
p:3

B2 E T BT RS o F BT IR R F R

e P AR ARRE 2T g it

Hic.‘la Sandor

iﬁ’%ﬁ%ﬁ@@i:iﬂﬁﬁ;ﬁ%oi
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RERBEARES R F R RS -

fg_?’?%jf_%é ’%Pifﬁ«ﬂf’ﬁ;”%‘;/‘ E_]L% ﬂ”’",l)gét)\\zi
R AEPE LRI LIRS § OB R o A e

7 -t

TRAFER o BRI B FIETE
JRE ¥ S U FLESCRE -
- B iR RPN IR ep)
#(Neil Eckert)4& + 4= 2 % R4 %

B o w P B RIR R e

e B EE B R B PRGOS T - B
an ECKe

14
(=) ECXZICEg iehf %
2 W% 2 % %t (Intercontinental Exchange » ICE) =
2302000 &5 7 > MINERERFIoL VLR KT H

kg THFRFEPEFF k2 d 6 RIRFET4 2P eptd

N

TP HRIE 2 2001 F 0 P ARG R E R


http://wiki.mbalib.com/zh-tw/%E8%82%A1%E6%9D%83
http://wiki.mbalib.com/w/index.php?title=%E5%9B%BD%E9%99%85%E7%9F%B3%E6%B2%B9%E4%BA%A4%E6%98%93%E6%89%80&action=edit
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FoATegd WL ST F T Lo kR 2 APBAEN S
ARG T ORPERTIFDREHNTE o S iy
B p 2 EHEES AR EFERN

d 2t igseH 2 % #7(Climate Exchange PLO) &I = 4 % 4t
BN E T EE R 0 B - B RR e & R 23k 0 [CE
PR3 &4 ATE R § i3 2 % #1(European Climate
Exchange, ™™ @ # ECXOp » H 2 % & & o &2 [CE B )
ECX B gt H s ecn AP ™ 57 (85 o

T F EErp 2005 & AT iGEK 2 0 Bode 0 EUAs(EU

allowance Units, EUAs) % %e> RFEEL 2 s g1 2
(Carbon Financial Instruments: @ # CFls) &> ¢ 2
HE2ERE DL FHE - CFls*2mb s AP H T
+ R & ICE Futures Europe 2 % » ¥ d ®rpEa &2 ¢

% % 4+ LCH. Clearnet & 7% % > 2§ #M 5 & W £ R IRir
# I 5 (Financial Services Authority, FSA) P = @ 5 A&
H80 R AL EEFER KHEL L ECX2p &ed ECX &2
ICE Futures Europe #7%% & & 02 % # % F B EUAs R
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%} ECX & ICE Partnership

WebICE Plaiform
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- Ice FUTURES ELUROPE
= Product Development = System infrastructure
= Client Relationships = Clearing and Settlement
= Marketing = Regulation

= Supervision and Helpdesk
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Wz F NP ARYERD SERFELLIZEEREF &
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3 > 4 CER(certified emission reductions)#f b % i %
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(Ozone Season Futures) ~ SFI(Sul fur Financial Instrument)
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¢ 4L # 7 # (Canadian Regulatory Framework for
Industrial GHG Emissions and Domestic Trading System)

2007 & 7% = zod FHEEL 2 %5 “7(Montréal Exchange, MX)
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Bavde £ & R4 w28 #r(Canadian Derivatives Clearing
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[ European Climate J

Exchange (ECX)

%28 ECX< % A2 %
(=) w®wE#2%2 % 4 (European Union Greenhouse Gas Emission
Trading Scheme , EU ETS)

S FRMFACERAP FHE2TBERT &2 P REFrE-
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fade 2 B £ % 2 5 84| (European Union Greenhouse Gas
Emission Trading Scheme , EU ETS)#_p # & ~ 78 ¥ it mdt
2 E A 22005 # 1 0 & N > L FE KB
12,000 f> #2358 b B8 0 46% > 1 & AR F iE 2 5
r (ECX) % % -
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Futures, Options and Spot
based on underlying:

EUASs CERSs (secondary)
European Union Allowances Certified Emission
EU ETS - CDM -
European Union Clean Development

Emissions Trading Scheme Mechanism project credits
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ECN /Biomass co-firing in high percentages-opportunities in
conventional and advanced coal-fired plants/2008
TOPELL/Topell on torrefaction/2009

Doosan Babcock Energy/Practical experience of biomass
co-firing 1in large coal-fired utility boilers/2009

KEMA /Technical status of biomass co-firing/2009
KEMA/co-firing high percentages—new chances for old power
stations/2008

ECX/The Carbon Market/ECX Emissions Contracts/2009
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AGENDA

1. Introduction to torrefaction:
1. Characteristics
2. Competition
3. Markets
4. Pricing

2. Combination with CHP

A
A A

. TOPELL



Torrefaction is favourable to the environment
Topell meets the most stringent environmental criteria and
creates social value

*  94% reduction in CO, emission; LCA (life cycle analysis) Topell process by

RUG(RIijks Universiteit Groningen) and DHV(Engineering Consultant)

*  No competition with food production; Topell uses inedible residues of fibrous

biomass from local sources

Improves biodiversity through landscape and forest maintenance
eserves environmental quality

)

Responsible approach towards landscaping
Residual biomass is main feedstock source
* We meet cradle to cradle waste free principle
TOPELL

ro water pollution
Creates new green economies and employment both at regional and at global level

Biomass originates from certified sustainable sources



COMBINING TORREFACTION AND PELLETING

LEADS TO SUPERIOR ENERGY DENSITY (GJ/M3)
Handling characteristics improve substantially

Torrefaction

]

Pelleting

IncreaMlorific
value (~22 MJ/kQ)

when compared to
wood (~+30%)

Hydrophobic nature
Easy grindability

No biological activity
Homogeneous output

from heterogeneous
input

]

Torrefied pellets

IncreaMlk
density (~ 850 kg/m?3)
when compared to
regular wood pellet
(~+30%)

]

. IncreasMrgy

density (~19 GJ/m3)
when compared to
wood pellets (~+70%)
 Hydrophobic nature
» Easy grindability
* No biological activity
e Homogeneous output

from heterogeneous
input




TORREFACTION with the TORBED

Horizontal motion and subjecting the base layer of the bed to high impact gas
velocities and thus higher heat and mass transfer rates.

Torbed-reactor How it functions

Raw material inlet

TOPELL



Topell claims to be global leader in torrefaction

technology
opportunity to take strategic position

» Torrefaction process time of 60-120 seconds versus 15 minutes to 2 hours++ for

all other reactor technologies

* AAA companies like Shell are using Torbed reactor versus predominantly new or

developmental reactor types from competitors

RWE has invested in Topell process versus no significant corporate investments
r other technologies
versus fluidized beds and rotary kilns

. TOPELL

oven trackrecord for upscaling of Torbed versus wellknown difficulties with

pscaling of other technologies like fluidized beds(ECN) and kilns(Stramproy)

Lower cash cost per mt produced (no moving parts, short residense time etc.)



Torrefied biomass is crucial biomass pre-treatment step for numerous
energy applications

Torref ied

biomass
|
Densification not densified

Pelletisation Briquetting
-~ -
Transport Transport
Conversion Coibistion Casifleatlon Fre-cursor Steel

| actived carbon producers
Co-firing coal | Stand-alone | pomesticwood Stand-alone Co~Firme Eiachers Nethane

Market power plant CHP stove CHP ‘Mlpﬁi ired E’;;ﬁ'mﬁs production

. TOPELL
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Start of construction September 2009, plant start up in June 2010

TOPELL



orrefied pellets can compete with coal + CO, Iin near

future
down Price CIF Rotterdam Topell pellet (€/GJ) D Price CIF Rotterdam of Coal vs. Topell pellet (€/GJ) ®
€10,00 /10\
£8,00 - >

» Transport €6,00 y Coal

1 Production €5,00 1 —C02
€4,00 -

m Feedstock £3,00 P— Coal +co,
€200 / = u s Coal+
€1,00 - co2
€0,00 High

Plant NL - 2010 Plant 2015 Plant 2020 2010 2015 2020 ;Zﬁ eet”

(1) Topell analysis

TOPELL

(2) Coal CIF Rotterdam put at € 80. CO2-emission rights put at € 15/25/35 per ton for 2010/2015/2020.




PRICEWISE NORTH-AMERICA/CANADA

PROVIDES FOR EXCELLENT SOURCING
Poland and Latvia competitive in Europe

Cost estimate for R’ dam CIF at several potential
locations( € /GJ)

o
[—

Pricelevel CIF Rotterdam at which Topell can close longterm(5 yrs+) high volume contracts(100-500 kt)

=r] S |
= =

/GI CIF Rotterdam

& < > \3’@ m"’@ e‘;‘\@ @"b& & ¥ S > H‘"ﬁ(‘ é\q?b ~ s {.;,‘5}
3 o < & P & & o < P Y
(g

Salaries(2) " Travel :d:@ls

Plant Maintenance as % of {iaed assets 8 armd leasing

dales, Marketing and BED costs ®Consultancy Cost/ Project Management

Managenents Fees/ costs charged by Topell B.Y. (holding) ®heneral & Adninistration Costs

Licence costs " Stochiometric pricelraw paterial cost per mt pellets produced)
Electricity costs(3) ®Einder costs
"Transport " Interest

TOPELL



Polow Biomass Gasifier Remijn: heat application

Biomass: demolition wood chips

'Application: natural gas replacement
Capacity: 3,5 MWth
TOPELL




Typical lay-out for electricity generation using
Polow/Torbed® gasifier system

CDRAMT I, THR

T i o o 0 o (il BN _

5IMig

TORBED Gurisfication Meodhle
Fay




Schematic overview for discussion

1SNvH
-X3

WOOD =P DRIER

[
>

BUFFER

A\ 4

y'y
@— AIR
A HGF TRF > CHP > é
‘ ‘ UH ] e
\ 4

. TOPELL



TOPELL OFFERS
a ‘competitive’ return and roll out opportunities to
more plants

Topell brings:

Partner preferably brings:

 Technology

e Sales contract

* Limited project equity

e (Possibly) Project finance

Feedstock contract (commercial
terms)

Location and permits
(commercial terms)

Project equity

Project development/early stage

project manw

Topell gets:

Partner gets:

Ownership >50% in JV
* Pellets to be marketed as Topell
pellets

Long-term off take of biomass at
commercial rates, from JV.
‘Competitive' return on equity
capital in JV. Return higher than
return on equity in regular wood

TOPELL

neallet nlant
r-lv rllvl.ll\.l

TTGTC

14



EXPECTED RoE SUBSTANTIALLY HIGHER WHEN COMPARED TO

SIMILAR INVESTMENT IN WOOD PELLETS
US Plant example

Torrefied pellets Conventional wood pellets
Cost of factory € 12,000,000 € 6,000,000
Equity investment € 4,000,000 € 2,000,000
Sales price per ton €175 € 107
Direct costs per ton € 46 €47
Indirect costs per ton €53 €47
EBITDA per ton €76 €14
Net Profit per ton € 36 €5
IRR to shareholders 49.4% 11.3%

Topell will try to organize a ‘fully contracted’ supply chain (with both
feedstock and off-take contracts) as to optimize financial structure

ction plant and conventional wood pellet plant have comparable maximum output of 62,000 tons p.a. Actual output is 55,800 tons p.a. (90% of max
pacity).

bt/Equity is 33%/67%. Equity for torrefaction plant is € 4 mn. Equity for wood pellet plant is € 2 mn

les prices is Ex-Works.

mass prices are those available in US: $35 per ton at 43% wetness for conventional pellet plant (adjusted with factor 1.74 for cost per output ton), versus $23
r ton at 35% wetness for torrefaction plant (adjustment factor 2.03).

irect costs per ton, which includes staff, maintenance, are similar between 2 plants. However, the difference is explained by technology royalties for Topell

nt an_(j[LWSerISIanEt nlw_aiiienance costs (due to higher CAPEX). 15



The Carbon Market

A ¢ " .

How to Trade ECX Emissions Contracts
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About The Market

About ECX

Price, Volume and Open Interest Developments
How to Trade

Members List

Front end trading application: WebICE

Fees and Margin Rates

Appendix: Contract Specifications, OTC Clearing, ECX Indices etc



9 Why are we trading CO2 in Europe?

Every year, 30 billion tonnes of carbon dioxide (CO2)
Is pumped into the atmosphere globally (Europe: 5
billion tonnes)

‘Cap-and-trade’ - originally from the US

Kyoto Protocol (-5% from 1990 level by 2012) tools:
- Emissions Trading

- CDM (Clean Development Mechanism) - CERs

- JI (Joint Implementation) > ERUs

EU Emissions Trading Scheme (EU ETS)

- Begun 2005, runs in phases

- Covers 5 sectors (52% of EU’s total CO2 emissions)
- 12,000 energy-intensive installations across EU27
- 1 EU Allowance (EUA) equals 1 tonne of CO2

- Annual verification of emissions output in April
Beyond Kyoto (post 2012)?




Q About ECX: Corporate structure

PLC

[ Climate Exchange J
(CLE)

European Climate Chicago Climate
Exchange (ECX) Exchange (CCX)

Chicago Climate
Futures Exchange

(CCFE)

Insurance Futures
Exchange Services

(IFEX)




e

9 ECX & ICE Partnership

WebICE Platform

|
=

[ Ice FUTURES EUROPE

« Systems Infrastructure
* Product Development
» Clearing & Settlement
» Marketing & Education
* Market Surveillance

* Relationship Management _
* Regulation & Legal



Futures, Options and Spot
based on underlying:

EUAS CERs
European Union Allowances Certified Emission Reductions
EU ETS - CDM -
European Union Clean Development

Emissions Trading Scheme Mechanism project credits




@ Who is the Carbon Market?

Number of
companies

)

Utilities

Cement / Steel

) /
Pulp and
paper / glass

Speculative traders

Hedge funds

S~

Market product sophistication



Global Exchange Volumes (EUAs + CERs)
June 2009

ECX/ICE82.3%

Green Exchange 0% EEX 0.3%



Price and volume - ECX Contracts

* 2005:
+ 2006:

* 2007:
» 2008:

s CER Options msss CER Futures s ELA Options
ECX Contracts Monthly Yolume and Price —AEE s G, S0k EliAseat
———— EUAFront Month Sett
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o
O
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= 3
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Q EUA-CER Price Spread

30.00

2500 EUA price

20.00

15.00

CER price ‘

10.00

\ &'
Spread
5.00

e°o°°>”<<°¢°v9¢?°>°v9e°0°e°o°s°«°&v9¢@ T



Q Open Interest ECX Contracts

ECX Open Interest Breakdown mCER Options #CER Futures ®EUA Options mEUA Futures

700
N
§ 600
O
]
(o
2
~ 300
1]
5
-
. I I I I I l I I I
>

i IIIIIH

3 B\ I\ N S0 )
¢e°® p.Q"Q 30“'0 g o 00"'“ ¢e°® p.Q‘» 50“'0 pod 00'"0 0e¢ ¢e° p.Q"Q W& g% 0 e ¢e® bt
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@ How to Trade ECX Products

- There are two ways to access the market :
— Become a Member of ECX on ICE Futures; or

— Order-Route as a customer of a Clearing
Member on ICE Futures Europe

« Access route decision will be driven by:
— Nature of company
— Type of trading activity
— Volume of trading activity
— Regulatory status

12



ICE Futures Members enabled to trade ECX Contracts

Accord Energy

Gazprom Marketing & Trading

Fand Financial Services

A0 Investor Serices

Seneva Ireland Trading

RBC Capital Markets Corporation

All Energy Trading

Getco

RBS Sempra Energy Europe

All Oiptions Curagao

GFl Securities

REM Trading

Atel Trading

=H Financials

Royal Bank of Canada Europe

Bache Commodities

Goldman Sachs International

Sagacarban

Banco Santander HSEBEC Bank Saxaon Financials
Barclays Capital ICAR Securities Schneider Trading
B International IMC Trading Schnell & Ca.

BHF Bank

Infiniurn Capital Management

Scottish Power Energy

BMF Faribas Commodity Futures

Jane Street Global Trading

SEB Futures

BPF Gas Marketing

Jaypee International

Shell Energy Trading

British Energy Trading and Sales

JF Morgan Securities

Shell Int. Trading & Shipping

Carbon Capital Markets

Jurmp Trading

Smartest Energy

CEZ

R

Spectron Energy Services

Citadel Derivatives Trading

klimalnvest

Statkraft Energi

Citadel Equity Fund

Lehman Brothers International

Sucden LK

Citigroup Slobal Markets

Limestone Trading

Susguehanna

Climate Change Capital

Liguid Capital Securities

TFS Dervatives

Credit Suisse Securities

Madison Tyler Trading

The Royal Bank of Scotland

Deutsche Bank

Marex Financial

Thyssenkrupp

Oresdner Bank

Marubeni Caorporation

Tibra Trading Europe

E&T Energie flerrill Lynch Commaodities Tatal Slobal Steel
EDF Trading tderrill Lynch International Tradelink

EDF — Energias de Portugal MF Slobal Triland LS4

EGL Spain Mizuho Securities LISA, TR Futures Limited

EGL Trading AG

korgan Stanley

Tullett Frebon Securities

Electra Deutschland

Matixis Commaoadity Markets

IUBS Clearing & Execution

Electrabel Mewedge (formery Calyon) LBS

Endesa Generacion Mewedge (formery FIkAT) “attenfall
First Mew York Securities Marmura International ple Lniversal Data
Fortis Bank Global Clearing Optiver “OF “erbund

Galp Power

F.J. O'Brien & Associates

YWachovia Bank

13



Q ICE Clear Europe Clearing Members

ﬁ@ ADM INVESTOR SERVICES, INC.

Bache Financial Limited

& Santander

BHF ¥ BANK
Sy
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Futures Fee Structure:

ECX EUA & CER Futures Contracts

Amount

Exchange fee

Members’ proprietary business €2.00 per lot per side (€0.002 per tonne)
(inc. Blocks, EFPsand EFSs)

Order-routers and other non-proprietary  €2.50 per lot per side (€0.0025 per tonne)
business (inc. Biocks, EFPsand EFSs)

ICE Clear Europe Clearing fee
All business (inc. Blocks, EFPsand EFSs) €1.50 per lot per side (€.0015 per tonne)
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Spot Fee Structure:

EUA and CER Daily Futures (‘Spot’) Contracts

Amount

Exchange fee

Members’ proprietary business €4.00 per lot per side (€0.004 per tonne)
(inc. Blocks, EFPs and EFSs)

Order-routers and other non-proprietary ~ €5.00 per lot per side (€0.005 per tonne)
business (inc. Blocks, EFPs and EFSs)

ICE Clear Europe Clearing fee
All business (inc. Blocks, EFPs and EFSs) €3.00 per lot per side (€.003 per tonne)
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; Membership Fee Structure:

Total year 1
fees for
trading ECX
Annual Subscriptions Application fees (one-off)  products
Participant ICE Emissions ICE Emissions
Membership Trading Membership Trading
Privilege Privilege

General £6,000 € 2,500 £2,500 € 2,500 £8,500 +
€ 5,000

Trade £2,500 € 2,500 £2,500 € 2,500 £5,000 +

€ 5,000
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Margin Rates

EUA and CER Contracts — July 2009

Margin comes in two forms: Initial and Variation Margin

Initial margin is a returnable good faith deposit required whenever a
futures or options position is opened. The money is returned when the
position is closed out or expires (goes to delivery)

ECX EUA and CER Daily

ECXCER Futures Contract(‘Spot’)
ECX EUA Futures Futures Contract Seller Security (expressed as
Initial margin Contract (per lot) (per lot) a percentage of EDSP)
Qutright Ranges from €1,602 to €1,400 EUA: 14%
2008 - 2014 €1,800 (€1.40 per tonne) CER:16%
(€1.6021t0€1.80 pertonne)
Inter-month €525 €300 N/A
spread (€0.525 per tonne) (€0.300 per
tonne)

Variation Margin represents the profit/ loss in a position each day. ICE Clear Europe
calculates the profits/ losses sustained on each position at the end of day.

Initial margin for Options is not charged on a "per lot" basis but is calculated according to the overall risk
(delta) of the open position. Further details available in ICE ECX Contracts: User Guide’and a margin
calculator ICE SPAN’ can be downloaded from: https://lwww.theice.com/clear_europe_span.jhtml 19
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“The total global carbon market value
could reach €2 trillion ($3.1 trillion) by
2020.”

- POINT CARBON, May 2008
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Q How to Become an Order-routing Client

« No need to apply for ICE Futures membership
 Client signs Terms of Business with Clearer

« Clearer provides either WebICE or ISV (Independent
Software Vendor) solution for trading

« Client has direct electronic execution ability onto the
ICE platform for the trading for ECX CFls

« Trades are registered with ICE Clear Europe in name
of clearer and client remains anonymous

« Access via a broker will be arranged
between broker and Clearing Member
and brokerage fees will be charged




Q How to Become an ECX CFI Member of ICE Futures

Complete:
a) Application Form;

b)
C)

d)

Electronic User Agreement (EUA)

If Clearing Member: Have or be in the
process of securing membership of ICE
Clear Europe; or

If Non-Clearing Member: Clearing
Agreement;

Assign at least one Responsible Individual
(RI) to trade;

Application processed and formally
presented to the ICE Futures’
Authorisation, Rules and Conduct
Committee for approval,

Pay application fee and annual
subscription.

24



Contract Specifications

ICE ECX EUA Futures Contract

Contracts are listed on a quarterly expiry cycle such that 16 contract months are listed from
Contracts listed Dec 2009 to Dec 2012 on a March, June, September and December cycle. Additionally, Dec
2013 and Dec 2014 are listed.

Minimum Trading Size 1 lot/ contract (= 1000 tonnes CO2 EU allowances)

Tick Size €0.01

Contracts are physically settled by transfer of allowances from seller’s account to buyer’s
Settlement & Delivery account via clearing member account and ICE Clear Europe. Delivery takes place three days
after last trading day.

Trade weighted average during the daily closing period (16:50:00 — 16:59:59 hours UK Local

Settlement prices Time) with Quoted Settlement Prices if low liquidity.

Clearing & Contract ICE Clear Europe acts as central counterparty to all trades and guarantees financial
Security performance of ICE Futures contracts registered in the name of its Members.

Trading will occur on ICE Futures’ electronic trading platform (known as the ICE Platform)

Trading system which is accessible via WebICE or through a conformed Independent Software Vendor.

Standard Trading hours  07:00 to 17:00 UK Local Time (02:00 to 12.00 EST)
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Contract Specifications

ICE ECX CER Futures Contract

Contracts listed

Contracts are listed on a quarterly expiry cycle such that 16 contract months are listed from Dec
2009 to Dec 2012 on a March, June, September and December cycle.

Unit of Trading

One lot of 1000 certified emission reduction units (CER) (i.e. units issued pursuant to Article 12
of the Kyoto Protocol and the decisions adopted pursuant to the UNFCCC to the Kyoto Protocol
with the exception of allowances generated by hydroelectric projects with a generating capacity
exceeding 20MW, LULUCEF activities and nuclear facilities). Each CER being an entitlement to
emit one tonne of carbon dioxide equivalent gas.

Minimum Trading Size

1 lot / contract (= 1000 tonnes Certified Emission Reduction units)

Tick Size

€0.01 per tonne (i.e. €10.00 per lot)

Settlement & Delivery

Contracts are physically settled by transfer of CERs from seller’s account to buyer’s account via
clearing member account and ICE Clear Europe. Delivery takes place three days after last
trading day. The Exchange will, from time to time, issue a list of Registries from which ICE Clear
will accept and will deliver CERSs. Initially, this will be restricted to the UK Registry.

Settlement prices

Trade weighted average during the daily settlement period (16:50:00 — 16:59:59 hours UK Local
Time) with Quoted Settlement Prices if low liquidity.

Clearing & Contract
Security

ICE Clear Europe acts as central counterparty to all trades and guarantees financial
performance of ICE Futures contracts registered in the name of its Members.

Standard Trading hours

07:00to 17:00 UK Local Time (02:00 to 12.00 EST)
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Contract Specifications

ICE ECX EUA Options Contract

Contracts Listed

Up to 8 contract months are listed on a quarterly expiry (March, June, September and December ), with
4 new contract months listed on expiry of the December contract. Additional December contracts are
listed out to Dec 12.

Minimum Trading Size

1 lot / contract ( = 1000 tonnes CO2 EU allowances)

Tick Size

€0.01 (tick size capability up to 3 decimal places)

Settlement & Delivery

ECX EUA Options Contracts turn into ECX EUA Futures Contracts at expiry (which are
physically settled contracts) 3 business days before the expiry of the relevant ECX EUA
Futures Contract.

Settlement Prices

Trade weighted average during the daily settlement period (16:50:00 — 16:59:59 hours UK
Local Time) with Quoted Settlement Prices if low liquidity.

Clearing & Contract Security

ICE Clear Europe acts as central counterparty to all trades and guarantees financial
performance of ICE Futures contracts registered in the name of its Members.

Standard Trading Hours

07:00to 17:00 UK Local Time (02:00 to 12.00 EST)

Option Style & Premium

European-style. Premiums are paid at the time of the transaction.

Quotation

A range of strike prices are automatically listed for each contract month covering the price
range from €1.00 — €55.00. The Exchange may add one or more strike prices nearest to
the last price listed as necessary. Strike price intervals are €0.50.

Trading System

Trading will occur on ICE Futures electronic trading platform (known as the ICE Platform)
which is accessible via WebICE or through a conformed Independent Software Vendor.
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Contract Specifications

ICE ECX CER Options Contract

Contracts Listed

Up to 8 contract months are listed on a quarterly expiry (March, June, September and December ),
with 4 new contract months listed on expiry of the December contract. Additional December
contracts are listed out to Dec 12.

Minimum Trading Size

1 lot / contract ( = 1000 tonnes CO2 EU allowances)

Tick Size

€0.01 (tick size capability up to 3 decimal places)

Settlement & Delivery

ECX CER Options Contracts turn into ECX CER Futures Contracts at expiry (which are
physically settled contracts) 3 business days before the expiry of the relevant ECX CER
Futures Contract.

Settlement Prices

Trade weighted average during the daily settlement period (16:50:00 — 16:59:59 hours UK
Local Time) with Quoted Settlement Prices if low liquidity.

Clearing & Contract Security

ICE Clear Europe acts as central counterparty to all trades and guarantees financial
performance of ICE Futures contracts registered in the name of its Members.

Standard Trading Hours

07:00to 17:00 UK Local Time (02:00 to 12.00 EST)

Option Style & Premium

European-style. Premiums are paid at the time of the transaction.

Quotation

A range of strike prices are automatically listed for each contract month covering the price
range from €1.00 — €55.00. The Exchange may add one or more strike prices nearest to
the last price listed as necessary. Strike price intervals are €0.50.

Trading System

Trading will occur on ICE Futures’ electronic trading platform (known as the ICE Platform)
which is accessible via WebICE or through a conformed Independent Software Vendor.
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Contract Specifications

ICE ECX CER Daily Futures Contracts

Contracts listed

The contract is a daily contract. Only one Daily Contract is listed at any one time

Unit of Trading

EUAs: One lot of 1,000 EU Allowances. Each EU Allowance being an entitlement to emit
one tonne of carbon dioxide equivalent gas.

CERs: One lot of 1,000 Certified Emission Reduction units (i.e. units issued pursuant to
Article 12 of the Kyoto Protocol and the decisions adopted pursuant to the UNFCCC to the
Kyoto Protocol with the exception of allowances generated by hydroelectric projects with a
generating capacity exceeding 20MW, LULUCF activities and nuclear facilities). Each CER
being an entitlement to emit one tonne of carbon dioxide equivalent gas.

Minimum Trading Size

1 lot / contract (= 1,000 tonnes European Allowances)

Tick Size €0.01 per tonne (i.e. €10.00 per lot)
Delivery is between Clearing Members and ICE Clear Europe during a Delivery Period.
Delivery The Delivery Period is the period beginning at 18:30 hours on the Contract Date and

ending at 19:00 hours on the second Business Day following the relevant Contract Date.
There is provision for ‘Late’ and ‘Failed’ delivery within the Contract Rules.

Settlement prices

Trade weighted average during the daily closing period (16:50:00 — 16:59:59 hours UK
local time) with Quoted Settlement Prices if low liquidity.

Clearing & Contract
Security

ICE Clear Europe acts as central counterparty to all trades and guarantees financial
performance of ICE Futures contracts registered in the name of its Members.

Trading hours

07:00to 17:00 UK Local Time (02:00 to 12.00 EST)

Margin

Seller pays margin (“Seller’s Security”) by 09:00 on T+1

Payment

Buyer pays full contract value by 09:00 on T+1




Q The Block/EFP/EFS Mechanisms

> 2

 Block trades are large (minimum 50 lots) pre-negotiated futures
transactions executed off-screen, avoiding price distortion. Block
trades need to be reported to the Exchange within 5 minutes of
execution. Their price and volume is reported to the market.

« The Exchange-for-Physical (EFP) and Exchange-for-Swap (EFS)
mechanisms can be used by participants in the emissions markets
who wish to avoid bilateral risk exposure, by registering positions
with the Exchange for clearing by ICE Clear Europe. Price is not
published.

« In order to use the Block/EFP/EFS mechanisms, both
counterparties of the trade are required to have a clearing
agreement in place with a Clearing Member of ICE Futures
Europe.
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9 ECX Indices

« ECX EUA Emissions Morning Marker
A trade-weighted average of all ECX EUA futures trades within 15
minute period from 9.00 —9.15 UK Local Time. Published shortly
after 9.15 UK Local Time for the Sep 09,Dec09, Dec10, Decll and
Decl12 contract months.

« ECX EUA Emissions Index
A trade-weighted average of all ECX EUA futures trades over the
course of the trading day (07:00-17:00). Published shortly after
18.00 UK Local Time for the Sep09, Dec09, Dec10, Decll and
Decl2 contract months.

« ECX CER Emissions Index
A trade-weighted average of all ECX CER futures trades over the
course of the trading day (07:00-17:00). Published shortly after
18.00 UK Local Time for the Sep09, Dec09, Dec 10, Decll and
Decl12 contract months.

« ECXindices are used by the market as benchmarks but are not tradable.
Available on www.ecx.eu (under Market Data)
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Other Information

Authorised Data Vendors and VAT

Codes for viewing live ECX CFl prices

EUA Daily CER Daily

Vendor EUA Futures EUA Options CER Futures CER Options Futures Futures
Bloomberg EMIT (see tab OMON CARA comdty CARZ9C ICEDEUA ICEDCER
92 for EUA CT<GO>
Futures)
cQG UX UXx QCER Options QCER ECX CES
E-Signal/ LUX ECFI{month}-ICE  <17t>CERmy CER{month}-ICE ECS 9H-ICE CES 9H-ICE
FutureSource
ICE Live LUX LUX LUX LUX LUX LUX
IDC <17>t,UX <17t>CERmy
Reuters 0#CFI: CFl+ 0#CERE: O#CERE+ O#CFI2D: ICEDCER

Value Added Tax (VAT):
The UK’s HM Revenue and Customs have confirmed that the trading of the ICE ECX EUA and CER Futures on the Exchange between the

Member and ICE Futures Europe has been granted interim approval to be zero-rated for VAT purposes under the terms of the Terminal
Markets Order.
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ECX . .
9 Delivery Mechanism

L 2
i Nl

g

Seller’s Seller’s Clearing ICE Clear Europe Buyer’s Clearing Buyer’s
Account Member’s Account Account Member’s Account Account

S A g'ﬂl

!

EUAs are held in dematerialized form in National Registries connected
to the CITL (EU Registry). The accounts refer to the National Registry
account where the entity wishes to make / take delivery.



DOOSAN Doosan Babcock Energy

Practical experience
of biomass co-firing
In large coal-fired
utility boilers.

Taiwan Power
October 2009




Content of presentation

e General issues

 The general approach to biomass co-firing and current status in
Britain

 Biomass types and biomass pre-treatment/handling issues

 Biomass co-firing options

e The milling of biomass pellets in coal mills

 The co-milling of biomass with coal in coal mills

 The direct injection of pre-milled biomass

« Combustion through dedicated burners

« Combustion through modified biomass burners

* Direct injection to the pulverised coal pipework

e Technical issues associated with biomass co-firing at elevated
levels

» Ash-related issues
e Conclusions
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DOOSAN Doosan Babcock Energy

General comments and current status in Britain




General comments on the role of biomass co-firing

 Current predictions indicate that the utilisation of steam coal for
power production worldwide will increase substantially over the
next few decades.

« The market demand will be for high efficiency, clean, coal-fired
power generation plants, with biomass co-firing capabilities and
the capability to capture and store carbon dioxide.

 Co-firing is a very attractive option for the utilisation of biomass
and for the delivery of renewable energy, in terms of the capital
iInvestment requirement, the security of supply, the power
generation efficiency and the generation cost.

« This is recognised by IEA Bioenergy and in the EC Biomass
Action Plan, and by EC member state and other governments who
have introduced specific policy instruments to encourage co-firing
activities.
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Doosan Babcock Energy



Biomass co-firing —general issues

« To date, biomass co-firing activities worldwide have almost
exclusively been associated with retrofit projects to existing coal
power plants.

« There have been concerns about the availability of biomass, the
long term security of subsidy incomes and about impacts on power
plant performance and integrity.

e The emphasis has been on the minimisation of the risk of
significant impacts on the coal plant operations, performance and
Integrity.

 The biomass co-firing activities are additional to the installed coal-
firing systems.

* A number of the new build coal power plant projects currently
being developed in Europe and elsewhere have a requirement for a
co-firing capability, generally at the 10-20% level, on a heat input
basis.

Page 4
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The current status of biomass co-firing in Britain

* In April 2002, the British government introduced the Renewables
Obligation, which provides financial incentives to the generators of
electricity from renewable sources, including by biomass co-firing.

 This produced a relatively dramatic increase in biomass co-firing
iInvolving all of the large coal-fired power plants in Britain.

 The co-firing has been mainly by pre-mixing the biomass with the
coal and co-milling and, more recently, by direct injection of pre-
milled biomass.

 To date, the cumulative power generation from co-firing biomass is
In excess of 9 million MWh, with a total ROC value in excess of
£400 million.

« The level of co-firing activity at individual stations has varied
significantly.
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General approach to biomass co-firing in Britain

 The general approach at a number of the stations has been as
follows:

—Establish co-firing by pre-mixing the biomass with the coal and
co-milling at minimum capital cost, and with short project lead
times.

—ODbtain the Section 11 Variation for commercial co-firing
activities.

—Integrate the biomass co-firing into the normal station
operations.

—Upgrade the biomass reception, storage, handling and mixing
facilities, to increase throughput and reduce mechanical
handling constraints, dust generation, etc.

—Start consideration of the direct firing of the biomass to permit
higher co-firing ratios.
—Installation of direct biomass co-firing facilities.
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Current status of biomass co-firing at the large central coal-fired stations in

Britain ( April 2002-April 2009)

Station Capacity (MW,) Generator Cumulative GWh
Aberthaw 1,455 RWE npower 431
Cockenzie 1,200 Scottish Power 217
Cottam 2,000 EdF 571
Didcot 2,100 RWE npower 417
Drax 4,000 Drax Power 2,263
Eggborough 1,960 British Energy 742
Ferrybridge 2,035 SSE 2,132
Fiddlers Ferry 1,995 SSE 1,409
Ironbridge 970 E.on UK 178
Kingsnorth 2,034 E.on UK 769
Longannet 2,400 Scottish Power 680
Ratcliffe 2,010 E.on UK 38
Rugeley 1,000 Int. Power 337
Tilbury 1,085 RWE npower 100
West Burton 1,980 EdF 392

Total MWh 10,676

Doosan Babcock Energy
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DOOSAN Doosan Babcock Energy

Biomass types and pre-treatment/handling
ISsues




General biomass types

Agricultural products

Forestry products

Domestic and
municipal wastes

Energy crops

Harvesting residues Harvesting residues Domestic/industrial Wood
Straws Forestry residues MSW/RDF/SRF Willow
Corn stalks Scrap tyres Poplar
Wood wastes Cottonwood

Sewage sludges

Processing residues

Primary process residues

Urban green wastes

Grasses etc.

Rice husks

Sugarcane bagasse
Olive/palm oil/sunflower
husks and residues
Fruit residues

Bark
Sawdusts
Offcuts

Leaves
Grass and hedge cuttings

Switch grass
Reed canary grass
Miscanthus

Animal wastes

Secondary process wastes

Poultry litter
Tallow
Meat/bone meal

Sawdusts
Offcuts

DOOSAN

Doosan Babcock Energy
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Biomass materials utilised in large quantities in

and principally palm oil and olive oil
production,

* Pellets made from dried sawdusts and other
materials,

e Dried sludges,

 Wood materials in various forms, i.e.
sawdusts, forestry residues, wood processing
residues, short rotation coppice wood, etc.

» Cereal straws and other dry agricultural
residues in baled form.

 The majority of the biomass material co-fired
has been imported from other parts of Europe
and from outside Europe.
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Biomass pre-treatment

As with all fuels, biomass material may require significant pre-
treatment prior to firing. This may include:

—Chipping or shredding,
—Dewatering and/or drying,

—The removal of tramp material, normally by air
classification or magnetic separation,

—Milling,
—Pelletisation or other densification,
—Torrefaction or pyrolysis, with pelletisation.

The infrastructure for the supply and pre-treatment of biomass
materials in very large quantities for co-firing is still under
development in most countries.
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Materials handling issues — general

« Biomass materials are generally delivered as pellets, granular
materials or dusts, or as baled materials.

 In Britain to date, the costs of the specialised storage, handling and
feeding equipment required for baled materials have been
prohibitive for co-firing projects.

« Most biomass materials are easy to ignite and have self-heating
tendencies.

« Most Dbiomass materials generally require covered storage,
although the open storage of sawdusts and wet wood chips is
practised.

e The biggest single problem has been associated with the tendency
of many biomass materials to generate dust, with the associated
health and safety/fugitive emissions issues.

Page 12
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DOOSAN Doosan Babcock Energy

Biomass co-firing options




Current biomass co-firing options for retrofit projects

 The milling of biomass pellets in coal mills,

 The co-firing of solid biomass, in granular, pelletised or dust forms, by
pre-mixing with the coal and processing the mixed fuel through the
installed coal handling, milling and firing systems,

 The direct co-firing of milled solid biomass by pneumatic injection into the
furnace through dedicated biomass burners or through the existing coal
burners,

 The indirect co-firing of solid biomass by gasification and co-firing of the
product gas,

e The parallel co-firing of solid biomass in a dedicated biomass boiler, with
utilisation of the steam in the power generation system of a large coal
power plant, and

 The co-firing of liquid biomass materials as a replacement for fuel oil, for
light-up/mill support and for load carrying.

Page 14
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The principal direct and indirect biomass co-firing options

5.
6.

Doosan Babcock Energy

Biomass

Coal

\ 4

Coal Mills

v

Coal Burners

A 4

Boiler

T 4

Biomass

\ 4

Coal Mills

A 4

Biomass Mills

A

©)

A

@

A A

A 4

Biomass Burner

\ 4

®

Gasifier

The milling of biomass (pellets) through modified coal mills,

The pre-mixing of the biomass with the coal, and the milling and firing of the mixed fuel
through the existing coal firing system,

The direct injection of pre-milled biomass into the pulverised coal pipework,
The direct injection of pre-milled biomass into modified coal burners or directly into the

furnace,

The direct injection of the pre-milled biomass through dedicated biomass burners, and
The gasification of the biomass, with combustion of the product gas in the boiler.
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Biomass co-firing by pre-mixing with coal and co-milling

e Co-firing by co-milling has
been the preferred approach
for stations embarking on co-
firing for the first time.

 The capital investment can be
kept to modest levels, and the
expenditure is principally on
the biomass reception, storage
and handling facilities.

The project can be
Implemented in reasonable
time.

This approach is particularly
attractive when there are
concerns about the security of
supply of the biomass
materials, and about the long
term security of the subsidy
payments for co-firing.

Doosan Babcock Energy
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Biomass co-firing by pre-mixing and co-milling

In general, this approach permits
co-firing at levels up to 5-10% on a
heat input basis.

The key constraints are:

The availability of suitable
biomass supplies,

The limitations of the on-site
biomass reception, storage and
handling facilities and

The limitations associated with
the ability of the coal mills to
co-mill biomass materials.

There are also safety issues
associated with the bunkering and
milling of the mixed coal-biomass
material.

Doosan Babcock Energy
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The co-milling of biomass with coal in coal mills

* In Britain, a range of biomass materials are being co-milled with
coal in ball and tube mills, and in vertical spindle ball and ring, and
roller mills.

* These mills depend on the coal particles being subject to brittle
fracture, and this does not apply to most biomass materials.

* There is atendency for the biomass particles to accumulate in the
mill, during normal operation, and to take longer to clear from the
mill during shutdown.

« With vertical spindle mills there is a tendency for the mill
differential pressure and the mill power take to increase when co-
milling biomass.

» The mill product topsize tends to increase, due to the lower particle
density of the biomass, i.e. larger biomass particles can exit the
classifier.

 When co-milling wet biomass materials there will be an impact on
the mill heat balance, and this may be a limiting factor.

Page 18
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Safety issues when co-milling biomass in large vertical

 The key issue in mill safety is avoiding hot primary air coming into
direct contact with dry fuel.
e This is particularly important during certain mill operations such
as:
— planned and emergency shutdowns,
—restarts after emergency shutdowns,
—loss of coal or intermittent coal feed incidents, etc.
 Biomass has high volatile matter content and combustible volatiles

are released in significant quantities at temperatures above about
180°C, i.e. at much lower temperatures than for bituminous coals.

It is usually advisable to reassess and modify the mill operating
procedures to allow the co-milling of biomass safely.
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Biomass storage shed
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Biomass pre-mixing system
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Biomass co-milling - conclusions

 This approach has been employed successfully at a number of
power plants across Europe for the co-firing of a range of solid
biomass materials.

 The incidence of significant mill safety issues when co-milling
biomass has been fairly modest.

 In general, this approach has permitted the co-firing of up to 10%
biomass on a heat input basis, although 5-6% or less is more
common.

« The most common problems have been associated with the
reception, storage and handling of the biomass, with the most
Important problems being associated with the generation of
biomass dust.
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Milling pelletised biomass in coal mills

* The milling of wood pellets in coal mills, and the firing of the mill product
through the existing pipework and burners, is done at a small number of
power stations in Europe, including Hasselby in Sweden.

* The coal mills are very robust, and have high availability/low
maintenance requirements.

» At best, the coal mill breaks the pellets back to the original dust size
distribution.

* The mill has to be modified to operate with cold primary air. There are
generally no requirements for modifications to the grinding elements.

 The maximum heat input from the mill group is significantly derated,
onIy to around 50-70% of that with coal. Page 23
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Direct injection co-firing systems for biomass

 The biomass can be pre-milled either off-site or on-site.

» All direct injection co-firing systems involve the pneumatic
conveying of the pre-milled biomass from the fuel reception and
handling facility to the boiler house.

 There are three basic direct injection co-firing options:

— Direct injection into the furnace with no combustion air,
—New, dedicated biomass burners, and

—Injection of the biomass into the pulverised coal pipework or through
modified burners.
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Direct injection through dedicated burners

o If the existing coal-firing capability is to be maintained, additional
burners are required for biomass firing.

* Appropriate locations for the biomass burners are not easy to find,
particularly as a retrofit, and additional furnace penetrations and
burner support structures are required.

* Fuel and air supply systems for the biomass burners have to be
installed, and flame monitoring equipment for the biomass flames
are required.

 The impact of exposure of the ‘out of service’ biomass burners to
the coal-fired furnace gases needs assessed.

 The impacts of biomass burners on the coal-firing system have to
be assessed.

« The biomass burners are normally based on conventional
pulverised coal burners or cyclone burners (Ferrybridge).

Overall, the installation of dedicated biomass burners is regarded

as being an expensive and relatively high risk approach to biomass

co-firing.
(/1177 Doosan Babcock Energy
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Direct injection into modified burners

* This has been achieved successfully for both wall-fired and corner-
fired furnaces.

 The quantities of biomass that can be co-fired into a single burner
are quite modest,

 Modification of the existing coal burners involves additional cost
and risk compared to injection into the pulverised coal pipework.

* This approach may be necessary in some cases, depending on the
nature of the biomass, particularly if there is arisk of blockage of
the fuel supply pipework at splitters, e.g. with chopped straw at
Studstrup in Denmark.
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Studstrup coal-straw burner
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Direct injection into the pulverised coal firing system

» Direct injection into the existing coal firing system is relatively
simple and cheap to install.

 The mill air and fuel flow rates can be reduced in line with the
biomass conveying air flow rate, and the heat input to the mill
group from the biomass.

 Both the mill and the burners can be maintained within their normal
operating envelopes for both the heat input and primary air flow
rate.

* The maximum heat input from the mill group is not affected, and
can be increased in some cases.

 There are new interfaces between the mill and biomass conveying
system controls, covering permits to operate, biomass system
shutdowns, start-ups and trips, etc.

 There is arecent demonstration of a direct firing system at Drax
Power Station in Britain. The system has been in successful
operation since summer 2005, firing a wide variety of pre-milled
biomass materials. This system is currently being extended

significantly. —_—
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Drax Direct Co-firing

The biomass metering and feeding system

The prototype direct co-firing system
has been in successful operation
since summer 2005, firing a range of
pre-milled biomass materials.

Drax are now replicating this
approach to two mills on all six
boilers.
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Drax Direct Co-firing

The biomass pipes and the injection point

 The injection point is in the mill outlet pipes, just downstream of the
product dampers. The injection point is a simple shallow angle T-in,
fitted with an actuated shut-off valve for the biomass,

» Both the mill and the burners are maintained within their normal
operating envelopes for both the heat input and primary air flow rate.
The maximum heat input from the mill group is not affected.
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Technical issues with biomass co-firing at elevated

 The procurement of very large quantities of biomass,

* Fuel quality/flexibility issues, and off-site biomass storage and pre-
processing arrangements and costs.

 Fuel deliveries/reception, on-site handling, storage and pre-
processing of very large quantities of biomass.

* Direct injection of pre-milled biomass at high biomass co-firing
ratios, and the impact on combustion/NO, control,

 The increased risks of excessive ash deposition, and fireside boiler
tube corrosion.

 The production of mixed biomass/coal ashes and the risks to the
normal ash utilisation/disposal routes.
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Biomass ash effects

 Most biomass materials have low ash contents (<5%), compared to
most power station coals.

« The biomass ashes are very different chemically from coal ashes,
I.e. they are not an alumino-silicate system, but a mixture of S|mple
Inorganic compounds, of Si, K, Ca, P and S.

 There are concerns about increased rates of deposition on boiler
surfaces and the surfaces of SCR catalysts.

« There are concerns about increased rates of high temperature
corrosion of boiler components, with high chlorine biomass
materials.

* Biomass co-firing tends to increase the level of submicron aerosols
and fume in the flue gases, and may impact ESP collection
efficiency.

« There may be utilisation/disposal issues with mixed coal/biomass
ashes.
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Biomass ash compositions

Biomass Forestry SRC Cereal Oil seed | Olive Palm Distillers | Poultry
residue willow straw rape residue kernel grains litter
straw

Ash (%) 2 2 5 5 7 4 4 13
Analysis

(mg kg)

Al - - 50 50 1,500 750 - 600
Ca 5,000 5,000 4,000 15,000 6,000 3,000 1,000 20,000
Fe - 100 100 100 900 2,500 - 900
K 2,000 3,000 10,000 10,000 23,000 3,000 8,000 5,000
Mg 800 500 700 700 2,000 3,000 2,000 5,000
Na 200 - 500 500 100 200 1,500 3,000
P 500 800 1,000 1,000 1,500 7,000 12,000 14,000
Si 3,000 - 10,000 1,000 5,000 3,000 400 9,000

DOOSAN
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The key biomass mineral transformations in flames

 The fusion or partial fusion of quartz and silica particles and, at
high temperatures, interactions to form alkali and alkaline earth
metal silicates,

» The fusion or partial fusion of alumino-silicates,

« The decomposition of carbonates, oxalates, chlorides, etc. and
other inorganic salts,

 The volatilisation of alkali metals and some heavy metals,

o Particle fragmentation by thermal shock and the rapid release of
gaseous species from particles, and

 The coalescence of intra-particle mineral particles.
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The most important ash-related issues in combustors

.
Al1U DO

« The formation of fused or partly-fused agglomerates and slag
deposits at high temperatures within furnaces,

 The formation of bonded ash deposits and accumulations of ash
materials at lower temperatures on surfaces in the convective
sections of boilers,

« The accelerated metal wastage of furnace and boiler components
due to gas-side corrosion under ash deposits, and due ash particle
Impact erosion or ash abrasion of boiler components and other
equipment,

 The formation and emission of sub-micron aerosols and fumes,

« Biomass ash impacts on the performance of flue gas cleaning
equipment, and

« The handling and the utilisation/disposal of ash residues from
biomass combustion plants, and of the mixed ash residues from
the co-firing of biomass in coal-fired boilers.
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The control of ash deposition

e The careful design of the furnace and boiler convective section,
which recognises properly the characteristics and behaviour of the fuel
ash, is of prime importance. The incorporation of specific furnace and
boiler design features to minimise ash deposition, and to aid the removal
of ash and the avoidance of ash accumulation.

* The correct design, operation and maintenance of the combustion
equipment and of the on-line cleaning systems are important issues.

 Intensive cleaning of the furnace and boiler surfaces during outages
can be very effective in increasing the operating times between outages.

» There are specialised on-line deposition monitoring and
sootblowing control systems that are commercially available and that
can assist significantly with the optimisation of the sootblower operations
and the control of ash deposition.
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Overview of ash-related issues

 The chemistry and mineralogy of biomass ashes and of the mixed
ashes from co-firing biomass with coal are reasonably well
understood.

e There are risks of decreased ash fusion temperatures and
iIncreased slag formation, depending principally on the co-firing
ratio, and the ash content and ash chemistry of the biomass.

 There are risks of increased fouling of convective pass surfaces
and of SCR catalysts.

 The Slagging and Fouling indexes and other assessment methods
devised for coal ashes can be applied successfully to biomass-coal
ash mixtures, with appropriate modification.

* In general, the plant experience at co-firing ratios less than 10% on
a heat input basis, indicates that the impacts on ash deposition
have been modest.

At higher co-firing ratios the risks of increased deposition and
other ash-related impacts are higher, and this will lead to
restrictions in the range of biomass materials that can be co-fired.
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Conclusions

e Large scale biomass co-firing is one of the most efficient and cost
effective approaches to generating electricity from renewable
sources.

 Biomass co-milling is being practised successfully, as a retrofit to
existing plants, by a number of coal plant operators in Britain and
continental Europe.

e Direct injection co-firing projects are currently being implemented
as a means of increasing the co-firing levels.

* Injection of the biomass into the pulverised coal pipework is the
preferred direct firing solution for both retrofit and new build
projects.

» To date, the impacts on boiler plant operations have been modest
but this will increase with increasing co-firing ratios and with
higher ash biomass materials.

A number of the new build coal power plant projects have a
biomass co-firing requirement.
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Thank you for your attention

W R Livingston
Doosan Babcock
blivingston@doosanbabcock.com
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