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Abstract : Biomass is an abundant renewable energy resource that can replace fossil fuels for the reduction of greenhouse gas
(GHG). Indonesia has a large number of cheap biomass feedstocks, such as reforestation (waste wood) and palm residues (empty
fruit bunch or EFB). In general, raw biomass contains more than 20% moisture and lacks calorific value, energy density,
grindability, and combustion efficiency. Those properties are not acceptable fuel attributes as the conditions currently stand.
Recently, torrefaction facilities, especially in European countries, have been built to upgrade raw biomass to solid fuel with high
quality. In Korea, there is no significant market for torrefied solid fuel (co-firing) made of biomass residues, and only the wood
pellet market presently thrives (~ 2 million ton yr''). However, increasing demand for an upgraded solid fuel exists. In Indonesia,
torrefied woody residues as co-firing fuel are economically feasible under the governmental promotion of renewable energy such
as in feed-in-tarift (FIT). EFB, one of the chief palm residues, could replace coal in cement kiln when the emission trading system
(ETS) and clean development mechanism (CDM) system are implemented. However, technical issues such as slagging (alkali
metal) and corrosion (chlorine) should be addressed to utilize torrefied EFB at a pulverized coal boiler.
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Figure 1. Deforestation area in Indonesia.
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Table 1. Classification of Biomass Resources (Adapted from EUBIA (2007))

Sector Type Examples
Forest Dedicated forestry Short rotation plantations (Willow, poplar & eucalyptus)
ores
& Forestry residues Wood blocks and wood chips from thinning
Dry lingo-cellulosic energy crops Herbaceous crops (Miscanthus, reed canary grass & giant reed)
Oil seeds for methylesters (Rape seed & sunflowers)
Oil, sugar &
. Sugar crops for ethanol (Sugarcane & sweet sorghum)
Agriculture starch energy crops -
Starch crops for ethanol (Maize & wheat)
Agriculture residues Straw, prunings from vineyards & fruit trees
Livestock Wet & dry manure
. . Industrial waste wood, sawdust from sawmills
Industry Industrial residues - - -
Fibrous vegetable waste from paper industries
Dry lingocellulosic Residues from parks and gardens (Prunings & grasses)
Demolition wood
Waste . Organic fraction of municipal solid waste
Contaminated waste -
Biodegradable landfill waste, landfill gas
Sewage sludge
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Figure 2. Reforestation plan in Indonesia (2019-2030).

Table 2. Carbohydrate composition of biomass (wt.%)
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falcataria), Gmelina (Gmelina arborea), Mindi (Melia azedarach),
Akasia (Acacia mangium), Red Jabon (Anthocephalus macrophylla),
White Jabon (Anthocepalus cadamba), Rubberwood (Hevea
brasiliensis) 52] £A44> AHi7 AYP=E 1 1, o5
2 9% 4 otk 442
Py Az FFol Fsshat.
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Standard POM (60 ton/h FFB) Wet EFB (21% of FFB) Dried EFB
10 h/day work, 300 days/yr -> 37,800 ton/yr - 18,900 ton/yr
-> 180,000 ton/yr FFB (60% H,0) (10% H,0)

Figure 3. Estimation of dried EFB amount from a standard POM.

20189 71 QA=HAoFY] 3 5 (palm plantation) 22
~13 million ha©]i 1,0007] ©]A419] I @ & T (palm oil
mill, POM)o] Ut APl F AFAPOM)NA A==
L= fresh fruit bunch (FFB)+<= 20 ~22% crude palm oil (CPO),

~6% palm kernel oil (PKO), 20~25% EFB, 13~15%
fiber, 6 ~ 6.5% palm kernel shell (PKS), Z1&]1 15~25% &
o2 Ag=ErH9]. Standard POMZ 60 ton h™' (fresh fruit bunch
(FFB) 7|) ftiolth o]& 7|20 = A4tE 51te] POMO] A
HPEle R EA 249 EFB HHAYZES 18,900 ton yr'o|th
(Figure 3). o]t} POMZ 3FFof 1047t Ao 3002 =31
2 7zom sar

ol | Ao} AA2] EFB ¥MES 2018 7|3 ~37 million
ton y'o® 2P oF S15%k 47 F ol R
(ash)yZ Z-E(potassium) H| 22 Tujdt1(~0.1 $ kg'S] 7}2),
10 ~20%= ¥ 57 HIEE ARESH, Hi= ~70%2] EFB&= H7]
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Feedstock Cellulose Hemicellulose Lignin
Empty fruit bunch 38 35 24
Palm kernel shell 21 22 51
Oil palm trunk 31 33 28
Oil palm frond 40 30 23
Mesocarp fiber 40 10 33
Rice husk 29-36 12-29 15-20
Wheat straw 35-39 22-30 >16
Sugarcane bagasse 42 25 20
Sengon (Paraserianthes falcataria) 34 16 27
Afrika 47 17 27
Gmelina (Gmelina arborea) 30 17 30
Mindi (Melia azedarach) 33 18 30
Akasia (Acacia mangium) 26 18 25
White Jabon (Anthocepalus cadamba) 36 16 25
Eucalyptus 45-51 11-18 29
Pine 42-49 13-25 23-29
Poplar wood 45-51 25-28 10-21
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The number of peer-reviewed journal publications between
2010 and 2020 (September) based on the search term
“torrefaction” from ScienceDirect
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Figure 4. The number of publications with a keyword of
“torrefaction”.
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Figure 5. Increased energy density by torrefaction.
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Figure 6. Conversion of various biomasses into homogeneous solid
fuel.

A= FF3 B8] Aol 7heoitt. E3tE Hole
HAME FAT PES DS & YouRE FH
35 ¥& Ago] 7hsoltt o= dE 7FA 2 35 ¢
34 Ao oA EF dv RESE 5 A 4
4 fA 5ol HEE ABglt

etsto] o] =TT S7HE 0] ~80%2] B oA A
o] 7hsotal Ho]| QU AL] Metito] TA Al EAES
As] S7HZ 5 Ut

kol JHEL 454 e EE A9] Hito] 758X
, 17k B3 g4o] 9g glojAA &5 4 AT HE
wropxict.

£ Ef(Eal, o)) F=t v Aot

Hio| Qi A §7] B F7] S13HE FEjE Hax(chlorine,
CHT} Bsulfur, ) E3Hsl0] (B3] 227) CIe A=
FAAPZ|IL S= 7] 299] S Hllo] Hrt Rigtslo] os)
Cl, S S WAL 90%7HA] FAAZ S QIehI3,14].
ol2fgt EAES Aol tha9| Figure 73} Lt

o o R

o O H &

w

4. HIEISHE| HIO|QOHA S| A2 2 A9 EZ

shesl 240 F8 571k B4 A loleujao] E48E
qek A8 ZACEHA O, WiE UAHE HolTHdl.
. WS Hlolorjal SEWsla Avte] F3h Hxe)

Hir

£
>,

uu}
M

(bulk density)= 0.65~0.75 kg L& HQlt}.

Hieks}E wjo] Qul Ak Quk vho] orl4 tu] Moz o

QPgELT A Al T e USRS s, vietst 4

29| Z7b] e} WAL HE ST

Al A AEEQ AL} 2T1do] O3t A &4 1

ojm, Az A (burnout) &I+= HFErslo] OFh AUE 2

4x0] 7]Qlsto] At & A4 Al B Q2 AR&(burning)

o 4 oot shAEE A AR o3 Fxe; Rk

A EAE ol Ao o EdEd tedS &

T30l 9 vAE F 7HA 8 849,

sheshel wlo] oujAo) 7tASt S thewt 2THIS)

- 0IC7h e Aai asle] A%t AEE S7HAA 7
2ok 58E B W] o) vho] onj20] Ak
T gasty d= Asl Fgo] Eojgo] 2w AR E
(cold gas efficiency)o] &7}l T}.

- 7kA3E gEgollA WSk Bl (tar)= FVHAER QAL
gado] 7lste BF Wreslof] o) SuAER QAL

=2 T g e sE oY
Se g2 A oHR B =2 g¥ R oHx e
H2 g4 58 (52 0/C H/O) =2 g4 28 (2 0/C H/Q)
S5 (Hygroscopic) 25 (Hydrophobic)
%2 grindability =2 grindability
Non-uniform & Uniform 8 &
K3t feedstock A1EH 52 feedstock A& =
=2 g4 2 (BA) 22 g e (B4 X
CO, HiE B& (LCA) CO, HiE ®Z (LCA)

Figure 7. Advantage of biomass torrefaction for solid fuel
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Table 3. List of torrefaction reactor type

Type Company
Rotary drum CDS (UK), Torr-Coal (NL), BIO3D (FR), EBES AG (AT), 4Energy Invest (BE),
y BioEndev/ETPC (SWE), Atmosclear S.A. (CH), Andritz (AT), EarthCare Products (USA)
Screw BTG (NL), Biolake (NL), FoxCoal (NL), Agri-tech Producers (USA)

Multiple hearth furnace

CMI-NESA (BE), Wyssmont (USA)

Torbed reactor

Topell (NL)

Microwave reactor

Rotawave (UK)

Compact moving bed

Andritz/ECN (AT, NL), Thermya (FR), Buhler (DE)

Belt dryer

Stramproy (NL), Agri-tech Producers (USA)

Fixed bed

NewEarth Eco Technology (USA)

Table 4. Advantage/disadvantage of various torrefaction reactors

Reactor type

Advantage Disadvantage

Rotating drum

Large gas volume, uncertain scale-up,

Flexible control, proven L
long retention time

Screw

Continuous, inexpensive Uncertain scale-up, poor heat distribution

Multihearth furnace

Continuous, inexpensive, less sensitive to
feedstock shape

Torbed-Fluidized bed

Continuous, efficient heat transfer, short residence

. Sensitive to feedstock shape
time

Microwave

High operation cost

Moving bed

Non-uniform product, uneven heat distribution

Belt conveyor

Easy control of residence time, uniform product |Uncertain scale-up, Sensitive to feedstock density

Counter flow multi baffle (COMB)

Efficient gas(G)-solid(S) contact, low G/S ratio,
short residence time, high E. efficiency

Table 5. Commercial and demo. scale torrefaction references

Developer Technology Location Capacity (ton yr') Scale
American Biocarbon Unknown White Castle (US) 200,000 Commercial
Clean Electricity Gen. (UK) Oscillating belt Derby (UK) 30,000 Commercial
Hip Lik Green Energy Ltd Unknown Malaysia 100,000 Commercial
New Biomass Energy (US) Screw reactor Quitman MS (US) 80,000 Commercial
Black Wood/Topell (NL) Multistage FB Duiven (NL) 60,000 Commercial
Arigna Fuels (IR) Screw conveyor Roscommon (IR) 20,000 Commercial
Torr-Coal (NL) Rotary drum Dilsen Stokkem (BE) 30,000 Commercial
Airex (CA) Cyclonic bed Becancour QC (CA) 16,000 Demo.
Andritz (AT) Rotary drum Frohnleiten (AT) 8,000 Demo.
Andritz (DK)/ECN (NL) Multiple hearth Stenderup (DK) 10,000 Demo.
BioEndev (SE) Screw reactor Holmsund (SE) 16,000 Demo.
CMI NESA (BE) Multiple hearth Seraing (BE) Undefined Demo.
Earth Care Products (US) Rotary drum Independence KS (US) 20,000 Demo.
Grupo Lantec (ES) Moving bed Urnieta (ES) 16,000 Demo.
Integro Earth Fuels (US) Multiple hearth Greenville SC (US) 11,000 Demo.
LMK Energy (FR) Moving bed Mazingarbe (FR) 20,000 Demo.
Konza Renewable Fuels (US) Rotary drum Heally KS (US) 5,000 Demo.
River Basin Energy (US) FB (aerobic) Rotterdam (NL) 7,000 Demo.
TSI (US) Rotary drum White Castle (LA) 15,000 Demo.
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Table 6. List of companies participating IBTC

Company Country Website
Airex Energy Canada airex-energy.com
AmandusKahl Germany akahl.de
Arigna Fuels Ireland arignafuels.ie
BioEndev AB Sweden bioendev.se
Clean Electricity Generation Netherlands cegeneration.com
CPL Industries UK cplindustries.co.uk
CPM Europe B.V Netherlands cpmeurope.nl
Laborelec/GDF Suez Belgium electrabel.be
National Carbon Technologies USA national-carbon.com
Next Fuel Sweden nextfuel.com
Polytechnik Austria biomass.polytechnik.com
Teal Sales Incorporated (TSI) USA tsi-inc.net
Torr-Coal Netherlands torrcoal.com
Yilkins Netherlands yilkins
Advanced Fuel Solutions Portugal adfuelsolutions.com
Futerra Portugal futerrafuels.com
GreenCarbon Russia ge-renewables.com
CENER-CIEMAT Spain cener.com
MikseiOy Finland mikseimikkeli.fi
ECN part of TNO Netherlands tno.nl
Wallonie recherche CRA-W Belgium cra.wallonie.be
Wild &Partner Austria wild.or.at
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2019. Nov. CEG & TSE successfully trial renewable black
pellets
Clean Electricity Generation Ltd (CEG), a member of IBTC, has
with Turun Seudun Energiantuotanto Oy (TSE) announced the
successful logistics, handling and combustion trial of over
1,000 ton of CEG Renewable Black Pellets at TSE's coal-fired
power unit Na2 in Naantali power plant, Finland.

2019. Aug. SSAB Brahestad successfully concludes blast furnace biocoal tests
SSAB has disclosed the test results of using biocoal in the blast furnace at the
SSAB Brahestad steelworks in Finland. Tests show that up to 10% biocoal blend
is possible, which would reduce fossil CO, emissions by 100,000 ton/a.

Valongo, 11 December 2018 — Portuguese bioenergy start-up Futerra Torrefacao e
Tecnologia S.A. (Futerra Fuels) has started the construction of their first commercial scale

torrefied pellet production plant in Valongo, Portugal. The plant will have an annual

production capacity of 120.000 tons of torrefied pellets.
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Table 7. Torrefaction papers published in Korea during last 10 years

# Journal Institute Title
1 | Trans. Kor. H2 New Energy Soc. 30 (2019) 49 | FAH) WHERS) 7142 551 o] QUi A9 AA] AT A
2 |Trans. Kor. H2 New Energy Soc. 29 (2018) 280| -Alt} Hhets] 3l o] vlo] @ uj A A7 O] LR W AA4A o] m) = JgF
3 |Trans. Kor. H2 New Energy Soc. 28 (2017) 683| EA} 248 wp nggg %E%ﬁﬁg%‘éi% AT
4 | Trans. Kor. H2 New Energy Soc. 29 (2018) 81 | F-4lf ol A A 2] 7] s ME &4 S0 3t A AT
5 Kor. Chem. Eng. Res. 55 (2017) 395 A |92 ARHAFC)S HIRIE = o] 8/t I3A40] 524 4l sjoks] £4
6 J. Korean Wood Sci. Tech. 44 (2016) 685 A WS} 2L 0 S2& L of] gt Hlo] QuiA FES AF
7 J. Korean Wood Sci. Tech. 43 (2015) 381 Agd S UiErs) vlo] Qi A S 0] &5 T TP AT AJAE
8 J. Kor. Wood Sci. Tech. 44 (2016) 360 At | 8= 9l &4] vhEkstol| 918t Empty Fruit Bunch®] J22 E4 4}
9 J. Kor. Wood Sci Tech. 41 (2013) 497 Ay U EHEAHS 0] &35t A HEAQ] vEs) & 24 24
10 Kor. Chem. Eng. Res. 51 (2013) 739 A |Y9h5(Larix kaempferi) 1L = oY |32 95t vtets} 2424 €AY
11 J. Korean Wood Sci. Tech. 43 (2015) 135 ZHY (st R {E T SR EAdREE A dwd EA A
12 J. Kor. Wood Sci. Tech. 48 (2020) 271 2y Stability & Sludge Ener%/afef(f;(ézzgl;fl tTorreﬁed Wood Material
13 J. Kor. Wood Sci. Techn. 47 (2019) 709 2y Impact of Paste Type Torregigs\;\;otgi Flour Coagulants on Water
14 | J.Kor. Soc. Agricultural Eng. 56 (2014) 55 st Q2 Hielslel Byt Ao] EX BA
15 | J.Kor. Soc. Agricultural Eng. 59 (2017) 17 SHH Hio| QA AR 2 A v]EhE S PHALE S HiErst &4
16 Korean Chem. Eng. Res. 52 (2014) 672 T3 A BAME9] vhets) E4]of] Tt A+
17 Appl. Chem. Eng. 25 (2014) 510 hl Sh&E] 2] 9] whets} E/gof Tt A
18 J. Kor. Soc. Waste Manage. 31 (2014) 469 IAE Hlo] Q uj A HFElS} 7| &
19 | J.Kor. Soc. Waste Manage. 29 (2012) 793 IAE EFB ¥1et5} A] 3439 CharQ] 428 2 EAJo) o5t A W4=0] J3F
20 Korean Chem. Eng. Res. 53 (2015) 224 | A S, ?J“%-Z%%S’; %ﬂf’] W 73 et
21 | J. Korean Wood Sci. Tech. 44 2016)96 | =iy | "o TOACIER < ’ITS} T Swof 94 S4 249}
oA A+
22 |Trans. Kor. H2 New Energy Soc. 28 (2017) 190| KIER A ery} Hiels) vlo] Q i A &5t 7 9] 71 A S}
23 Kor. Chem. Eng. Res. 51 (2013) 465 A== ke Oil Palm Frond 9] BEt3}E B35t A 83} A+
24 Appl. Chem. Eng. 23 (2012) 440 Qlstdh HHErst Q=3 o] 6| E4 9 o] Agt A
25 | 1. Kor. Soc. Waste Manage. 30 (2013) 376 2 oF HHeks) Hio] @ mi A 0] A 7 8|9} AAEA] RAL
26 Kor. Chem. Eng. Res. 56 (2018) 725 AAT | vlo] Qui A 20 g5l @ Hleks) vlo] QUi A 9] H] 5L A HHS EX
27 Appl. Chem. Eng. 29 (2018) 350 AZAE =2 S G ES] o) Bio] QujA WIS} W = JF
28 J. Kor. Wood Sci. Tech. 43 (2015) 122 Akl | YdSA Y aFek 24 d AmA] E4Jof tijt REeE}l 271 9] J3F
29 |I. Kor. Soc. Environmental Tech. 18 (2017) 364| A1} AR oS 95t slpg e A] AR A4
30 Kor. Chem. Eng. Res. 50 (2012) 385 A TAYALE A ZE 95t EA A vietst EA4
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Table 8. RPS by year

Year 2012 2013 2014 2015 2016

2017 2018 2019 2020 2021 2022

2023~

Ratio (%) 2 2.5 3 3 3.5

5 6 7 8 9 10
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Ll

2012 2013 2014 2015 2016 2017 2018
Year ~October

Imported amount of wood pellet (x1,000 ton)

Figure 9. Imported amount of wood pellet by year.
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Figure 11. Indonesia energy outlook.
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Table 9. Pulverized coal (PC) power plant in Indonesia

PP MW Operator PP MW Operator

Paiton (PLN) coal-fired, E. Java | 2 x 400 PT. PLN CilacapAdipala coal-fired, C. Java | 1 x 660 PT. PLN

Suralaya coal-fired, Banten ;‘ i 288 PT. PLN Indramayu coal-fired, Java-Bali | 3 x 330 PT. PLN

2 x 670
Paiton, E. Java 2 x 610 | PT. Paiton Energy (IPP) Pacitan coal-fired, Java-Bali 2 x315 PT. PLN
1 x 850

TanjungJati-B I coal-fired, E. Java| 2% 662 | ' Ce“trglpi,a)va Power || buan coal-fired, Java-Bali | 2 x 300 PT. PLN

TanjungJati-B Il coal-fired, E. Java 2 x 662 | T Cemr(ﬂ)gva Power Lontar coal-fired, Java-Bali | 3 x 315 PT. PLN

Cirebon coal-fired, W, Java 2 % 300 PT. Cirebon Electric Power PelabuhanRatu C(?al-ﬁred, 3 % 350 PT PLN

(IPP) Java-Bali
Cilacap, C. Java 2 x 300 PT. SSP (IPP) Rembang coal-fired, Java-Bali | 2 x 315 PT. PLN
Java 4 coal-fired, C. Java 2 x 1000 PT. Bhumi Jati Power TanjungJati-A coal-fired, W. Java | 2 x 660 PT. Bakrie Power
(IPP) (IPP)

Java 7 coal-fired, Banten 2 x 1000 PT. SGPJB (IPP) Arahan coal-fired, S. Sumatra | 4 x 600 PT. PLN

Central Java coal-fired, C. Java |2 x 1000| T BhimasenaPower | p o\ coal-fired, S. Sumatra | 4 x 620 | PT. BA &CHD (IPP)
Indonesia (IPP)
Bojonegara coal-fired, Banten | 3 x 740 PT. PLN
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