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— Coal to biomass % ]1: Drax Power Station
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— Drax coal to biomass

Biomass Evolution at Drax

The next stage — full unit conversions

Start of co-firing-
blending biomass with
coal through existing
coal milling equipment

Investment in 400MW
co-firing direct
injection facility

R&D for direct
injection of biomass
independent of coal

milling equipment

Further invest in R&D
to burn high
proportions of
biomass through Drax
Power Station

Third unit converted
to 100% wood
pellets

Investin
100,000t/year
biomass pellet

plant

mmzpmm@mmﬁ@

Installation

and operation

of pilot direct
injection facility

Investment in
purpose built
wood pellet train
wagons

Installation and
operation of second
direct injection facility

Completion of
400MW co-firing
facility

Extensive trials
confirm boiler
conversion

mmmp

i i Fourth unit
First unit
converted to 100% converted|to 100%
wood pellets wood pellets

Second unit
converted to
100% wood

COPYRIGHT 20244 2 it $oivs B i ¢




W Gtk A2

# K Drax Power Station
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— Coal to biomass % #]2: Lynmouth Power Station
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% ELynmouth Power Station

https://www.flickr.com/photos/robmcrorie /43077574595
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FUEL PREPARATION
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O Wood Pellet Demand in Korea [700%-woodpellet)

[1,000MT)
Project 2017 2018 2019 2020 2021

Yeongdong 500 1,300 1,300 1,300 1,300
Honam 400 400 400
Hyundai 400 400 400
SMG Energy 800 800
Gunsan Bio 800 800
Gwangyang Bio 870 870
GS EPS 420 420
KDHEC 400
Yeosu/Pohang etc 201 201 601

Total 500 1,300 2,301 5,191 6,031

O Wood Pellet Demand in Korea (Co-firing with coal)

(1,000MT)

Power Plant 2015 2016 2017 (E)
Dangjin (EwP) 151 143 140
Boryeong (KOMIPO) 139 185 185
Hadong (kosPO) 318 300 300
Taean (KOWEPO) 130 200 200
Yeosu (KOEN) 30 94 94
Yeongheung (KOEN) 230 249 249
Samcheonpo (KOEN) 232 293 293
Yeongdong (KOEN) 30 39 39
Gunjang Energy and etc 600
Total 1,260 1,503 2,100
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Yeongdong
(KOEN)
Incheon port

Yoengheung
(KOEN)
Dangjin (EWP) @ Pyeontaek port

@ Daesan port

Taean
(KOWEPQ) Boryeong
(KOMIPO)
Gunsan port
Gunjang
(ociy
Hadong

{KOSPO) Samcheonpo

d (KOEN)

Gwanyang port

Yoesu
(KOEN)

@ Donghae port

Yeongdong
koHEc el - |
@ w
csersgd @
=]
gl Pohang

SMG Energy
Gunsan Bio
Gwangyang

fogde

Hyundai
Honam# v

g4 over 200mw, 975MWh
@l 100Mwh~, 440MWh

O Woodchip Demand in Korea

(1,000MT)

Project 2017 2018 2019 2020 2021
Mixed-burn 410 410 410 410 410
Donghae Bio 180 180 180 180 180
Sukmun Energy 214 214 214 214 214
KPPC 180 180 180 180
Jeonju Power 195 195 195 195
Poseung Green 215 215 215
Halla 180 180 180
MS 180 180
Under 30MW 232 1,097 2035 2275 2275
Total 1,036 2,276 3,609 4,029 4,029

%

)
Sukmun Energy,
Poseung(;denﬂ -] L

h N
SMG Energya

Jeonju
Fower
)
o B n i
KPPC - ;ﬂ
P
Halla el

U
EWP
dDunghae Bio

dWoodchip-mixed burn
el 7 PITs, 23aMwh
BE 39 PITs, 377MWh

(Source: Kim, 2017)
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Ja: Drax, 2022: https://www.drax.com/)
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1. Parallel co-firing
Biomass Combustion »| Steam cycle
>
Thermochemical conversion FE*E‘/’Q J‘%
— 2. Indirect co-firin
»| Gasification
»|__Pyrolysis T Dedicated
—'I Liquefaction g Burner e
J% Existing
; w -
3. Direct E / - Dedicated boiler
co-firing I — burner
A »{ Pretreatment mill
(Drying, Conventional
Pelletizing) »| Existing burner
Coal mill
e o e e o >
Oil ======mm e
0 Ot i e e

744 kiR : European Biomass Conference and Exhibition (EUBCE), 11~15 June, Stockholm, Sweden, #2A0.8.5, Won Yang
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Feed waste

fire Air Secondary air
Headers &

zzles

Moving grate

Primary air

¢ i 7% %42 (Detroit Stoker Company, 2022) R k3 et 2 (Bourtsalas et. al., 2020)
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Az Az 727t 4% Ultra-supercritical Boiler

R4 2275 kg/cm?

A2 T2 4% Yp Supercritical Boiler

225 kg/cm? < & 4 < 275 kg/cm?

£ 7= 4% Subcritical Boiler

170 kg/cm? < & 4 < 225 kg/cm?

Az % /& 4 p Ultra-high Pressure Boiler

140 kg/cm? < /& 4 <170 kg/cm

% /& #% ' High Pressure Boiler

100 kg/cm? < /& # < 140 kg/cm

% % /& #% Sub-high Pressure Boiler

55 kg/cm? < & 4 < 100 kg/cm

? R 4% Medium Pressure Boiler

39 kg/cm? < & 4 < 55 kg/cm

% 4%p Low Pressure Boiler

Ji& 4 < 39 kg/cm
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Electric efficiency, %
50
Ultra super critical coal fired PF
700°C, 330 bar
45
Super critical coal fired CFB
580°C, 275 bar
40
TARGET AREA:
35— BFB CHP for biomass
520°C, 120 bar
ab CFB
30 545°C, 165 bar
Grate fired CHP for biomass
25+ 500°C, 70 bar
Fluidised bed CHP for SRF
470°C, 65 bar
20+
Grate fired CHP MSW incinerator
& 420°C, 60 bar
15 : : ' ' : :
350 400 450 500 550 600 650 700
Steam temperature, °C
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Source: ERFO, The role of SRF in a Circular Economy, 2018.
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V' i 4 5 (wood chips) ~ * ¥ (wood pellet) ~ 1z 17 3%
(palm kernel shells, PKS) ~ = 2 &% o

F 4 ¥ R (21, SRF)

> R EMEAIE 5B T4 TR AL R
2 FRE A TR
Vo GliEH A R R AR R Biri ¢ ~ RDF-2~RDF-5

v FRE 2 RTRE(A BT R
> At TR ERESL A 2 2 R R .

Vo BIURER 4 2 4 B & (bio-char) ~ Z& § ReLiE 2 R 2 TR
(black pellet) -
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Superheater/economiser
(surface modifications)

Secondary NOx
control

Mill air
temperature
reduction

Fuel handling
(bunker/feeder
modifications)

Air heater
: temperature
— adjustments

Milling plant
(replace /modify)
Flue gas
cooler

Furnace cleaning
devices

Dust collection
(upgrade/refurbish)

' Combustion
system (biomass
modifications)

Turbine
(efficiency upgrade)
Feedwater
heaters (low feed
temperatures)

Altrad Babcock, 2022



el 1 I Sk AR % S5
[AA)] ‘ L 131 /w' A \“’b ) ) /
o R O
S Fp i TR
HiEE T
CNS 17225-2 CNS 17225-6 EFET* 2L R
SEIEN P Parameter ¥ = A
Limit Limit Limit Limit
12 13 1 2 12 13
1 | mmg | Netcalorficvalueat - MIkg | 455 | 5465 2145 2145 | 2165 | 2165 2125
constant pressure [EHESN)
2 7k Water content w-% (&) <10 <10 <6 <6 <10 <10 -
3 B A Ash <15 < <6 <10 <15 <3 -
4 R N W% (3 2 0.3 <0.6 <15 <20 <0.3 <0.6 -
5 e S 0 ke <0.05 <0.05 <0.2 <0.3 <0.2 <04 <0.05
6 E3 Cl <0.05 <0.1 <0.1 <0.3 < 0.05 <0.1 <0.1
7 BAE R R Bulk(apparent)Density kg/m3 > 600 = 600 > 600 2> 600 > 600 > 600 -
8 | mEreza Durability W-% 97-99 96.5-99 >975 > 96 97-99 | 96.5-99 -
9 w3z & Fines<=3.15mm (33 2) <5 <6 <20 <3.0 <5 <6 -
6+1 or 8+1
10 i Diameter mm  [PFLOr8EN Cioiior | 6t1or2ss1 | 6r1or2si1 | 6-10 6-12 -
10+1
12+1
i Length < 50mm 3.15<L<|315<L<| 3.15<L<40 |3.15<L<40| 99.9 99.9 -
1 ER W-%
Length < 40mm 40 40 3.15<L<50 |3.15<L<50 99 99 -
Additives w-%
T Ao o < < -
12 7 te A (composition, mass) (3E ) <3 <3 ° ° <3 <3
I [ <3.15mm ; > 08 > 97 >08 >97 -
13 |HF# s F;};tt'ﬁ'lfuﬁ('fne <2.0 mm (i‘,”,; 4y [ =290 > 85 >90 >85 -
= <1.0 mm U > 50 > 40 >50 >40 ;
h As <2 <2 <1 <1 <2 <2 -
s Cd <1 <1 <05 <05 <1 <1 <1
£, Cr ok <15 <15 <50 <50 <15 <15 -
14 4 Cu 5 9 25’ <20 <20 <20 <20 <20 <20 ;
4 Pb e <20 <20 <10 <10 <20 <20 <20
A Hg <0.1 <0.1 <0.1 <0.1 <0.1 <0.1 <0.1
& Zn <200 <200 <100 <100 <200 <200 -

*EFET: % s iR 2
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Example of Biomass

Woody Chip

Various shape
11.7 MJ/kg, 33%

Biomass type
LHV, Moisture (Typical)

Easy to handle in
pellet form

Re s BN Woody Pellet
A% 16.7MJ/kg, 12%

LHV: Lower Heating Value
(as received base)

Pruned Wood

i 8.0 MJikg, 43%\.
by E‘ ‘ Bark /.
W' 74 MJlkg, 52%
N Sl

Palm Waste
14.6 MJ/kg, 10%

Waste
Wood r <

13MJ/kg, 25%

Bagasse

./6.9 MJ/kg, 49% §

Including Chlorine
and foreign matter
such as nails etc. &

. . Paper . . _
High moisture Sludge \ Gr(c;):::\f:;: ,,’A Hioh
Low Calorific value 2.6 MJ/kg, 2 -3
64% 8.8 MJ/kg, 60% ‘? content

- oration, 8th Biomass Pellets Trade & Power Conference, Tokyo, May 15, 2017
z ,«hﬁﬁkﬁxéf é
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3 ] " , 100
4R B RR L R
_ -} ) 7!.’ N N 80 —
- !Fﬁ’;},, (AR ) 20% ClI
& 3 % »(0.1- 40 mass %) %60—
2 A E
« 324547 (K Na) 5 40
k=
— A RARESRPEAL Y SN & 0% Cl
4 IE ol ), B, =
- KR é’fﬁ% }& 7 % "g‘g 0 - T T |
1o 2 ppuE o7 v mL 400 600 800 1000 1200
* fﬁi ’ "t ﬁ g\‘('l{‘ ) 7} 'Jfﬁ Temperature [°C]
& KA EAE I othip B R A R A K/Na & # +* 90/10 ~ SO,/CO,
P : B 80/20 &2 Cl it £ 2
P AR e PR (F R R G000 2 mp L @ £ 4 o
P td 3 pe i s (Backman et al, 2005)

r.gg /\'_g_ J‘}L,}l);l_’%i?ﬁ}ﬂ\
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% '8 & 4. (Khan et al., 2009) #¥5(IGS , 2020)

PTE B R

PR E RS RR

P |58 (0| o
T
AICI, | 1924 | 248
FeCl, | 306 2.80
FeCl, | 677 2.80
MgCL, | 714 2.32
caCl, | 772 2.15
NaCl | 801 2.17
CrCl, | 821 2.76
Na,SO,| 884 2.68
NiCl, | 1,001 | 3.68
CaSO,| 1460 | 2.96
i
MgO | 2,852 | 3.58
ALO, | 2072 | 3.97
Sio, | 1,710 | 232
SO, | 16.9 1.92
CaO | 2572 | 3.35
TiO, | 1,870 | 4.23
Fe,0, | 1565 | 524
MnO, | 535 508 |
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— - R S SN
G adRint)
R [# 2 o B3k
~ (BRI R G T
— { ML 3 PR S
35 2 SRy P, K . NE & JaE J-
PRAFFREGRERRATRERRAVR m % (R CER)
30 = @ A
i oA Y
25 ¢ 042
)%:' 20 | IFluﬁ‘ SRF IPeIIet SRF * 2%
’E\ . X A RE R
S 15 8 X gE A SR
(o) A% [z
[ L PRI 2,
3 10 A ® sk (47 ¢)
~ 5t O} 55 #
¢ At AR
O 1 1 O 1 1 1 1 1
0 200 400 600 800 1,000 1,200 1,400 1,600
H % 4t £ (kg/m?)

74 kR - Based on DENA, 2011; FNR, 2011; IEA Bioenergy, 2011; Kankkunen and Miikkulainen, 2003.
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l https://www.drax.com/sustainable-bioenergy/how-do-you-
& build-a-dome-bigger-than-the-albert-hall/
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30
B Asia
i Europe
25
5 = e W A 1) IS BEY S =Y R, = A N
20 ’F, F\‘b ‘E]% ljﬂ "]“‘ 7}; 17-“ ‘3{:7 E— J;/“ ‘I]‘ ‘%
’ ~ /2 '_j_,
-

million tonnes
=
()]

=
o

Wood pellets Wood chips Other '‘Black’ pellets
agricultural*

Sources: GTT, Hawkins Wright, 2024
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250,000
§110# § %= SRFA £
111# 9 %SRFA ¥ 201 357
200,000 r m112# 9 % SRFZ £
% 157,717
m150,000 [
T
O\ 110,553 114,925 113,194
i %
+100,000 r 86,796 ? 86,432
% 47,164
50,000 / 7
/ 26,398 / SRF#% i £
/ / « ILIFESRFZ +i2:i750F 2 /&
e A KSRFZ £#:£:710073 o v/
0 A A " | l V///ﬂfg_#F_
Rop £ 410 "B A
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43 ton/hr - L7 B =t (75% 1 75 um )
W E 24MJ/Kg

Ve T OB

F RS ~ TR B~ 260-300°C . PN
dir g R 90°C FAR (AR E R 3 BT)

Pulverized coal pipe

BWI = 23 kWh/ton \.
=

5#.;' ?— p @t Rotating classifier ‘
B *E‘/%@IWBSO tOI’]/hI‘ (j’%\!{ l*' "’ta J#}HJJ\ El n mﬁi.;,] )\’tlb ”;1) .
Hydraulic
2 %&47’—5/\7}": g f'%vﬁ i 2% J"/\l mm cy);inder
A ROATARALA J3 A AR A A
- AT R
i Eﬁ ? PEE ﬁﬁ*'ﬁ_;}_ :x: BWI, Bond work index
FE»T EREs ~170°C Conlfeding
pipe
B R 90 °C
BWI, Bond work index = 366 - 426 kWh/ton
ﬁ#?ﬁ?&ﬁ“%?&?m%&@’ﬁﬁﬁwkﬂ
» BRI E -

T8 %R © [HI Engineering Review, vol. 48, No. 1, 2015, Development of Woody Biomass High Ratio Co-Firing Technology for Pulverized Coal Boiler Plants
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OB B B I

Guide wall
Flow-acceleration
ring

Roller

Grinding table

Pulverizer inlet
air duct
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NREELEZ B
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OB B B

— Low NOx biomass burner
Brrsts 2 F BB G s eRER < (B
4 5183 mm) FIRRERT R &G
PR o e g fogh Bt
% MNOYE » F ri g il 2 Poplef b3 R
Pl MIRIR KPR YHE

Low NOy Biomass Burner (with

In-burner staging) and OFA
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BKAREL R D> KA
LMo

Mechanical
Seal
Ash Hopper
ed :
Primary Crusher

Cooling Air | Cold Ash | =3 Transport

and Storage

(Doosan Babcock, 2022)
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Without coal ash injection b With coal ash injection (%9 Relationship between amount of gaseous alkali
. species and flue gas temperature
® (5 D L S S S0 S L UL S S S A S W 5. S D - - - S S S G S S S 5 S G5 G G e . -
g E Biomass‘ Volatilization of  _________ i Large | e . cajculated value
/ o
5 | Ash ~ At atals | Coal fy ash | @ & : Experimental value
W I fragmentation, 1 Tube g
i melting K Na &« O @) '] a ; : .
| aggreg;tion 2 $O Q O 1 A O [y Tube ) (3%2) Si0, ; a major component of coal fly ash
: | e .. 98 3 F
! O | R?action ) . [T, Tube : Biomass firing
1 ~! with gaseous alkali species : [ E: /,:;/ g (with SiO,* 2 injection)
ci Y ’
o1 - J - >
§ ! Lot ’/' g Biomass firing
: | 0 % (without SiO,* 2) injection)
™ d -
o | = -, ) c
o . - ® Small ¥ 3
E s Tube surface | \1, adhesion force | g
G | W Gaseous alkali species ;
X ' cooled/condensed . 1
- 1
3 : B Condensate I : el _-m—-#— =
= 1 induces = : N
: ::hbic:‘e ersltion 1 Low Flue gas temperaturein the furnace ‘_ngh
] —
R —— L I Coal firing |

(>% 1) Japanese Patent No. 03891961
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2 FGD

LRLE S R

pp  |ROREEA AR 30 TS wu s f AUIARRET [0 peiosT E gy
P PR AP | BHERBACT)! | I H(LAER)- ¥ %3
NOX 20 20 30 & 15 &
(ppm) 1] R & >90% ¥ 5 >00%
2 A
SOX 30 25 25 & 1o
(Pppm) ] & >96% ] % >9800
8 &
3 -
PM (mg/Nm ) 10 10 ] Ji % >99.8%

1 BACT: Best available control technology
2LAER : Lowest Achievable Emission Rate

B w o S M e
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(3 #* % J&: 2020 International Conference on Technology and Policy in Electric
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WARED FREE LR R

Emission Coal Biomass
NO, (mg/Nm3) 65-150 65-150
SO, (mg/Nm?) 20-180 <10-50
Partzcrzrzjé?lt\lemn;)atter 514 .10
HCI (mg/Nm?) 1-3 1-5
HF (mg/Nm3) <1-2 <1
Mercury (ug/Nm3) <1-4 <1-5

TropEAT A I )R < /J‘ v 2%
?\;’{;‘L'fr@ifgﬁﬁﬁ mP o
T kR BEIS, 2022
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S BERSRGRT LIRS

Rol-  PREFUSERTHGR? 2R

7P 106# A3pkidB%:4 | 106/8 107/3 108/3 B
¥ i .
P g EL - P501 P501 P501 g2
(4L A501[A502|A503| P501 PKS ey B A H
Bk EF AP | mg/Nm3 | 637 | 341 | 66 41 3 7 7 30
i L ppm - - - 19 7 6 5 50
A ppm - - - 83 59 52 43 100
i B ppm - - - [ N.D | N.D N.D - -
% v & ppm - - 129 23 - - - 80
PM, mg/Nm?3 | - - - 26 - - - -
CPM, . mg/Nm?3 | - - - 14 - - - -
FPM, ¢ mg/Nm?3 | - - - 12 - - - -
o ng-
g - - - - - -
rEF TEQ/Nm? 0.003 0.5
& mg/Nm?3 | - - - | N.D. - - - 10
4% mg/Nm3 - - - | N.D. - - - 1.0
& mg/Nm?3 | - - - | N.D. - - - -

v  N.D. : % 77 & # 91 (Non-detected); “-” & A ¥ ip| v & &3

v\ 3 5ok (Fine Particulate Matter, PM2.5) = FPM,, . + CPM,,
v FPM, ;7 i g 2 o R i3 it (Filterable Particulate Matter)

v CPM, . ¥ 5. 1 i i3 ik (Condensable Particulate Matter)
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RV BERNETHRRT AT RHEEARR (R EE)

7 F 107#4" A3Ed iz 4 | 108/3 | 108/11 [109/3
g ¢ Bz
I:—J;' R 22 ‘;‘ 17 R
2 If; i peo1 | "0 | Po0L | Pe01 | Pe01 |Peo1| ¥
- A3E) 2 p) | (2 g (A BE ) (2 B
L;I»L 7% 24 |mg/Nm3| 18 1,030 10 7 8 5 30
Feg v % | ppm 5 68 29 73 8 110 | 50
3 ity ppm 85 144 115 | 136 61 148 | 100
& mg/Nm?3| 0.00186 - - - - - 10
4% mg/Nm?3| 0.00152 - - - - - 1
& g/S {0.00001 - - - - - ]0.000129
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P E 3E ST g |A501% = P501 P501 | P501 | P501 P501 i;;:_ L;
(#) CRAFR) | (RAFR) | ()| () (B A 1) (ha0)

ol Sl mg/Nm3 620 40 72 96 42 63 30
W ppm 11 4 55 | 116 | 1.9 205 50
5§ ppm 100 82 188 | 283 | 156 | 176 | 100

s mg/Nm3 - 0.1369 - - - - 10
& mg/Nm?3 - N.D - - - - 1
X /S - 0.0000372| - - - - 10.000129
SO 3 TES%W i 0013 | - i i i 1.0
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Valmet >
[ Fossil \ Bio/Multi Recycled Wood K SRF \
*Low solids *Agro *Multifuel
*High solids *Wood
*Portion of SRF
| ] lllll7
|
+100 - 1200 MW,;, *75 - 900 MW,;, 75 - MWy, *75 - 200 MW,;,

X

*Max 565 C, 175 bar

J

Source: Valmet, 2016)

*Max 545...565 C,
175 bar

+520...540 C / 90 bar

*480 C / 70 bar...

\ 520 /90 bar /

59



COPYRIGHT 20244 2 it $oivs B i ¢



&%J’ﬂ;}’g\:‘)# J’FLil ‘%ﬁ ‘@ J’;E‘ ‘;’% #j{'fjn }Ji{\ff}:.'.7 }@ﬂ o , JT;"
L 5O R R e EL ’ J‘jﬁf/ﬁ“ﬂb B 2 R T

e A S DRl RS S
VT ERETEEE < AR R R kR

) A Sp Rt R EE A TR L R ES

Biomass single fueling firing Biomass co-firing with coals
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THE END

www.twbiomass.org.tw

Bip & e Website LINE QR code
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