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Effect of Biomass Co-firing Ratio on Operating Factors of Pulverizer
in 500 MW Coal-fired Power Plant
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ABSTRACT : As the proportion of renewable energy generation is expected to increase, public power
generation businesses need to actively consider implementing the expansion of biomass mixing, In this
study, the biomass co-firing rate is being changed from Owt.% to 5.0wt.% at 500MW coal-fired power
plant, measuring the major operation characteristics of the pulverizer. First, the composition analysis and
grinding characteristics of lignocelluosic biomass were examined, and the effect of volume increase on
dirrerential bowl pressure difference, motor current, coal spillage, outlet temperature, and internal fire
count was analyzed. As the co-firing rate increased, it was confirmed that the difference in the differential
bowl pressure, motor current, and coal spillage treated increased, and the outlet temperature was
minimal. The number of internal fires is difficult to find a clear correlation, but it has been confirmed that
it is highly likely to occur in combination with other driving factors..
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Fig. 1 Balanced draught system of boiler
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Fig. 2 Direct fired system of boiler
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o] qlom, 7+ 2t 9] 5871, 13+ 371 871 (Primary
air fan), FR1&3712 /3501 AUt

Fig. 2+ 292 A4 AATAE ey Qo 14 &
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ARSI UM A= 37| E718 BHAIA B 3712 A
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3 2125 & W& Lgo] o]Fslr] Ygtoltt.

Hho] Quj A B9t AAE S¥cte TS 3P £F A
4 (Parallel co-firing), 7H8 % 94 (indirect
co-firing), 21 &% A4 (Direct co-firing)9] 3714 wW
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Table 1 Major biomass co—firing and biomass power plant
in south korea

Total Capacity Biomass Capacity
Company Power plant
(MW) (MW)
KOMIPO Boryeong #1-8 4,000 Co-firing
Samcheonpo #1-6 3.360
KOEN Yeongheung #1-6 5.220 Co-firing
Yeosu #2 340
Dangjin #1-2 1,000 Co-firing
EWP 1
Dangjin 100 30
WP Tacan #1-8 4.000 Co-firing
Hadong #1-8 4,000 Co-firing
KOSPO 1
Yeongdong #1 125 125
GIEC Gunjang Energy 250 85

Table 12 =y 8 A&t vlo] QujA T3} ¢4 9 Hio]
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Fig. 3 Detail of biomass mixing process in thermal power
plants
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Fig. 4 Biomass mixing facilites of Boryeong power plants
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S} Sl

Appendix©l $&E g OE v|E7] S 25 U
oIt plE7] & 25 e 7Fe e 8 B4 RAESE
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e T 52 vjE7] WollA LRk =gl ot i oA
o] gJ3do] Qleug 25| of gttt

2.3 HI0|Q0A S22 24 £

2.3.1 HIO|R0A Y2

= 3t HALA ARESlE Hio|QujA AEE FE
AEA 50|, o] & EAA vfo] QujA (Lignocellulosic
biomass)7} 7V @ol ALEHT EA9] 30 8 422
AEZA (Cellulose), dMAEZA (Hemicellulose),
Jd (Lignin)o|™, 7]ef 3% 9 S35} 22 FE2EE
dEo] ATH13). 4714 39 F8 8 5E HdRa
(Lignocellulose)2t sf=t]| oo that HeFEAL2 v]=9]
a5 7132l o2 (Depart of Energy: DOE) At
o} A9l NREL (National Renewable Energy
Laboratory)oll 4] &8t Al & ajol| ©tEcH(14). Table 2
+ 544 vpo] QujAL] Az AJefol wE g HE
F2 U=, ol 98EA 8 & 92 A=
27H4] 82-0tk(15).

£ AIGAE|A FE2 AHE D Q= Hio]euA 5E2
Al ofr A E, A o) 24 HE, njA L&
g3, HEGA SEHE 20|, Table 32 47| Hiol2
A 55F ok F8 A2 gt A4rE B4 2
IE EGZ 38 ZEJIAEEA, FAEZA, 20d
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Table 2 Moisutre rate and heating value of lignocellulosic

biomass
Condition Moisture rate (%) Heating value (kal'kg)
Right after lopging 50-60 1.700
Dried during mid-summer 25-30 2,900
Dried for many years 15-20 3,700
Completely dried 0 4.500

Table 3 List of biomass dry basis components in use in
unit 4, Boryeong

Sewage Nut shell Wood Wood Wood
o sludge, pellet. pellet A, pellet B. pellet C,
3 S Korea Us. Us. Viemam Vietnam
(wi.%a) (w1.%3) (wi.%) (w1.%a) (wi.%)
Cellulose 276 239 ile 43.7 44.5
Hemi
123 24.2 22 16.8 178
cellulose
Lignin 347 479 433 36.6 360
Ete 254 4.0 29 29 1.7
Total 100.0 100.0 100.0 100.0 100.0
5] [e) o [e) A 5] o
d e Fe 22 & o Utk e 22 fEEEolR
= [e) /\
= Ak o] w7 Apol7t e A & 4 Q1AL ol
ol S A Al viE7] 9F H EoF A Ao
k0o AR =
e v 4 gk F4 e}
23224 54

Hpo] Quj 2 5Fof tigt 4 E4& LokE] A% BE
].

S ARPEE BAIAE G 4RoIt16). o], 4
9o 24 542 A 2PPYY Huo 2HA5

[Hardgrove Grindability Index: HGI] &4%(17)& A
&oto] A wiE o H7|= stglth HGIE Al
24 248 Yehie A%eA Aue E9s rhle
ZQ%F A HER AFRET ey, Ak LA 949
SlEfo| H|$g|e 4Zbo] B EAL than, dutzoz
gotert 245 Z4 =7 wth ASTM D 4092 #3315
o] 9loH < 7|FAI&E (Air dry basis) 50 g& H447]

3 saEUEss

of Yol 284 N 315914 20 rpmo2 603]A AlA
T, 200 H4 AZ 2087 AN E3E vRe g
0}04, oF 12.55 go] B UE 4 HGIE 10022
02 2o g B & 3},

Ol
I _11)1, =hiA

o
=

Rl oo I

HGI = 6.93W + 13 (2-5)

471914, Wi 200 Hl4] A2 S vEe 2 (99
eI, 200 Hlal= AR 191219 Holofl 43712 41
2 7 AZA 89 271 74 m X 74 m otk

HGIE= 174 324, HGI ghol 7H& 9fule o] 2

=75 24517] of#th= Zlolth. E3F HGI #h 41 4
S WY AR T ), ot 7 UAdH 2
o] oJul7} th2ehs Aolth. HGIH 40 ol3te 9 Very
Hard, 40~60<> Hard, 60~80& Medium Hard,
80~100- Soft= EF3tc}.

3, HGI 342 vlolonja o, Heh 9%, Huht
vpol Qe A EFOR 38 AW B ABAAC
o], eke olojHerel KCHE AHg 3ttt A%t tole.
| A0 TS A A0l H| R E 95 7S T3ERS Q9]
2 A4S, B A 8uz Aokt Ea,
Hpo] Qufj 29 Hlv°1 A J&ﬁli HGI &40 NEds

AARR9] 50 gof Rl 25 g 0= ST

Table 4 HGls of Biomass, KCH, and biomass mixed with

KCH

Sewage Nut shell Wood Wood Wood
Home sludge, pellet, pellet A, pellet B, pellet C,
S.Korea U.s. u.s. Vietnam Vietnam

(wt.%) (wi.%) (wi.%) (wt.%) (WL.%)

Biomass 18.3 0.0 19 26 26

KCH 41.0 410 41.0 41.0 41.0

Mixed (8%) 34.8 29.3 29.9 3.7 3L5

Table 4= ¥o] QU2 559 HGI S73k3t et Hio]
QA &3 (8%) 149 HGI 573k, KCH HGI 71%
& UERd Zlolth. HGI 5784k 4691 KCHE A3k
o, 55579 vo] uj A9 HGI £73k2 Rl ot
& g 959 HGIE 18.32% B Ho] orj 20} g
2l 2 EZA7F glom, ol & A 439 vio] QA=



500 MW AJets}e] ¥hd 4o A Hio] @ufj A

S5 A Bao] A ettt ol 218 Heiet £
5 A9 A8 9EQ ) Bo 2a4%o] WA detge ¢
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241 AQEA
AFAEQl A457] BPP oA &4 24 et &
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Tables 5, 6= & Al AFEH Algta} vfo] QA9 3
/3780l tisf SR171 8 B4 Ak Hojy Qo 24
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2 382 7+ 16.70~23.90wt. %, 4.60~6.94wt. %=, 1L
AetAhe 44.30~51.00wt. %, 39.19~46.93wt. %= e}
Ut} o] & ol G2 ot e Bl A et
= W1 3R 1R AE 22 7Y 4 B 2
g 2 ok Bl & ERo] 22 Ik 46~55 HGIE B
oley, P4 (Initial Deformation Temperature)
Ao 1,340~1,540C, ot 1,149~1,210CE 9%
o] &A Uehdtt. & & 79 17 7|%ol He Ud
25,500 nl/kg & 7]%2& LA, ASTM D 3889114
e 5%, ol9A-Y 3%, & 8%l o YEF Vel w
2551901, o]5 Appendix©] FHal ESkth A
483t A 3%0] B SRS 10.13w%, BF HGI
£ 46.67, Bt A4 HHH2 5,918.3 lnl/kg ©]™, ot
A 339 Wt $E2 22.15w%, Bt HGL= 49.33,
T 4] TEFE 5,303 lnl/kg olth. AloA= 23
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B9 #9442 S7HIA A4 A BIE A7) 9
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< F7hoto], & 432 AL ol8Y Bt A FE2
7.55wt. %2, 10.13wt.%2] FEET =11, 22.15wt.%
Ql opAAe Hrt vt of7|A FEsfoF & £4 A=
sjrEolE], B 73.69wt. %= AJEkS] 2~2.5H) A= Al
o] =7 YEhu, plE7] Wi s8] 242 §F T
A AL 4T 4 Aot 3, Wit HGIE 2.682 £4)4
o] - £ °*°U1 Bt Q] T 4 415 ll/kg 2

== g H}Oli‘jﬂi -i’—i}%i-'ﬂ F TIF2 5,550~5

,650 lnl/kg ©1™, ZF 597 Owt.%, 3.5wt.%, 4.0wt.%,
4 Swt.%, 5.0wt.% g i l?i eyt &3t A
A Al BlE7] i S5 R0] HujH|E Dol y] §j5f ot

Aero] Wit Uk 1.30 kg/m'(18)3}, S-THS 9] ﬂ;‘% %15
0.70 kg/m'(19)5 15}, Table 70 &% A4g ¥

Table 5 Key properties of coal used in experiments

Bituminous Coal | Sub-| Bllumumus Cua]
ltems Unit
Giencore-A| Peabody | Moolaben | KCH [Cloudpeak

Total Moisture (As fired basis) | wt% | 1040 | 980 | 10.20 2041 an 23.65
Proximate Analyss (Wet basis)

Moisture wi% 250 a.00 250 amn 1396 1347

Ash wiLE 16.70 2390 16.80 664 515 460

Valatdle Matter wi% | 2980 28.80 30.50 3835 4L 35.00

Fixed Carbon wi% | S5L00 4430 50.20 4054 3918 46.93
Ultimate Analysis (Dry basis)

Hydrogen wi% 401 404 432 458 53 5.10

Nitrogen WL L8 207 203 L53 L41 L3

Sulfur wi% 048 041 062 0E8 0.19 0.32
Hordgrove Grindability Index HGI 48 46 | 46 46 a7 55
Inm il Dcr.mntlun [r.'nuxrmln T L340 1540 I 1530 1160 L1210 L1489
quhrr Hr'mnz Value

As received basis kg | 6043 5574 6.138 5236 5,342 5,331

Air dry basis ey | 6576 5.994 6664 5,673 5922 642

Dry basis lelfig | 6.744 6.1860 6,835 6,579 6,681 6,963
Net Calorific Value ey 5,796 5.330 | 5,880 4914 4,998 4.5
Grain Size

{2 m % 2150 22.90 2L 1471 1389 24.92

{02 m % 0.00 0.00 0.00 L15 Lé2 0.00

Table 6 Key properties of biomass used in experiments

It U Weood Pellet A | Wood Peliet B | Wood Pellet C | Wood Pelket D
. M (Deckam) (Supng-E) (Artis) (Hoptin)

Total Moisture (As fired basis) | wi% 68 87 | 10 7.7
Proximate Analyss (Wet basis)

Moisture WL - - - -

Ash wi% 051 1.21 141 300

Velntile Matter wi% T4 TLE5 75.80 7192

Fixed Carbon Wik 18.49 1767 | 1579 14.35
Hardgrove Grindabilily Index | HGI | 26 26 l 28 | :
Higher Hl ating v 1Ju | |

As received basis falfhy | 4,550 4,480 4,340 | 4,250
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Table 7 Total fuel volume rate in pulverizer by co—firing ratio

Co-firing

s Fuel Unit weight | Density | Volume Total Volume
(wi%) (kg) (ka/ni) | (o) |volume (ni)| ratio®
. | wood petiet| 00 0.00 | s ' .
Coal 100.0 76.92 o

Wood pellet | 3.5 5.00
35 e I 1 Wood 79.23 6.31
Coal | 96.5 pellﬂ 74.23
Wood pellet 4.0 0.70 5N
4.0 1 79.56 7.18
Coal | 96.0 T3.85
Wood pellet 45 Coal ™53
4.5 1 1.30 79.89 8.05
Coal 9535 7346
<o Wood pellet 5.0 7.14 S0 290
B Coal 95.0 73.08 ) )

# Volume Ratio = Volume of Wood pellet (nf) = Total Volume (ni)
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Fig. 6 Average and standard error value of bowl pressure
difference on pulverizers by changing co-firing ratio
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Fig. 7 Average and standard error value of motor current
on pulverizers by changing co—firing ratio
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Table 8 Measured value of inner fire of pulverizers by
changing co—firing ratio

- —_—__ Pulverizer
Co-firing \ Value #A #B | #C | #D #E $F
Ratio (Times) |
| Maximum 0 0 0 0 0 0
owid% | Minimum 0 0 0 ] 0 0
| Average 0 0 0 0 0 0
| Maximum 0 1] 0 0 0 0
3.5wr% Minimum 0 0 0 0 0 0
| Average 0 0 0 0 0 0
Maximum 0 1] 0 0 0 0
40 % | Minimum 0 0 0 [1] 1] 1]
Average 0 [1] 0 [1] 0 0
Maximum 0 0 0 0 0 [1]
4.5w1.% Mmmnml 0 0 0 0 0 0
| Average 0 0 0 0 0 0
Maximum 0 1] 0 1 ] 0
5.0wt% | Minimum 0 0 0 0 0 0
Average 0 0 0 0.5 0 0
sfof she 5 QP el 2ao] Qgke ATk Heta, BT
2o A GHsH AEsiof sh=tl ol Aol F=
A $E 25 HAYOI, 37 I} obd o
l?‘ E% ‘E"OH H]T'E]‘ ] %TE 2017]'1_ /\1_ 07] (HOt

air) T €01 A7k 37] (Cold alr) Fe =&,
HE Y7o HQl 4% 2E& A5 $PotA Hrt. duty
07 EFF2LE 60TOISIRE SA3] YaAs £ 3]
HQl == 33~34%, ¥ 571 HIY /Hes 29~30%C1A4
01{6]—\:]— o]E E3), 1‘_%} A4 —gO] 01;(-1 H]O _2_7].0}1;1,1].
o AR 1Y oA 22 Y AL gl

01- 2 Oh;].

3.5 LiF szl

l>

oE7] WE sl
249 HAZE Hrtote
Table 72 &% d4& tﬂS’}oﬂ
A8leE HAIRE Aot &5 ﬂi% 5 Owt.% ]
#DoA A7} 13] Skl w2 7] W 3 EA2 &
251 Be 1) Aagse) thRE Qg B2 w4o] o=
wolgt F5Q0)E, A 47HA AIH Aol A

H}O]QUH

u]£7]

#D0] 912 Ho] 57483} 27 LEASO] B USlo]

o] Qg sol o A0] Wot P FAT S e A
oz 25,



500 MW AJeta}e WA 40| 4] Hlo] mjA

2 A= 500 MW Aersteldd Ao A vlo] QujA &
¢ dagol o7 24 Aol HAE FFS Poh]
Al sloleu2 44 23 Qs Y402 Agt sole
A Sk AAE Owt.%, 3.5wt.% oA 5.0wt.% 7]
05wt 2402 AFELT olot 22 Aee wE9)
it

. v187] 2 e ol Ho|onja B A2g
o] Z7htel wreh Azego] HorA|wA EAEA 2 o
29 W A% AT 372 A4astgon, B 4N ug
AR F90] AL We TE AR G AL T,
B4 75 85 23 At SRR UAWA o
A A5 B FHAE & 5 A9t e 23 o
48 FU7H 9T W) A7) 37K 2912 HE7] gH
A Qe 2710] A1) Tefslof T Wat U2
ol

59, w87 27 Lt wolorja £ o
7ol et AR S A% ol 27 2
Azgle] §, & 378 24S 5o &7 LEg
2§43 HEo] A% E2 ue vl xﬂ
% itk B QAR H37] So] m A o] 4
2 3 A8 30 A vlnA gel7t 412 Aol

do

f
2

s

*%m
lo ﬂllO %}L Y o,
o0 ue [o 2 o\

83,
s it

A D127 o) 31 e 19 Wslel £ dbg
F7h B2 U] 57 LEo AHA HUUAS 2]
ASt. v, B4 v37] £ oIkt Ay Foke 4
993, olo BYHOR WHF FsAo] 270 £ A
2 A oOIFAIE B a7t gleka BeEt,

22

(1) MOTIE, 2019, The 3rd Energy Master Plan

(2) Korea Energy Agency, 2020, Renewable Energy
Policy

(3) MOTIE, 2018~2020, Announcement of
mandatory supply by supply duty

(4) Sunghwan Oh, 2015, A study on the change of
the pulverizer operating state in

T480| 1E7] LAYA| vA= I3

Co-combustion with coal and wood pellet by
the pulverized coal fired power plant, Doctoral
dissertation, Gyeongsang University
(5) Chunhwan Lee, 2018, Effect of wood pellets
mixing on the pulverizer operation in the
800MW coal fired power plant, Doctoral
dissertation, Hanyang University
(6) Yeongho Hwang, 2015, In-furnace
Combustion and Emission Gas Characteristics
of Coal and Woodpellet Co-firing in the air-
staged Pulverized Coal Combustion Furnace,
Doctoral dissertation, Pusan University
(7) Tae-Young Mun, Zelalem Tumsa Tefera,
Uendo Lee, Jeung Woo Lee and Won Yang,
2014, Evaluation of Plant Performance during
Biomass Co-firing in Pulverized Coal Power
Plant, J. Korean Soc. Combust, 193), pp.8-17
(8) Tillman, D.A., 2000. Biomass cofiring: the
technology, the experience, the combustion
consequences, Biomass and bioenergy, 19(6),
pp.365-384
(9) Agbor, E., Zhang, X., & Kumar, A., 2014, A
review of biomass co-firing in North America.
Renewable and Sustainable Energy Reviews,
40, pp.930-943
(10) Bergman, P.C., Boersma, A.R., Zwart, R W.R.
and Kiel, J.H.A., 2005, Torrefaction for
biomass co-firing in existing coal-fired
power stations, Energy Research Centre of
the Netherlands, ECN-C-05-013
(11) Kobayashi, N., Guilin, P., Kobayashi, J.,
Hatano, S., Itaya, Y. and Mori, S., 2008, A
new pulverized biomass utilization
technology, Powder technology, 180(3),
pp.272-283
(12) The International Renewable Energy Agency,
2013, Biomass Cofiring - Technology Brief,
IEA-ETSAP and IRENA®© Technology Brief
E21

THE PLANT JOURNAL Vol.18 No.3 September 2022 39



(13) KPLI, 2014, Fuel management practice,
KPLI-Renewal-2, pp.102

(14) Sluiter, A., Hames, B., Ruiz, R., Scarlata, C.,
Sluiter, J., Templeton, D. and Crocker, D.,
2008, Determination of structural
carbohydrates and lignin in biomass,
Laboratory analytical procedure, 1617, pp.1-
16

(15) Demirbas, A., 2002, Relationships between
heating value and lignin, moisture, ash and
extractive contents of biomass fuels, Energy
exploration & exploitation, 20(1), pp.105-
111

(16) Manouchehrinejad, Maryam, Ian van Giesen,
and Sudhagar Mani, 2018, Grindability of
torrefied wood chips and wood pellets, Fuel

40 et=EUESK

of

processing technology, 182, pp.45-55

(17) KPLI, 2016, Boiler operation practice, KPLI-
Renewal-3, pp.176

(18) Flores, Romeo M., 2013, Coal and coalbed
gas: fueling the future. pp.25

(19) Tumuluru, Jaya Shankar., 2016, Specific
energy consumption and quality of wood
pellets produced using high-moisture
lodgepole pine grind in a flat die pellet mill,
Chemical engineering research and design,
110, pp.82-97

(20) Zalosh, Robert G, 1987, Review of coal
pulverizer fire and explosion incidents.,
Industrial Dust Explosions, ASTM
International, 1987.



