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Biomass Ethanol Production Process by Enzymatic Hydrolysis.

Abstract

For the production of ethanol from waste house wood and bagasse, Tsukishima Kikai has applied

hemicellulose sugar hydrolysis by dilute sulfuric acid and its fermentation by recombinant E. coli
KO11. On the other hand, for cellulose hydrolysis, the global tendency of development is enzymatic
process, because enzymatic hydrolysis gives high sugar yield at mild conditions than that of dilute

acid hydrolysis at severe conditions (high temperature, pressure, low pH).

Enzymatic process development of Tsukishima Kikai focusing on enzyme production is described.

On-site enzyme production by cellulase-producing microorganism Acremonium cellulolyticus was

examined for reducing enzyme cost. This microorganism was originally discovered and developed

YLH ﬁz by the National Institute of Advanced Industrial Science and Technology (AIST) in the 1980s, and its
Naoyuki OKUDA
PEEREARED

FOHE - INA F HLARTER

INT ARSIV —T

producing enzyme was found to have high f -glucosidase activity that catalyze the last reaction of

cellulose conversion into glucose.

1tPIT¥R BAENI¥S

Jesarpiplts it At first, mutation of AIST’s strain A. cellulolyticus TN was conducted by UV radiation and
\ P2 — =

obtained a hyper-producing strain C-1, which FPU was 2.1-fold, CM Case was 1.4-fold, cellobiase
was 2.3-fold of TN under the same condition of cultivation. Next, medium composition including
optimization of C/N ratio was examined. Then, cultivation scale was increased from a flask to 7-L
jar fermenter and 50-L reactor, obtaining supernatant enzyme activity of 15 FPU/ml in the 7-L jar
fermenter reactor, and 13 FPU/ml in the 50-L reactor. Next, waste house wood (mainly composed
of softwood) was pretreated using dilute acid hydrolysis followed by milling. By this combined
method, ethanol yield of simultaneous saccharification and fermentation (SSF) using cellulase of 4.
cellulolyticus C-1 increased by 1.6-fold compared to dilute acid treated substrate. This strain was
considered to hold a possibility as an enzyme-producing strain for biomass ethanol production using
glucose as a substrate for fermentation.

F-TU—RINAFIR/ -V EEM.BR 2T -ETILEZVL- A T AR ATARE
Keyword : bioethanol, waste house wood, enzyme, cellulase, Acremonium cellulolyticus, pretreatment, milling
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Table1 Comparison of Enzymatic Process with Dilute Acid Process
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Fig.1 Enzymatic process for ethanol production from waste house wood
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Biomass Ethanol Production Process by Enzymatic Hydrolysis.
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Biomass Ethanol Production Process by Enzymatic Hydrolysis.
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Development of conversion technology from sewage

sludge into bio-fuel

L L | Abstract

For measure against fossil fuel depletion and global warming, application of biomass

is regarded as one of the most promising energy resources as biomass is carbon neutral,
renewable and furthermore, does not increase CO2 gas in the atmosphere. Among bio-
mass resources, the stable property of sewage sludge and its uncomplicated estimation
of supply can lead to a stable and long-term sewage sludge recycling system. At coal-
fired power plants, the application of bio-fuel converted from sewage sludge reduces

the amount of coal burned, contributing to prevent global warming.

+H Eﬁf‘ Sewage sludge fuel conversion technology can be classified broadly into drying and
Atsushi UEDA carbonization. However, existing technologies could not satisfy the three elements
KRR E AN : : : i :

1) 2 oo R simultaneously required for fuel derived from sewage sludge: high heating value, low

FIRVXF—TIN—T spontaneous combustibility and low odor. In response, Tsukishima Kikai has devel-
oped a low-temperature carbonization technology to convert sewage sludge into bio-
fuel for applications at coal-fired power plants in collaboration with J-POWER Co.,
Ltd. and NGK Water Environmental Systems Co., Ltd. (NWS). Compared to conven-
tional carbonization, the developed technology realized high heating value of bio-fuel
with lower temperature carbonization at 250~350°C, as well as inhibition of spontane-
ous combustibility and reduction of odor by adding steam into the carbonized reactor
and palletizing dried cake. As a result, value is added to sewage sludge-derived bio-

fuel as an alternative coal fuel.

Also, the features of low-temperature carbonization technology and results of the
pilot plant tests in collaboration with the Japan Sewage Works Agency (JS) are
described.

F—7— R EARRIRA L RERIR A ZHR. TAERB IR, AR B

Keyword : Fuel conversion technology, Lower temperature carbonization, Reduction of greenhouse gas,
Effective utilization of sewage sludge, Substitutable fuel for coal
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Abstract

For developing technologies in utilizing sewage sludge as a resource and as energy

at sewage treatment plants, LOTUS Project (Lead to Outstanding Technology for Uti-
lization of Sludge Project) was established by the Ministry of Land, Infrastructure
and Transport as a part of SPIRIT 21 in collaboration with Industry-Government-Aca-
demia. Tsukishima Kikai has participated in this LOTUS Project since fiscal year
2005, and has developed the technology for “Green-Sludge-Energy Technology (GE)”
in cost-down for producing electric power at equivalent or less than commercial elec-

tricity price, and this technology received certification in March 2007.

The proposed technology increased production of digestion gas and generated power
below commercial electricity selling price. Biomass (garbage, beverage lees) gathered
outside the sewage treatment plant and sewage were added to the existing sludge diges-
tion tank where they were simultaneously digested (co-digested). This mixed digestion
increased digestion gas production and generated electric power at less than JP\9.32

per 1kWh, which is below the selling price of electric power.

Continuous digestion tests were conducted for one year from January 2006 to Janu-
ary 2007 and the study showed no adverse effect of simultaneous treatment of sewage
sludge and biomass on the existing wastewater treatment system. Based on significant
increase of digestion gas generation with addition of biomass mixed in the digestion
tank of the same volume, future expectations will be strong for introducing Tsukishima
Kikai’s energy recovery system into the market.

F—T—RITFKBERAEI & N1+~ X [FRFLEE, LOTUS Project
Keyword : Sewage sludge, Garbage, Biomass, Anaerobic Co-Digestion, LOTUS Project
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Biomass energy utilization in waste water treatment plant:Rsults of LOTUS Project
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Container handling system
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The container handling system is the equipment which uses a LA o T 0D 2OZ— RITIG R SRk & LT H B
movement container for in each process of mostly the powdered [ TFNY RN TV AT A ZZET TS %o

raw material and the product.
The powder plant has each device of storage, measurement, E B ED

mixing and filling and powder carrying device.

This equipment uses a container for the powder carrier 21AYFTINY RV VTV AT LOBEHR
between each device, and the container can be a part of device. AV TINYEY 7Y AT A BRI, B, A o
Recently, a producer demands the equipment to be the easy DONY R Y 7% AT FTIG, KET Y Mo ay 7 AL TH
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This sentence introduces TSK container handling system as FNY R TV AT A, KRR RPFRICEEL, oz 2
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Fig.1 Flowchart of container handling system
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Container handling system
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Container handling system
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Gasification Process Applied to CHP
(Combined Heat & Power) System of Woody Biomass

First commercial plant in Japan has started to operate in Chichibu city!

s

Abstract

The Kyoto Protocol became effective in February 2005, and Japan took on responsibility for

reducing the greenhouse gas emission by 6% based on the record in 1990, as a target to be achieved
between 2008 and 2012. Although the target of 3.9% out of 6% reduction had been expected by
promoting forest growth, insufficient forest management has left the forest unhealthy. Thinning of
forests is insufficient and unmarketable thinned wood is abandoned in the forests due to the high
cost of collecting and transporting woody biomass. Therefore, the urgent needs are to return forest
functions to normal so that forests can absorb CO2 for its balance, and to establish methods for

applying unused woody biomass for beneficial use.

i HERS

Masaki ENDO

Tsukishima Kikai has focused on a small-scale gasification system with high-power generating
IKIRIE R EANER

VU 1— 3 RIS
HIRXLX—FI—T

efficiency for collecting and transporting unused woody biomass that is present “thinly in wide
areas.” For rapidly spreading the gasification system in Japan, TSK has adopted the gasification
HAT XL ¥ system of Biomass CHP Ltd. of Northern Ireland. Demonstration tests are being conducted jointly
with New Energy Development Organization (NEDO) at Kuzumaki town in Iwate prefecture. Con-
sequently, TSK has received an order for the CHP system of woody biomass (115 kW power
generation, 963 MJ/hr heat recovery), which is the first commercial plant of Chichibu city. The
characteristics, merits, operating data and prospects of this facility are described.

F—T—RKENAFYR AL REE 4TI RFTTNARI T
Keyword : Woody Biomass, Gasification, Power Generation, Down-draft, Gas Engine
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Gasification Process Applied to CHP(Combined Heat & Power) System of Woody Biomass

First commercial plant in Japan has started to operate in Chichibu city!
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Type 4500 TSK—Closed Type Horizontal Belt Filter
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Abstract

Type 4500 TSK Closed-Type Horizontal Belt filter is a newly
developed, large-scale, top-feed filter with important feature of

high washing performance.

The operating principle of the filter is very simple. The tray
and filter cloth move at the same speed. Vacuum is applied to
the tray as it moves forward, and after the end of its forward
movement, vacuum filtering is changed to non-vacuum filter-
ing by opening the air vent valve, and the tray is retracted by
the tray drive cylinder. During this time, forward and retracting
movements of the tray are repeated for the filtering process, so
slurry feeding, cake washing and cake discharge are performed

continuously.

Up to now, TSK has installed over 230 TSK Horizontal Belt
Filters, with many application in the industrial fields. This
paper describes TSK Horizontal Belt Filter, and introduces the
newly developed large-scale Type 4500 TSK-Closed Type Hori-
zontal Belt Filter.

F—7— N B KF . E, BAAR
Keyword : filter, horizontal, closed type
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Type 4500 TSK—Closed Type Horizontal Belt Filter
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