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Study of Technology for Outdoor Stable Culture of Microalgae for Recycling of CO, in Atmosphere

P N R fwoB OFAR!
Shohei KINOSHITA Nozomi FUKUSHIMA
+ e oEm R % i
Mizuho DOI Minoru GOTO

C= =1 ABSTRACT

J1 =RV =2 — b I IALEREICIAT, Kb o gk
R 3 % A A~ FH T RE 2 oA 2 P 72 LR KT
EALEAN O A B E L, Honda AV VFILkkE T 5 o
bSOV REGEERE 2 I, BEFE SRt & R O AL
DOWGET & 5 Z %5 > 7. BRI, REHEK S Th 58HK,
AV L, )V VIREDOREEBZ Ko7 »LIFAHA R
kA, —HIaCiEe #F 2 23 3 BIRERHAT 52 &
T, WEROFBNSG % 0.02 (m/sec] L EAEREKL 7-.
P EOR#EEMFOMEEAIC X0, MilEEO A & 0 L
TE 7 BEMEGICOWTE, WEESIC XD, £
WU CTEMREHPNCHE SRR S oo /2. F 2, K
RO 45 [°] FU b BREIC K D RTEEIC AT 2 obE AR
FTHIENTER IThb &KL 2RI 6 6
A PER 13,5 [g/m*/day] DRE L AME SN2, ZOME, S
DREAMO &, =KV =a— I NEBTHBH v F
viikDN 4 F T x  — )L L RIS EOE RIS 72 0 D
I &) =V A R S REME VR S 7.

The optimization of culture tank structure
and culturing conditions was investigated using
Honda’s own strain of microalgae and a flat panel
photobioreactor for the purpose of creating carbon
dioxide fixation technology using microalgae capable
of repurposing carbon dioxide in the atmosphere as a
valuable resource. The aim is to build a carbon-neutral
society. The culturing conditions were configured
in terms of the concentrations of the nutrient salt
components of nitrogen, potassium, and phosphorus.
By adopting a flow guide shape that discharges liquid
and gas in a single direction, a flow-field velocity
of 0.02 m/sec or higher was achieved for the culture
solution. This optimization of the culturing conditions
successfully increased microalgae production volume.
Regarding the culture tank structure, the heat
insulating layer structure made it possible to maintain
temperatures within the control range throughout
the year. The culture tank was also installed at a
45° tilt, which successfully increased the amount of
incident light in the culture tank. Outdoor culture
tests incorporating these factors yielded an expectation
of algae production volume of 13.5 g/m’/day. These
results indicate the possibility that DREAMO will be
able to achieve ethanol production volume per planted
area that is equal to or better than bioethanol from
sugarcane, which is a carbon-neutral fuel.

EADE

WA, h—FR V=2 —F I SEEOH) % BB
AT RIS, KRB 2 2 LR E (CO,) % bl
L, ﬁfﬁﬂ@’\%ﬁﬁ‘ﬂ‘% Carbon Capture and Utilization
(CCU) Hiffin i H & h T 3. CO, DIEIXFHE LT,
PR ST — 2=y b2 3OV — ST

E-mail: shohei_kinoshita@jp.honda

https://doi.org/10.69239/hondatechnicalreview.2022 34 2 1

K& 5 EEEIT % Direct Air Capture (DAC) %, k7I
FE s EDOEIRE CO, DRI A & — 7 b & L 7=y,
(E22 I, MBS s E Mk 4 R FIEDBRGET & v Tn
5.\ L7 CO 1 E K T4 74 A, iwin EEEN2FH
RT T AF w7k EACEREERERR, a2 ) — g
EORRE LTHIA Y s, MMEEAEH L2 CCU
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Bifiid, HAMRIET CO, I L, APIHSHET CO, 261
MWD B Z sb b 720, (KT XL F — oA
L xhs.

RIS N A & = 2B O IS I\, P LR bt
AAERHRIREY 72 O DR CO, R RS L. T F L F —
R IR — R0 7 BE BRI 4.6 (%2 2 DIZH LT, %
A R A PRI 12.0 (%)Y & @R TH D, CO, Wk
INMEREMEN TV 5. [l U 72 & 5 il id i ¢
WX U 7= CO, % bk A MMM T 2 LN TE 5. M
SRR N TR ALY 72 & O RN Z8 4, e X
h, ZOFE»5 Yy MR R4 r Tz -
7T AF oy 2 FR Y 5 8O TERHR R, BRI
M3 5ZEMNUHETH 5.

W ORERF R, A =T VRV FARRL -2 Y
IAHK, 75y bR SRAEEAREL T EESR
NN TE b, FHRIDOOTHEMBEER Y 27

B AR OHD MA S ) X hTw b, ARfET
3, REmMMES 72D OFAERM LAHNIZT 7y bo3x
LNFRAERH LU 72, B%EDOA X — V% Fig. 1 1T T,

AR TAHE FHFE U 7= o s bk & R & G R/ 7
Ty bSOV KGR & Bl 2 RS R Bl ORI
AT C, B & RSB OBDI TN A 23 5.

Fig. 1

Image of culture tank equipment

2. Honda DREAMO D% & B EER T

2.1. Honda DREAMO # D454

AW THO 2 MAMEHEORBEIZOWTHEN T 5.
Honda AV ¥4 )Lk (Honda DREAMO:DREAMO) &
Chlamydomonas reinhardtii UTEX 90 ([E . BREEWFZET: 52
FENIES-2236) ##itk& U, BIZTHREE L I BDAENOZ
7)==V ko TR TS, Ear© 7izo

W 5. —DHIC, @®ﬁW§EE%NT$ﬁEﬁ
B2 OFEPERDENRTH 5. Wl FES
THPEREIZE L 52, DREAMO & [6fHD Cb]amydomonas
2DV, 0.10 205 0.25 [g/L/day]® Th BDIZH L

BAOBREISN LB A 2T H W ENOBERETIE b
55, 0.50 [g/L/day] E@WET VY vy L E=HT 5,

12, BMPER s 2R A R A S D Z LS HRET
H5H. MW, FAEREE SR EEERII IV - N F T
DBIRIZH 57, DREAMO IFFEE g iR L 72 & &
By e AR R B TH 5. = DOHIZ, DREAMO #
¥ CTd b Chlamydomonas reinhardtii UTEX 90 O#fililak
1% 0.3 [um] {IZx L C DREAMO fliffak#23 0.09 [um] & # <
DREAMO fMlaNIZ# A2 2 Hffik sy %> a — b 7e 22T
M O A Z L TH B,

22. 77y MIXRIVKIEEE

DREAMO ORI E T b 72 0 OFA s E4 H
BIZ7 7w PSR LAREE T ZabNh . Fig. 2(a),
(b) 12—t 7 7 v b S 3L REEEERE & Honda OFFEHIY
577y PSFLRIEEM O 4 /RY. Fig. 2(a) D—
W7 7 PoSAILABEEEL, MOBRITEN 125
10 [em]® &<, A%EA 100 [em]™ BUTF TRGE L 7= fid
BLb. 7o, KFEMETRICRE L ZBE2» 5 CO, H A %
L, EEEEPSIBATAZE TR A#BZ k> Tn
5. ZOMHMAIZK D, HAEEHO BREA TR L Ty
%. —7Jj, Fig. 2(b) ® Honda &V Y F LD T 5 L/ )L
BTN, WAHIR & BRI i LR OB | % FIIH
U 7= W O~ 2L £ — & /R & 3 5 M & B
DO LIAZAAA P &fii A 7-ME AR E 3 5. Biaiiis
E, HHIK A TS B Y = — LK & BT A AT B 8
Sy o E L RICEE S, WK E T U 72w 1
WIZE Sy 7 2 RE L 7-FHETH 5. FBEO»<13A
E, ALIBATZIE KR 720, G 7 2 AR L 72
I7-Y7 b2 IBALLTVS.

Fig. 3 (2@ (ki A /nd. 853 L7z DREAMO O
INRHEA % 35 Z 7 5 i~ 7 & DREAMO % & 8k53%%
AT B0k 5 v 27, HEH 2258 CO, H 2 & &t A fit
WSS 2 70y — TR T 5. ks v 203, KL
72 DREAMO % — ik & U T HRTERORBRE & (Hin X 1
7RETH S,

2.3. DREAMO B/MEEIC 6 |f 3 3R8E

OO A RO FICR L 0BE 2 H 3.
Table 1 (Z—f%M & SRR IS B A2 5 2 5 KT D S
%, DREAMO (CE B 8538k 1 7 O L e 0 %
AT HER T & U, R, W < FA, BER
B, KR T o h5.

REEICOWTL, RERTIRE 2L ¥ 5 2 & TH
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Table 1

Important factors and issues of DREAMO

Factor Culture effect

Issue Theme

Nutrients Nutrient depletion

Contamination proliferation

Nutrient concentration optimization

Broth stirring Algae subsidence

CO, dissolution amount,
O, dissolved amount,
reduced light reception

Stirring speed optimization and structure

Water temperature | Water temperature rise

Increased temperature control energy

Temperature control energy minimization

Reduced production
efficiency,
water temperature rise

Incident light

Low utilization of incident light,
water temperature rise

Incident light utilization rate upward,
temperature control energy minimization

MO A FEROREA TR "V TH B Z 25, ZOWEE
REIZEELETH B,

R < 1d Ak, DREAMO O HBERERIC & % 2EpEH
HEWHIT S5 A THESRTFTH 5.

Culture layer
(green)

(a) General structure of flat panel type culture tank with
culture tank and CO, gas bubbling

Culture layer (green)
Culture pack

Cooling layer (blue)
Vinyl water tank

CO, gas inlet

(b) Honda flat panel type culture tank

Fig. 2 Structural comparison of flat panel type culture
tanks (a) and (b)

% 72, B WOE (3B O A PE R OWA R A BB O T
12524 5. Fig. 4 @ 1AM & 72 0 D4 pE OSBRSS 2
5, DREAMO OZEIRE 1L 20 [C] 25 35 [C] TH D, K
RRHEHA C 2 VRARE A 40 [C] Th 5 Z &, K
F10 [CIMU P CAERMET T2 ZLAHLNIZE-T
W5, LZR> TRELEREEZT 520121310 [C] 256
35 [C] OHFIPH TR FWGIRIE 2 T2 Z L HEETH 5.
HARIBD T X F —JHTh 5 H0L, WEEHED BT
LIRESTIE RNV, ZLONEEHIZH THMETNE
WTh5.

?
Settlement
‘ talnk
@ . 5
E=E=al

. el

Algae inlet 22 4
| SAN P,

# | Culture solution recovery

Feed pump

Co, supply bIower

Flat panel type
culture tank

=

ater

Fig. 3 Ancillary equipment for harvesting and CO,
supplying

1.0

0.8 ®

0.6 -

041 o

0.2®

Algae concentration [g/L]
°

0.0 1 1 1 1 1 1 1 1
0 5 10 15 20 25 30 35 40 45

Temperature [°C]

Fig. 4 Temperature dependence of DREAMO
production
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3. AEDORS WV

Az cid, AR L7 DREAMO £ 75 » bS3 )L
RGN % O TRl H % Bat L 7z,
(1) TRl 2 4otk CREBIEEIA B K ORI, < 1T A
W) DR
(2) WP HIEE & ASHE R AL 23 AT B8 & e 5 K3 Rl R
DWES
NAFT R ) =N3a—y, HboFvaRied5sZ
ERTEWTHD. o F RO 7 —nida—IiC
U TR S 720 315 P ORI £ S, ST
HDHZENMENTWS., ZZ TR, ¥ FoF
kDI & s — LR 11.2 [m*/ha/year] ™ & R DR L
75 % DR 10.0 [g/m®/day] (A TR D) % H RHE &
L7-.

4. WABRREESRGO&R

4.1. REB DO

SRS R IS A EE A RERE LTEEN), V)
Y(P), #V YLK EEDOTLENET NS, PIIRHIK
JBD T A ILF — & XD Adenosine Tri-Phosphate (ATP)
ELTRIHEH, K& ED I X 7 LR O L# K6 %
WO >mEANH D, RMHISICEEAMENTTHS. —F
T, WMl AT 2EER S TH S NI, BRiCwEEbL 72
Bt A& B L T B A2 T1d DREAMO $5381258 L
72 P, KIBEBIZOWTKHRE 262 k- 7.

N— 2 & B HEK Sy % Table 2 123§, P, KiZY
VIBERTRER S M B 720, P/K ERIZAH 412, )
VBT ) 7 LYRIE A KHEL LT DREAMO AR RKA &
55 P, KISEDORMD % 35 2 7 - 72, KiRBREME L Bk
WA ZNhF N Table 3, Fig. 512/, VY BH Y 7 40
2,000 [ppm] L FIZHWTIE, VY BA Y o ABEEOK T &
LR, ERERPRADT S, T, VB ) Y ARE
2,000 [ppm] LA ETIIAEFEENRIZ N E A D720, ) VS
) v AR 2,000 [ppm] % FRRAE & L TR L 7=

4.2 EHERD D < I3 AZHEDORE

DREAMO A pEIZHH L 72 K538 D 2 < 1T AIZDONWT, K
FROF NI FOE % FEEEISRET & B T & - 72, Hiihion
DEMIE DREAMO AFERNHRDIIET H 5, S HH
(Photosynthesis efficiency:PE) &, WhGFoR OB R A 5
FEd 5. PEIFR (1)1TR4 & 512, DREAMO AERD
I AL -G e, R Ic g R 0BG L
ERT .

PE [%] = DREAMO “£ £ & [MJ/m’/day]

/ AREIET F L E — [MI/m¥/day] (1)

Table 2  Nutrient components of culture solution

Chemical formula
CH,N,O
MgSO,*7H,0
CaCl,*2H,0
K,HPO,
KH,PO,
ZnS0O,*7H,0
H,BO,
MnCl,+4H,0
FeSO,-7H,0
CuS0,*5H,0
(NH,)6M070,,°4H,0

Stock liquid
UREA

Phosphate

Hutner’s trace elements

Table 3 Typical conditions for lab-scale DREAMO

culture

Factor Unit Value
Water temperature [°C] 28
Incident light [mol/day] 16

Light irradiation time [hour-light / hour-dark] 10/14

Air-CO, mixed gas airflow [vwm] 0.15
CO, concentration [%] 5
Amount of culture medium [L] 2

WBRO» AR EIZ, BRI ZME L
DREAMO OAFEHEFE AT 2 2 L4 HE LT3,
HIEo A e A KT 5 72912, PE OWERIR & K5
FEE EIZ B O (1 724551, 2 <IdAIC K B PE &I 3.2%
HUu v Z Epbr o7,

RGO i U5 O T R U 3ORE TG i R
¥ (Particle Image Velocimetry:PIV %) & F 7=, Hl@& X
Fig. 6 ODEEIZIRT 2L IGZAF A F (a) ZHUT 27585
73 (b) W TR 2 Bt L 2l 2 36 2 - 72, 5538
Wi DREAMO [HSEDEKL YA IO L —H —KiT
AEHOWTEZ k-7 WEICEWTE, F 285482k
W, P =% —RTOnBAEBS I ko7 BEEH A

3.5 :
]
o) 3.0 i. L °
o) [ ]
B, o pt
s . of o
[ .6
S 20 FY
@ s i
S 15/480e :
o 1
o L ) 1
o 1.0! :
e — 5
< 05 !
]
]
0.0 L
0 1,000 2,000 3,000 4,000 5,000

Phosphate concentration [ppm]

Fig. 5 Phosphate dependence of DREAMO
production
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5 &MHWT, X i, Z%ﬁﬁ@ﬁ%mLEﬂ%%b 55
7z, KPS & B KA EE o
5O &MEL, Fig. 7®§?L\lﬂlﬁl“(l%utck’)
Il 3 7 T CHIE & St U 7=
PLEOREIZ & - THRABEESRTOFERM L, PE
WELALOBK%R%A, Fig. 8 12/, BERNSFEIZ
0.02 [m/sec] A ETHHZ, PE 24 3.2 (%] L L xh 3
’a%%ubt
2, MAGFREAY 0.02 [m/sec] ZHAE U THERD
ifv*ﬁm IOWThHEEBZE o7
F@Qtﬁﬁ%ﬂ(M@:@@@ﬁ%F%ﬁ@@ﬁé%
Tilsodz. MiFE BT, B/ Sy VIKE» 5 < BA A
FPUZ A 2842 B 2 v, A <IdAH 4 Pz ERHE
AR REETNCHN AR S, IR (a) (B EE RE h 1< xt
UCEMEICH A2 ERESHEH SN 28 THh 5. KM
i, BRET 22 IEATA FEPOLICEAFMIZZNE R
WhEFEDHTZEE2HNE LT3, B (b)1Z, —F
FCHRE H A 2T AR5EE L2, Zhid, uuh%&*ﬁ
MICT 52 & Thdamn s 2 & A Hne L.

SEETi

Gas and culture Culture container

solution outlet

Flow guide

Gas supply port

(a) Flow guide (b) Culture container

Fig. 6 Simulated culture tank test container

[]: PIV measurement point

(a) Fluorescent lamp (b) Laser

Fig. 7 Flow velocity measurement by (a) and (b)

, BaH ORI

NLIEA T A FIFIR (a), (b) #HW 2 ROFih Gz
DWW, Ansys (EHO Fluent % W TRMAFRAEIH (CFD)
&k TPMER I B o7 AY a2 —v 3 ViE, PIVE
koTRohA 2 AE e LT —) 7 MIZkD
KR ORE & O E RO Y 4 XA O R iod: %
MU 7= ek omhG 2 THT 528D TH 5.

74 REIK (a), (b) DY I 2L — 3 ViER%E Fig. 10
IZRY. 7 =) 7 Mo ThLIiZAH A FNOFEIE

6.0
— 5.0
I
S 40
£ | fPE=32% [ |
8 so[ -
©
£
S 20
w

0.0

0.01 0.02

Average velocity [m/sec]

Fig. 8 Relationship between flow velocity and PE

? Y

(a) Separate flow (b) Single-sided flow

Fig. 9 Guide shape designs to make flows (a) and (b)
in culture tank perpendicular to gas exhaust port

0.10

0.09

008 Flow
0.07 velocity
006 OK
0.05
0.04

[m/s]

(a) Separate flow

(b) Single-sided flow

Fig. 10 Results of culture fluid flow simulations for
guide shape effect
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0.10 [m/sec] YA Lk 5. IK (a) TiE, ZDWHE MR T
ZHMEE2L L ITATA FOHF AL OMEOATH D,
¥ ¥y ZEMEAE & A FEROFEIIMRD TR & %
Z NG otz — T, IR (b) 3EE Sy 7 2R TH
WP TEDZ N o7z, ZHhiE, <IIEAHA R
DK, A AMMAE—FEIZLZZZET, T7 =07 M
K BWHEN AT, Wk T B Z L < < FA LR
EEZOND. DEOKRED, < 3AHA FIEKRITIE
IR (o) ZERAL 7=

. BEEEE DR

5.1. WishERBE IC & 2R ERE

DREAMO DR #E PR IZ 10 [C] A5 35 [C] TH 5
ZENHE2ITH > TR D, & PRI HiPH A <RI ] 68 2
R OME IS DWW THRET L 72,

7 7y b2 SR ARG ORI ERE A Fig. 1112
N KRB, EEMGEE L CENO HEHR, S5
IO & AT OK P RIS T B LR T HERG L 7.

BRI W TIIEHEEE O FRME 35 [CI M TEARBZ
LR I Az, — 0T, AR TR A PR & DZER K
E, 22T, KB AL — &G U O EREE & b
VF % REE ARG A BET L 7.

| — — Atmosphere = —— Culture solution ‘
0 | Suitable temperaturerange_ | __ | ____
byl A
= L &= Y
o ~| S ~a o T--
R \f\J\J
@
Qo
5 10rY
|_
0
0 12 24 36 48 60 72
Time [hour]
(a) Summer
= = Atmosphere = —— Culture solution
40 Swtable temperature range
o) I S e A A R
&, 30
g
=}
©® 20
[0
g 10 1L /\\"-ﬁ /lk\‘L\ )X\\
= S~ \
0
0 12 24 36 48 60 72
Time [hour]
(b) Winter
Fig. 11 Temperatures of culture tank culture solution

and ambient air measured in summer and
winter

FyIE Fig. 12 1R $ & 5 1 BE 72k I < i) 4 24
B s 2 RFS 3 2 & L 7.

W B 2 DT, B R AT 3L — e
Botia & B R CHR 2 5 HgHRE Y ROt &g 1Y
F— & &, KRR £ S Y U 7 IR
DAL, KT XL E -2k 2 AR L KEBICKT S
7295, MIANOREREERKML Th T h 72, &k, I
NOREE T & RSB I B el & S LE L 72
Bl e L T3,

SRR PR EEOR S & Fig. 131279, 10 A2 5 3 A
WG A L, 4 A2 6 9 AR AWE:E 2 0L 444 2
& T, AR A 5l U A BRI P P L R R BE 2 LW L 23R
57z,

52. AR E BRI B IEEEES

HARIBD L3I F =i Tdh 5D AGEE KX
2 BEFERERE G & MEt L 72,

FEDOEMIE, HiEE 95 DREAMO A2 o &I L
- A E A 20 [mol/day] BL R & FRE L 7=,

KB %)L % — % DREAMO 23%2K§ 5 & TO A4HE

CO, gas inlet

Fig. 12 Schematic representation of flat panel culture
tank with heat insulating layer

Suitable temperature range: = 1:O°C' <35°C

, Winﬁ||- el y&“” ﬁ'“
15 F"-FT“JLJIU-' | 'ril' i |.|4.
10

Temperature [°C]

0 With insulation No insulation With insulation
12/31 1/30 3/1 3/31 4/30 5/30 6/29 7/29 8/28 9/27 10/27 11/26 12/26

Day

Fig. 13 Estimated annual temperatures of culture
solution in North Kanto region with thermal
insulation for winter period considered
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M LR A Fig. 1418, eI H 2 2 3% 4 2 i
RLHHEEXTIES. F7-, RIGEEICH LA A
Ut & 8572000, Keaeil 2 S (DU, Bk < hdE
U7z, ARG CIT B e —E & pide sk & U7z, Badhg
WRIE Fig. 15 TRT LS, BEEcy 7L 42— %%

Light transmittance 70%

N
N

Cooling water -
~00Ing water " < Usage guide >

Mo — Sunlight (direct light)
> Sunlight (scattered light)
- = Incident light

Light incident surface

Breakdown of light attenuation

Culture medium N
+Cooling tank vinyl
\‘ +Culture tank vinyl

\\\\_

Side view of culture tank

N

Fig. 14 Schematic representation of light loss caused
by culture medium and culture tank structure

Light
receiving
surface
5 i
5 f
0]
.% |
2. . Culture
| pack
_. %, \\J vz | Light
- . e receiving
Z surface
(a) Reflector
Light il '
receiving £ < Culture

surface /= /
.". = E

% AN Light
receiving
surface

(b) Tilt structure

Fig. 15 Schematic representation of simulation
models used for estimation of effects of
(a) and (b) on flat panel photobioreactor

Table 4 Basic shape, light source, and incident light
conditions for simulation model

Factor Unit Value

Simulation software [] Zemax OpticStudio

Housing conditions

Housing size [mm] L 1,800 x W 210 x H 1,000
Separation distance [mm] 1,000
Light loss conditions
Light transmittance [%] 72.3
Solar conditions
Light source [Sun] (W/m?) 1 (1,000)
Direct light [%] 70
Scattered light [%] 30

Y5 M (a) & RGN A EREE (DUT, F0 b) L7k
& (b) D_RIZOWTHE 2B k-7,

Wid (a) 13V 7 v o & — & RGEiEnm (R (S L,
PERRREAIEPN I ASHE 2064 IOHC & - TR AS & &
LHETH B, MG (b) IXBEEMZOE D% F L MULLES
FGANONHCA R L2 H > g & & 5. WO
W& M AKUE 30 [°], 45([°], 60 [°] & L7

FHMEEZLotmEMmafEtyIar—va v
L0EBZk -7, Zemax LB D OpticStudio % JHV, %
B9 BRI U CEHIZIE U KB EE RO H O
PHHOAD £T1HYZDORKMZE(LIZ X 5 KBS
AWML, B53E8y 2 BEICAST 2 6R 2 PHIL Tn
5. KRBFIZBTAY I AL —Y 3 V& MAE Table 4 &
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Semi-physical Model that Predicts Internal State of Lithium-ion Batteries and Calculates
Degradation Behavior with High Accuracy
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= = ABSTRACT

Y F o 44 4 v KRB MO BRI E T 2 A
VA EREEIC PG 27280, VF 7444y KRB R
OMRERIAA H = X LIRS I 2L -V a vV E
FLERBLZ. ZhET, VFvaLity " KEBOR
WM ACE 2 RS 2123 2 SIS T 2 BEIB O 7 2 + %
HEMEIC PHRE OBS A 6 KE Y-V VBB ETH >
7o RETFTLOWREZ RN T2 ETAIEHMLA N =X L
ISR BB & SIHA U /2 Physical Model &
L, SRFOHAFEIEFERAER S 558 F % Empirical
Model & L7214 7)) v Ffi&EAH T 5 Semi-Physical
Model #$2% L 7z, Z OFER, MANMED TRIEE A L,
R 2B IGEROIHEEI 2 KBITE 5
ZEERMLZ. LU, ZONEIRIEE BIRMEITICK - T
BG4 254, ET A FEICESOME T Z M 3R E %
3728, AR TidEE a 2 b OIS & Mo -
IV, WEBIREEDHIE L) F 7 &4 v KB % ik
HFICEE, BT — 425680 NT 57 70— F&FERL
7o, THUC kY, BEHC B A RHNRENE S U, Y
A E$T 52 EATRICKS.

A degradation simulation model based on the
mechanism of lithium-ion rechargeable battery
performance expression was developed in order to
predict the long-term durability of on-board lithium-ion
rechargeable batteries with high accuracy. Up to now,
guaranteeing the long-term durability of lithium-ion
rechargeable batteries required correspondingly long-
term testing and design values with a large margin in
terms of prediction accuracy. In the developed model,
the model portion that calculates the battery performance
was made into a physical model using the physical
quantities that influence the degradation mechanism as
explanatory variables, and the degradation behavior of
each factor was made into an empirical model that is
trained from the test results. The model with this hybrid
structure was proposed as a semi-physical model. As
a result of this, accuracy in predicting durability was
increased, and a capability to represent the non-linear
behavior of performance degradation transition over
long periods of time was indicated. When the internal
state of that model is to be acquired by disassembly
analysis, however, model training incurs a high
development cost. For this investigation, therefore, the
approach of determining the internal state by calculation
from voltage and current data was chosen rather than
that of disassembling lithium-ion rechargeable batteries
to measure their internal state. This choice was also
intended to increase the applicability of the approach
by reducing the training cost. In this way, it becomes
possible to reduce the size of the extra margin necessary
in design as well as to enhance convenience.
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Fig. 1 Degradation transition into non-linearity
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Fig. 2 Mechanism of capacity calculation
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Fig. 4 Calculation of aging anode curve
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Table 1 List of degradation factors
Factor Degradation factor
Cathode capacity Temperature, Averagg cathode SQC, Cathode SOC width,
Rated Cathode current density (Charge, Discharge)
capacity |Anode capacity | Temperature, Average anode SOC, Anode SOC width,
Ah shift Anode current density (Charge, Discharge)
R Temperature, Average cell voltage, Cell voltage width,
° Cell current density (Charge, Discharge)
R. CPE Temperature, Avera_ge anode SO_C, Anode SOC width,
Internal " ! Anode current density (Charge, Discharge)
resistance R. CPE. Temperature, Average cathode SOC, Cathode SOC width,
2 2 Cathode current density (Charge, Discharge)
CPE. Temperature, Average cell voltage, Cell voltage width,
3 Cell current density (Charge, Discharge)
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Table 2 Model formula and differential equation

Model formula | Differential equation

th t ) dv a'lvxh
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Fig. 10 Factor amount calculation method
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Table 3 Simulation result at capacity retention of 60%

Table 4 Simulation result at DCR retention of 150%

Aging condition

High temperature | Low temperature
Cathode capacity retention 85.2% 87.0%
Anode capacity retention 31.7% 59.6%
Ah shift value 0.11 Ah 0.09 Ah

Aging condition

High temperature | Low temperature
Ohmic resistance retention 100.0% 100.0%
Cathode’s reaction resistance retention 111.0% 117.7%
Anode’s reaction resistance retention 211.0% 179.9%
Diffusion resistance retention 181.9% 273.7%
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Study of Heat Treatment Conditions that Impact Thermal Conductivity of Aluminum Casting Alloy

EomomE ® ok #H —° MO o W
Junichi UEDA Yuichi IENAGA Kenji SUTO
= = ABSTRACT

T I = LAGRPIA-S IO I EER & B B R
EREK LU BT, BMREHRE E 5BV RET S
TIa—FEHEL VY ANy FOMEIE LT
ENBTILI=YL8IEE ACABIZEWT, TLI=Y
LAEE~ ) 7 ZZ[EVE U TEMAE & Bl 2 W R T 0
FHNCEHT 2 Z L TEYRER %L 58 5 BB % Mk
U 7=, AW EVLEIR 7 L 3 =% A S-S i3~ O 6 TN
Nd D, REFHEDOERAE T L I = A5EEEREA
DOREFANTIRETH 5. F 7z, BYAER L ELRURBEROEN L
BEER A & B AR O i {5 2 FORIE Ji LD ATREME 2R U 72,

An approach was studied that sets the heat
treatment conditions to increase thermal conductivity
after achieving the mechanical properties demanded
of aluminum casting alloy parts. The heat treatment
conditions that increase thermal conductivity were
verified by focusing on the behavior of solute
atoms that solid solute in the aluminum metal
matrix and obstruct thermal conduction in AC4B,
an aluminum casting alloy used as a material for
cylinder heads. This study is applicable to heat
treatment type aluminum alloy in general, and can
also be expanded to aluminum alloy parts with high
demand for heat dissipation properties. In addition,
the close relationship between thermal conductivity
and electrical conductivity indicated the potential for
a simple alternative method of measuring thermal
conductivity.

1. 13U®IC

T I =Y LEEOBULBIMS EREIC BEET 5 2
LIFHISNTEHD, Table 11270 I = ABMMIZ I T
% BB R & BYRERIZOWTRT Y, BYSER R T
NIZy g~ b ) o BT 2B 70 (FEE
W) ICHEEZ T 5. RT3 EE T AERE O
DATIHE SN, BRAFT B EERD L0 T4 AT IR S #4
(LK, T6 WP TI3 %R 3 5 A TR CIRE
JRF AT E S TEMAERADEL, O MTIZIEEA
EDOWBER TR A ICHE S h Tk & B & 2
3. Cu RoMriycsit < h 5 &M & 2000 K458 L,
Mg,Si OHF Tt & 3R &E M 7 6000 RA S L AAE
BEAENCH O, BYRER3EER T ORI 22 bh 5 375k
T35 BRTOMBERICHELZTIEREL > T
5. =, 73T A EOENPREMAIARHRRE D%
Yya—va vy 2T Aty 2 —
2N a—va vy AT ANy 2 —, L (T5)

Table 1 Thermal conductivity of aluminum alloy with
various temper designations
Alloy T(_ampe_r Thermal conductivity
designation (20°C) kW/(m-°C)

T4 0.13
2014 T6 0.15
(0] 0.19
T3, T4 0.12
2024 T6, T81 0.15
(0] 0.19
T4 0.15
6061 T6 0.17
O 0.18
T4 0.16
6051 T6 0.17
O 0.20
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Table 2 Chemical composition of AC4B alloy test
sample

(Wt%)
Si Cu Mg Fe Zn Mn
AC4B sample | 8.2 2.7 034 | 0.76 | 0.67 | 0.24
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Real-time Bolt Axial Force Fastening System Using Ultrasonic Waves
in Mass Production Assembly Process
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In order to reduce variations in fastening force
in mass production assembly processes, a real-time
bolt axial force fastening system was developed to
provide fastening force that is stable, whether the work
is done by automated equipment or by humans. An
ultrasonic wave method is used to measure axial force,
with a gap between the bolt head and the probe for
increased accuracy. Bolts used for measurement were
bolts with specifications that allow for forming by
existing manufacturing processes. The probe emits an
ultrasonic beam that is propagated by means of a newly
developed solid propagation medium and receives
echoes separately from the head and bottom of the bolt.
Operations on the two received echoes are carried out
simultaneously so that measurements are stable even
while fastening is underway, realizing real-time axial
force measurement. As a result, measurement of axial
force during fastening is realized without changing
production takt time, bolt manufacturing costs, and
other such existing conditions.

This technology is capable of bidirectional
communication with nutrunners, the electric fastening
equipment that has been widely adopted for mass
production fastening processes. It can control fastening
force to a preset axial force value, and it has
successfully reduced axial force variations to one-tenth
or less than what is experienced with existing torque
methods of tightening.
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Proposal of Evaluation Metric for Machine Learning Model
for Battery Voltage Estimation

TR e E K (T ) B
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= = ABSTRACT
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In order to evaluate a machine learning model
that estimates the voltage of a lithium-ion battery,
we built a new accuracy evaluation metric based on
the Arrhenius law, and tested it to see if it could be
used to judge the relative merits of machine learning
models. Two types of machine learning model were
selected. One was a type that performed discrete
estimates in regions where data are not available,
while the other was capable of performing continuous
estimation. Then, discrete temperature data based on
floating car data collected from electric vehicles were
generated, and the models were trained and evaluated.
The results confirmed that the commonly used
evaluation metric for evaluating deviation from test
data showed no clear differences in evaluation results
between the two model types. On the other hand, the
authors’ new evaluation metric based on the Arrhenius
law showed clearer differences in the evaluations of
the two models. Implementing this metric made it
possible to evaluate a machine learning model even
with limited collected data, thereby advancing the
practical application of battery voltage estimation
technology using machine learning models.
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- Random Forest Regressor (RF)

- K-Nearest Neighbors Regressor (KNN)

- Gaussian Process Regressor -RBF kernel (GP)

- Support Vector Regressor -RBF kernel (SVR)
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learning models when data are given
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Table 1 Optimized hyperparameters of machine
learning models
ML model Hyperparameters
RF n_estimators: 10; max_depth: 50
KNN n_neighbors: 6; weights: uniform
GP kernel function: RBF
length_scale: 200; length_scale_bounds: fixed
kernel function: RBF
SVR epsilon: 0.01
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Table 2  Evaluation results of machine learning models

ML model RMSE_test RMSE_arrhenius

RF Average: 20.8 Average: 12.3
KNN Standard deviation: 1.4 | Standard deviation: 1.1

GP Average: 20.4 Average: 1.2
SVR Standard deviation: 0.5 | Standard deviation: 0.5

(Unit: mV)
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