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OBiomass and Waste Energy in Taiwan
ORefuse Derived Fuel (RDF-5) projects
OBubbling Fluidized Bed (BFB) project
OCirculating Fluidized Bed (CFB) project
OPaper mill rejects gasification
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Biomass and Waste Energy in Taiwan

O Taiwan relies on imports for 98.7% of its energy.
O Waste to energy: 629 MWe (municipal and industrial wastes)
O Biomass to energy: 111 Mwe (bagasse, rice husk, black liquid and biogas)

2015 : 740 MW 2030 : 950 MW

Waste * Municipal waste: 624 MWe * Municipal waste: 750 MWe
 Industrial Waste: 5 MWe  Industrial Waste: 43 Mwe
Biomass | Biogas: 19 MWe  Biogas: 26 M\We
« Agricultural Waste: 92 MWe « Agricultural Waste: 131 Mwe

"""""

Incineration plants

- Bioas ower plant, Municil wste
Capacity: 624 MWe gas p P p

landfill, Taipei Capacity: 6.8 MWe
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Biomass and waste at Taiwan

O Industrial waste(~1 Mt/y available) including sludge, wastewater and
food scraps need to be handled

O Agriculture waste (~1.7 Mt/y available) are mainly straw, fruit trees
branches cut are not well unutilized yet.
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“®  Refuse Derived Fuel (RDF-5)
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IDW RDF-5 plant, Capacity:30 t/d
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Commercialized RDF-5 projects
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O RDF-5 co-firing

 Stable combustion and operation
* Meet environmental regulations

: — : 2006/BFB CHP
Combustion system Energy output Co-firing ratio (56 t/h, 2.2 MWe)*
BFB CHP boiler steam: 56 t/h; power: 2 MW, 100% RDF-5

: 30% RDF-5
CFB CHP boiler steam: 130 t/h; power: 27 MWy, | 7004, coal, bio-sludge or waste tire
: 40% RDF-5
BFB steam boiler steam: 22 t/h
60% coal 2005~2006/CFB CHP
0 i 130 t/h, 27 MWe)*
Stoker steam boiler | steam: 30 t/h 251)(2 502:: > ( e e ST )

RDF-5: made from paper mill rejects

O RDF-5 fired BFB steam boiler
* Boliler efficiency > 85%
« Steam capacity of 6 t/h
e Capable of scaling up to 15 t/h

*Projects of Bureau of energy, Ministry of Economic Affairs | <Y,
& developed by Industrial Technology Research Institute RDIi-5 steam b,oilg(t6 t/h)*

Boiler (30 t/h)*
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Bubbllng Fluidized Bed (BFB) gasifier

O 500 kg/h Once-Through Boiler combined with a
300 kW, BFB gasifier

O BFB gasifier is fed with agriculture waste to
generate syngas to replace partial boiler’s fuel

Waste Culture soil
Gasifier f—

lSyngas

Fuel—>  Boiler

Steam

Biomass Culture
waste soil

sterilizing geg INOCulating gg Cultivating Mushroom,

300 kWth BFB demo plant
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Circulating Fluidized Bed (CFB) gasifier

O Applying paper mill reject RDF-5 as fuel to test
CFB gasifier

O CFB test result:

* Produced syngas has heating value of 1,500
kcal/kg with ~98%b carbon conversion

e Gasification reaction is hold at high
temperature (>800 ‘C) to reduce the tar content

e Ca(OH), or NaHCO, are added into baghouse
to suppress HCI emission more than 95%

* The produced syngas can have less than
emission regulation of dioxin and ash
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Paper mill rejects gasification

O The waste fed into gasifier contains 45 wt.% moisture
O The boiler generates 15 t/h steam with 16 kg/cm?G

Ferrous metal

Paper mill 1st 2nd S Pressed
rejects crushing crushing g dehydration

Waste water

ash ash

T

ar-d Gasifier Cyclone
5 y heat

baghouse desulfurizer
recycle

steam

Courtesy of Cheng Loong Corp.
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Fast biomass pyrolysis platform

O A “probe” (small test platform) is designed to survey the suitable
feedstocks for bio-fuel. The biomass pyrolysis pilot plant was built on

2011 (feedstock capacity: 60 kg/h)
0 Tested biomass: various woods, cassava, various bamboo, coffee

grounds, rice straw, jatropha.
O Hydro-deoxygenation and catalytic upgrading of bio-oil are applied for

drop-in fuel.

Waste
Plastics

: ,g« B
Biomass pyrolysis pilot plant
* Feed rate: 50-60 kg/h

» Reaction temperature: 350-550°C
* Pressure: 1 atm
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Fluidized bed reactor
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Summary

O There are ~2.7 Mt/ly industrial and agriculture waste available for
energy application.

0 Refuse Derived Fuel (RDF-5) is a matured technology in Taiwan and the
foundation of gasification technology.

O ITRI has developed gasification technology such as BFB and CFB.

OO0 Many industries e.g., CHP, have co-firing need in the near future.

O ITRI is developing distributed gasification power system to enlarge the
unitization of biomass in energy application.
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Appendix

Copyright 2016 ITRI L1l 355




TR

Industrial Technology
Research Institute

Refuse Derived Fuel 5

L

O Solid fuel from a series of mechanical sorting and compressing of
waste/biomass.

O Moisture content<10 %, ash content<20 %, LHV>3,000 kcal/kg

O Compressed volume causes transporting and storing conveniently

O Convenient for applying RDF-5 as dominant fuel or complementary fuel in
stoker boiler, fluidized bed boilers and power plant

O Energy benefits : Net energy output is higher than MSW incinerator (~1.4
times)

» Complex In compesition

»~ Non-uniform In shape and size

» High water content {~50%)

~ Low heating value {(~1,800 kealikg}
= Eaay to putrely and produce order
» unstable combustion

Incinerator
1ten MSW Snergy Net energy eifect M
I incinerator |::> output e ¥
s == | with n=10% 279 kwh kWhiton MSW
1ton | 0.5ton RDF-3 \ Energy Net energy effect
MSW Rower plant [0y  output -'ma KWihiton MSW
with 1=30 % 785 kWh R
Energy input
380 kWh Y,

~ Easy to store and tranaport
= Stable combustion

. : N~ Homogeneous in compeosition
, 3 sl : = Uniform in shape and size
Y S E- = Lower water content {<104%)
i ~ Higher heating value (~4,000 keal/lkkg)
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