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Technology from nature, contributes to the global environment
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In this special issue, we focused the technology "Learning from Nature." Humankind has lived
a rich social life through various technological developments and inventions. These technologies
include those that apply plants and animals that have acquired functions suitable for survival
through long evolution in the natural world, as well as natural structures, and many ideas inspired
by such excellent mechanisms and structures. In recent years, as the destruction of nature and
climate change have become more serious, there is a need to build a sustainable society and
circular economy. ‘Learning from nature” is once again attracting attention as a means of building
a recycling-oriented and regenerative society. The SDGs will be achieved when future technology
development, design technology, and system development that reduces environmental impact
learned from nature, contribute to the global environment.
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Development of mechanical noise and vibration reducing techniques using biomimetics
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In this report, we introduce a case where we developed a new vibration and noise reduction
techniques by replicating the surface characteristics of bird feathers and the hardness characteristics
of insect exoskeletons. By achieving a high-precision imitation of these bioclogical traits through

advancements in material science, we devised a technology that has received high acclaim from the
industrial sector, contributing towards environmental impact reduction and energy saving.
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Internationally, "SDGs" have been formulated to address environmental issues, conflicts,
and human rights abuses. Domestically, the Fifth Basic Plan for the Environment adopted low
environmental impact technologies utilizing biomimetics and other technologies. Biomimetics
technology started with shape mimicry and has now developed to structures and social behavior. In
this paper, the history, recent research trends, and international standardization are described, and
specific industrial applications are introduced.
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Biomimetic fibers & textiles created by learning the form and structure of natural fibers
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YAGI Kenkichi
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Artificial fibers are classified into regenerated fibers such as rayon, semi-synthetic fibers such as
acetate, and synthetic fibers such as nylon and polyester. All of these fibers have been created by
learning the form and structure of natural fibers such as silk, wool, cotton, and leather. Biomimetics
has been attracting attention in recent years, but it has been applied to fibers and textiles long
before the term biomimetics was made. Silk-like new synthetic fibers, artificial leather, and comfort
new synthetic fibers are representative examples. Furthermore, super fibers which are also created
by learning from nature and exceed it are emerging.
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Structure of artificial coral seedling substrate learned from larval settlement behavior
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Coral restoration has become an important issue due to serious reef degradation. For the
restoration using sexual propagation, a good artificial substrate for seedling production is essential.
The Coral Settlement Device was developed by focusing on the larval behavior preferring the
complicated cryptic microstructure and the back side to settle. Roughness structure of the under
surface of the substrate was designed with a ratio of 1 between width and depth of the groove. In a
field test, 83 % of larvae settled on the under surface and 82 % of them settled in the grooves even
though the surface area was about 4/5 of the flat.
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Confinement function of fission products by geological formations learned from Oklo natural reactor

A
SAKAMOTO Hiroyuki
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A natural nuclear reactor existed in the Oklo uranium deposit two billion years ago. Most of the
fission products generated in natural nuclear reactors remained in the same location even after
about 2 billion years. This can be used as a natural analogue of the ability of multiple barrier
systems in geological disposal of high-level radioactive waste to confine radioactive materials for
long periods of time.

F—U—F : RRRFIF, ROHRERY, SUNIVBSERESREY, tELS, FFa35)7r0d

/ zusic

JSYRRFAFIE 1972F(CHhR7 T
A - ARVENERESHO DD T (U) fhEK
D—DTHdAUOMKT, SH 5K 20EER]
([CERENICO S VDD EEH#NMIERT UIeR
RETFRDFERESNcERK U, 700005
VIR TClE, BEICEDEEHKR N ZRC UIZEB
2 (DS VINRD—8Y) ZRFREY —> EEFU
14 AFHEESR V2 SNTWLVD,

SEERR TR HC K o THEBS NIZPU DR
(& TOICRBINIEBHFDRFEY —V
1Hh56THEL [TELTWVND, 6tDU
ORDHEICHVWRET D IRILF—(E RED
100 FkWHRDRFIFSEZ 1 £BEG LI &
FCRETDATIRILF—(TIFFELL?D, R
FIRY —>TlE, #1300 BEME LB MEFREE
IET 2T A U )LZESFED ST SEO BRI
(CBEBUTVEEHER Y SNTLD.

RFREYV—2TlE FPUDOHICHE->TE
ENREINCIFEFEEEDIHERNY D FEE
LTWd, H20FF&EUIIREClE, HaH

30

ERYIFETRENRZE U CEREBAMEICE > TL
BN, RO SEFELCVETRDEERNMFAE
WICHEELFERSZ TVD, REBMIEHERD
ZE)E, BFEY—PZOEDZEFMICEED
WICKDTHAND T ET, MONERY DI TE
BICBITDRIANGEEDERICET HIERZIE
HLTWD,

2 FoOxRAERF

2.1 EFIFEE

JRFIAIE, SIS NIE D RER iR g
BDIENTEDL D ICHMHEZEE UICKEBE
T, BOHDIRIF—ZRZE2I[CWOHT ED
TEDERDICHEETNTND, *PUPTIL AT
DL (Pu) -239(%°Pu) EDEHHMEMEN
PEFZIRING D & 2@ f2IF TN EDOKIEC
DRUCIRIF—ZHHITDELEDIC, 2@EF
JEEF3EDIRILF—DEWVHMEF (S&RFPM
¥) ZRHT & MESNIcHRMFHRDRIR
MYPEICRINEND E, ZORFHRDEUTH
JEISEEPEFZ T D, CDBEENER LT
RORSND CEZRDEEHRILEWVL, D



IPEJ Journal 2024 No.1

EHENINDRHE U CWVDIRREZERFR WD, &
H, BREEFRFROEMICK D TRHRESNDF;
EDRTDIEFECTH D, IIFND, TEMBEN
SEIEDMFET Do

HADBEEAFEEBIR(IE, ORICHVEHSN
PERRPHFECUEDORIGENES IRV
F—OEVFETFT EFMET) [CTDD. BuE
MEUTERDK (BK) ZERL, FEEUR
ITRIF—ZZOEKEETICUTID T &
WOSBKIFEMEENTVD, BRZRESE DS
EEUT, HEKEE (BWR) SHIEKER
(PWR) D2@EEdDd0, LWINHRIAEIER
MEUTEKZERITDRIEA U THD. BAKIF
DR I D1eITIF, BHSNIZHEFD
—DHROBD MY E (CIRINS NS IRAE7Z ikt
TDMENDD, —FEULD*PUDRBELED
LT 7ZIRIN T D OB D LEEBIANENC LT
EDRHDBIEEND CEDMEITTE D,

2PY DN BEHERGZER 1Y [TRT

AL ILF— otPﬁ-'F
%ﬁﬁ? Z

-~
©» =
) 7.-235 -

%o*ﬂi‘

1 9523500 ehEtERm

2.2 FUOXARFIF

D3 VHNRDOWER CRDSHEER IWVEE U DK
MRTFIRDRIIT DFEEICDONTIE, EFEMNKE
THFOOXRARRFRENEREIND 16F/ID
1966FICHEY LT\, BEHEEBELTE EH
HWEEZERODERE LT, 20BFFIDD S VELEK
HICKRIARDRFIFEDZFEUCAIEEMEN D S & 77
RUTW.

HATHEBUTWDEKIEFIF, #oREITDHU
DENETH D U% 3 %H'5 5 %ITEHME LI
BRI ZERLTWVWD, IREDKARTSVDE
MUEDEEE BFREEHDZUDEER
072 % T, BHPBULICKWVEUDEE F
99.27 % TH DI, BEDKAD S (8K
FCERFICEDFREZmcULTWEW. —F

FPUDEFAG 7 BET, PPUDFEHIF 24 B
FETHDTEND, 20BEMICIFEUIRH
3BWFEULCWESETE, UM HAR
BRSRICTEDRIREEN D DT, MDD S kR
THDA I OMKRDERDICIFZEDRIAKDFE
LTHED, TDKHOERPEFDRERV & UTHE
BEL., HmIETRFOPETZIRING DTRHD
BN ERE DR ER S feleRARRTIF &
ULCTEBRICHE 2V &EZ5NTVD.
BEDRFHHEBACIE, 2PUDMICFEU N
AT ERIN U TRER UIZ 2 Pub &g T
RN U THRAELTWVD. “PUDBDRTH
FIDHITRILF—IF2ED 30 WEEEHH T
WD, A IOKAKRFIRTlE " PudORIC
KDATRILF—DEIE(E, 3 WIEEETHED &
NTWd, RARRTHENTER LIz Pudi
(FREHEZ LU e E5HE Y SnTL
7

S BetEORE

3.1 RAEFFORICER LRI EDEE)
IARTFRTHRAUEFTZRINU TR U
FOUDKDHERY G, RFORBFRORTIR
THRET DMIEEBROIERR CHd. K
EEYD M F AR U TERT D Pubifi3 t
ERUzE Y BREBOHNTLD,
IARRTFEABFREL > TUVEHBE (1960
FE)" EZFDHBOH20BEDRE ICRARFIR
TRABICK > TER USRS, R4
IR EFNEHEEZZ I TREICEO>TLD ESE
ABND. CORARFRTERSNICKRIH
EHRYPRFESHUZEBR Dtk (trans
uranium : TRUTTR) DIRTEDIREZER T D
&, FERBRAROBNEICH O THRET D
B UNIVBEEREZREY (HLW) OBREMHZED
ZE)ZIERT 5 L CEEHHIRELE O TWVD,

32 DSVETIVRZD LOEE

MERECOIL, 2BEICERSNLRFIRY —
>~ No.2D*°U DiBE 0.444 %D DT
KNS, URRFFEORFRICIE D TN S

31



r it 2024.1 (551S)

REICEDFCIEFEAERBE LTV ERE
w2 DIFTVD, 2PU & BUN DR BINIC
FELTLDMEF TRIC—HULTWLDH,
FPUDK /2 NRARFIRATZPU D RSET =
MUY U T 2°Pu(CiE o eI PPPub aimZ LT
EBYICIFDTVD T END, PPPubiEm Uik
A SBELTCVEVIER"Y ® &2 5NnTL
Do BLU., TOPPubEMBICEE LIz &NE
TBE, BEUCETaEZLTUILED T
&, FPUEPBUNERDDIICHDH, FDL
SEDIRHRFHRE" SNTLEL. e,
TRUTTER CTH D PubBE L CLIIEVLWC ENDS,
K< BIALENMEZRF > TV D TRUITTER
HEEICEE L COHENT EZRES LT,

3.3 I HRERMDEE)

RFFEY—No.2DHRTHUDKD HHE
ZREE CPUDEEO.4078 %) DEEH
90~ 160 DEMIED T DR & #*°U D EH1E
FILRDROBDBENRIMBEADETH2"
(LY. BEIERMIRE, “CUDERPMETFEIR
U TRDBUTe & E(CERT DRIEDFEES
ZRULTHD, RARTRICBLTHUDK
DHTHRE UTAIHDIEERMIFE UM T o
JeEEZ5ND. TIT, ANFHPEFICLD
FPUDKAHICBII DEBPRMIRT, BAH
ARDREMAEDIITDER Chd. ABHIZEND
W DO DTERD D BERY TH NS, IR
DOFEAICIFAEEDAIFERBIC— L TLzE
EZ5N2. LWKDODDEINEH DN, sl
THIEDDEDEDHERDNZSENTWNDESE

oy

L1 o

A ] o

™

Ag—

1 L 1 1 L 1 L 1
&0 70 100 110 120 130 140 150 140

2 EESHORBR"

32

Z5M1, Nb, Ru., Rh, Pd, Ag. Te. La, Ce,
Pr. NORU'SMAE(F, (FFEBUNEKERECE
FoTWBY CENS, INBDOTRDIEHER
DERPDBLBECICEEFTO>TUEEEZ BN
TWa.

Ffc, EESBOTh BIXEHERULED
eV EENTWD. —F, Kr, XelkEDFEHR
TR TN RIECHAREDSVCSHEDT )L
AUEBPSIIFEEDT LAY TESBEED—B
DOEElE, BFREY—rh5shncnsd s,

& HLW Dty

HATCTE, SEFEDZVERZBNTERHIT S
128, RFIFEEBTER UITERBREID SBF]
ATEDUELPUZED HT BUEZXRET o
BILEDBEIECIE, FERBEREN S U EPuZzE
DH U D DEWLEESREZ D DI ERZH S A
CEDBITBEMUCRT VUV ARDERICEE LT
FEEY (JSRAEEE) THHHLWETRUTT
ROBEZZORERY (TRUFERY) HEE
9. HLWPR TRUEFEEYL, ZEBEROEAR
NFEER CHD [FEEtl & [FAUAD] ZEmM T
Bfcs, RHAICDHDIZEDZEE 300 m& DRV
B(Ciy (tEllsn) 99758 Thd.

SUNIVEEYLDZOANTINU 7 DB ER
LHEEZRI3” [TRY

HSAF EWDTHDT ARPIRORIEED
RFOBVEEDRDIFIEEREEZLTVDHIEN
5, KESPHEDEDSSFSFTETRZHED
DLZEICMDIATCENTED, HTRIFKITHE
(FICKAERZRICRECTHD, BDRAAETRZ
BEIRNIBEHT D EDTEVE), KITAIFPT
WITRORABAUVAD D ENTED. HSA
BbEIE AE<EH 1000 F DRI FKEDHEE
iz <ERROARE (F—/(—/{vT) [THA
L. ZOREICHFKORAPRETEIEDINE
([CRDBITZHH T DEEMZERET D NS
DAIWICHEESN/NUT7 (NTDINUT) &R
HICODE o TRIBARE LIcHB E WV S RADIN
U7 efaahEic/\U7 (Z&E/\UY) [CXRDT
RETERIED [fREtl & [BUAS] ZERT Do



IPEJ Journal 2024 No.1

HSRABEEE
(ATFoLAMFr= AR FxfHEN-ED)

cERESLOBREEHEORIVOMBL
~HSATRSRIZEDBEHO I

Fd—n—s\u7 (cRUOER)

sBEREELSOBHEHHEORAVORBLE
-ERELBTROERORLE

BEM (RUrFArEERS)

- AHEME OERIC LSBT0
+ 204 FBIT O
* AT I O IR

H3 BLANIVEEMLHEOATINY 7 DK R

TRUZFEZEYICOWVWCBERRICATINU 7 &
KA Pz EHEDhBcZE/I\UPICRKDTH
FiEZED [fREt] & [BAUIASD] ZERT Do

S v

A7 U A - ARVHFEDD S > 8hRD—
DTHDA U OIK CHERSNIERRR TR
RFIEEUTDEEERZ DS, K20EE(C
DI > TCEARDIREICHESNTCL . TDREF
REEFBF T, DS UPTIILRZOLEIEUDE
U CE L DDBEERYNFIFRFIFEHERI LT
WelERI DR THRIGFEIN TV &AL
TWa.

A UOOMKRCREINERARTRE 93
Y, TIVRZO LAPEABERIGICE > TRE U
BARERI D EaDABBICRIBMERF SN TV
el EZEBASDC UTce TR DR EREZEY)
DHBID TEUD EEZ SN DELIDERR(F
FFaASILTFFOTY EFENTWVD,

ZFOORARRTFIRORBLE, TS VIR
DERSN, REBICOIE D CEBFRICREFEIND
DOHRLIFIREDERES NIz W TFEEFRAD
DD VOB DRHERY ERIAICDIC O TRFT D
BEEBELTVNDEDS, WELYEWNDS T A
FTHEIRY sNBTEITED T

HLW DB Tld, ME4REERYZ i MR
ERICIEER T B T & TARDAERED SHEM(C

[bRit] 98, o, MNREBBOMBRIENAR
HICHE T DEZEYDH S RKANDRE E#IED
B ETORAITZEINHIT HREAEIC TRZRIER SR
HAEDEDIET, RAMEERYZRAAICD
Te > T BEERAIC [BALIAD] 2T ENTED
SE/INU PV RT LZBET D,

HLW DA S X EEEICER UiAs SN e g
TTRIE, BDAATCTTRZERNISBEIT S L
HEWVWCHRARRF IR CTIEEDE ULz Cs > Sr
IR EDITKITAER UYL T VTR D REER UA
HdENTREE T D,

RETERIBDREITIE, ZOHERIE, KD
EZRD PTRREERLTTREDEEZZ S DI
&, HLW DB DR RARFREIEE
HBHOEEM DD DN, FVOXKRETFIR CHERS
NICRR(E, W20BFEEVDWHTRVEAEZ
B CHEICENNCBAERENED L DD
FOWERELTHEEFEHRZESA TS,

<5|AE>

1) BHE . A 70RARFRFIFEZCDORKR, BERRTF
1FR5E. Vol.27, No4d, pp.304-324, HA
FFHE=, 1985

2) BEHE  20BFRIORARTHE (A V0K =
SHATC . E—1—X, 4395, pp.30-39, EE
IATfeEifgTrT, 1991 34

3) RFHREERRE BSEELTYY— BAN
HEHHURIRFIR, pp.23-26, 2005438

4) ERMK  RAFRFIFDOOIBEM(CBI T D EEAT,
HARFAHE=E Vol19, Nod, pp.225-
232, 19774

5) RFNHRBRIEEMEE, EOEIMRS - &
EHICHTHLZELEMEL D DRI, pp.4-26-4-
46, 20214241

6) HHE— A VOXARRFF RFHXE 18
5, pp.18-21, 20184

/AR EE @pee 02p%)
Bt (RFS - HETREsr)

#) XFEIVYILY Y b
e-mail : Hiroyuki_Sakamoto@taiheiyo-c.co.jp

33



r it 2024.1 (551S)

B SZ155E [RFH] - BSRESHE

KEZEFRDIDEE-—T1—Yay - IRIVF—OHEZIR

Fusion energy development — Power generation imitating Sun

7N
SUGIMOTO Makoto
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For 4.6 billion years, the Sun has been carrying out hydrogen fusion reactions through the pp
chain to produce deuterium (D) and helium (He) from light hydrogen and light hydrogen (H). On the
ground, the research and development of the reactions of deuterium (D) and tritium (T) have been
progressed intensively. This paper describes the fusion reactions on the Sun and on the ground, and
the progress in the construction of the ITER experimental reactor to realize hydrogen fusion power
generation. It also shows how the progress made on ITER in recent years has encouraged the private
sector to get involved.
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The learning of importance about environmental protection through the forest-resuscitation activity
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We are proceeding the activity for the forest reborn of 5ha area of Minamiyamashiromura village in
Kyoto Pref. The trees of this forest are over 70years and single-phase forest of Japanese ceder or
Hinoki cypress. The forest was so dark and gloomy. 7years before of our activity. We are making
efforts for the reborn into beautiful forest. At the same time we are making events for the rest and
community of both village and city inhabitants together. Our activities agree many SDGs items
located in the most upstream of Yodogawa River System.
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Learning from nature through salmon farming
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Yumigahama suisan Co., Ltd. started coho salmon farming from year 2013 in Sakaiminato City, Tottori
Prefecture, which faces the Sea of Japan. The natural environment of Tottori Prefecture differs from
that of Miyagi Prefecture, which is the main domestic coho salmon producer so that, we developed our
own technology (bloodstock maturation, freshwater and saltwater farming). Yumigahama suisan Co., Ltd
will achieve both increased production of farmed salmon and carbon neutrality in 2050, thereby realizing
the development of the domestic fisheries industry and local economies, including fishing villages.
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Resource recycling sewage freatment system for the decarbonized era, leaming from the material cycle of the ecosystem
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In nature, purification occurs naturally. In the decarbonized era, there is much to learn from this
phenomenon. The author has devised a water purification method that applies this phenomenon.
With this method, wastewater is purified in about 30 minutes and soil is produced. Sludge from
sewage treatment plants is incinerated. Japan imports a lot of fertilizer. This method will contribute
to energy saving in sewage treatment and a recycling society.
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