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Development of High-Load Carrier Anaerobic Treatment System
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Conceptual illustration of high-load carrier anaerobic treatment system (BIOIMPACT-AC)
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A high-load carrier anaerobic treatment system
is an anaerobic wastewater treatment technology
commercialized by Sumitomo Heavy Industries
Environment Co., Ltd. in August 2025 under the
product name BIOIMPACT-AC. Conventional anaerobic
wastewater treatment systems predominantly rely on
microbial self-aggregation and granulation (“granules”)
as the core mechanism for organic matter removal. While
the fundamental anaerobic treatment principle of the
present system is common to conventional technologies,
its essential and distinguishing feature lies in the use
of a proprietary carrier material as the core medium for
microbial retention and high-density biomass formation.
This paper reports the reactor concept, system
configuration, and technical validity of the high-load
carrier anaerobic treatment system, as demonstrated
through laboratory-scale investigations and pilot-scale
verification tests.
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Conceptual illustration of biofilm formation on high-load carriers and associated technical features
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Comparison of reactor configurations between high-load carrier system (left) and conventional two-stage anaerobic

treatment (right)
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Pilot-scale experimental setup for
high-load carrier anaerobic treatment
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Feasibility evaluation matrix of high-load carrier anaerobic
treatment based on pilot-scale tests
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Bench-scale reactor of moving-bed thermochemical energy storage
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Achieving a decarbonized society requires substantial
energy-efficiency improvements in the industrial sector.
Although effective utilization of waste heat is essential
for minimizing energy losses, its deployment is often
hindered by spatial and temporal mismatches between
heat sources and demand. As a result, even high-grade
waste heat above 500°C-despite its high potential
value-is frequently discharged without recovery.
Thermal energy storage(TES) technologies, which
enable temporary heat buffering, provide a promising
solution for harnessing such underutilized heat. We
focus on thermochemical energy storage, which offers
high energy density and the potential for heat transport,
and propose a moving-bed thermochemical energy
storage system. This paper presents the system concept
and reactor configuration, reports demonstration results
obtained using a bench-scale unit, and discusses key
technical challenges toward practical deployment.
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Development of Boil-Off Gas Suppression Technology for Liquid Hydrogen Using GM Cryocooler
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Photograph of boil-off gas suppression unit for liquid hydrogen
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Against the background of the enactment of
the Hydrogen Society Promotion Act and related
developments, efforts are underway toward the social
implementation of hydrogen as an energy carrier. Liquid
hydrogen(LH>) has a much higher density than gaseous
hydrogen, enabling efficient storage and transportation.
However, because its boiling point is extremely low at
—253°C(20K), evaporation occurs and boiloff gas(BOG)
is continuously generated. Therefore, from the perspective
of both safety and economics during storage, zero boil-
off(ZBO) technology is required to suppress losses
caused by BOG generation. In this development, a test
apparatus equipped with an SHI 20K single-stage
Gifford-McMahon(GM) cryocooler was constructed,
and experiments on hydrogen liquefaction and BOG
recondensation were conducted. As a result, even under
heated conditions, we successfully suppressed the
pressure rise inside the vessel completely for more than
ten hours. Furthermore, by evaluating the recondensation
efficiency and estimating the payback period when
introducing this system, it was found that the investment
could be recovered within a short period of a few years,
demonstrating sufficient economic advantages.
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Left: Schematic configuration of recondensation test apparatus; Right: SHI single stage GM cryocooler used in this study
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Time-series results of temperature and pressure during sequence of tests, including liquefaction, recondensation and

cryocooler shutdown
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DWAEERELE (T 3) 2ARHEDF R (0.2MPaGEAFTH25K) 12
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price during recondensation operation
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Measured recondensation efficiency under external heat loads
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Estimated payback period as function of hydrogen unit price
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WoThA L, ZAICEVHmEBEOCOPE A 135, RIC
WHREE 2 S KFEE E5A- U234, ARFHAM 250 /Nmdic
KT U256 T REELNORE RN TR TS 5.

WAL RFE %D SR IS B W TBOGRENIRE & 5 5354
FEHREREOBAIZ K T, EH#E L REE ORI & K&
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5 IV

(1) Mt 8o HEEGMm B % v, RAEMAERL 25
A CERIRIELKRZBOY 2 T L EREHEL 7=,

(2) HFEBH B HI0WOBMEA M AL 24T, &
NOIEN ERZ106L Ficbh 7z hseaiciiftz 3
Z L A#MERRL, GMMBiRIC & 5 LK K DOZBOREEA

ord 5 Z & w#FEaEL 7z,
(3) ARIE D FHEHFERIZIE, BEAEMHIZHNTIH 1 % %R
L7,

(4) FR¥EEERDE 2 S e MO 2 55 U 2252, BT
DIKRFEAMFEZ IV TIREEE OB A & RLEEDOBAR)
ot e 32 AW Iz LT,

(BEXH)

(1) Notardonato, W. U., et al., Zero boil-off methods for large-scale
liquid hydrogen tanks using integrated refrigeration and storage, /OP
Conf. Ser.: Mater. Sci. Eng. 278 (2017), 012012.

(2) Plachta, David W. Hybrid thermal control testing of a cryogenic
propellant tank, NASA/TM-1999-209389 (1999) .

(3) HEEWBEEL, AZU20KERGMAHEME RDK-500B2, FAEMR
miEER, 216 (2025), 15.
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Long-Term Stable Formic Acid Production via Electrochemical

Reduction of CO,Using Boron-Doped Diamond Electrodes

@ A W ZF % A Ik W ok H B
Sari ARAKI Masanori YUMURA Yohei NAGATA

DA

CO,ERmIHNE () EF51YEL FEE(D) XELSNDEEHFRHAICEEITRIRT
Photographs of CO, electrolysis cell (a) and diamond electrode (b) ¥ Both photographs were newly

taken by author specifically for this report.

RxrFLASORRICHET T, BFHShZZBExFE
(CO) #BIBEELTHBHAT2H—KR> U1 7ILE
PEEHSh TS, ER{EFZHCOIRTT (CO.EMHE) (,
BAFREIXIVXY—HROEHZFERAL TERLLES
BETEHIHLLEFETHD, BONBILEHDEDLT
b, $FIC, BETERYHEVOPTOXE (HCOOH) [dkFE
Xy UZ7EVLTOIRADPEHFSINTVS, XHTIE, K
OYRF—7RK44¥E> N (BDD) Efiz AL /=COE
BICHWT, REEGHROMREHERE 1 4 > HExd
BRDSRBERL, 1 F EXFIEICK Y RISRIEEZRE
T 2FEERELE. COFHEGEEEZHELAD
CETI264BICh -2 ERTBER EERELEE
FEL, COEBfEOtANDEREICET 2555HEd 2R
L7

EROARIE., 72X UHELZESOHFNEHT. Xk
MDHXEHREL-BEXERTH 5, Z1EHEIL2025
American Chemical Society(CIRBT 3.

1 FZAHZ

HOERIEBZ AL RIRE O AU IC PR, RERD R Z P R O]
PSR e i B AR & s > T B, A BT L& —
DBADBIEKRT 53 DD, PEEEFHERLERE SIS 5CO
P & B CR Il Y a5 Z L B3R TH 5, TD7
W, P XN 72CO &ML TEWFE & L TR 5CCU

Toward the realization of a decarbonized society,
carbon recycling technologies that convert emitted
carbon dioxide (CO,) into valuable resources are
attracting increasing attention. Electrochemical
CO; reduction is a promising approach because it
enables the production of useful chemicals using
electricity, which can be supplied from renewable
energy sources. Among the possible products,
formic acid is particularly attractive due to its liquid
state, ease of handling, and potential application
as a hydrogen carrier. This report describes long-
term CO; reduction using boron-doped diamond
electrodes and clarifies the mechanism of performance
fluctuation from the viewpoint of ion transport in the
electrolyte. By controlling cation concentration to
stabilize the reaction environment, continuous formic
acid production for 1264 hours and concentration
enhancement were achieved. The results provide
practical design guidelines for stable and durable CO»
electrolysis systems.

This report is a Japanese version of the article cited
in Reference (1), adapted with permission from the
American Chemical Society. Copyright 2025 American
Chemical Society.

(Carbon Capture and Utilization) % — K v U 44 7 Li%
i, PRI & 9 SEE BRI L UL GEFALED T S
hTns,

CO & ALFMANEIRT 2 JED S B, COMEM L H T
FHE O SR 26 S TG & AT T &, S 552
%M HWICKDRIDAFIHTED LS FRE S 5,
HWHERICOWB & LTEEHWS 702 TH5 T &

* FATAER
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Schematic illustration of two-compartment flow cell used for electrolysis

26, FAEWRET AL F —HROEH EHlAGDET, CO,
ZOEBRICRI T 5 70 & AREESTREE /2 5,

CO M Jo T B LN FEMRAARY, fllE, TN, BRI
R EITIRAEL, 2 DR B bk, X, itk
FHEEPHEN TS, ZOEH,TEFRIL, COMBMT
BoNBRENERMTH D, WEEL FTHROFEHR TV
BMAHETAZ e bMEO TEMRIIMA, KEFXFv )7
ELTOISHMR T\ b, £72, EHEFBIEIEE
OB LTEIEHShTED, TXLX 3RS ERT
= 5 A[REME A F O T B F IS I ) L
B2WIRIBTHY, R)THEIHhD,

CO, + OH + 26~ — HCOQOH wrrrerrrrresrmrmemremeeenienen, (1)

ML, 21 A FOFBERICHNETH Y, WHER
PHAEREEERMICHEE 2 Z LR TH S, FEFEOK
IS TIRBIRKIGHBAFAEST 52 Z L h 6, LN fibi 7z B ]
BEXBERT 77T L LTI 5. COMEMIZEH
F B EEARIKIGE UTREQ) TR &N 5 KFREARIE (HER
Hydrogen Evolution Reaction) 73d% %,

HERE, fEASEMAGEEEIC I 2 KFA 4 VIRENEL &
BIZONEBE 5D, FIEROBIRMESME TS5, Lz
5T, COMMRD W% RIS - B O3 IN 72
Tk L, BRROPHE 4 4 VERBEI A & & 128 5%
B¢ R EEE LS,

CO, BRI & 2 FMEE A TS 21213, MV RIBER
PEEMERF L 72 F RIFBRE L CHEHEETE 32 2 E A ARHK
ThHO, TOMRELTHLNS FMBOESEELI KD SR

%, FRCXMOmEREE, TIICH T 2 BREEOIHE - IR
i LREOBMAEE T 2 b & XFLAES L) Blksr o EE
ToH, RIEEIZOZDEMELEREYGETE 22 E 9 H
2, 32 MERIZERST 5. AT, COLEMOSEGE % 4E
L7295 AT, REBEIRIFCR U 24 4 VRO Z) 2 K6
EIRVES S OCERRENE LG T2HEETH D Z LW 52
12U, A RGNS D < @b A R E RO RGET
a8t & Bt & U ORT .

2 SA4VYECRNEEZAVCOER

COL DL BYITE & AR T AR AR 38 < RTF 9 5.
FBOESERPVEREIHS 5 A TEEE 200, KEREN
IBEAZDDOCOMETAEMD 5N Z BB TH B, #4 Y
TV FIIEREATH B2, AR B 2HN(F—F) 552
ETCHBMEBEN AL, ERALFHAEOEME LCHIAT
X5, 20K mEENL 4 Y EY FEMIZ, —A%BDD
WhE LI B,

BDDHE M EIAVENE, NEhNy s 59y FER
B - BRI A & HED Z & TRIS LA L - RS
¥TdH %, BDDACO.FBEMIZI T BEMNEmE L THWEYE
B, FTROF—TRIZK > TOKREREHBTLELZ Y bo—
LTEDRPFFCAMTH D, AIRIEE & 2HER % #IHl L
THEAERMOECEREEFEB T2 LR TE 5, BEE
T, BREETCEOTEWIETYRA LK TE S &
MNIEFEENT WS, E5IZ, £A4YEY FiEE LTofby: -
FEMOTI AR B E I & > THIL LR Ol 2 B4 %
TP SIBEI T LR OB A RO Z e 25, TN
FIHBHIEFE TR T D,

LA L, FERIZEL TE (BRI RE L T3
EHTERTTH D, RIEMEM AT 2 &, EEHO
BAEA A VIRE R R E R & BpHE ) & & O K BERE
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(a) ¥BREK 7 7 7T —5h3E,
() 7/ — NEfRRK (A) 5 LUHY — NERFK (W) hOK iR

Changes in (a) faradaic efficiency of formic acid production,

(b) 71V — N EfEipH,
=E DEFREZL
(b) pH of catholyte, and (c) K*

concentration in anolyte (&) and catholyte (M) during long-term CO, reduction with a boron-doped

diamond (BDD) electrode

ZAb3E 2 ), R AL % < BRBEAVRIEIIC 2§ 5 L 48
EEND, LEeh->T, BEEHARIZED LS IZEL T
D%, F2FNBFWERIZENL S5 WEEE KT O
ARURT B Z LN, FTub AR IMOBA» S EEE KD,

3 REROBE

AT, 270 — v % HNTCOEBM4ENL 7=
(Iﬂoﬂﬂdﬁv—F§t7/—F§’9#ﬂ [LEAE
* VR THE TN T W5, fEHEMICBDD, xH#iZPt
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Y — FEMEIZIX0.5mol/L. KCUKEWE, 7/ — FEMRIC
130.25M KoSO /KR & %1 2120.5mol/L. KOHAKATE & & %
IV, ERTRIEIEER X 2 H 6 CO & — i E THIA L 72,

Ak L - Xk Edk s o~ v 257 4 —TEEL, R

WCEMEHE G A ) v A4 4 v (KY) IREEHIE LT, &
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uk, WiHE k> T0d A F Ui, v —-re7 )
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RIWICO MM 2 17V FRA KR, FEffikpH - KTIRE %
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PERHER X N2 2%, 10018 %8 2 5 (513 C F RAE RN A
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éhto Gk, FEERFEEZO N Y — FERGpHAMEN O

TR TTALEEIC 35 1) 5 COLfRMERIZPE S S9Me M bIc &
5%@?,%N&%TEFVMH%EEH%Eﬁﬁaéﬁ
B I\ ([®2(0b),

WP OpH L FIE, FRARSKIS GR(1) THAHE &
NBOTHRINTH S, — T, 1008 TpHAEE AR~
RIET 201, H Y — FEREHOHT MR ISIZ & 571
ik B> THIMLTWBZ &, TabblisdrLzHH
MR E B L 2= T REME A RIB 4 %, 41592, AR TidpHD
BZ L XEBCIRORE A FEFICBH S h T, 7Y —
FRIOBEPELIZPE > THERZ A L, FEGEBIREKT L
LIFRTE S, MBI [ Z OB 21000 MAHE & v
SREEDOWEH Z r — L CHEAL L 72D»] Th b, Z DR
20 —VZHE MR TIE AL, 7/ — FEREDICHEET
B2HhFFVvEE, BEPICHEL-BEEEOBRIZK > T
FHLEAZOND, EBFSRM T TIE, BAAIEDZDIC
JE Al 5 o v RIS 22 D IZIE—E L k.
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Changes in (a) faradaic efficiency of formic acid production, (b) pH of catholyte, and (c¢) K+
concentration in anolyte (A) and catholyte (M) during long-term CO, reduction with addition of
2.5M KOH aqueous solution every few hours to anolyte to control pH of catholyte
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TR OKHIRE 1 E— @ I DI IZIE — 2 Is e h 2 28 ¢
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AL L7z L fRITE 5,

%0, MK TOEKIE, RHMEIRIZLD A4 viko
HNFERZED D, Y — FEEDBYE U TRIDERVEA 2
bokZllildbeiftllahsd, THETTHMIIEELR
BTH Y, ZOMNRIEEEHIZ X5 A 4 v kBl che
THBHILERKL TS,

6 XIE

5 BmOMMHIIED L, R EMIRO# L 4537/
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Correlation between (a) Faradaic efficiency of formic acid
production and (b) pH of catholyte during CO, reduction using
BDD electrode.
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Pathways to Decarbonization and Synthetic Fuel Production Using CFB Gasification
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Sumitomo Heavy Industries, Ltd. (SHI) has
extensive experience in biomass power generation
using circulating fluidized bed (CFB) boilers. SHI
is applying its CFB technology to gasifiers and
developing biomass gasification and fuel-production
technologies to help realize a carbon-neutral society.
SHI aims to contribute to decarbonization by gasifying
carbon-neutral feedstocks to produce sustainable
aviation fuel (SAF) and other low-carbon products.
Through these efforts, SHI strives to shape the future
of sustainable energy. This report presents cases in
which the use of biomass-derived syngas has reduced
the share of conventional fossil-fuel consumption, and
introduces SHI's experience in producing synthetic
fuels from biomass feedstocks.
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Oxy-steam Fluidized Bed Gasifier
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Development of Fuel Evaluation Module for Predicting De-fluidization in CFB Boilers
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Phosphorus Recovery and Carbon Storage Technology from Sewage Using Phosphorus-Adsorbed Biochar
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Phosphorus recovery building and phosphorus recovery facility system
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Overview of phosphorus recovery equipment

i, ) v Il A 30 L CIGRE %S & 17 > T B, SHI-EV
DOFFEE LTS, MR 36 5 el ko gl - 3251
) v RIS x g 58 2 2 MEOKRETTH 5,

ARILGEFFEDOBGEEFHE RITR T,

CONA TR SEGE L2 ) VI N A A R OIS

TR & D) VAN OFEREE 23 X O
<) VEANSA FIRORERFIE B K ORI A 5 R4 T iR
FRNRA 2R RO
) VEENA KR AU 7 E I B B R
%5 & DOEREFRHT

23 U EIREBOHE

31z, UV /EPCEEOBARERT, Y Y IRE A R
FLEBH TR SN2 ) VIRE N A RIS, B o SRR
U, KISz E 5, W KIS ChiK s 4 —
EHEEK B ZETY YARF X, VY EESNL R
&% (Ko, Vv BEOR EeRELEE Z, K
G 2GR A PRI L, BERZE T VIR N R %
g 5 R EE 5T B,

B A WL, IS E T A& £ h 5 SSH (FilE
'B) Ok EpHFIEE 170, S BlEHER D & &I KSR~
Yk & h, 2 QIR RGN R R RS (Kh
DE) -

BE XN VEAN A BAZ, KT &7 o 72 I EY
SRR RS RAICRI T S B, AR 1 24 R e A )
U, HENEMATHENELE T > T 5,

2.4 FIERBRKR

20244 I VEIR AL A, V) VW N A S BRELE B B &

VY VIR A R & h (B 4), 202565 4 5 F2alaklin 4
BRG L7z, KBS A~ 2 4 2L FEREIE R % B E L=

VERNA FHRIZOOTINERE SR AL A, IR
THEN AL A 1T > T B, B ORRIZRAFT, fEkDIE
BRI LT, U - RS A AR R L S IE @ 0
ZEMER I NIz, 20265E I IVHTRBIC DN T B FEEE 4TS
FETH B,

3 HHYIC

(1) AE ORI RN EOBEEEE 2, PABRE
JEAE MR E UCaRIRIE S 28BS DT, FEakH
% (B-DASH) TOHHIA ZFEST L 7=,
(2) KEHliORREZ LD 5,
©  fERBR DA A 72 A TIE R L,
INAFBRIZKBWHFLETH 5.
@ 100mg/LEL koY v & E&EAT 2 HAICEAHET
H 5.
® BRMLEMEAAETDH B (=
&) .
@ MIENEHERZ 3 T < R R R IR R O R
IR T & 2 S AHIMIE RS T 5.,
® ) VIEE N A ROFRE LT, BAREIRD ALY
EMHT 2 Z LT, HIRAGEROHIZ O K15,
® T4 LHEMWOBIZ LD, IR EED eI
ALZENERHE FH B OHIIRAS W HET B 5 .
RIGEFFEIZDONTE, 20244505 PAGEBIZIEL, %
SOMLAFESENTEHD, 20264FE 8 HEEFELTW3,
SHI-EVIE, SN L kAt 7 ¥ 4 & o IR BE R
il L C, RREEREORY, BixEi20%EB A Hig
Frr i, BEAKERHEEPTZ LTS EEEEA,
P 2 A - BB AR D T [REREE & AR A D 2 <
¥ AHEEL L,

X [TIALh—FK2] [FT514LEBH] 5L [T7 1 LHE]E,
BRASH T T 2 OEREHETT,

Ugiec

K7 v E=7EET

FRE#MIEIR No.219 2026

32



IRIE - TXRIVF—HE0i0455R  BefioRgan

33

PRIIFETKEDANC K 5WKEFRAKETFH

iV T AGE D ATIZ R AR RE A K & T

Al-Based Prediction of Wet-Weather Inflow Volume in Small-Scale Separate Sewerage Systems
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Overview of target facility
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Overview of information sharing-system
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Evaluation metrics and targets
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Software Engineering Capability Development
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Core of product value is shifting toward software-driven services and experiential value
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Structure of current software training program. Each course is organized by technical domain — specification, design, programming, and testing —

and by learning format: practical training, lectures, and e-learning
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