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Experience in High Efficiency Biomass Utilization with Coal in Japan

@) & & B

Takemi WATANABE
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CFB boiler
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POWER-GEN Asia 2016 CORERH/XARE BIEK L
H5DTH B,

For fighting the global warming, many countries are
introducing Feed In Tariff (FIT) in order to accelerate
biomass fuels utilization. Utilizing biomass as a fuel
in thermal power plant is one of specific examples.
However, 100 % biomass firing plants are often facing
the limitation of plant capacity due to fuel collection
problem and the limitation of plant efficiency by low
steam conditions due to the low fuel qualities. To
overcome such problems, coal co-firing with biomass
fuels is an effective solution. Coal co-firing allows us
to utilize biomass more flexibly with a higher plant
efficiency than that of 100% biomass firing plants. In
this report, the advantages of coal co-firing technology
based on our experiences are presented. This paper
has been reconstructed based on the content of
the paper presented at POWER-GEN Asia 2016
exhibition.

1 APPLICABLE FUEL RANGE FOR CFB BOILER

BACK GROUND AND TREND OF

2 RENEWABLE FUEL UTILIZATION IN JAPAN

Various fuels are applicable to be utilized in Circulating

Fluidized Bed (CFB) boiler as shown in Figure 1. Co-firing For the worldwide request for mitigating global warming
with several different kinds of fuels is also available for the under Kyoto Protocol (1997), utilization of renewable
same unit. energy has been promoted in Japan. Renewable portfolio

standard and national support programs were also
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Figure 1  SHI's experienced fuel sources and their range
Table 1 Typical components and potential risks for typical biomass and the other fuels
Items Unit (Dot TDF RPF Shudge (Coal)
Net calorific value keal/kg 3400-2400 7500 6000 700-400 6200
Moisture %-AR 20-40 0.8 5-9 50-60 10
Sulfur %-dry 0.4 1.6 0.2 0.1 0.7
Cl %-dry 0.01-0.1 0.05 0.2-1.0 0.01-0.1 -
Na+K %-dry 0.1-0.3 0.1-0.2 0.1
Heavy metal Zn mg/kg 1-50 4-5% 10-200
Cu mg/kg 1-20 1-30 10-50
Pb mg/kg 1-20 1-30 1-20
Metal Al %-dry 0.2-1.0
Foreign material Nail, non-Ferrous Wire 2-14%
***Potential risks (X mark indicates the potential risks) ***
Moisture fluctuation X X
Corrosive material content X X X
Foreign material content X X
Metal Al deposit X
Fuel feeding trouble X X X X
Ash disposal X X X

established to introduce renewable fuel utilization for the
power plants in 2002. From April 2016, retail sale of
electric power to ordinary households was started. This big
change of electric power sales scheme accelerates the
establishment of new electric power companies. As a
matter of course, ‘Low-cost electric power supply” and
“Reduction of environmental loads (CO2 reduction)” are the
mandatory requirements for the new companies as well as
the conventional large scale power plants. In the power
sector, biomass fuels such as demolition wood, bark, forest
residue, woody pellet, and Palm Kernel Shell (PKS) are the

major fuels.

3 PROBLEMS FOR SMALL SCALE POWER PLANT
IN BIOMASS FUEL UTILIZATION

In general, above-mentioned new power companies are
One of the
biggest differences between conventional and those new

focusing on small scale power generation.

electrical power companies are “available fuel sources”
and ‘site locations of the power plant” .

From the point of view of the available fuel sources, coal
is still cost competitive and easily collectable fuel
compared to biomass fuels even though the coal is one of
major CO2 generation sources. Large scale power
companies are able to conduct Integrated Gasification

FERE#MIEIR No.197 2018



X - HWE

BRICETIARBRICEDZINAFYAEHEMABICOVT

100 100

90
80
70
60
50
40
30
20
10

71

51

Cl and Alkali(Na+K)
with those in biomass scaled as 100%

50 %Biomass
50 %Coal

30 %Biomass
70%Coal

Biomass

Total moisture (%-AR basis)

60 110 =
y Total moisture =

_A @

50 A A AT 100 £
A /N A Wi e \Kl 8

P Akl \F‘\/K’ g
40 22 90 =
,K ]A‘/\ g /\N"\ /‘\ g
30t} ™ [X t s £
20 \1/ r\/k\ \ 70 E
¥~ Heating value _E

10 60 &
Two years g

Corrosive components in ash (residue)

Figure 2
calculated based on fuel components

Table 2

Models for biomass fuel utilization for each business scheme'"

Figure

3 Typical fluctuation of total moisture and heating
value in woody biomass fuel.

Japanese domestic (FIT scheme)

In-house power generation

Electricity retailing

5-6 MW

Power generation

10-100 MW

100-200 MW

Main fuel Biomass single fuel Multi fuel co-firing Coal and biomass co-firing
Main fuel Forest residue Demolition W(.)Od’ Imported biomass

Unused woody biomass
Sub fuels - TDF/RPF/Plastics Biomass pellet, Coal
Boiler type Small scale CEB (Module unit) Renewable fuel matched CFB Biomass (co-)firing CFB equipped

with reheat system

20-22%

Transmission end efficiency

33-35%

38-40%

Features Short delivery time

Corrosion and foreign material proof

High efficiency, Reheat system

Combined Cycle (IGCC) plant and Ultra Super Critical
(USC) power plant with ease in order to reduce CO2
emission. On the other hand, there are small chances to
conduct such complicated systems which need huge initial
investment for small scale power plants owned by new
companies.

As an alternative, using biomass fuel, more specifically,
carbon neutral fuel is an effective solution for those small
scale plants to reduce CO2 emission. However, there are
several problems regarding the utilization of biomass fuels
such as collection of fuel and fuel quality. Because small
quantities of biomass fuel are scattered in various
locations, it is difficult to collect certain amount of specific
single fuel and reduce fuel collection cost. In addition, fuel
qualities such as content of corrosive components and
heating value show frequent fluctuation through the year.
Furthermore contamination due to foreign materials is one
of common problems. Those negative characteristics
sometimes cause unstable operation of the power plant. In
order to utilize those fuels properly in CFB boiler, “Co-firing
coal and biomass fuels” is an effective and wise solution.
The specific characteristics of biomass fuel and the
meaningful advantages of coal and biomass co-firing are
explained in the following sections.

4 CO-FIRING COAL TOGETHER WITH
BIOMASS FUEL IS THE SOLUTION

4.1 Potential risk of biomass fuels utilization

Table 1 summarizes typical components and potential
risks of biomass and the other fuels. Typical possible
troubles due to biomass firing are corrosion, fouling on the
heating surface and agglomeration formation due to the
existence of chlorine and alkaline components in the fuel.
4.2 Important benefits of coal co-firing with biomass fuel

From SHI's experiences, coal co-firing with biomass has
preventive capability against the potential risks described
in section 4.1. The first positive effect is to minimize
corrosion risk. Because clean coal ash dilutes the existence
of alkaline and chlorine to a level sufficiently low enough
not to cause severe corrosion trouble. Figure 2 illustrates
the content proportion of corrosive components in ash at
each different co-firing ratio. From this figure, the corrosive
components in ash are diluted in proportion to coal co-firing
ratio. This means that a higher main steam temperature
such as 513 or 541 °C instead of 480 °C or less is
applicable even in biomass firing. Consequently, co-firing
coal with biomass fuel realizes a higher plant efficiency.

The second advantage is to improve the fuel quality. Fuel
quality should be kept in a proper range in order to keep
stable operation. However, biomass fuels have fluctuations
of total moisture and heating value due to seasonal and
atmospheric conditions. These fluctuations cause excessive
flue gas generation, unstable combustion and steam
generation, and inferior emission performances. Figure 3
shows an example of fluctuations of total moisture and

heating value of woody biomass fuel. It shows that the

FRE#MIEIR No.197 2018
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Figure 4 Typical CFB boilers for each business scheme!"
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Figure 5 Typical CO2 emission rates by different fuels?

heating value decreases to as low as less than 70% of the
design basis value in the worst case.

In order to overcome such a situation, coal co-firing will be
an excellent solution. Because coal quality is stable
through the year, it can compensate such a quality
fluctuation of biomass fuels. Moreover, compared to the
conventional coal firing units, CO2 generation can be also
suppressed due to the utilization of carbon-neutral biomass
fuel. These effects have been proven by the operation
results of commercial units.

5 A MODEL FOR BIOMASS FUEL
UTILIZATION BY CFB BOILER

Each electricity retailing company requires not only a
highly-reliable CFB boiler, but also the boiler which can
contribute to CO2 reduction. Based on SHI's experiences,
SHI is proposing models, for biomass fuel utilization for each
business scheme shown in Table 2.

Figure 4 shows typical CFB boiler for each business
scheme. High efficiency is particularly essential requirement
for large scale power plants proposing models, such as 100
to 200MWe scale ones. For the requirement of high-
efficiency, SHI can supply CFB unit equipped with reheat
system.

From the point of view of the CO2 reduction, biomass
fuels and coal co-firing also have an advantage. Large scale
power plant such as USC, IGCC and IGFC can easily
suppress CO2 generation due to its high efficiency heat
cycle. On the other hand, the CO2 emission from CFB boiler
with use of over 30% of biomass fuel co-firing ratio is
almost equivalent or less than that of the large unit with
sub-critical main steam condition as shown in Figure 5.
Therefore, SHI emphasize that utilizing biomass fuels
together with coal in CFB boiler is much simpler and more
effective to reduce CO2 emission.

6 CONCLUSIONS

CO2 reduction is a mandatory requirement for the thermal
power plants. SHI is willing to supply CFB boiler in order to
contribute to a better society through CO2 reduction. SHI
also believes that the same scheme as the one used for
Japanese domestic situation for biomass fuel utilization
will become popular in electricity retailing business
overseas. To be more precise, following important benefits
can be received by coal co-firing with biomass fuels.

- Stable plant operation
- Energy security
- Minimization of corrosion potential by corrosive

components in biomass fuels

- Achieve higher efficiency with a higher grade steam

condition

- CO2 reduction performance equivalent to that of the large

scale power plant

Above mentioned advantages can contribute to a stable
power generation with a reasonable cost and a globally
lower environmental load.

(REFERENCES)
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REVIEW, 35-36, 2015.
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Sumitomo SHI FW Joins Sumitomo Heavy Industries : A New Global Leader in Sustainable Energy Solutions

@Teemu NEVALAINEN®

Figure 1

20175 6 A23H, EXREHBIZ (SHI)IE, Amec
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1 INTRODUCTION

Massive 2.2 GWe Samcheok Green Power Project (4 X550 MWe, 437, 7/356, 4 kg/s, 257/53bar(g),
603/603°C) in South Korea is approaching two years of full commercial operation. Utilizing
the most advanced ultra-supercritical CFBs in the world, it signifies the next big step for
clean and flexible power from economical solid fuels.

On June 23, 2017, Sumitomo Heavy Industries (SHI)
acquired Amec Foster Wheeler’s businesses related
to fluidized bed technologies forming Sumitomo
SHI FW (SFW) : A new global leader in sustainable
energy solutions. The acquisition continues a long and
successful co-operation between SFW and SHI. SFW’s
CFB boilers have redefined the meaning of fuel flexibility,
reliability and clean combustion without back-end
controls. Originally, the CFB market was solely for the
small to medium size range, but today, CFB technology
plays a substantial part in large utility scale applications.
Over the last 40 years, CFB technology has been
applied to nearly 500 boilers globally by SFW (including
former Foster Wheeler), more than all other suppliers.
We are fortunate to be in the Number 1 position in
the global CFB market and continue to improve our
technology and delivery models to ensure they remain
the most reliable, well-designed, and competitive units in
the market today.

fluidized bed technologies, forming our new company,
Sumitomo SHI FW (SFW). The acquisition continues a long

On June 23, 2017, Sumitomo Heavy Industries (SHI) and successful co-operation between SFW and SHI.
acquired Amec Foster Wheeler' s businesses related to SHI bought the three major fluidized bed operating units in

5 * TXILX —RIFEEE FRE#MIEIR No.197 2018



R - E BETEZIXILX—HSOERICE T T (Sumitomo SHI FW4t)

Figure 2 Dangjin Bio-1 Power Plant (105MWe, 108kg/s, 129bar(g), 540°C) produces a power of 105MWe
from palm kernel shells, wood pellets, recycled wood, and sub-bituminous coal. Our CFB technology
provides an ideal solution for cleanly converting biomass and low-quality coal into valuable steam
and power.

Finland, Poland, China, and the US each of which is based
on a global strategic business development group. The
acquisition included circulating fluidized bed (CFB) boilers
as well as bubbling fluidized bed (BFB), fluid bed gasifiers,
CFB scrubbers, fabric filters, metallurgical waste heat
boilers and boiler service businesses in Europe and Asia.

SFW is now a global CFB company operating as part of
SHI's Global Energy and Environment Group. The merger
has offered new opportunities to combine and dedicate
talent, resources and quality of service. SFW now holds
the largest and most experienced team of fluidized bed
experts in the world.

2 CFBTECHNOLOGY FOR A CLEANER WORLD

We are the (original) pioneers of CFB technology and
continue to sell more CFB units than any other company in
the world. Our CFBs offer value in multiple dimensions.
Their fuel flexibility provides power generators and
industrial plants with the ability to shop for the lowest cost
fuels, keeping power prices at the lowest levels. They can
co-fire carbon neutral fuels and employ highly efficient ultra-
supercritical steam technology, providing a flexible carbon
reduction solution without turning to expensive carbon
capture and sequestration (CCS) technology. They can
convert the environmental liability of industrial byproducts
and waste into valuable power, steam and heat.

3  MARKET POTENTIAL OF CFB TECHNOLOGY

Our growth plans for the future of our company depend on
a global mindset towards a cleaner and a more sustainable
planet. Under this outlook, we see the CFB market share

growing as the solid fuel product of choice due to its ability
to use a broader range of more ecological fuels and to
provide an increased efficiency.

Over the last 40 years, SFW's CFB boilers have redefined
the meaning of fuel flexibility, reliability and clean
combustion without back-end controls. This has been
noticed by utilities, IPPs (Independent Power Producers),
developers and industrial companies who have been
selecting CFBs more and more. The CFB market has lots of
room to grow because of the higher values it offers over PC
technology.

4  CFB PROVIDING VALUE IN ASIA AND JAPAN

Asia will continue to need high levels of both new and
replacement power and steam capacity. At the same time,
Asian governments need to find the right balance of power
reliability, affordability, and environmental impact for power
generation.

Over the last 10 years, high moisture sub-bituminous coal
exports have exploded, driven by considerable price
discounts. A CFB boiler can fire the full range of these fuels
with heating values spanning the 5000-3900kcal/kg
range, as well as high quality coals in the 5500 -
6000kcal/kg range, capturing the full arbitrage of this fuel
market. PC plant operators are forced to trade a reduced
plant output, and a higher downtime as well as maintenance
cost to capture a much smaller range of these fuels.

CFB technology can make a difference in the Japanese
power market, given the shutdown of most of their nuclear
power plants. The huge power gap is being filled with
expensive LNG and liquid oil. Coal is a economically very

FREHMEIR No.197 2018
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Figure 3

Ee——

Polaniec Power Station (205MWe, 158.3/135.1kg/s, 127.5/19.5bar (a), 535/535°C) supplies over 200
MWe of renewable power to Poland’s power grid since 2012. The plant features SFW’s state of the art

advanced Bio-CFB boiler utilizing cutting edge design features and materials to efficiently and cleanly
produce large scale power from a broad spectrum of wood biomass and difficult-to-burn agricultural crops

and byproducts.

attractive base load alternative for Japan.

Historically, Japan has been importing the premier grade
6000 kcal/kg Australian coals in its fleet of ultra-
supercritical PC boilers. Here, the CFB option can provide a
high plant efficiency with ultra-supercritical designs, while
utilizing low cost and lower quality Indonesian coals,
yielding tremendous cost savings to Japanese utilities.

5 LARGE SCALE UTILITY SIZE CFBS

Originally, the CFB market was solely for a small to
medium size range serving industrial, WTE (Waste-to-
Energy facility), CHP(Combined Heat and Power), district
heating, and cooling sectors. Today, CFB technology plays
a substantial part in large utility scale applications.

Our first large 460 MWe supercritical CFB went on-line at
Lagisza plant in Poland 8 years ago. At that time, this was
the world's first supercritical and the largest CFB unit. In
2016 and 2017, we brought into commercial operation four
550 MWe ultra-supercritical CFBs at Green Power Plant in
Samcheok, South Korea (Figure 1). This is the largest CFB
plant in the world.

6  TRENDS IN BIOMASS ENERGY AND RENEWABLES

Both a higher efficiency and the use of biomass in power
generation can contribute significantly to reducing
emissions of carbon dioxide. CFB technology is a perfect
solution to meet these market requirements.

In Korea and Japan, we see a number of multi-fuel power
and CHP plants using a combination of local waste and

recycled woods as well as imported biomass pellets and
agricultural byproducts.

In Korea, we recently provided a CFB to a 105 MWe
power plant in Dangijin, that fires wood pellets and other
biomass products (Figure 2).

We also see some governments-supporting large scale
utility power projects fueled by dedicated biomass and
agricultural sources. In Polaniec, Poland, we recently built a
200 MWe power plant that fires biomass and agricultural
byproducts (Figure 3), and in Teesside, UK we are building
a 299 MWe plant that will fire imported wood pellets from
North America (Figure 4).

We also see a growing trend of rising energy costs and
declining power reliability in markets that have high
penetration levels (over 30%) of wind and solar energy.
Without large scale energy storage, grid operators will need
to scramble to meet the load demand when the winds die
down or clouds and stars cover the sky. They are relying
more and more on expensive fast-moving and peakier-plants
fueled by natural gas and oil to manage the intermittent
capacity, thus resulting in increased energy prices.

We believe the best protection against uncertainty of
the future is to keep all technologies and fuels in the
generation mixture for a balanced energy portfolio. This is
where the CFB provides value, since the same unit can
burn the widest range of fuels. And it provides these
benefits as a highly reliable and dependable base load
capacity option to maintain grid stability.

FRE#MIEIR No.197 2018
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Figure 4 SFW has been awarded a contract by Tecnicas Reunidas SA and Samsung C&T EC UK to design and
supply the world’s largest, newly built, 100 % biomass-fired 299 MW CFB for Tees Renewable Energy Plant
(299 MWe, 229/205kg/s, 176/43.8bar(a), 568/568°C) in Teesside, UK for MGT Teesside Limited.

7  WHY DO CLIENTS CHOOSE SFW'S CFBS?

Unlike many of our competitors, nearly our entire
business is centered on the supply and service of CFB
boilers, which allows us to focus nearly all our energy,
talent, and R&D on CFB technology. Over the last 40
years, we have supplied nearly 500 CFB boilers globally,
which is more than all other suppliers.

We have fired the most diverse range of fuels in CFBs
and we have learned the most about what works and
what doesn’'t work. Technology evolution includes
learning from unexpected outcomes, and when this
happens on a commercial project, we have shown clients
that we have the ability to find a solution that works both
technically and commercially.

We are fortunate to be in the Number 1 position in the
global CFB market. We continue to improve our
technology and delivery models to ensure they remain the
most reliable, well-designed and competitive units in the
market today.

FREHMEIR No.197 2018
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Case of Adoption of Renewable Energy through Utilization of Anaerobic Treatment
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Masato NOGUCHI
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Completed projection drawing of “Nakatafoods Biogas Power Station”
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Renewable energies, said to constitute 22 to 24 % of
total electric power supply in 2030 according to Agency
for Natural Resources and Energy of Ministry of Economy,
Trade and Industry in Japan, are expected to become a
major electric power supply source. Among the various
sources for the generation of renewable energies, we
have been focusing on organic waste liquids stemming
from non-consumed food, especially the one used for
the seasoning of plum for the production of salted plum,
the disposal amount of which being rather constant. The
waste liquid used for the plum seasoning, high in salinity,
organic compound, as well as sugar, having been said
not suitable for an anaerobic treatment, we developed a
pre-treatment system, namely AG-Reactor, to overcome
this unsuitableness. Thanks to the development, we
could successfully obtain an order for the construction of
"Nakatafoods Biogas Power Station" which uses biogas
generated from plum seasoning disposal liquid through
an anaerobic treatment as the power generation fuel.

24% (F1 20304-EHE) LTk, SHOBHIGIEE

LCOMRAKREL &> T3,

FHEWBET JoL ¥ —1d, W, |, KBt Kk kO
N4 F v TR S, fkRicE) CEEMGREE LR X8
Tuh kL Tra sy, LirL, Bk X OkBEid KR
BEDFRMFIC KO HHRE I REE T, KINTF L HRED
BUSHERNEDY & 5. HENIR S RE Lz T 3L —{HiG0H
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Normal granular sludge and granular sludge with filamentous fungi
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Degradation rate of simple sugars and CODcr by pretreatment system
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Development of Swirling Flow Grit Separator

@i K KT

Shigeru SUZUKI
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Swirling flow grit separator
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Recently, in grit removal system of wastewater
treatment plants and pumping stations, a pipe
transport grit removal system capable of suppressing
the generation of odor gas and reducing the number
of devices attract attention. A grit separator that
constitutes a pipe transport grit removal system plays
an important role in separating wastewater and grit
transported outside the grit removal channel. This
paper illustrates the availability of new type of swirling
flow grit separator which corresponds with various
needs by examining grit separation performance,
pressure loss, and maintainability in actual wastewater
treatment plants.
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General wastewater treatment plant flow and swirling flow grit separator
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Sulfuric Acid Resistant Chain and Flight Scrapers
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= Structure drawing of SR notch

TIPS Z 55 (F 5 0BthTIE, HEICREL =758
DHEFEEFLELERDLDD ZHEERBICITY F
I1—>7741 FRFRLP EFEHESSEASIh TN S,
FIOEE, EEIME - REGLICEG L ABEF —>
PELBERAIhTVWS, —F, BlEFz—>%2FALE
RYEEBMICE VW TARHRARA EICKYKIkE LU LIFE,
HBERD S HET BHLKRICE 2HEHIL THilEF
I—HPBEHTEEVHIBERPHEREINTVD,

£, BSREL TV BRMEICEY, F1—>775
1 rPRFRPEFEEOF - ABEL TR LD
Z<{HMESIh TV,

ChsDFBEICHIET AL, HEICEVEMEERT
3 ETTMBEEREREL, S5IKFz—5H14KT
PBEEETEH/ v FF—RBERIPEHF LR [SR
JyF] eRELMEMERES €L,

1 Fa2H=Z

RAKAVEE O TR R T IE, RIS PEBE L VYR
HELFEEL 222D 00 XHFEHEERTEF -V T T
A RGP » EFEHB LA TS, ZO0F 22—V
774 PG> EFERICERHAI A TS F 2 — Vi,
I F = — v Th -2 ER L2227 VL2
Bl r — DD, FEFETIEEIIAME < JEER O 2 s s
DO F x — VRS ERAEh TS, EHITRIET

In sedimentation ponds in sewage treatment plants,
many chain flight type sludge collecting machines
are adopted. Especially in recent years, many resin
chains adapted for low power and long life have been
adopted. On the other hand, in the first sedimentation
adopting resin chain, cases of resin chains to be torn
apart by sulfuric acid deterioration due to hydrogen
sulfide generated from residual sludge have been
observed. In addition, by the large earthquake that
occurred in recent years, it is widely reported that
the chains of the chain-flight-type sludge scraping
machines are missing. In order to solve these problems,
we developed a notch-chain-type sludge collecting
machine, "SR notch"”, which has a structure that
guarantees a resilience against sulfuric acid by using
strong sulfuric acid-resistant material and prevents the
chain missing as improvement of earthquake resistance
by using a chain guide.
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