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o= vjgo| AT AlA| H19] S YL o, At ARHA] FAEES HF
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“Philosophical Magazine and Journal of Science”@]l “On a gaseous voltaic battery” =

LIS AL A2 2 7HEHGrove, W. R., 1842). A=A 9] Y= Ao A =A4H)7t
0] &(H)F A 2e) = 2 &, A2(0)2} W718fet HhE-2 A oA M H71E 27

BAMER 50| Y& tKSorensen, B., Spazzafumo, G., 2018). [13 1]o] £4-AtA A&
A19] s YEr Sl

=R

[O28 1] #A-4A He X9 TS

iectrlyt

Oxygen inlet Hydrogen inlet

Negative electrode reaction
D2Hy — 4HT + 4e”

Positive .— Negative
electrode + | electrode . .
4 Positive electrode reaction
t0p + 4H" + 4™ — 2H,0
: the Net result
Water outlet

2 2H, + O — 2H,0 - 4G

External power circuit

* Xtz: Bent Sorensen, Giuseppe Spazzafumo, 2018

AZ AR FFHLE= M Z7o| whet “TEA A7 AR (PEMFC, Polymer Electrolyte
Membrane Fuel Cell)”, “Q4+g A F AR (PAFC, Phosphoric Acid Fuel Cell)”, “8-8%HAt
o AFHA(MCFC, Molten Carbonates Fuel Cell)”, “11A4] A8HE 9 & A X|(SOFC, Solid
Oxide Fuel Cell)”, “&Za] AR HX|(AFC, Alkaline Fuel Cell)’ & &5t £Ho|| w2

E

EXALO (% 2)9 ZtHAnahara, R. et al., 1993).

H2) ARHK 55

z5/5% a2y wamK| xed oam|
ggerie | aMEE | o oo RER
ag | wmmx | esmy SO0 EEENEEC LSRN azan
(MCFC) (SOFC) (PEMFC)
MEeT | 550-700T | 500-10007T | 150-250°C | 0-230T | 50-100°7C
Fan |ug/Lasse| 1EETOEN g La/e 3
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B5/5% 12 e MX| X2 HEMX|
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(mW/cm?)
AEH 37
252711 3503000 1-2000 100-400 10-100 1-100
(kW)
&8 _ _
GLHV) 45~55 40~60 40~45 60-70 40-60
AN
HIN 2 AAQ T3S,
F8: LdHE US| dre HeEe & TH/HEE,
E}_I'—-I% %[HQ_
N jtgf %;‘J =S5 ﬂLﬁ% %?7% COUmMEZ | CO,0foizt Hext=
Eo 7 E7% = % = ol_EI’ '|_D, 7'<|__|le
- o | maag s | 2¥Eks | WAZHEs | DEE
* X2 AAEMRR, S0 HRIZH, 2020

AT AR o) EA o 2 gt kA A] 3 §-80] 80~95 %0l 0|2 158 WA 7o),
I854AE A85HA EHH CO,, NOx, SOx HjEo| AF gls 45

o
A 72 AREE AAAAE ALgsHs AR AX|9 51 WA 0] 1w E NOx, SOx°]
<~

& olome WA o] 2 o] 43 41X H40] Aofo] Home Ba4o] Arks Aol
9Ic}. TRm ok it A80] He ST TaLA, X A4o] Alofo] B oy
o Qo) ofuiA] cham|Ao] A HX 2, S FUREFA AABF ALY THE A
ST Ao THE AFS1E] 25 1] 82 TaAl e, Sulde] BRYAS Haskshs BAl

SRV i



=F] ELEAYD N|HZYRME S8t 7IAZ0F 55 7|20|1H ST 24
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oje} T2 EA 07 AA AmAA| AFFRE 2020 712 0R 269 23R EEE A
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ol

SHH FHE ARHA|= oflHA] AH|A QI 8o A7 HA| =] o] 719 -2 AJAksto] AH|S
3§ Mini-CHP(Combined Heat & Power plant)?| P&, -2 SA-54] A8 37
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T, A7EQ011)E FEE AR LAY A7) 7ot 504 I QR 6L FF5A]

o BYFFYA 02 FE}e] FALEANA 2 2P AN TA ALY WA 100

S 5(2012)2 FH-E ARAXE AREEol Qlo] F=XAI7E A8 = A7 858 EAI7H
£ o]gsto] A7 ago] AAE = AW HS 2H1A} 5ho], 357 ol EE 7|20 & 1 kW
ZFe8 PEMFCO] 3515224, DSS(Daily Start & Stop)>4, Base F51-2-413) Wo] w2
TAZEA D HH T2 AlET ol sttt 2 5 DSS A o= 0.4 kW= 13A1%E
A A= B97Holv A 85 AR 7HY 2 A0 E YEYglon, FElE A=A
Ado] 48511 Q1= 1 kW PEMFCE 85 AR 37} njH|shal A4 7HAA S O & Q1%
Hodo] £ A0 & Yeigitt. 1 u g S8 AndA| 9 71444 S 53 S HgE

L AR AR HAEE S 1 kWollA 0.4~0.6 kW H L& o] A A= 9] 714S

A Lk ke ANsHE

LAH(2013)2 ARGl o2 107] 512 A DL o X ARG e (Fat A
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1,200 kWh, 1,357 kWh)= A7d3tL, F89] ARG b2 H 4 24 2g2 o8
1 kW 5-8 PEMFC] BA|"d2 B71st3lem, 3638(119 nf, 377 kWh)olae] S8 %4}
7t ler, Bt 500 kWh o] F8jo] F88 ARHAE =T 5 U= 4 71Ed
UER e, ot S8 duiA] HEeE fsiA= 27|85 MEEC] 7ta8 e MEE
H} FC 74+ A0l 93l o Bonz 7] 85| 127t B astil, 1 kW ofste] 249
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B 4) FEg HRFX| ZHE Z1 24 43

[=Ta = — =
+ &2 AN A ok e L
1 kW FEIE PEMFC o AN RFMRE - 2/712, AS: 24M7t
4Ng s 2 M 371 kWh M3t 5 A =M, & 4A|7L Olot 2
(2007) 1,340 kWh e 251 | = =70 1o 2xH|2 ®ZE2 20 % 0[AF ZHA A7t
OHLE 71&= 500 20| Mzt

. 1 KW 48 PEMFC

AS . 74 q o2
245 714G it 100 m OFIHe | AZ2(0]M B/C ratio 0.44, ZHA gl
(2011) = * 9F 55 % Ol HE7H4 ot HQ
o« QLS 0|
_ e XX 2™MEZE - 0.4 kW, 13A|Zt DDS
Ig 0 H—E J %_t_ — = T

(2012) 358 0= 71 « FC H2i52 822 0.4-0.6 kW2

HE0 AAE 7 MY EHR

* 8z 500 kWh 0]4f &Y
XNEHR
24 ;EEXYQE:OTETEMESH Matlab | GIBMX| = 2 7|
(2013) 1= OOIEH = OZ 72 . M7|Q2 HEZS0| JIAQD HESHC}
o SR ZA AIYE 2
* 1kWg Olot =AY FC 7|&/Mg 2 =7
EXHE 2 TQ

o
44

o
()

St o] ‘7835 1009 & HFAI 02 9ls) R 1 kW 98 o 24X (PEMFC)
o] FPAE A AT o WA E Fof LRE AL QT

7FAAZ(2019b) BF7E 20109 78 T8 AmAR] HGSE fIs 1 kW 13
2,339+ ¥~4,8007+ 912 HZFS A °Jo}°4 20199 & =0 2,761 HF= o, AH
WA T AR FAHH]E AL ARHA] 7hs Al BAE = 255 HEE5HA] X5

HEZ| 1L §lof 48RS BEHE F7H7 = BA 2 ARAA7 02 HE M7 S e AE
o} 25|12 AA/do] Wolx= AAE ASHEAl 522 AAFAY 72 HE 3ol HA| 64.4
% ol BHgeh T3 M2V /B R-E &9l F8-8& ARHAAE Al 7Fs Al EA8st=
PAA71E A7 85 AAA 7t 7S ES obs Al Heo] Qs 1 kW FH-E d=d
A7} 7152 A ARAE S 2 A7 A0l 0.6~0.7 kWh o3 AR&-Sh= 507 o3
Sejo] rlojof stu g il S8 ’FA g of] A 20~30B 3 2] FHA FA ol He s

HE

e}

12 s=2714978
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0.7 kW ofste] AF7Nd} 7] itago] 0 24 80| W2 SOFCe| 7liEo] Has)
CHL A AR

A7141:(2022) & A=AA19] 89.4 %7t 1714 o 7Hsol SHE 0] gloH,
71 Q7 HH Bt 7}_51 ° 91611 A 7Fs0l o8l R A1 ek WEst, APASE
AT MR F 3] 7F grHSH 1 kWE =2 WA= 200 kWh o]8} 7o A= A A o] LA]qt,
400 kWh 23} FL7Hof A= AAo] Yl A2 & 15ttt

KBS 9A] FAHE(Q2021)E 58/ 28 A7AA] YA} Fasto] HH olitoz £
H FAARAR] A7 A7 R E 0] glow, dolA= B-&o] BolA 7Fe< 7| HokaL
Jom, 2 51 7 2F 7009 Q9] HREA Yol = 1k} FTAE 6600] I F g Y oA} 715D
A] o= 3to] 72%01H, o] 7] 34%+= Adel 7Fs Ao gl A0 FRIE T B s

om, 2022900 % FHo|A AEE A=A HaS glote] HALS AL =t 59 % WA
=3 9o A4 7t EE ARHAE 10 % =0l2ts B sl o]d AFdEAtd s
(2021b)= AFAF7H ARG A BF A FARA (A 5A%E 7829 A A€, RIZFHE R 70 %)
2 AXAY $ AEAAE FA KS I5-S H2 A5HAN Bt glon, 11578
HAEE 30 % o1, B2 ZEI T A& 75 % ool Fsljof stiE G-&o] HolA A
7Fe= 7153tk A2 AH T T2, 7R Ed BEiske], ARl wet AR 7S E
2 80.5%°1H, AEET AL -9 66.2% =] 2tal ot oH, 0|53 202219 HEAlR

o disir= AEE AR = Aol A] E HPof | R] 7 -o] & Bg S of whet Al
YRR £76to] Hgdt] € KR a3 A Ysta glon, dRHdA-& ZA7FA 8 70 HH)
BHHCRE I V|8 S8 T u7tsEo] w2 Aol BE, A RA 9 fARHS
nlAsto] AR SsHE At A= R 2 AAS Al ks HES AlE
ok (X 5)E FH/AEL ARAA] 94 #H K8 52 a9t H%%olt}.

T A =HE SHZZL2 XA
. FEHE AT o ASDH S AHIXIO| » [ME7} Qe 2]
2,76101 23(2019) FAHEHE ZH o QOJTT| AAX 2
TIAAZ SIROLt MAHAL |, Lo ey ]
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B 11) 1 kW Full Load Al €17t O HX|H|E A|Z2{0|4 Zut

HE AUIEY PEMFC Mx| =& SOFC
AFQ._ér HZH N X[HIE(HH) HZH N X[HIE(HH) HZH X[ )

e | w1 | 7pa ®HIl | 7tA FLE | 5 | gpa e
(kwh) | H71 | 2t& | A | 7| A Al %) | 2 | A | Al (%)

100 162 | 367 | 529 | -1,820 | 2,757 | 937 | -77.11|-1,820| 1,946 | 126 | 76.09

150 238 | b50 | 788 | -1,675| 2,794 | 1,119 | -41.96 | -1,675| 2,026 | 351 | 55.43

252 437 | 927 | 1,364 | -1,379 | 3,003 | 1,625 | -19.14 | -1,379 | 2,298 | 919 | 32.61

377 761 | 1,289 | 2,050 | -1,021 | 3,298 | 2,278 | -11.11 | -1,021 | 2,621 | 1,600 | 21.92

500 | 1,253 |1,415|2,669| -664 | 3,401 | 2,737 | -2.66 | -664 | 2,735 | 2,071 | 22.39

700 |2,005 1592|3598 | -27 | 3,649 | 3,622 | 2.09 -27 | 2,898 | 2,871 | 20.20

900 |[2,756| 1,819 4,575 | 279 | 3,758 | 4,037 | 11.76 279 | 3,107 | 3,386 | 25.99

1,000 |3,216| 2,071 5,288 | 484 | 3,985 | 4,469 | 15.48 484 | 3,340 | 3,823 | 27.69

1,200 | 4,500 | 2,374 16,875 | 1,232 | 4,262 | 5,494 | 20.08 | 1,232 | 3,624 | 4,856 | 29.37

1,357 | 5,509 | 2,695 | 8,204 | 1,823 | 4,578 | 6,400 | 21.99 | 1,823 | 3,941 | 5,763 | 29.75
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2443 1 kW SOFC AA] F92 1 kW Full Load &

kWhel 4958 0] Aol A7 o x]8]-82 1264 /U2 &, 100 kWh &yt
oL x]8]-& 529 9/ 4] 23.91 %& AEH o] oA H]-& AZAE = 76.09
t}. &, 1 kW PEMFC A2 €12 1 kW Full Load % A] 700 kWh

oflvx] d7rayrt glom, ¥ B AYARERF 500 kWh o]l SFEofl A= ol 1 %] A3t
7F Q= A0 = YEPHAIRE, 1 kW SOFC A A 812 381 9] ARG 7 HE A SEo] A
oz AZEIT ZH 76.09 %A 2 A 20.20 %01™, Hat 334.14 %= UErgT (13
B AYAREFE Gyt FH Y Az oY AH]E- 1 kW Full Load &4 A| PEMFC
8 9l SOFC AA] 819 A7t oA H-&-S Ul e, [18 6o A7t A AH]&
Z Ueriiglet. 12 a [19 710 ol A9 AZE o A M-8 e AT

X N
A
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[0 5] =& A2 [12 6] e A2 1 kW Full Load 27X Al
1 kW Full Load 2% A| 0|4 X|H|E Ut ZEH CHH| 0|4 X|H|E HUE

(kw) (%)

T ()

[Z& 7] HAX|HE HZE O AX|H|E

i

HE) (He)
o 5,000

20 1,357 100 150 52 3 500 00 900 1,000 1,200 1,357
~ (kwh) - fe . (kwh)

(PEMFC MX| Z=El) (SOFC MX| =)
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2. 78 724 W HASY S Al HlZ A7 HY
T3 FHE FHEE P AYANE o] 2EE (I 12)0] FH| 1 A Hot AHA
82 ey it
(B 12) 8 f2E U 7 M
Atg2sF s Y W HHABHKW) Algs g A o HHALBEH(W)
(kwh) S/F Sum Win' (kwh) S/F Sum Win
100 0.14 0.15 0.12 700 0.96 0.98 0.93
150 0.21 0.22 0.19 900 1.19 1.23 1.32
252 0.35 0.38 0.31 1,000 1.32 1.37 1.47
377 0.52 0.53 0.50 1,200 1.658 1.64 1.76
500 0.69 0.70 0.66 1,357 1.79 1.86 2.00
*S/F: Spring/Fall, Sum: Summer, Win: Winter
Zelo] Fmd B AHAET )2 TG ARAA ] S 2] 24T HS oY

A8]E A7taato] tisi AlEdo] gt A= <3 13)°] Yer gl
(B 13) T 2 7 M8 Y 2 A| A2t O X[H|IE AlZ20] Zat
O e PEMFC &X| &4 SOFC
Argay | Gzt ILXHIE(X ) A2t oL X|H| (M) A2t oL X|H| (X )
= M7= M7=
x- A x- A =203 x- A =20
Gwh) | 70| 7ia | A ma | g | o | RES | | e oA | B
100 162 367 529 11 632 644 | -21.66 11 543 555 -4.86
150 238 | b50 | 788 19 948 968 | -22.80 19 815 834 | -5.88
252 437 927 | 1,364 12 1,597 | 1,609 | -18.01 12 1,372 | 1,385 | -1.64
377 761 | 1,289 | 2,050 13 2,286 | 2,299 | -12.14 13 1,953 | 1,966 | 4.08
500 1,253 | 1,415 | 2,669 -10 2,745 | 2,735 | -2.47 -10 2,304 | 2,293 | 14.07
700 | 2,005 1,592 | 3,598 46 3,469 | 3,516 2.28 46 2,846 | 2,892 | 19.61
900 | 2,756 | 1,819 | 4,575 -28 42472 | 4,213 7.91 -28 3,431 | 3,402 | 25.63
1,000 | 3,216 | 2,071 | 5,288 7 4,751 | 4,758 | 10.01 7 3,852 | 3,858 | 27.03
1,200 | 4,500 | 2,374 | 6,875 =42 5,594 | 5,553 | 19.23 =42 4512 | 4,470 | 34.98
1,357 | 5,609 | 2,695 |8,204 | -48 | 6,349 | 6,300 | 23.21 -48 | 5,124 | 5,076 | 38.13
28 #RI|AM7Y
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o o =1 — T
2o 2 yepdtt. [ 11]9] PEMFCS] AlEdo]
A 8% 24 24 29E vlwstol Yeny,
OFCY] AlEdo]d 35 Yerf STt

Aoz Yehton] 9 B AgAEo] 1,200 kWh 0|49} tfgZelo] i elo]
2

kW Full Load [Z13 12] SOFC &X| =& 1 kW Full Load
o

=1
g XF 2T 20ty 2 200t e UE 82 2 2d 24 H|u

()

3. EAPIALE H H7I27 2ot Al Hlw At

27h2 A 20224 19 59 24| ING 7H49] Qo2 ARAA 8 A SAVS B
230] 32.80 % AAE AL 7RISho] ARAHE EATEA T Hlsto] 74.34 % S5
Zelg 93 H85AG 90| oUix|H|G Xjolo] Tstel AH T, FA7|7HE 718
QUAFE-S Zebsto] QA At 9] qigk oful Xl & Hfolo] Thstelw Al B gket.

WA AR AR L] TA7FAQF0| HIGta] 74.34 %(25.66 % Q15 4291 S8 9 F&
2835192 A2, SOFC A& Aol A 1 kW Full Load €4 A] A7 o] Agtazrt Hof

(140 =A7EA FEHE 85 4

= 28 Al A7F oA 8] 9] Al g ol AFE YEY AL,
(1% 13]0)l= TA7FA e Q3 28511 1 kW Full Load &4 A] A7t o v A u]& A1 &4
ol A¥E, [1F 14]o0= Hat A 24 4 A] A7t o YR]H]& Al EF o] AHE YRy

At
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H14) DAZtA FEE 95 ME Al HZE HUXHIE AlZ201M 21}

(G )

JUE-EI =11 S 1 kW Full Load 27 Al TR Y MY =™ 20 Al
(kwWh) == PEMFC SOFC PEMFC SOFC
100 529 231 ~368 547 487
150 788 413 143 823 733
252 1,364 919 425 1,365 1,213
377 2,050 1,672 1,106 1,935 1,711
500 2,669 2,031 1,577 2,251 1,954
700 3,598 2.817 2377 2,839 2418
900 4,575 3,332 2,892 3,344 2,793
1,000 5,288 3,763 3,329 3,792 3,181
1,200 6,875 4,788 4,361 4,393 3,657
1,357 8,204 5,695 5,269 4,989 4,157
(18 13] SADIA RS @F M Al (I 14] EAZIA FHS 93 NG Al 724
1 KW Full Load 23 912 [ 4RIHIS  BZ B2 23 2 012 L{XIHIS AlE20|
INE=1= [ E]

(Ha) He)

s 100 13 _:_: - 500 500 0 1,200 :k;vVh}

A5} TSt = 98 AY A7 839 720229 1974202349 1€ Alo]

2o g2 ¥Eo] glolon, dg=rago] #{HEE WEo] ATt (FE 15)
< Yetf9lom, A7) 272 ARgo] uet H-8-a70] SR = R4
H A7 870 TE A A7AHE T3S 4RSS (3 16)3

J&i_l&
oo
off.

skE7ATe 31
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(E 16) FHE M7|Q3(NY) MLz HS HH(2022.01~2023.01)

(4 R/kWh)
7 = 2022. 01. 2023. 01. H o
X2 200 kWh 77tX| 93.3 112
71t CFS 200 KWh 7] 187.9 206.6
AE 400 kWh =1} 280.6 299.3
1,000 kWh=1} 709.5 728.2 SAHE
e 300 kWh 77X 93.3 112
5 Ct2 150 kWh 7EX] 187.9 2006.6
450 kWh =1} 280.6 299.3
1,000 kWh =1} 709.5 728.2 SHAME
AE: SEHSEA |2
H 16) 20224 H7|Q3 QAN M2 ¢i7E MI|AR QS Hist
= 017t 347122 017t 347122 (xi2l) ")
(kWh) (xil) (xil) B
100 140 162 22 16.07
150 204 238 34 16.50
252 380 437 57 14.91
377 676 761 85 12.50
500 1,141 1,253 112 9.83
700 1,848 2,005 157 8.50
900 2,564 2,756 202 7.91
1,000 2,992 3,216 224 7.50
1,200 4,231 4,500 269 6.36
1,357 5,204 5,509 304 5.8b

A A 20229 199 FHE
d 3l U818 AlEd ol AIHE 3k 17)° YetRSint. [1™ 15190
FElQ 7] QT AT A QF-2 A831 1 kW Full Load 24 A] 9171 oL A]H]-& AJEd|o]

| A7 oA v Alge ol d 23S HER AT

o 2
e el

d
filo

i,

~{
E
[
uic)
[
=2
rir
o,
EN
)
1
by
o,
Mo
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>~

32 sEIIAGRH



[=2] ELD YT oo YR

mjo

S5 7720t 551 71201K S8 £

(B17) FHE 7123 AY H Q5 HME Al Azt K|L{X|H|IE AlE3|0|4 2t

(G )

MBETE | o 1 kW Full Load 2% A| AR IR M3 XM 2 A|
(kWh) s=T PEMFC SOFC PEMFC SOFC
100 507 937 126 231 -368
150 754 1,119 357 413 -143
252 1,307 1,625 919 919 425
377 1,965 2,278 1,600 1,572 1,106
500 2,556 2,737 2,071 2,031 1,577
700 3,441 3,515 2,864 2,810 2,369
900 4,373 3,999 3,348 3,293 2,854
1,000 5,063 4,408 3,763 3,703 3,268
1,200 6,605 5,380 4,742 4,675 4,247
1,357 7,900 6,251 5,614 5,546 5,120

(2% 15] Feig 7|23 Q14 |

2 =
1 KW Full Load @7 812+ O|LXIHIZ AIB2I0M 2 B X2 £ X %12t olL{IH|g

(HE) )

e || o (kwh)

7187 W50 & A7 oA v Fa T M52 SOFC &8 Altiol Al 1 kW Full
Load &4 A] A7t oY A A7ra37t |t 76.09 %, 4 20.20 %A o 75.03 %, A&
16.76 %= ¥

aHs 8-
% QUSHE 53 B

S AlEE Ol A 202349 19 85 7€ 2 EAZFA QTS 25.66
WP, A7) AY FEE 352 AHANE N vkt 2 16.07 %, 24
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5.85 % 5hel 23} v]iwsto] gk ouiAul 8 AAEC] WIS Awngic Yo
EA7}A 2% WET} 1718 3 S0 mHE 1 kW Full Load 29 ZElol 4o} ofuiA]ul& A7F

£ HES (E 170 HEile, [18 1719 =AZIA .5 5o thE A7t oy #]8]-&
e HE (19 1819 7|85 W5l e A7t oflvAH|E e M B, =AY
25 HEo] A7 87 HEE A oy A]8|-§ ol vjA= FFo] LA YEhdE €

ATH.
H 18) 22HS0|| M2 oHX[H|IE HUE(%) HS
AMEE 1R EAIIAT HE HIleg HE
(kWh) PEMFC SOFC PEMFC SOFC
100 133.40 93.48 -7.85 -1.06
150 89.53 62.74 -6.34 -1.99
252 51.75 36.26 -5.17 -2.92
377 34.43 24.12 -4.78 -3.36
500 26.44 18.53 -4.50 -3.41
700 19.61 13.74 -4.26 -3.43
900 15.42 10.81 -3.20 -2.55
1,000 13.35 9.35 -2.55 -2.01
1,200 10.26 7.19 -1.53 -1.16
1,357 8.60 6.03 -1.12 -0.82
(2 17] EA7IAQZ HE0| [E [23E 18] M7|Q= HEo| =2
AZHOIHXH|E HUE HE AZEOHXH|IE HUE HE
(%) (%)
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B 7o) AR AL oot 2t

A, SOFCE #8418 @99 9802 88T 3¢ Bk AHAREF 100 kW] FofA]
= oux] drart gloH, S FEolA = v A Eiaart oS AR B oy
AAAIP} et WA 7] o] BEEE GA1go] ot HagZ A i d 23 Fe
Zgste] SHE FE o FGA EaS S < 9loH, 4A140] PEMFC Ert <ot g,
7L A FHohe S8 ARAA] HFAIo] SOFCE A3 02 g-gafo]of g},

S4), SOFCO) Bt T WAL Aol ofat AeAN R dAste] B AAgoz
Aolo] LAH Anct Hrig o 2 SAsHE Zlo] At EO DR 1 kW HrjgFon

AA SOFCY] Ar = 3HHE BAIZIA 7]E85<] A=dAE 250 sk ¢ AU A]
o

SR AL To] FTA 08 A Feol B A Uehit], 4783 Qlske] 5
o} ulastol i EAZRARF A8kt Az oA § o] n]X GFo] Ang Felg
ARAA) BFYR BAs] TAIAAF AHE 1T Bas} Uck

£ AT AR T HANGF D 25 AH§TF AL 20121900 23879, 3683
W 60%BP9] A% Data BHOR 57} 7744 Data® ABH 102 245 Aol 47
899} 2l 1Y 5 .05, FEMEC 9 SOFCS] o] 8271 obd A4

1 ol #boko] AP0 A F g s B0EA WAL £ah vl el
= BFo] AU 2F84 Bafol] nlXE IF 5o A7} Wasiet.

B 72 53 AR SOFC/} 7129] PEMECSR: Do) 23780l A% 253 A 4o|
9lor], 4 Feol A AAH Lt 6% 3A ez, 25 7140 @ A7 5o
WP A A7 E14 ek, A0 4349 BERAo R Qste] Felg ArA ) Bl
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DOOSAN, =24 A A AE(Fuel cell System) PEMFC 1 kW,
http://www.doosanfuelcellpower.com/kr/system/pemfc-1 kW/[2023.03.15.].

KBS 9A] /72K =(2021), “Ad o €A &< $2A=AA] 70% 7Hs $T(2021.10.19.)",
https://news.kbs.co.kr/news/view.do?ncd=5304604&ref=A[2023.03.15.1.

KBS 9A] 72K %=(2022), "L AL =t A= A=A 59% ¥=1(2022.10.17.)
https://news.kbs.co.kr/news/view.do?ncd=5579628(2023.03.15.].

STXUX|&ZA, encube 1K / SOFC AIEA,
http://www.stxes.com/page.do?MENU_ID=M02-02-01[2023.03.15.].

ZFAAE(2016), EAIZEA AEAA] A8 7A EAIRU(12533),
http://www.gasnews.com/news/articleView.html?idxno=73655[2023.03.13.1.

7tAA1R(2019a), 7HY - A EE ARAA] 7HsE 35.6 %0l E3H1409%),
http://www.gasnews.com/news/articleView.html?idxno=88876[2023.03.13.].

7EAAE(2019b), BE, 718 ARAA BHLAEE Vs S2(1398%),
http://www.gasnews.com/news/articleView.html?idxno=87860[2023.03.13.].

4719, AA3E, oA, ZF59(2007), 718 PEMFC 24 24 44, sH=A1A1A0l %] 5} 3]
skt 3l=&4, 2007(06), pp. 113~116.

F58, 4452011), 7153} 82 I3 7M€ A=AR] A AR AT E 2| A5t 24
AAt ZAAE B7F L AL 24, oAU AAFAATE, Vol. 10, pp. 25~48.

WS, AR, 2591, AFTH2012), THEE ARHA AL 97 BAS 53 A A W
AE ), i E AN RS, 23(6), pp. 598~603.

HFE A(2022), Td A TEe] A shganel Hagt] Ao ok B A, B
717 AL 71e7 Jot HAEH =

AFA AL R(2019a), A A 43 2EY 1 A, AlS ARG SAAE R

AL SAAHAF(2019b), TAI3AL oA 7|1 2AE ), AlE: AFY SRR

AFA B AAF (2021 a), REAIHA] S35 FRA ), Al AFAS/dAH L

AL R(2021D), AR R= Bgo] FRHE KSIF ARAAE Bgotil lon, RA A3,
HEA Ao R HAE AmdA] 782 80.5%%(2021.10.20.),
https://www.motie.go.kr/motie/gov_info/gov_openinfo/sajun/bbs/bbsView.do?bb
s_seq_n=164703&bbs_cd_n=81[2023.03.15.].

A TR T(2022a), AFQH = AES] A5AA 7HeE ALE A A=A oS vt ske]
%1 $%(2022.10.17.),
https://www.motie.go.kr/motie/gov_info/gov_openinfo/open_cost/bbs/bbsView.
do?bbs_seq_n=166167&bbs_cd_n=81[2023.03.15.1.

85

)

rE

S
El

skEIAd e 37



717715288 | M2H M25(2023)

AP BRI ER(2022b), Ut A% HA-ARAA] EFAES AA i EoH,
AAFAM = eaAtde A= 542 A2(2022.10.24),
https://www.korea.kr/briefing/pressReleaseView.do?newsld=156532299[2023.06.0
4.].

AFA TR T(20220), A A=AA] A E23F A ol A =9](2022.10.20.),
https://www.korea.kr/briefing/pressReleaseView.do?newsld=156531676&call_fro
m=rsslink[2023.06.04.].

AAEAAET(2023), At S22 A7 2oRS 93 ARAA] +E4AESE A et
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_v=[2023.06.04.].

AL BAAFQRE, ghtol U A5 5H2020), 12020 Al- AU 2] WA, pp. 277~322.

AN AR RFIIAN(2022), T Al A ] S 5-9] Aol T3t AR (A AR AA]
A2022-2303%) .

A ZAATGA LAE (2022), T4 QIAROIE - A2 ](2022.0725)..

LAH(2013), "HH A P o8 FHE 1 kW ABAAY HAY FH7,, ol
off e A Al AR ek} HEARSHR] =T

o4 5(2020), "2l F=-& AA A 2 (Net Metering) Al @2H2020.10.05.),,
KEMRIZZEHAREVIEW, 10, pp. 1~13.

A71412(2022), AE-8 ARAA] ofETHA] H=H2(40543),
https://www.electimes.com/news/articleView.html?idxno=310181[2023.03.16.].

A A EAA7(2023), 7FBASeA7H(2023.01),
https://epsis.kpx.or.kr/epsisnew/selectEkmaSmpSmpChart.do?menuld=040201[20
23.03.10.].

S EAZFAE D](2023), Ao A9 ZAIZ7EA 253#(2023.03.01.),
http://www.citygas.or.kr/info/charge.jsp[2023.03.10.].

ol 23 TH2023), 72023 KEA olvR] B, Ak Sty g

A TAL AT A, 3 A7 8 - T8 A (A Y)(2023H01H01E A1),
https://cyber.kepco.co.kr/ckepco/front/jsp/CY/E/E/CYEEHP00101.jsp[2023.03.10.].

Anahara, R., Yokokawa, S., Sakurai, M.(1993), “Present status and future prospects for fuel
cell power systems”, Proc. IEEE. 81(3), pp. 399~408.

BAFA(2019), "Richtlinie zur Férderung von KWK-Anlagen bis 20 kWel (Mini-KWK-
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A Study on the Energy Cost Reduction Effect of
1 kW Residential SOFC

Park Hyunseok, Lee Minkyu

- Abstract -

Recently, as part of the Hydrogen Economy innovation, 1 kW residential Fuel Cells are being
supplied. The PEMFC, which has been supplied, has a normal operating rate of around 10 % due
to low economic efficiency. This study focuses on the energy cost reduction effects of the newly
developed and supplied 1 kW residential SOFC. Compared to PEMFC, SOFC has higher electricity
production efficiency and lower hot water recovery rate. When the residential Fuel Cell is operated
at maximum capacity(1 kW), PEMFC shows energy cost savings in medium-to-large—-sized hous-
es with an average power consumption of over 700 kW, while SOFC shows a 76.09 % energy cost
savings effect in small houses with a power consumption of 100 kW. In addition, operating SOFC
at maximum capacity(1 kW) resulted in even greater energy cost savings than adjusting the capacity
to an appropriate level. Furthermore, if the price of City-Gas, which is the fuel supplied, is lowered,
the energy cost savings effect is even greater in small houses with relatively low power
consumption. It is expected that the results of this study will contribute to the spread of residential
Fuel Cells, which are part of a decentralized and participatory energy system.

1 kW Residential Fuel Cell, SOFC(Solid Oxide Fuel Cell), Hydrogen Economy, Energy

Key words Cost Reduction Effect, Simulation
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Topic Model, STM) 5 & ®4]o] EAjeitt.0] & LDAZF 7P dxbA o &2 B-8-5 3 =T,
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1. ET RS Zy

71AI(Q) 71e°ld £3] 1,311 dE2FS T2 E LDA EY RIS AA[st] (&
DI 2ol F 10719 B8-S =&31T 74 ETo] ou|sh= 7]& EoF &Rle AsiA=
We, 3358, ZXM7H 5 ot A2 7R 71A(RD) &5 71AISoF ZoF 74 5RU0lA
3 Eof 23he F8 TolS3 AXSHL, o0l 34 2E = 7]e EoFE AlAIS
= Ae 874, g4l gH0f 71zt BEFE V& ZoFE E5IAt

.

(B 1) EHEAZ(LDA) 21t

Eq 7|= 20t FQHO| E£35] (%)
layer, pattern, film, nano, metal, stamp, mold 173
LINEY 7 . AR ’ '
! PeIHE S 71E semiconductor, conductive, thin (13.2%)
9 X7 |2AF SRR | shaft_, sensor, ma_gnetlc,_mo_tor, housing, module, 155
rotation, information, levitation, rotor (11.8%)
= = electrode, discharge, dust, plasma, electric, filter, 149
3 Sotant 229 . .
cleaning, voltage, reactor, particles (11.4%)
4 | 2oime 214724 laser, beam, ||ght, slgnal, data, lens, powder, 136
frequency, optical, image (10.4%)
. fuel, exhaust, combustion, engine, furnace 131
LYy | b7 &kx) | 98S: TUel ' ' ’ ’
o 712t B2 injection, catalyst, burner, thermal (10.0%)
6 zez nag roll, print-ing, roIIe.r, flexible, ink,- coating, 128
transferring, heating, rubber, wire (9.8%)
- fluid, valve, cylinder, piston, oil, pump 128
5 Sof m=xtx pressure, s valve, ¢ , , oil, ,
Y TS actuator, elastic, vibration (9.8%)
- - load, vacuum, holder, channel, membrane, hollow 122
=X H2| &R ’ ’ ’ ’ ’ ’
8 SeIAl Xi= B work, sheet, porous, screw (9.3%)
9 32| KA water, pipe, liquid, generator, waste, tank, ozone, 106
storage, energy, generation (8.1%)
10 o5 7171 air, chamber, nozzle, flow, temperature, tube, 83
m heating, inlet, passage, spray (6.3%)
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Analysis of patent technology transfer trends in
mechanical engineering: Using topic modeling and
semantic network analysis

Song Bi Kwak, Kim Keon

- Abstract -

To analyze the patent technology transfer trends in mechanical engineering, topic modeling and
semantic network analysis were conducted on the total of 1,311 korean—patents. Ten major top—
ics(Nano patterning technology, Magnetic bearing motor, Plasma cleaning, Laser beam lithog-
raphy, Internal combustion engine, Roll to roll printing, Hydraulic drive mechanism, Sludge treat-
ment equipment, water treatment equipment, Fluid machinery) were derived through the topic
modeling. And each of the ten topics were analyzed to depict relations among technologies and
identify the core—technology through degree, betweenness, eignvector centrality analysis

Key words  Technology transfer, Patent, Topic modeling, Semantic network analysis, CPC
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I. M%)

ZX(robot)o]&t €07} A3 20 AL 1900d o, £ 8ol 7Hd A A (Karel
Capek)gh= F2717F A A olol| 4] A is-E SJv|oh= 2 HENRobota)2t &= H7 ool A
L5 A= 9Ju]E 7R ‘2 X EY(Robotnik) & &4 ‘Z%(robot) 0]2H= Tl & A2 ARE-
StHAREo|t}h D o] 25.9] A-835k= 19584 u|=2] A& 2| E &= AEEZ(Consolidated
Controls)iit7} HAE 2 A of &= Ab5 4|9 7|23 & LIS A o] A48 25.2] A2l
o, 109 | Fof f-=yto] =YE U o]F AlZko] 2N &7 719 A7 sl T
L5390 B0 7 AJg 25 st 5351 Q lom, ZAEAL, A7), MAAIOIA =87}
S7Feol e ti7 1= SR SfQollA] Ve EYH A S 25 st AR

ZHo|EHL 20| Z5let 2 ¥ E| A (Robotics) HOF& o]ojF o, A o] 9 A7]|&
oA 3&A+= 113} o] AT 25 FolollA EH U =AIEE] QI vl A 713216
(Institute of Electrical and Electronics Engineers: IEEE)S] =A| 2 5A-535}5t&H 3]
(International Conference on Robotics and Automation: ICRA)Q} X5& ZF-0|L} A|
AHo] Bt A AHHAA(International Conference on Intelligent Robots and
Systems: IROS)OIA] A%k Q1= A77F XY=l o, FF 5L X18PE Ao 2 4=, o]
ATE FEohs Vb vl=o|H, vla2 1 HokE S0 & St Al7]& T AFSE AA|Stof A
ZAET Q= ZHEA JAQl ‘B QlE|YlofA 28 F5t0 Z(A Roadmap: From
Internet to Robotics) oA 2 HEA Hofo] ul&] B2 A| A5kl Utt.3)

23 7|127]20] 542 chorst GelolA] 7140] §EatEo] lrks oIk, of tio] A4
U} Hheh, S7be] AAE Wi Batalolel] Welo] Sl TEslA St glow, vt
AT 713 2k, AT 719 WEYT TEo0] FRHAL Yk B3, Fehos AR &
Byl 7]49) W o g Se9E svte] 2R o] /K51 A, ARAHY, A&
% £ AEs} F 517 FFHE 2REA 40 A2 YA Yak Wuol 4 23el
% 2 40] S7HAc}. o]o] BT RS ol AR olje), Q18 B} e BAIS

¢}

rS, _ri

iz} —lN

1) Science Friday, “The Origin Of The Word ‘Robot’”, <https://www.sciencefriday.com/segments/the-origin-o
f-the-word-robot/)(last visited October 05, 2023)

2) Brian McMorris, “A Timeline History of Robotics”, {https://futura—automation.com/2019/05/15/a-history-ti
meline-of-industrial-robotics/)(last visited October 05, 2023)

3) CCC-CRA, A Roadmap for US Robotics From Internet to Robotics, 2009, pp.7~11.
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FEyets 2R AR FAgl 2 =7k B7PAL 9leH, ol S| AREAY, HEEA,
A SARA =R, 22 T AET 27 7] WhiEelt Ee IS AlE, ARl
ElHl & AT 7& ZokollM 722 UL Qlof, 23 Akl e] TS A%t 7 el = #2
TIPS 2L Ao e 2R AE S5 918l 20259714 2R A AR E 202
Yoz grshi, 2R $&95 1009 222 24g5hs 22 FRE Stal 3lth9) o] {3
2R 7l A 54, A S SOl et FAE skl Qleh 23 Ao T2
U A2 AT DA 2ol SA| oA AR o g 4= Ut ofof] REE A0 7]
S Tofstal ol Aol i 22 AFg o) & wiqte] B asitt.

a5t o] oM E ZEEYA AF7NTe] TR etel Higt FEER) S AAISHALAL St

o5 A3l oFH ] 82 s AT AA|, REEA 4,004 9] 25 7G| HFE AARE
CHOISHIL). o] 8l 2R E2 4.0 /i3 542 AL, 25 Al 7|42 vj=f A= ARt
ot =4, 9] F2=2 =5 NS AHE BAFEHCISHIL). A4 2= vl=, FH A,
YR FAZ A o= A, o|F -2zt Ao 2EEA 4.0 2] 1Rl AARITH
(I8} V). SHH 22 25 7]a2| & 98] AF-k-ao] A sHoF st =23} jy o] i3
A7 SRR} Rt

4) ARNUEAXSTH TQAA|E ssue Reporty, 2021.07, 109,
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I. 2HEA 4.00(M2| 22 7|H2| =

1. BEHEA 409 1S Eod

A, A2 SO 2RYA 402 A2, AHAY, 2R, 15 5 HARE 2ol 4l
7HE& Az 7IdiEnto ofo w2t 2R Ve AdEsh] H"'ﬂ T 3 R RS Sista,
Z2X AR S40 =202 Aok gty 25 7]eo] BsH Y, Ao A o
o] FE L, Auade] Ao FotET, o= Y WS ZopofA M2 AR AT
2 7 U of2et 942 BA A48 ALg FE= o]0 Zlofrt. I2]al ARe] A SHoA
ER7a2 AE A, A "L}Xd_“ 7J9P WA IS Oﬂ oA g Aoz 7|HEH.?)

Salupels A2Q) o 2A) 23 7]40] W] et A2 Aol § JokE ow
oI} 3, 115} A1 Ao] weh o=, A, 1A Hofol 4 2o 2go] ShrhE Ao,
2 7|t} ojo] mel, 23 71&0] AEAel BAS o vl A9l AEsks 2712 Eofo]
9 @i},

5) Zhen Gaoa, Tom Wanyamaa, Ishwar Singha, Anoop Gadhrria, Reiner Schmidt, From Industry 4.0 to Robotics
4.0 - A Conceptual Framework for Collaborative and Intelligent Robotic Systems, Procedia Manufacturing
46 (2020), pp.591~592.

6) /bid, pp.592~593.

7) Ibid., pp.593~594.
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2. EHEA 409 73t EF

EHYA40L PR 05 7152 GO BE A - T A - Yo 25 2-go] FrjjE=
RHEA 303 7, 2322 2ol A AT (Operating System: OS)& 3ot EHE
5 A2 Agule] ofsf) 259 1 £ASP} 7]wto] H 27 V&9 X3} A AIE u|Fct.8)
3], 25 Aw 7190l otz AlEAl =& 71+ /N o7 7R st =EE A 4.00]
SitetA HRE AlARE S AlAIgR= & FRIA HA1E EA(Digital twin)o|Ur HlEHH
2 (Metaverse)2} 22 Ato]H] E2]A| AE|(Cyber Physical System, ©]3} CPS)& 53] HH 35}
35l FAzt AlEE o] dE &8sttt

ol Btof 7|23l 25 T = Alort == of AlgH o]l 7] 22t 53] o] F
o ZEI AR T1Eal @] 2ok HA| F4F HlolElE A&, CPsell ¥ o] 5ol Ao
A AfolZo] ¥ a=skE 4= Q= AAloIH. o] et F2oll A = "411%‘ *1]74101]*1«1 A&
old& =2 AlAel HW@V] %’45} RIEjH[o]L0]t.9) o] & -"r“* Sh= B4 7le 84 I
37FAlolnt. AA, ALY 252 847 |= CPSE HAE ﬂ“ﬂE‘r‘ﬂéolEP. A, X
= 7P dHA 283171 Hﬁ& 12% CPS] ¥E9A171= A< 7Ieoltt. A, AlgdloldE
7|22 =2 SR HH o s A5 25 7]eolth

_llrrl o

2

1) QX2 2% 88 7[9 AO|H SE|AAR(CPS)2| 7|=

2712 2] &84 ] PDCA(Plan-Do-Check-Action) A0 Z0f|A] tAE Eolu} HE}
HAS G835 Al &G04, HAIE AlACIA ] HSZ AT o] ol &) AlA|S] XF &e=
Aoz TEA|A Hgho] o] RojFnh. £ A|A 2] AP 25| 5a37 AT 3} ol=
HAd EQC & AlEEo] At AE 8 AlAS] 250 EM A-53tth= A7} o]Fof
Z]3L Q= Flo] EAolt}, o5 E0] CES(Consumer Electronics Show) 2022004 A5
27} HEPH AL 28 AASH= 7|&<Q HERH 2 E](Metamobility) & ZHE . 10) w ek
HAE 5o ZHZE 28-S ol 5A1A AEe 2d4 SolA9] Aoy s o 29] of 3y,

8) Ho Lee, John Laurence Enriquez, and Geon Lee, Robotics 4.0: Challenges and Opportunities in the 4th
Industrial Revolution, Journal of Internet Services and Information Security, Volume 12 - Issue 4, 2022,
pp.39~40

9) =M, “AO|H Z2|A|AEI(Cyber Physical System)”, <https://url.kr/h9c8I Y EIZSYEY 20234 10€ 5Y)

10) Boston Dynamics, “Hyundai Motor Group Completes Acquisition of Boston Dynamics from Softbank”,

<¢https://url kr/x49w62)(last visited October 05, 2023)
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HHE Q. o= o|u]| AF4A A A2 A Q] 50|

U A4717], 54 717] 5o &85 1 9o, EAL Wgo A= BIM(Building Information

Modeling) A E 2} A5 &&= Ut HAd EQCZRE 2R3 Alofol= 7|&2 FF

Hop Agert obd &= Sl A7 QIAIRE HAE EQ 7]&S A86) AUt et Hit
< @A 2 AH 02 XY EUZ ARt 22 Ao &= QUth1D

o %
(o]

2) AO|H{ S2JA|ABI(CPS) 7|8t 4iAl(Sensing) 7I%
gAY B9 Eo) HHow 23 AgHold Aoid this AAAe] A n et ol et #A)
o) 41412 858 CPsol sH A1 A1 71b0] Bpoleh 7h, 3 BgelA sl e
0] 0] wel v 2ok A ANH R A% A WAGIA 257 EAT,
32 CPsol waisto] 2] A Eeol4d W Ao]S Sash o] Wasit 71,

= o} el Crawlend 4% 232 58 Be50] S A4 2 AN FEE
ol Ao 2 & 4= QS SH Ao]eh 12 o] 2% 7|4 AEBM op e} £2]9] .

FAE 8T g 2% Vleon

3) PDCA-ISM 2% 7|=

o] 7| 847} A%t Elo] ZA|Q} BE FYof|A] CPSefl &5k AlEd| o] < B1t W] tfg,
ERS G835 A Y, Yot 25 52 4A] AikE CPSell Ewo]gk= Alo|Eo] &4

3= It} PDCA Aol E3 AlEH| 0] 4% o] ol @A AlAoll A L HA[EofA 9] AlEz o] 40|
U 7 23S B3 (integration)stal, | (sensing) A= IO & $F 371 & (model)
S 759 7= ¥4 o[t 13), o] PDCA-ISM 222 CPS- 2HEA 4.0 A|tof|A] E4= 2 0]
E Zlolt}. o]=0| SPEH Q10|49 &9} 40| 33} ¢ 1 E3}E o] 71K
(Value)7t S 4= o &= 7oA+ % T2 AR CPS 2HEYAS 285t
T, AR - A A 3 5-2] 7HX] 9] 2o o] T A0 = oA E . o= BE AN e T2
Al el AL Aol

mﬂ

lt:

11) 2829|301 CIX|Y EQI 7|20 22 ¢ 7|8 S5 2 YA 83k "KEIT Issue Review, 3F2AIY7|S7|SITIHY,
2023, 61~659.

12) M7 Sist 4% H3 20| S MAM0|| 5GP CPG 7| Hlw G, TME 2 Mo =2F HEHE 7|53,
2009.5, 151~152H.

13) MASEFETA, 2023 2E MY 7|B7HY

o

kAR MY (11)s, 2023, 47~53H.
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1) 22 €8 7ix|0| Mat
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H

i
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A AR} 5 A0 A4 ko 2 SHA) g, AAU oY BN BE BE
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AT A A7IE 57 D= StaL dth 149 o]of plFjols 2RE E83f ojd 7S
AT 5 A=A 7V a5t 59], 252 et Ve *J’“OIU% 7| 2ME 84
7leo] 282 3571 fo. ol o= XJEPJ AESHE 2RS vhE 5 AEATE A E0lA

2948 YA B 02 ojojAlrt.

JEu B4 Tl ST 53 7|50 G4 34, 2 05 A Ushe SAEC] 55
59 59 714 AR B8] A% BstE ek the A9} o] 2RE 23 4R ohe}
£ 79 710

258 Z85H 71X 2 BHo] Wmat Aoltk. 7, AXE = AN

e} 9zko] WSS QIct. olelet FRe 230] melo] AYE L Qi AxYo] T ofof
7 oflw, WE ool A FEH SAdolch. shEgolo] 23 AZ A 7P hs Aol

ofje}, R4S T8 1A9) Y Mk} A A 7k Zo] 27HL 919

73 GOl 9] staFAlofl A kA o 2 A7 oA 9] 252 B-8oh= 570l BRI HA S4
= 255 86 o' AFE S 29S A= o] o]ss
2H-& g-85= RaaS(Robot-as-a-Service) 7|42l Z& A 2 EHo]A(Plus Automation)
T 71491 GROUNDE E/Y= sh= 114 7]l tiet A48 Aelsta )l 53,
25 Qo] AR Yo H|s ZEE A Y= EF Yol A= AREA] tiet w&- Aoy 4
go] 7}t Bt AR Y YA = 34 ARsSHFactory Automation) 7]l
(Bosch)= H4] Y AE ] A48 (Bosch Industry Consulting)S AR5}, A|ZHo] 2+
ofof sh= A BBl 8l 71/ dS 85kl QIrh16 X F71A] 2o] Wol LY x|
A =2 A 2E- AFde|u 28 71 AAlS 85H= Aol QlofA= AollA 2] 71&9] shak4]

=2
pac)
N
ol
il
=il
of
18
e}
)

o
7
e

14) 2|24 9| 691, 20| CIX|Z FEHR2H AW 56 LIEYT 751} HI0|E 2K 42 SA0Z,, IZREHTS,
2021, 79~80H

15) Alicia A. Grandey and Kayley Morris, Robots Are Changing the Face of Customer Service, {https://hbr.org/20
23/03/robots-are-changing-the—-face-of-customer-service)(last visited October 05, 2023)
16) K|, "ARH MU} RS EAT|AO| HS M2k AISAIMRIS FAOR, AR ARASANTA 2019, 59~6581,
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= I ARE o] XY= A o]9]of 5 FolollA= gt 22 X435}
= WA &5kl Uk 17) o]of] whe} ZpARY] B4 a1 Zof Thgh

B9 Sl= AlE=S 7NEsl Uhe 2ol B asi

_?L
(n
j__o‘l
9
T
N
)

N,
N,
B
[H
[m
49
9.
i
A

9 2 9(recurring model) 2 I

S 7]
o, o] ZolA A4t AELS BBIE AL WAL 4 19 o] WL Eo) w9 27]
01

53], A2 739 7l dFolAe Fadh defo|th. 71, 59 48 219 olus
(NAHON oLATRIIA 52, o] B 4o} 8+99] £ Aok 9k 19 ol
Ak 7170 A ool ukx Ao g 7:101011 ok Aok IhgU Qo] gk Al 22 S o|u AH|A

2 ool H|RUA BEE sl 23 7| o s AL A

875 nlofel= Flo] uf$ % "?i %j:Lo] 5PN %:_ Holc}. ghH. 774 o] it 712 ojsirt

%ﬂ-ﬂ bt AR a4 123t 3ol o

J2fsto], 25 7149 A HokE HA|T 01%4- Al 3}5%]°1§ =2 2RZ /T AJA
Jo 2ES 7|02 ofF

17) KERC, ‘231 M Z2FA(plug-and-produce)UAlS £t MZY A", (https://zrr.kr/MHLbY(EISLUEY
20234 10€ 5¢)

18) M, “HEHHALL NFT HIZUA ZESE 2 TARY, THASEASEEM) H38H H28, SH=EMASMATLEY,
2023, 57':'4

19) 2EME, ‘U O|LS’, AtF 48 22 A XIZE", (http://www.irobotnews.com/news/articleView.html?idxno
=18139>(4-|§t£5'-°' 20234 10€ 5Y)
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ofUiet AbgIel £A] el ARl 22 ALS]9] TS of A S ALA o] Tt S e
o] Wasie). 23 AQlol A At 71e B8 23 A A W] FHS T A, T
20| YATE Aol A 7|4 WA o9 7HAS Wer] 24E BEA0] et Aol
9 s} ol 7] Q0] Mkt ohjet Ashiol A 4be A 0] Ay paH

A 712 3315 AT A E=(The Defense Advanced Research Projects Agency, ©]
120 A7 = SAlA o7 2| Y3hT 9k Ho] EXo|ch,

e

g7
A A7 FAA] Qe 9zt B4} o2 85 Ahtd el A&

AR Y = GPS AlA”olY 28 % 47]9] olo] 2 (iRobot)2] EHHRoomba), EA
gl tho]y Y A(Boston Dynamics)”} 7Rl AR A7} Q145 4= H ) 25.0] Adk
(Spot) 5°] Atk EZF DARPACA = 7]& H3]E 728 Al7]&= SAAIA W7 Hgof
Z35a Q. 71, As Aol T3 DARPA 123 E MU X(DARPA Grand Challenge
2004~2007), A8 Fzxof &3t DARPA ZHEA HAX(DARPA Robotics Challenge
Features Disaster 2013~2015), DARPA A|5} M Z|(DARPA Subterranean Challenge
2019~2021) 5°] ek.2D o] hF & Fof 71&2 DHA L SAof A Yol g Tadh=
PYALE v 25 JAAE &3

u]=2] 25 AL “A Roadmap for US Robotics: From Internet to Robotics(°]3},
EHEA 2Ef)oln BAo| A 75} Qlth= Aol EFoltt. o] =2 2009 I

20) William Janeway, Ramana Nanda and Matthew Rhodes-Kropf, Venture Capital Booms and Startup
Financing, Working Paper 21-116, 2021, Harvard Business School, pp.2~3.

21) DARPA, The DARPA Grand Challenge: Ten Years Later, {https://www.darpa.mil/news—-events/2014-03-13)
(last visited October 05, 2023)

82 ___ s=EIIAMTH



=2] E2EA(robotics) 4.01 22 A LM 2ok

% 2o A o e A 7 2] %E RSS(Robotics Science and Systems) 3]2]of| 4] A]Ztx] o]
CCC(Computing Community Consortium)2] X4 2o.& 24 =3t} o] 3t A ¢S 53
718 % National Robotics Initiative(NRI)7} 2011 0]l =3t} o] % A H 7§74 o] ¥ L
42 202090 TRE AT EEHA Az o} thstw Moo i (University of
California, San Diego: UCSD)2] Z2]AHIAl(Christensen) X5 $41 02 71| 7] W tfsh
(Carnegie Mellon University)@} ZA]o} 53} tsHGeorgia Institute of Technology),

&2 37124 g8HJohns Hopkins University) 5-°| &ofstal qitt.22)

o] RERZ QI7t} 20| FAYSk= AIAIE AAZ okl glom, QIZke] oA o] =HEA
9] -84 Sdislslr] At AR A= FAS} HI ot o= AR, =5, ol 1,
o8, Hot- X 28| gt &8-S FAT &= QUrh.23) Fefjoll= T4 A HH|E FHoE
s 2 250]A5t, o] ERYA R EoA= H4E viE-E 5 ARt =719 AL} Wit
HRE S Qltk= Aol E4olth 3 54 A7l = EF X H(locomotion), Tt
A] - ZZHgrasping/manipulation), HAA(perception), Zd-AEE Y (Planning
and control learning), BE] 28 A]A®(multi robot system), 21717} 229] A5 2-g

So] Eolct.

(B1) 2HEA ZCWO| 52 L

A Roadmap for US Robotics: From Internet to Robotics
AE| Rt 22 2& Jtsd

RIES 05 +&t o274y

g2 e 209l x 28

UE =X g9, a0 dFH HH, AL 24st

e ue e
A% 014, 241y 59| M7l B8S 93t 7129) - FHOIAY
g5 8y =5 1% B0l Y

22) Henrik | Christensen, Allison Okamura, Maja Mataric, Vijay Kumar, Greg Hager, Howie Choset, Next
Generation Robotics, Computing Community Consortium, 2016, pp.5~8
23) Henrik Christensen, A Roadmap for US Robotics — From Internet to Robotics 2020 Edition, 2022, pp.43~54.
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H 2) DARPAS| 2}

0= A0A2] Of 50%E XHX|5H= ZYSHoA= DARPAS| X|HC2 AFLYUTS 715
DARPA2| G151 x| 7|8 ALK H JIEti=] JHZl0f 22t 7= HH R 2t HE
* AE2d0| &2 N AFAIE * AXLA SgE Sl LA 28
o O dU== GPS AI2”H0|L 258 47|19 | « AZF0| 2et DARPA ZIHE HEIX], Kol
SHt, 4% B3 28 AX(Spot) & &0 2ot DARPA 2EEA HzX|, DARPA
XI5} xHF'_|X|

FHARIA Y] 2R AL AL ZEE Aol 18] 3L Aol(From Lab to Market
- Successful Technology Transfer Journeys) 2= &3] w2t A+ T2 1391 Horizon
Europe’(2021~2027) & 53 Zo|t}. o] T JHAT T2 T (Framework Program, °]5}
FP)2 7duict == 17 91 01, Horizon Europe: A|97]0f i3ttt FP F=2ojA] 4]
71342 987 AR Bobskal s A S=H(Directorate-General for Research and
Innovation: DG RTD)?|t}. Horizon Europes ®-9] G772 AWl AFS] 2-8-9] 5 7}HA]
E2A 0w F7E11 glom, o] FofA ARl AFS] o] 2-8of tfet-&-& =152 3719 Pillar®
A= o] QUr}24) A Pillar 12 <=3t #KExcellent science)°|H, Pillar 2= 224 4
A -4 AFY F A2 (Global Challenges and European Industrial Competitiveness)©]
™, Pillar 3-2 941491 G-H(Innovative Europe) 2.2 /4= o] Qltt. £3], Pillar 2+= 6719
FHE SYAEE Hio] Ho] FYE ], AR5 ZHEA FHo| A= ST AH
4 ‘OAg, A, F(Digital, Industry and Space) oA AF =1L Qlc}.25)

EQL, 7 A4 Y] FAIY 1 x HATE(Green x Digital)2] ®2ojlA Z T2 7} o] F0]
A3 A 71, 718 SHARJ AR BF7 A|QlS et it Az ZeA|20] tAE F41(#15)

2 tiA1g FelolAe] 2E4] ABH#1S), A7 B4 A7l 2A% g
1(#20) o] Ak, Al FHORE ZeAH 10149 A% O] FHL I3 A)2G
23 Fgoltt, SHAH 30149 ABE ek AT PAA o] DAL 9, A WA A9

24) EUROPEAN COMMISSION, HORIZON EUROPE STRATEGIC PLAN 2021 - 2024, 2021, pp.3~7.
25) /bid., p.13.
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A1 G-t ol Al dlold 43} A 2% Folol wet gaE: Ho] Uk

Horizon Europex= 44 Y Y3 (Furopean Commission: EC)7} 5215}
2019-2024(Priorities 2019-2024 - European Commission)°l| 7] &5}
HAd I S A AR AL sk A= AA| ek A AA A
Act.20 EZE Al 0] IS Yol T8 AlAE Lo 2 I 719 ‘ﬁ AE &3 g4l
L X 5k ok A= S0l o= I, A PSR, Fd §4 5o 94Z 92 F X]%%
5207 o= AT A+(Elasmus+)gts ZRHETL Q. o] ZRAE = 2629 F-=(9F
362 9749 )7t it A= o] 7 W sHEES AetAFA+H(ElasmusH A= &9 E]"-H“ﬂ]
O] A+ Feolut ArY Frofstar QU

o)A YA 7|01t B/} AR B4lo] 2|7 glow, o] 43 hEL]
4AJ(European Partnership)2.2 =442l A5t A §-& S7sk= Aolth. F-5HE(Co-
funded) TEUA, A=s}= (Institutionalised) THE 1@, 3512 13 (Co-programmed)
TEYA O 3FFE oA %1‘3} EHEA A FELETHOZA AL A - &
= ol - R AT R AT FEE IS SUN, H, A%
oko] ZhA Lt Alko] LA 7/101‘11, E2olu 544 39S vl Astal Z714 R0 A ¢S k=
Aot} 27)

Horizon Europe®llAl= Z2 T8 3o tid =77} EU de=r 9 59 I =7} <of] BlR-¢
HoJ A £ 7Pl (associated countries) 22 E3Fskal QJTt} Horizon Europeoﬂ A
Horizon 2020041 Hlo]&2} =-2] F7] E F-F5kaL Qirh.28) o] TE I3 0] X3 wr
A EA 9 =2 SA] F7N ok 5, A Akm e 7Fs 3t §F F7H ok sfiof gttt of ]
DRAE, A4, A Yol 7[&Z N6, S92 R 571 7]E WA SHsks Aeds
718%t Aoltt. o]23k EAof| ool frH o] EHE A T4l HA 9] Shu=A] Q1A=L glom,
FHAY =2 4] BRI AFE B9l =7 S AFE F3l AN Adstst

_E‘LL rlo rlr

26) EC, 6 Commission priorities for 2019-24, <https://commission.europa.eu/strategy—and-policy/priorities—
2019-2024_en)(last visited October 05, 2023)

27) EC, European Partnerships in Horizon Europe, {https://research-and-innovation.ec.europa.eu/funding/fu
nding-opportunities/funding-programmes-and-open-calls/horizon-europe/european—partnerships—ho
rizon—europe_en)(last visited October 05, 2023)

28) EC, List of Participating Countries in Horizon Europe, {https://ec.europa.eu/info/funding-tenders/opportu
nities/docs/2021-2027/common/guidance/list-3rd-country—participation_horizon-euratom_v2.0_en.p
df)(last visited October 05, 2023)

skEIAe 85



7718 |

Hi23 M25(2023)

L Jxoltt AtE oz ATEY 0]
A

(B 3) 2% (EU)2 EHEIA &

Sh=9lo] 5 chobet R 471 SEEHE 23 JoAE
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=1 | o7 | Skt odowska—-Cu e p O TA|AE
712) rieActions) S T Al e ® 7|=F, oK,
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A 7|8t RESEM7IE 71F
7R St RE ALES 4t ® Al A, XHY,
EO| BiTiot ey B3 R&I AlAEI0] 7434 23} S8, #38
(& 4) Horizon Europe2| 2 HE{A0| 25t L X
Sg{AH 7|cHS2t He 2 F0f
* #15 2EFHOZ J|& SMHQL AL KR 2 o Manufacturing
a0l Feks EX| L= I Oxgst, M22 Technologies Advanced
MY HI QL o || HEUA BE X|Se 4 Materials Circular
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S) 2lof T2 X< Advanced Computing
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CXE elxet 59 43t
UX HREY S
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S0 ot Y 45t
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o AZ Y2 YT E0ld
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ILIJC_)L
3. o] 513

P2 AR ()T AT A7 ESTNL7 Wi = 400 ¥ — - Bl
fiie EBHFE B, NEDO) 9jofl RIZE #120] PO 3]Ql 25 H1g-4H¢] IoT o|U A E| B H 2| 3](m
Koy b Hi EEIOTA =2 7 7 4 7 Hi#i)E SHOE 25 o] 2151 9Ir}.29 2014

29) ARy b Edy-EZEloTA ZV 7T« 7HiES, (https://www.jmfrri.gr.jp/content/files/RRI/RRI_Pamphlet_j
p.pdf)(last visited October 05, 2023)
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30) BB WG1: [oTO| O3t FIE HIZLIA #18{ WG(Industry 4.0 5 HIER| HIZLIA $810] ZH), WG2: 22 012
22 27 WG(R22| AS| 780| FH), WG3: 25 5141 WG(2E2| 5410] )

31) BAEHEEAS, 0K b FHIS, 2015, 15-181

32) EOHET  YERS, ~) ZTHRO b 0T O ERSHRORE, 2019, 1-5
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HAE B AF AA 15, 22 B FADY 3ot Sl AT ek FYATS 20209
2RAAIIARRE SHoLT, 227187 Hg U AFEE) 23 ALY 84 52 AT 3B

33) EEBEAl0T - BRT ¢ 7 ZFEAWES, (https://www.pref.hiroshima.lg.jp/soshiki/28/ai-forum.html)
(last visited October 05, 2023)

34) HEERT, ERHEERADR Y M EABEEIZ OV T, {https://www.city.sagamihara.kanagawa.jp/sangyo/
sangyo/1026664/1003291/josei/1003308.html)(last visited October 05, 2023)
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36) IFR, The Impact of Robots on Productivity, Employment and Jobs, 2017, pp.1~5.
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37) Joachim von Braun et al,, Robotics, Al, and Humanity Science, Ethics, and Policy, Springer, 2021, pp.22-23.
38) HYE, YR MU HATAMSHAS FHOR,, (AZHYHATY, 2020, 22-308.
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41) Lin Zhou et a/., Evolutionary Game Analysis on Last Mile Delivery Resource Integration—Exploring the
Behavioral Strategies between Logistics Service Providers, Property Service Companies and Customers,
Sustainability 2021, 13, 12240., pp.5~8

42) O|xHE|Q| 39!, “E2XHHE &8st UAV 7|Ht 3D EQIE Z2RC ZZIMF|Q| QX|IHSIT Shab Hior”  MisHA
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43) 27T 9 591, "FRBY| SANY HHI AT 0|F, 9F, URS FHO2,, UAZHTHATE, 2019, 74~758.
44) H0I0R2] 1091, CIXIZHMET| 7| QSHISE WSI9 TSI, 2021, 111381
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SEuehs s TA] 719ke] 55} 5-0] AIE QL 9low, CPSet 2 HEAE §RIRh
A 2P EFAZ HE 71 Aol F8sitt @A 22 FA A A&7Fs/E =R
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g2 SA RS AebE 0w AAAE) Urke AL T 23 41 Aol 4do] g 4 Yek4)
SDGsL 21 7H5 7 BEE Sjelsie], 20154 9 90 Aol Sl A2
A 2|2 5T LS 915 2030 QA oI A 308714 A< 7H5oA H e Al
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45) SHNUATY, 2Rt SH Yot= AU- =2 22 M 532 SHO=Z -7, 2023, 4~6H.

46) QESEE, ‘*“’é'x1l017f0H-l_' MBS HA Y REIZIE] ‘Whill " (http://www.autoherald.co.kr/news/articleView.
htmI?idxno=21095)(ZZYEY 20234 10 5Y)

47) Medicaroid, JIIIFETZENEZEMOR v b #ily, (https://www.medicaroid.com/company/strength.html)(last
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A Study of robotics 4.0 and how the robot industry
will develop

- Focusing on meaning, aspects, and development issues —

Lee, Chang—Kyu

- Abstract -

The research field of robotics, where robots have evolved, has advanced from basic research to
applied research. Currently, the United States, the Yuran Alliance, and Japan, which are leaders
in the field of robotics, are developing policies for the future of robotics. However, developing robot
technology requires a large amount of capital and specialized human resources, and recent tech-
nology is a fusion of technologies from various fields. Collaboration in diverse fields that transcends
the boundaries of laboratories, universities, and countries is important for this purpose. Therefore,
it is necessary to consider ways to not only increase productivity and efficiency but also solve prob-
lems such as a shortage of human resources.In this article, we have presented an in-
dustry—academia—government collaboration strategy as a way to develop the robot industry basec
on Robotics 4.0.

Robots, Robotics 4.0, robot manufacturing companies, industry—academia—academia
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