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Operations

iy
2}
iz

=9

Al e AolE AsAolduEFe 43

™ APR+(Advance Power Reactor Plus) %7]x

S

o]

7P7F olFoH Y. eyt

el

2
Jlo

aLe

o)
=

Fal Aps A o] Al o]

7}s

o] deadband 7§

HE

B[N 0
o X

R

gt 4
3

D

Eaas

deadband %!

o] Ao gl v

ki3

o
700

[e]
° 2

fsi3
=

ar

)
B

T

—_
o

et 50%

Ho

N

24

o]/

| &l o]

PN
T

fei3
=

T AR W
pE ey
ﬂﬂ%oi

0
L _,10.4 "

[e)

< AEA
oty
=
=

=
[}

12228750 &= A4
lfl_
ks

)
2
RS

el A
o
=

NS R

o =
s &

3}
=

Z]
=

o Abgol o uhg

=
=]

B AolE Aps Aol gy

AEEL R

2]

SRR

E]

ch

=

B

]

_32_



7FASFE 94 34 HYEE X 244 ©E 316 2EH A2

Fatigue Life Evaluation of Type 316 Stainless Steel According to

Strain Holding Conditions in PWR Environments
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Design for Operations Support System Using AI(Artificial Intelligence)
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Study on Contact Pressure According to the Structural Characteristics of
Safety Relief Valve
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Study on Contact Pressure According to the Structural Characteristics of
Safety Relief Valve
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A Study of Influence on Electrical Power Loss

due to Incoming Moisture into Steam Turbine
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Estimating the external beneflts of expansion of cooperative intelligent

transportation system
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Estimation of Benefits for Implementation of Green Remodeling Projects

Using Contingent Valuation Method

HAY . oldA - A&

Mgaketr Sopsta oy x4 A sk

A AAAR 2192 Q8] 7193t &3 Aua ARSR dgtske Aol digk F
8ol FZEa v, e Fowe ude B X] dAs T3l ol AuA AAAN =
Agk Foln, S-utet BH-= FAAS A 7= E Aidte 1Y Aes7t 57 9
3 2¥wd S IR BEE 2dwdY dEow =A-AAZ-IRE zde] =4
Age a8 g A DR FIFALY AZANYAsE Sdsts 29 g 2dy ALY
= Algetar vk FEAEY ARANUAS AL dES dAA TS SHstste] R
FEHE dUAYSE Hastetal, BEFI HYFd, AL 5 AAAAUAE &8t A=
7l 28 dUAE AAHoRE FHste] AdE JduyAE dista 2AVIAE 5T
o Fgoltt. olgdgt 1yl gRHE ARgel] W2 wH|7E FAEET] wEe] oA 3k A Ao
ik Ak o] X & oAb (Willingness to pay)< w243lal, #HelS 2bgste] 1 ApQ]d
et AAA 7HHE Hrre 2e7t vk wmaA 2 AT 33dASEd HEdSs AXS
i, A dEdA WA & F3 duA Aes dstele W HREE ARGl g o
b Rl o] A EOALN S AR VMASAE S AREste] AEFA R AT A4 A3
O PREAY ARl i 2,7149S A= AE AT & A A 3 ZEY
YA M Ao Fa AnE &&E 7 s HoE Alsdn

_40_



m 20201 & SHRO||LR|GtE| 2AHIGHAUIES| =

AEZ D, AL VAR D, o] F 0, 5L 5, 450

e

AT AYE COP21 ol F AR AAFAANA LA £A7s 35S oldstuA B
Aol e fAse aRrd A Adan Aok AANYA W S oy
o selrhale Aua, Babs, OAgsz daHa ok ol A

o AR Mz ng 195 Sol A%t GUA A HYIA o
e Atk SlUAMA S AEA U] ICT, AFAF 5 ol &n
Ay A5 s gueel AZe EUas FEkn Utk Y AL FRAS] WA
2 Aln 242 AFASS Ba AdeEa slo] YEHelt,
| A9 ouAMAY A A4S AQss 4R FA5)
b oAA pgagel Aol aeu da g
ope] BRAAE A FAT Aot

]

2 A= 7Y delHe 58 & F8 oAUAMATIY Pools FASIL 7HS FE3H
71983S AT HHES g M-S DB AR+ 55 =955 DBE nuf
Fo2 719 Pools T8t 7Igdlely Hi7|#S @ 78 AR gefsiglh. WA wl
AeE dolee] A9 ‘18.12¢ 7l =l &0 WA V|H2 F 3k 7o JfolH, wid 7]
AY2E 2 F AE FIAA oy A Aws A 719E AASGT =4 53519
79 E3]3 KIPRIS dHlolE oA oy =] —4x12kd 714 (AICBM, Al, 10T, Cloud, Big Data,
Mobile) &3 oFe A2 AA 7|9 =& Ridste] 719S F=33ith

AT& F3 2,00001709] SUAMA YIS s AX S E=EEslth

1 FAA @A 7IE€H M, 71eAdd2% (kibon@ketep.rekr)

2) FFAUX7EF7TY, 71EAd S YddT+4d

3) SFAURV|eH 7MY, 7l ds A, ddd+L

4) dFA VA 7IeF 7MY, 71eAdSd, dddT-4

5) A& 7MY, ZIeAdsd, AddTY

6) HAAA 1 g o VA 7 EH 7Y, 7 S AdAT D (slseo8604@Kketep.re.kr)

_41_



ZFEA AQstan AL AT NFY AReAle 2y
An analysis of the public willingness to pay for tidal current energy

research and business development
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Comparison of the economic effects of nuclear power and renewable
energy deployment in South Korea
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GRS o] 83 LNG $4 B4 A5+
Demonstration for LNG Quality Analysis Using Raman Spectroscopy
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= 7kagAE 7k LNGZ A
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Study of Carbon Capture and Storage Technologies

with Low Greenhouse Gas Emission Development Strategies
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Development of novel technology for reduction of CO, within flue gas and production
of high—valued materials by biological conversion process using microalgae
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F3A =g EFE FHFH 54
Hydrodynamlc Characteristics of Nanoparticle Mixtures in a Fluidized
Bed

gEoledA e 55 e W gEASE g e Fol7] A% =AY AR i
UrFEel JHEES o] AFEHT. BAURFEE STA9 AARE AREEHT, o2lg &
svhefne] R ezt G5 weslh Ade davheRng Ades) 9
A ThEEe] Fulm AREE 5 o, wEbA wkgr] AAE feiA AE= S =
FEo HESAL Hoteit Ao Basjth E ATt Bahnfus suudae 4
)& WE flow regimeE 3¢1s9th AF L Ao 0.04 m Fo|7F 1.2 mel o=

2 A ZE cylindrical columnoll A FaEH AT B2 sintered metal A ZE 2] porous
plateE AFE3IN AL, F&71A= 3718 ARESIQITh Add AMSE YA HHEUE 220 o
m, X 384 kg/m’ ¢ ©AULEFH(CNT_S, HEAE 4.57 um, BXE 1877 kg/m® <

7HE &9 (CB_P) YAE AF&3tdith. old& Y& 1:0, 0.7:0.3, 0.5:0.5, 0.3:0.7, 0:1
o A& Yol FAL ul flow regimeE FAFAT. AAREL WA FUA A
He FAsR, AU G BE SxolE SIS Channeling Tkl e FE %
st gkol skopxmi, g

@7} e] standard deviationo] A7) FA2I fE5E V|EoR

AL A 5 ek

) H
turbulent T-7Fo] Al Z}E]

=
I EE

1. Jeong, S. W, Lee, J. H, Kim, J. & Lee, D. H. Fluidization behaviors of different
types of multi-walled carbon nanotubes in gas-solid fluidized beds. J. Ind. Eng. Chem.
35, 217 - 223 (2016).

2. Yu, H. et al. Hydrodynamics and gas mixing in a carbon nanotube agglomerate
fluidized bed. AIChE J. 52: 4110 - 4123 (2006).
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21& FHZE o] 83 gas—solid flow 9419 CPFD modeling A=
Validation of CPFD model in simulating gas—solid flow with high speed

camera

E AFoNAE 2% FHHFE o] €359 gas—solid flowellA CPFD (Computational
Particle Fluid Dynamics) modeling®] drag modeld 7A=3t% . CPFD simulation =
Barracuda®% ©] €3} 17, vdidationS 913 A3 AL Aol o] 0.04 m, %0171 0.6
m Q1 ot A oA &= ATE = AF-o A= CNT (Carbon Nano Tube) YJAHE AHE-3HA
1, 2] Sauter mean diameter = 182 umo|H, particle density:= 384.7 kg/m® o]t} ¥ &
AA7F 3dem wHE Al S W AR Aol wE dAE S EE 2% Jhe
(HHC X9 Pro)2 =743tk CPFD simulations 23 A3 SAsA BAFSY] W&k
3, 34cm oAl §izpe] A7]e] whE A S EE AP At v wsklth. Simulation
S simulation AlZF 71 1xRHE M &E A, 571419 drag model Z} drag force coefficient

R

1

constant(k) #t= WABN7HH A A7]o wE JAE SAEEE AdA e vlasko
smulation A3=& S8R vlw A3}, gas-solid®] drag force?} Y AL st Eote] #
AE =T F Ao, gassolid flowell 4] CPFD modelingell 2 3gt drag modelS A A
T ATt
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Study of Optimizing CCU Technology for Reduction CO, Emission in The
Natural Gas Field
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Process Design of Hydrogen Liquefaction Plant
Using Liquified Air Precooling
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A Study on the effect of atmospheric stability and

turbulence dissipation rate on AEP change in wind farm
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Sorption—enhanced chemical looping reforming 33 W 33gat-2o] w&
oxygen carrier®} CO; sorbentd] EHEA A+
Effect of chemical reactions on attrition of oxygen carrier and CO,

sorbent in sorption—enhanced chemical looping reforming

dAEQ- olFd’
AuddEal shE-g3 7] A 4, University of British Columbia, g ¥t gkl
s}k st}

The effects of chemical reactions on the attrition of oxygen carrier particles and CO,
sorbent based on a chemical looping reforming (CLR) process with intrinsic CO,
capture were analyzed. Iron/hematite as an oxygen carrier, and limestone/lime as a CO,
sorbent were tested in a jet attrition apparatus. Particle attrition was measured as a
function of temperature and gas concentration, with and without reactions. Iron
oxidation and limestone calcination increased the particle attrition, whereas hematite
reduction and lime carbonation reduced particle attrition due to changes in the
mechanical properties of particles. Attrition was shown to depend on the fuel, CH,
concentration, as well as temperature. The presence of binary solid species increased

the attrition due to the increased number of particle collisions.

o

AT |

1. Kim, J. Y., Ellis, N., Lim, C. J., and Grace, J. R., “Effect of calcination/carbonation
and oxidation/reduction on attrition of binary solid species in sorption—enhanced
chemical looping reforming,” Fuel, 271, 117665 (2020).

2. Kim, J. Y., Ellis, N., Lim, C. J., and Grace, J. R., “Attrition of binary mixtures of
solids in a jet attrition unit,” Powder Technology, 352, 445—452 (2019).

3. Kim. J.Y., “Jet attrition characteristics of chemical looping oxygen carriers and CO2
sorbents,” Ph.D. Thesis, University of British Columbia, Canada
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Application of Gas Separation Membrane Process for Biogas Upgrading

Biogas is a clean and environmentally friendly fuel produced by bacterial conversion of
organic waste under anaerobic conditions. Raw biogas contain about 60~70% methane
(CH4), 30~40% carbon dioxide (CO2), traces of hydrogen sulfide(H2S), Siloxane and
water vapour. In order to remove COZ2 and other impurities, the biogas upgrade
technologies have been developed by scrubbing (absorption) process, pressure swing

adsorption process, membrane process.

In this study, polymeric hollow fiber membrane was applied to biogas upgrading
process. The membrane process test was focused on enhancing methane concentration
from biogas with various operating conditions. To reduce the loss of methane,
multi—stage process was designed and tested and the result showed more than 97%

purity of methane with less than 2% loss of methane.

This paper describes the membrane process design for biogas upgrading and its

optimized operating conditions were also described.
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Effect of Temperature on Hydrodynamic Characteristics in a Pressurized
Bubble Column

o A - 234 =gt JggdT . o533

A BlelhEety Ao U %] 7)) CCPgEal
SR el 8ok st

A5t 3o)

£

%

7FSt bubble columnell A AwjF¢] 2% F7kel W& oA 549 WstE %*48}71 %’4
3 P ATt WA 0.097 m, o] 1.8 m9 cylindrical stainless columnol A 23

HAoh A AFEE HAE= Eulf (SK Therm 300)E AFE3st o, 7| A= airs ’\}%
3t t}. Distributor®] opening fractione 0.128 % ©|™ hole sizex= 1 mm, s 12712
AAHAJTG. ¢S 4eH0.1 MPa)ollA 3.5 MPa 7bx] WA&Aa, NAFEHS 12.3 ~
31.7 mm/s 7FA WHEAA AHS St t. sl chamber WY 3 kW ¢ AFG7|E A X
3te] column WH9 2%+ A2 (21.9C), 50TC, 70C, 80C o2 Ha} HAE5A]7A AL
APstF o 7z 2% gas holdup =7, optical probeZ ©]&3F bubble chord length
S A3t A= iAo =2 viscositydl Y3l FAFE A FX o
ol 7127 #FEHAT ojggk dlo R Qld gas holdup A3 WA SAHEAL
by 257} S7kstel] whEl viscosityZl oA ™ 713 9] bubble dispersione] 9&3] o
Bubble chord lengtht= A=A+ &8 7k W 12 mm5H 6 mm 74 74
=8 nxAdqdE o= Wl wWE bubble sizexE 2 mm WE WH37F A9

¥ ok @ H oox

32 32 3T
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2239 MEAIE BEF SotEAE AUABYA DY 24 Yol
g8 B A7
A Study on the Application of Social Big Data in Energy Management
System Using BlockChain Network for SmartCity
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UZ el = 7|8 &2 74 d5& 35 AA A5
Performance Evaluation of Alkaline Aqueous Redox Flow Batteries by

Naphthoquinone Derivatives

olgiu]! . whFE! - AL
- L I IEEAE R LIRS IS IEEA RS

&
2AE sty tietal A ute] o th 3t st AT 3 skt

Alkaline aqueous redox flow batteries (AARFB) have been studied over last
few years because high solubility and cell voltage are accomplished by a facile change
of the organic active materials and based on that, high energy density and power
density are achieved. Among various organic materials that have excellent redox
properties in alkaline supporting electrolyte, naphthoquinone (NQ) and ferrocyanide can
be selected for AARFB. To increase the energy density of AARFB, the solubility of
NQ should be increased. To enhance its solubility, the hydrophilic functional groups are
used. However, this method is too complicated and toxic. Therefore, in this study, the
solubility of NQ is enhanced by only mixing the two NQ derivatives
(1,2—naphthoquinone —4 —sulfonic acid sodium salt (NQ-S) and
2—hydroxy—1,4—naphthoquinoen (Lawsone)). NQ—S is initially transformed to NQ—OH
that has the same chemical structure with Lawsone under KOH, and the process leads
to a higher solubility of the mixture of NQ—-S and Lawsone (NQ—SO) than the
individual solubilities of Lawsone and NQ—S. Regarding cell voltage, that of AARFB
using NQ—SO and ferrocyanide is 1.01 V. The charge efficiency, discharge capacity,
and power density of AORFB using 0.6 M NQ—SO and ferrocyanide under 100
mAcm 2 are 099%, 23 AhL™!, and 90 mWcm 2. Furthermore, the concentration of

NQ—-SO was increased to 1.2 M and its discharge capacity increases to 40.4 AhL™!.

References

[1] Lee, W., Park, G., & Kwon, Y. (2020). Alkaline aqueous organic redox flow
batteries of high energy and power densities using mixed naphthoquinone derivatives.
Chemical Engineering Journal, 386, 123985.

[2] Tong, L., Goulet, M. A., Tabor, D. P., Kerr, E. F., De Porcellinis, D., Fell, E. M.,
Aspuru—Guzik, A., Gordon, R. G., & Aziz, M. J. (2019). Molecular Engineering of an
Alkaline Naphthoquinone Flow Battery. ACS Energy Letters, 4(8), 1880—1887.
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Performance of Aqueous Redox Flow Batteries using Naphthoquinone and
Iodide

BEst - oolgdnt . AL

"Nyl Ed st oy a4 st Al A g st
22 &3}ty Lt 8kl ol A ufo] o T8t 33 Al F- 5}

Because of the promising prospect of organic redox active species, organic
materials based redox flow batteries are intensively investigated, especially in aqueous
environment. In this study, 2—hydroxy—1,4—naphthoquinone (NQ—OH) and potassium
iodide (KI) are applied as active materials for aqueous organic redox flow battery
(AORFB). NQ—-OH is one of the quinone derivatives that have excellent
electrochemical properties. In addition, the solubility of KI in water is high. NQ—OH
dissolved in potassium hydroxide (KOH) was applied as the negative electrolyte
(negolyte) and KI dissolved in potassium chloride (KCl) was utilized for the positive
electrolyte (posolyte). Combined with Nafion 117 membrane which is permeable to K*
ions, OCV of 1.15 V was achieved. In this combination, two types of electrolyte
featuring different pH wvalues were used, this occurs increasing of pH value in KCI
solution, which induce the irreversible chemical reaction of KI. But this pH imbalance
can be suppressed by applying the carbon felt doped with carboxylic acid functionalized
multi—walled carbon nanotube (CA—CNT@CF) on the positive electrode. The
functional groups of CA—CNT react with hydroxide ions transferred from the negolyte
maintaining the pH value of posolyte stable. As the result, the cycle durability of the
full cell with CA—CNT@CF showed twice as long as that with pristine carbon felt
(P—CF). Discharge capacity of 4.83 AheL™!, Utilization of 90.16%, coulomb efficiency
(CE) of 98.57%, and EE energy efficiency (EE) of 64.21% were shown with current

density of 40 mAecm™?

and cut—off voltage of 0.2 ~ 1.7 V over 50 cycles. According
to cyclic voltammetry (CV) study and proton nuclear magnetic resonance (H—NMR),
no electrochemical and chemical degradation were observed in negolyte after full cell
operation. This approach may establish a precedent application of functional group on

electrode to control pH value of electrolyte.

_58_



m 20201 & SHRO||LR|GtE| 2AHIGHAUIES| =

sat o] ALyl BhgAel HAE G oE w2
A Study on the Effect of Load Patterns on the Feasibility of Business

2
Fr ol swmm Sk T4, AT sta 7| A gEE e

L 47 =4

7)1 ste] gk o3
ofel Ao oA M3k
(Digitalization) % <=
o ,q]ﬁ]x% o 7]_./;_

[ 42k Abdggolets AR A AIAR]D 87 R olyA A &
& A A3F(Decarbonization), 4F3(Decentralization), TIA| €3}
o] 3% W3H(Demand Disruption) 5 4D w7} Edl=9] &
o gtk o] g Mol ti-gate] A MAH SR YA AFG el A
01 A % 1—01]}\1 o]& )\]. 7&,] eﬂ—oi 53/\],] 13161:0]
AR HAE 71EY AF T FAAA A 7 AR
E s

xwgq Amgq ﬁﬁm g AL,
¢ = Al mde] A

2 Adztso] MEa vddt ARl SAstal ok AEA
7?3*33 AA AR AEACl A HHEH o R HAESsE =
= wRol ok wEbd Fab siRle] AR EFRA Aatel] mA= G E4 S F5H]
UA Ak Abd R o] aabA ]l A gkl thshe] =ojs] ®axh g

2. 47 W&

A EEo] 1,437kW, dF90] 1,712kWel R3] 2o, &) 7,472kWQl H
del 3gi2 wWslde] dUAE Fuste Aol Wedel dE Fa dEe 508A9
[-Smart BERE &&slal, Fst HHS AL G2 t2A Rdgets 459 T%9
Harow A RElgsheE Agol AxF ol &F, AXF AyA] v§ Hipdl, T34 7]
7t 5 A EEe] A e BEAe #dv|E AT dRet sy
= AL oA =8 A o 1517 =
EFo|FZrnATFA T Yol B3 9 SES(Smart Energy Solution) EES-

sto] 3 3toit.

flo
=

dyst sjele] Reld W] wepA] Azte]&ELS 2.9%, AIF oy HA v]82 o
26, Fx13] 477k oF 2.3 d zpo|7) W AiEle] dRelude] mdly] Al Al El
Il gEe v AYgE AL Falsint

¥ 1 g¥s ey may o] e dudhubAda e Aol Ay A% W3}

T B dXs JE(@) | 7Y EFe Q@) | 2ol (@—-D)
A o] &E (%) 20.7 23.6 2,9
AZE A=A v LA N(H) 146,752,716 172,316,301 25,863,585
F218] 4 713H(0d) 12.1 9.8 -2.3

mebd 2 AFYED] Hes $F AFHeE Folal A¥ s Ans fste]
AHA Sl v A Hole B mEE ¥, S Toole] 7 9 gRIE Fasit



A AR Ux
115k

=

skl A 201949 12€9%
Sk

A 2FE
7]
147)

, VE

)
=

1471

=

EgE A4
tEI‘

[e)

1 Ao]A] x

e}
il

2]

API620
9 wolE =

= 2020
=i
2E
1, o

Inner Container by High Manganese Steel
o) ==

AR HE] AFRYAY &8 ZUHEY

Monitoring Research of LNG Storage Tank comprised of

S KGS AC115
Fo] Uz oo
o]t}

=

°©

1

0]
8l

=] 3

=

{171 9
S|

3E

71209 m'&)
B ¥ oy 2%,

}\E]_
3ol

o

Al
2l

_60_



A A
1=

a7t S o

o

C QA 2N

A=

=]
=

- A4
47}

LS
=25H )
= H

s}

o]

}

PR

= 2020

Check Valve Slams in the Water piping System
&R
= BH"r

)

An Empirical Study on the Mitigation of Water hammer due to the
A} 7o FHo R uf

=
5

47, wuel s
2 e
1

fite)
o
el

Ho

Aol

1

141 (Surge

]_

S

o

7
HE

=

2 A5 93] Aawy g3

Foch ey

S

sho) fREe A

SRS

S

Analysis) o.2A 1
H7AY wguie] %

ol
=

B!
o
=
o
e
m@
B

)
—
fite)

i)

BK

B}=]

of gk AzE A4

il

4

}m

21
il

-

CRERA

S

o] A=}

A% w

)

A

K

fite)

aF
KE
T
1)

B

ol
0SS

1)
p.
fite)

B

15 SF ARAbe A o] 500493 W= 4

)

P
fite)

Hjj ¢4 o]

AIWHE 400mm, F2ZA7E 1000mm,

gl (e,

3ol

DBE 4
10km ©]A S)ollA Aawr el ANAEA (I AaWe xamart Algke] 3] el 7

1€

A A

Ao

)4 Azl wal A=

_61_

o]

2, 1

°©

=

=

o= 4

-

o

7h ¢k o

=
=

ol AldATe B iAo

|



" 202045 gh2olufx|ets] 2AEta RS -

SEF(NFS ANEY, $AIERT, ZABARDE) A RL 9B
24 4587 24 PEd UE a7

Measurement method of growth environment in a greenhouse for a
convergence (aquifer thermal energy storage, hydrothermal heat pump,

wood pellet boiler) energy farm
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A Study on Risk Assessment and Standard Development for Hydrogen
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Development of IoT—based power facility usage analysis system
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EMT simulation of energy supply system combined with photovoltaic and
trigeneration for electric vehicle charging station application
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Performance testing and certification support of distributed energy

convergence parts toward technical leadership
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Development of smart mobility battery pack with battery cell self

replaceable non welding type assembled fixing bolt
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Development on Shape of Exhaust Gas Recirculation Device for Gasoline

Engine
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Heat Demand Prediction through Deep Learning of Neural Network for
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High Manganese Steel(HMS) storage tank development and initial
operation data analysis
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A Review and Analysis related to Safety Inspection of City Gas
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Study on the control of Nano—SiOx formation for anode materials of

secondary battery using RF thermal plasma
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Microwave—Assisted Synthesis of Reduced Graphene Oxide Nanosheets

for Highly Reversible and Ultrafast Energy Storage Applications

FeE - MA - 24E - ol - AR - T - AR - A G - e

The graphene based materials with high electrical conductivity and mechanical or
chemical stability are known to be promising novel materials that can be applied in any
field. Particularly, it is attracting considerable attention as a anode material of a
secondary Dbattery. In this study, we successfully synthesized the MRGO in a
top—down method using microwave radiation from the GO. The morphology and
physicochemical properties are characterized by XRD, SEM, TEM, FT—IR, RAMAN and
BET analysis. The SEM and TEM images showed that the MRGO was exfoliated a
thin layer of graphene sheet and the overlapped pore inside the sheet or edge were
observed. The pore also confirmed the open structure conformation interconnected with
the graphene sheet. The galvanostatic charge/discharge experiments showed excellent
reversible capacity and stable cycling even at a high current density of 20 A/g. The
rigid framework of MRGO can be solved the problem of long—term performance
deterioration. In addition, the porous structure possessed an additional storage site.
And the highly reversible and rate capability was enhanced over the other reduced GOs

due to the excellent ion accessibility by minimizing the ion path.
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Technical Classification Based on Energy Industry Characteristics in
Case of Energy Resource Sector

Seongkon LEEY * - Kyeongtaek KIM! - Woonho BAEK? - Ran YOO! - Jeeyoung CHOI! -
Jiseok AHN! . Gento MOGI?
! Energy Policy Research Center, Korea Institute of Energy Research, Daejeon, South

Korea

2 Department of Political Science and Diplomacy, Chungnam National University,

Daejeon, South Korea

3 Department of Technology Management for Innovation, Graduate School of

Engineering, The University of Tokyo, Japan

* corresponding author (sklee@kier.re.kr)

Energy technology’s importance and role have been increasing to cope with the
crucial issue of global climate change, implementing the Government's RE3020 agenda,
and sustainable development. As the importance of energy technology increases, the
amount of information about energy technology has been steadily increased. In order to
establish more effective energy R&D policies, the Korean government intends to
investigate and analyze data on the status of industrial ecosystems in energy
technology. This research propose technical classification of energy resource sector
reflecting energy industry characteristics. We also investigated technical classifications
related to domestic and international cases based on value chain classification. This
research shows the pipeline of energy resource sector composed of provider,
demander, complementary product and service provider, associated energy industry, and
global competitor. The results will be used as a basic frame for implementing a data
warehouse for managing energy technology data including corporate status, sales

status, workforce status, technology level status, law and regulation status.
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Optimal operation of virtual power plants using machine learning—based

new and renewable energy prediction
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On the issues of introducing Green Pricing in South Korea

*

Woo Il Chang® . Sung Joong Kim®* . Yong Tae Yoon® . Heesu Yun” . Jungmin Ha®

“Department of Electrical and Computer Engineering, Seoul National University
PBoston College: Psychology BA

“Lawrence Livermore National Laboratory

The government mainly conduct the attempt to increase proportion of renewable energy
power source by a national renewable energy policy based on Energy White Paper
(England, 2003, 2007), Climate Action Plan (USA, 2013), Energiewende (Germany, 2010),
Renewable Energy 3020 (South Korea, 2017). However, O the increased awareness of the
climate change severity, @ the fall of LCOE(Levelized Cost of Electricity) of renewable
energies, ® the increased consumer’s willingness-to-pay for green-products and @ the
growth of corporate’s responsibility on environmental problems have enabled private
sectors to run renewable energy campaigns. Among many, the REIOQ0 initiative is the
principal private-led renewable energy campaign, which global companies including Apple,
Google, and Amazon participate in by implementing self-generation, green certificate
purchase, green pricing, third-party PPA, and corporate PPA.

The spread of the RE100 campaign could also influence South Korea's export-oriented
industry and economy as many global companies in the campaign require suppliers such
as Samsung Electronics and LG Chem to use renewable energy electricity. Also, as the
number of domestic companies seeking to participate in the REI00 campaign increases,
the Korean government has designed a procurement system exclusively for renewable
energy electricity to allow companies to obtain renewable energy electricity. The Ministry
of Trade and Industry proposed the first renewable energy electricity procurement system,
the Green Pricing, in September 2019, but Voluntary REC system's absence and Korea's
unique Carbon Emissions Trading Scheme raised many systematic issues such as
double-counting of certificates and emission exemption from renewable energy usage.
These issues have postponed the introduction of Green Pricing has for more than a year.

Britain's diverse Green Pricing under a privatized electric power industry could be a
reference to possible issues from Korean Green Pricing designs. Specifically, the issues
from Britain's early Green Tariff, the price structure founded on various certificates such
as REGO, ROC, and LEC, is currently repeated in the process of introducing Korean Green
Pricing. Thus, this research focus on the early Green Tariff and OFGEM(The Office of Gas
and Electricity Markets)’s response to it.

Funding: This research was funded by Korea Institute of Energy Technology Evaluation
and planning, grant number 0668-20190244.
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Failure analysis of weld material in cooling water pipeline of district

heating system

BEH - QSR AAW - AW . £ ARF . oA A
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A

R A o), A R ShaL AR AN B, U ota ARl E e,
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Abstract: Failure analysis on the type 304 pipe used for the cooling
water piping of the district heating primary side was conducted. For the
goal, Inorganic elements and bacterial in the cooling water and corrosion
products were analyzed, and weldment was inspected by microscopy and
test for sensitization.Corrosion damages were observed at the heat
affected zone (HAZ), stagnant zone nearby weldment induced by
improper butt welding, and 6 o'clock along the pipe axial direction. In
spite of sensitization of weldment, the concentration of chloride as low
as 80 ppm 1s not able to corrode type 304 steel, implying that the
other corrosive factor i1s required. The results on analysis of bacteria
and corrosion products provides that the cooperation of several types of
bacteria produced proton, sulfide, and biofilm, causing to corrode type
304 even in the cooling water containing the concentration of chloride

as low as 80 ppm.
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ARG YA LaFeOso AAA CeOH7F A+
A study on the addition of CeO, as a support to oxygen carrier LaFeOs

in chemical looping dry reforming
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Co—doping effect of p—type dopant on graphene/silicon solar cells
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Nitrogen—doped graphene oxide encapsulated transition metal sulfides
used as electrocatalyst in overall water splitting

*

S. Ramakrishnan' - Dong Jin Yoo !
! Department of Life Science and, Jeonbuk National University, Jeollabuk—do 54896,
Republic of Korea

Electrolysis of water is one of the sustainable and green approaches to generate
hydrogen gas, which is more suitable renewable alternative way for reduce the fossil
fuel usage in future. Herein, we have developed Nitrogen—doped graphene encapsulated
transition metal sulfides by one—step hydrothermal method at 180°C for 12. The
optimized NG-— transition metal sulfides nanohybrids have been characterized with
various analytical techniques such as Raman analysis, high—resolution transmission
electron microscopy, field emission scanning electron microscopy and X-ray
photoelectron spectroscopy analysis. The optimized electrocatalyst shows lower
overpotential 245 mV and 145 mV at current density of 10 mA cm 2 were oxygen
evolution reaction (OER) and hydrogen evolution reaction respectively. Further
optimized NG-— transition metal sulfides nanohybrids used as anode and cathode
catalyst in overall water splitting device and device achieves a cell voltage of 1.60 V
at 10 mA cm 2 Additionally, overall water splitting device shows excellent durability.
This present work provides new pathway for development of highly durable and active

electrocatalysts for water splitting and metal—air battery applications.
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Synthesis and properties of sulfonated poly(arylene ether) copolymers
containing fluorenyl groups for PEMFCs

Sung Kwan Ryu' - Ae Rhan Kim? - Dong Jin, Yoo"**

! Department of Energy Storage/Conversion Engineering, R&D Education Center for
Whole Life Cycle R&D of Fuel Cell Systems, Graduate School, Hydrogen and Fuel Cell
Research Center, ? Department of Life Science, Jeonbuk National University,
Jeollabuk—do 54896, Republic of Korea

Perfluorinated poly(arylene ether) copolymer including phosphotungstic acid (PWA)
was synthesized by nucleophilic aromatic substitution reaction of BPFL, DFBP, and
6F—BPA in DMAc solvent. Thin, ductile films are fabricated by the solution casting
method, which resulted in membranes with a thickness of approximately 50—55 um.
And the composite membranes were prepared by mixing the block copolymer with a
commercial PWA. The chemical structure of the block copolymers was characterized by
FT-IR, 'HNMR and TGA. The crystalline phases and morphologies of composite
membrane was observed with X—ray diffraction (XRD) and field emission scanning
electron microscopy (FE—SEM). The composite membranes shown appropriate ion
exchange capacity (IEC) and good proton conductivity especially at elevated
temperature. Block—3/PWA—5 composite membrane shown the maximim conductivity of
152 mS/cm—1 at 90 C under 100% relative humidity (RH).
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Synthesis of trimetallic chalcogenides on supported graphene oxide

nanocomposites as sensitive and selective detection of dopamine

Santhosh Kumar Ramasamy® - Dong Jin Yoo %

! Department of Energy Storage/Conversion Engineering, R&D Education Center for
Whole Life Cycle R&D of Fuel Cell Systems, Graduate School, Hydrogen and Fuel Cell
Research Center, 2 Department of Life Science, Jeonbuk National University,
Jeollabuk—do 54896, Republic of Korea

The trimetallic chalcogenides supported graphene oxide composites were prepared by
hydrothermal synthesis method and followed by electrochemical detection of dopamine.
The effects of alternating voltage, alternating frequency and the detachment between
electrodes were sensibly discovered. In the trimetallic nanocomposite was characterized
by transmission electron microscopy (TEM), energy—dispersive X—rays spectroscopy
(EDX), Fourier transform infrared spectroscopy (FTIR), X—ray diffraction (XRD) and
X—ray photoelectron spectroscopy (XPS). The sensor based on the obtained NCM/rGO
nanostructure was used to sensitive and selective detect of dopamine(DA). The
electrochemical investigation showed that the sensor had had excellent selectivity and
wide linear ranges for the detection of DA. The detection limit could be down to 0.35
puM.
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Anchoring of MnFeSe on nitrogen doped graphene oxide as an efficient
electro catalyst for hydrogen evolution reaction

1 1,2+

Logeshwaran Natarajan Dong Jin Yoo

! Department of Energy Storage/Conversion Engineering, R&D Education Center for
Whole Life Cycle R&D of Fuel Cell Systems, Graduate School, Hydrogen and Fuel Cell
Research Center, ? Department of Life Science, Jeonbuk National University,
Jeollabuk—do 54896, Republic of Korea

Hydrogen is considered one of the most important green and clean energy, which
aimed to be ruled the energy industry in future. Water electrolysis is a widely
convenient route for hydrogen production process. Recently, transition metal— metal
chalcogenides, especially manganese—based chalcogenides such as manganese—sulfides,
selenoids have attracted much research attention because of their much earth crust
availability, eco—friendly green, and longer stability. However, the limited active sites
and significantly lower electron conductivity of transition manganese selenoid materials
hinders their activity on HER and OER applications. As a result, the combination of
bimetal selenoids and conductive materials is supposed to enhance the electrical
conductivity here in we prepared manganese iron selenoids anchoring on conducting
NrGO substrates MnFeSe—NG as an efficient catalyst for HER applications. Detailed
characterization techniques of field emission scanning electron microscope (FE—SEM),
energy dispersive X ray spectroscopy (EDS), high—resolution transmission electron
microscope (HR—TEM), atomic force microscopy (AFM), X-ray diffraction (XRD,
thermogravimetric analysis (TGA), inductively coupled plasma - optical emission
spectrometry (ICP—OES), Raman spectroscopy and X—ray photoelectron spectrometer
(XPS) were analyzed.
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A study of morphological characteristics of anion exchange membranes
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according to the degree of branching for AEMFC application
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Analysis on Comparison of Safety Distance of Domestic and Overseas

Hydrogen Refueling Station
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Safety Management for Hydrogen Refueling Stations
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A study on Quantitative Risk Assessment for the

Operation of Liquid Hydrogen Storage Tank
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Fabrication and characterization of anion exchange membrane acccording
to the blending ratio of ordered dendritic structure of poly(arylene ether

sulfone) and poly(phenylene oxide) to increase ionic conductivity
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Preparation and characteristics of sulfonated poly(ether ether ketone)

block copolymer composite membrane with long hydrophobic chain using

STiOy for fuel cell
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catalysts and oxygen reduction reaction
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Preparation and characterization of non—precious catalyst by using

Biomass for oxygen reduction reaction
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A study on ventilation conditions of mobile hydrogen charging station
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Research on the establishment of the international standard for hydrogen

technology
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Facilities considering Optimal Operation
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Implementation of Distributed Resource Power Module for Economic

Verification Simulation of Urban Smart Grid
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Analysis on Trends of Renewable Energy Business
in Global Oil & Gas Companies
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A Renewable energy digital twin platform architecture
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A Day—ahead Solar Power Generation Prediction based on XGBoost
using NWP(Numerical Weather Prediction)
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A Case of Internal Pressure Measurement of Cask

for Dry Storage of High Burnup Spent Fuel
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Discrimination of Leaked Feedwater Heaters in Nuclear Power Plants
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A Study on the Management Method of Automated ultrasonic Testing for
Thermal stratification & Thermal fatigue in pipes for Nuclear Power Plants
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Nozzle for Nuclear Power Plants
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Comparison of waste liquid decomposition of organic acid according to

UV lamp output value
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Evaluation of carbon steel oxide film removal rate according to the type

of organic acid
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Analysis of Requirements for reference X radiation fields in accordance
with the International Standard ISO 4037 in 2019
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Development of Documentation Guidance for Operator Manual Actions to

Achieve and Maintain Fire Safe Shutdown
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Unavailability Analysis for Prototype of Component Interface Modules
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Shielding Evaluations of PWR Spent Fuel Transportation Casks
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A Study on the Protection of 1&C Equipments from Surge caused by Lightning
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Sensitivity Analysis of Failure Probability of Small Modular Reactor

Vessel under Pressurized Thermal Shock
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Production of biochar using waste biomass and its potential applications

FHeZ

A=distal A2kt

Biochar (BC) is a solid carbonaceous material produced during the thermochemical
decomposition (e.g., pyrolysis) from various waste biomass (e.g., leaf, wood, grass,
sludge, manure, macroalgae, microalgae, etc.). BCs produced from wastes have many
advantages such as cost—effectiveness, high potential, and recyclable. Hence, these
BCs can be easily applied for various environmental application fields, including
adsorbent, catalyst, soil amendment, supercapacitor, fuel cell, and so on. Herein, we
focus on the treatment of wastewater (i.e., microcystin—LR) as adsorbent and the
bio—diesel production from cooking oil as catalyst. The grass— and coffee
residues—derived biochas were prepared at different pyrolysis temperature (350, 550,
and 750°C) and these BCs were evaluated its physicochemical characteristics. Among
them, the grass—derived biochar as adsorbent revealed maximum adsorption capacity of
microcystin—LR (i.e., microalgal toxin in aqueous phase) with hydrophobic n—m=
interaction, and electrostatic attraction. The grass—derived biochar was fitted to
Freundlich as isotherm model and Elovich as kinetic model. Furthermore, the coffee
residues—derived biochar was used for the transesterification of cooking oil. The
coffee residues—derived biochar appeared the maximum fatty acids methyl esters
(FAMEs) conversion with metal complexation. Also, the biodiesel made from cooking
oil was mainly consisted of C16 and C18. Therefore, BCs produced from various waste

sources can be applied as a potential material for industry.
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Removal of heavy metal (Cu) in aqueous solution by biochar

AALZ - HE2T - 3N - AR

oolelo](5), "A=tistu &3t

In this study, the removal of heavy metal (i.e., Cu(Il)) was investigated using various
biochars produced from plant based—, wood based, and microorganism based—biomass
such as Kentucky bluegrass (KB), maple leaf (M), microalgae(Spilrulina sp.)(SP), rice
husk (RH), coffee residues (CF), grape pomace (GP). In addition, these biomasses
were pyrolyzed at the different pyrolysis temperature (e.g., 350, 550, 750C). The
physico—chemical properties of biochars were evaluated and associated with Cu
adsorption. Among those biochars, the results showed that the Cu adsorption capacity
of maple leaf—derived biochar was the higher than it of others. In particular, Cu
adsorption capacity of M—BC produced at 750C was 20.1 mg Cu/g BC owing to
possible mechanisms such as functional groups. M—BCs possessed the higher Cu
adsorption capacity could be applied as low—cost environmental adsorbents for Cu

removal due to those were produced from the waste fallen maple leaves.
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The Research Trend of Green Cement Using 3D Printing in the

Construction Industry

Jung Euntae® - Park Joochan® - Ahn Jiwhan®*
L23*Center for Carbon Mineralization, Mineral Resources Research Division, Korea Institute of

Geosciences and Mineral Resources (KIGAM), Daejeon 34132, South Korea

Abstract

Currently, 3D printing technology is an innovative manufacturing process that can be
used to make solid objects in three dimensions with digital film. This 3D printing
technology actively spread to production parts (57%), bridge production (39%), tools,
fixtures, jigs (37%), repair and maintenance (38%). The application of 3D printing is
expanding into the defense, aerospace, medical, and automobile industries. Raw
materials play a key role in 3D printing. Various added materials such as plastic,
polymer, resin, steel and metal are used in 3D printing to create various designs. The
main advantage of green cement for 3D printing 1s that it increases mechanical
properties and durability in line with high—quality materials used in construction. The
advantages of 3D printing are limited waste generation, eco—friendly, cost—effective,
20 times faster and less time consuming. This research reveals the role of green
cement as an additive material for 3D printing.

The role of green cement for 3D printing in future construction industry and the
characteristics of 3D printing technology were reviewed.

In particular, It is expected to increase the role of green cement in reducing CO2
emissions is expected to increase in the future, as described above. In addition, it is
also expected that construction industry will apply construction methods that are
differentiated from existing construction methods by developing 3D printing
technologies. I hope this research, which analyzes green cement and 3D printing

technology, will be basis for the changing future construction industry.
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A Study on the Characteristics and Utilization of Limestone in Korea

and Vietnam
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Abstract

Precipitated calcium carbonate (PCC) can be used in energy efficient paper
production. Limestone is a raw material that synthesizes PCC. Since PCC production
yield depends on the physical chemistry characteristics of limestone, a basic
investigation of raw stone is needed. This study briefly examines the characteristics of
limestone, limestone distribution and the origin of limestone deposits in Korea and
Vietnam. Most of our country's limestone was formed in the Paleozoic Era. On the
other hand, Vietnam's Remeston has a wide range of ages, from Freambria to Triass.
Limestone is the most produced mineral in Korea, but Vietnam has five times more
limestone reserves than Korea.

For efficient PCC synthesis, crystallinity and quality of limestone should be
investigated, and its efficiency can be quantified through sign language activity. The
geological age of limestone is estimated to be related to the crystallinity of limestone
in previous studies. Therefore, further research on this will be needed. This study
examined the properties of limestone deposits in Korea and Vietnam, which could be
used to select PCC materials. As a result, Vietnam is expected to be a good source of
limestone producing PCC. The study will be the cornerstone of the Vietnam—Korea

joint study.
Acknowledgments

This work was supported by the National Research Council of Science & Technology
(NST) grant by the Korea government (MSIT) (No. CAP—18—09—-KIGAM).

- 1568 -



m 20205 Fr=ro US| FA| St R g w

¥2AE F2Y AY HUE AHoEN S2HAT TF

Global Trend as Non-Contact Industry in Post-Corona
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Geosciences and Mineral Resources (KIGAM), Daejeon 34132, South Korea

Abstract

The cement industry has been regarded as an energy—consuming industry since
ancient times, with a large amount of co2 being emitted as a construction material
used. As the production and demand of cement products increases in the global cement
industry, including Korea, various strategies are needed to minimize the warming
phenomenon and economic damage caused by climate change. Currently, cement
industry is making efforts to build a resource—circulating industry and society by
utilizing cyclical resources as alternative materials and fuels. Although the types and
utilization of the circulating resources used by domestic cement companies are
different for each company, the analysis shows that the utilization of the circulating
resources is increasing year by year by year. In the case of overseas cement industry,
advanced countries such as Japan, the U.S., and Europe made practical use of the
technology for recycling of circulating resources using cement furnaces from 20 to 30
years ago, and enhanced the role of the cement industry to establish a
resource—circulating society. Accordingly, the role of the cement and concrete
industries will become more important in line with social demands for efficient use of
cyclical resources and reduction of environmental wastes, making it important to

develop technology as an eco—friendly material.
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Abstract: Coal is an abundant major non renewable energy resource in the world.
Currently, worldwide 890 billion tonnes of coal resources are estimated. In 21°
century, clean coal plays a critical role in the energy sectors. Anthracite coal is the
highest quality of coal among than other coals such as bituminous, sub bituminous and
lignite. The impurity coal when burned, lot of green house gases (GHG) are emitted
that was contributed to global warming. Clean coal technologies are required for
sustainable coal power plants to reduce the air emissions and pollutants from those
power plants. Many developed countries seeking for advanced, reliable, efficient, and
zero emitted clean coal technologies. The main advantage of these clean coal
technologies are more economic, cost reduction for Carbon Capture and Storage (CCS)
and Carbon Capture Utilization and Storage (CCUS). Both CCS and CCUS are the
permanent solutions for the global warming particularly from energy sectors. Here we
reported the requirement of clean coal technologies and their vital role in the Carbon
Capture Utilization and Storage (CCUS). Clean coal technologies provide tremendous

benefits to the sustainable energy sectors.

Acknowledgement: This work was supported by the National Strategic Project- Carbon
Mineralization Flagship Centre of the National Research Foundation of Korea (NRF) funded by
the Ministry of Science and ICT (MSIT), the Ministry of Environment (ME), and the Ministry of
trade, Industry and Energy (MOTIE) (2017M3D8A2084752).

- 161 -



m 20205 Fr=ro US| FA| St R g w

Seashell Derived Nano—calcium Hydroxide: A Potent Precursor for the
Removal of Phosphorus from Aqueous Solution
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Abstract: Eutrophication is one of the severe environmental consequences which can
occur when phosphorus content in aquatic environment rises above threshold limit.
Continuous dependency on industrialization and agricultural sectors has created
imbalance in the phosphorus cycle and therefore phosphorus removal is becoming a
challenge. In this work, nano—calcium hydroxide was first synthesized from waste
bivalve seashells through wet chemical precipitation method and subsequently used for
the removal of phosphorus from the aqueous solution. The synthesized nanoparticles
were hexagonal in shaped with average size of around 350 nm. Moreover, the
phosphorus removal efficiency recorded from the treatment with synthesized
nanoparticles from different type of seashells showed similar removal efficiencies.
Box—Behnken design derived optimization study revealed that when reaction parameters
were maintained at 2.16 (calcium to phosphorus mass ratio), 25.5 °C (temperature),
and 10.2 (pH), a phosphorus removal efficiency of ~ 99% can be achieved. In
addition, the analysis of diluted and ureolyzed human urine under same optimized
conditions exhibited a phosphorus removal efficiency of ~ 95%. This study highlights
the probable potential of waste bivalve seashells derived nano—calcium hydroxide for
phosphorus treatment.
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Elements Extraction and CO; Mineralization
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Abstract: Coal fly ash has made up the second largest waste source beyond mining
wastes. Disposal and storage of coal fly ash in nature without practical reutilization
have triggered economic lost and environmental damages. Simultaneously, coal fly ash
has been universally perceived as a potential source for recovering rare earth elements
due to the extraordinary enrichment in it and the critical positions of rare earth
elements to advanced technologies. In addition, numerous studies have demonstrated
that coal fly ash has the great ability to capture carbon dioxide (CO,) gas and turn it
into valuable products. This study investigates the characteristics of a coal fly ash
sample, which is received from coal—fired power plant in Korea with respect to the
abundance and the occurrence mode of rare earth elements as well as the CO; fixation
capable.

Keywords: Coal fly ash, rare earth elements, occurrence mode, CO, capture capacity
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Highly Stabilized Enzyme—Polymer Composite Material
for CO; Conversion and Utilization

Han Sol Kim - Seung—Hyun Jun - Jungbae Kim

Department of Chemical and Biological Engineering, Korea University

Carbonic anhydrase (CA) is an enzyme that can catalyze the interconversion between
CO, and HCO;~ with a high turnover rate up to 10° s~!. HCO; can be further utilized
for the expedited growth of microalgae as a C1 nutrient. However, the poor stability
of the enzyme should be resolved before the practical use of CA. Herein, CA has been
immobilized onto electrospun polymer fibers in the form of enzyme precipitated coating
(EPC). EPC of CA (EPC—CA) showed remarkable stabilization of CA activity, retaining
65.3% of initial activity after 868 days of incubation under 200 rpm shaking. Metal
leaching experiments and molecular dynamic simulations were performed to elucidate
the stabilization mechanism of EPC—CA. Highly stabilized EPC—CA was employed for
enzymatic CO, conversion. Enzymatically converted CO, in the form of HCO3~ was
subsequently utilized to cultivate microalgae, Dunaliella tertiolecta. The addition of
EPC—CA resulted in 2.3—fold enhanced microalgae growth. EPC—CA has shown
unprecedented stabilization of enzyme activity while enabling the successful
demonstration of enzymatic CO, conversion and utilization for microalgae cultivation. It
1s believed that stabilized enzymes via EPC approach can be employed for wvarious
energy and environmental venues where enzymes' poor stability has hampered their

successful demonstration.
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CO; Conversion and Utilization by Highly—Stabilized and
Magnetically—Separable Enzyme System

Yunjae Kim - Han Sol Kim- Jungbae Kim

Department of Chemical and Biological Engineering, Korea University

Carbonic anhydrase (CA) can convert carbon dioxide (CO:) to bicarbonate via its
catalytic reaction at a high turnover rate up to 10° per second. However, the
successful application of CO, conversion by CA requires the stabilization of CA activity
and the development of appropriate bioprocess. Here, we developed the
highly —stabilized and magnetically—separable enzyme system, based on enzyme
precipitate coating (EPC) approach for the immobilization of CA onto the surface of
carboxylated polyaniline nanofibers (cPANFs). CA was covalently attached on the
cPANFs, followed by the enzyme precipitation and crosslinking with
amine—functionalized magnetic nanoparticles (Mag—EPC). Mag—EPC showed a good
stabilization of enzyme activity with a half—life of 236 days under shaking condition.
Mag—EPC was also stable under the sterilization with 70% ethanol, maintaining 90% of
its initial activity after 300 min sterilization. Mag—EPC was employed for one—pot CO,
conversion and utilization, where the atmospheric CO, was converted to bicarbonate
under the catalysis of Mag—EPC, and the resulting bicarbonate was subsequently
utilized for the growth of microalgae as carbon feeds. In the presence of Mag—EPC,
the growth of microalgae was increased by 1.8—fold than control samples without
Mag—EPC. Mag—EPC could be recovered from the microalgae culture via a facile
magnetic separation. Biocatalytic performance of Mag—EPC was maintained after three
times of recycled uses for one—pot CO, conversion and utilization. Highly—stabilized
and magnetically—separable enzyme system can potentially contribute to the
development of CO; conversion and utilization, such as accelerating of microalgal
growth. Such enzyme system has a great potential to be used for the various enzyme
applications, where the poor enzyme stability inhibits their practical applications, such

as microbial decontamination, biosensors, and biofuel cells.
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Assessment of Bioshield Segmentation for Decommissioning of NPPs
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Recycle Scenario of Radioactive Concrete Waste for Decommissioning of
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Waste Tracking System for Decommissioning Radioactive Waste of
NPPs
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Surface Decontamination Methods of Radioactive Concrete Waste for

Decommissioning of NPPs

A QAo AR 48 BEE GAS] daA s SA el AR YA #a
EN/RS AL A% I o] Basth A4 WAL AGAE et A
B 9% F AT AP THe YRl Ho} vk YIRS AuHoR YA, 2
SElE we) A oA, AY A WASS B oglgel Sold AA, BRAe muay
2 B9 % HuE BHow AgHn. WA TAYE AB(IFA, AAE 5) AANES
FAE U o How wess PEEAT B 2de] He W o@NRS AT
2H A 2AAES AGsh: Pl WA 2AE EUAY /1% 2AeE AR of
U 9% gree] o AR, SaE 7, e HETOIA WA 29 5ol olf® e
of EHA 44 Zolb WA 2ol | A9l 09® HRS AAToEAN WA BaALE
g Ageks ol T 1o WA 2AYE F2AA 7)%S oksglon], oyie] 2ags

T & 2 guAa e
Needle scaling
Scarifying technique Scabbling
Shaving
Abrasive blasting(wet)
Abrasive blasting technique Abrasive blasting(dry)
Sponge blasting
Laser technique Laser cleaning
. CO2 ice blasting
Other technique NitroJet

Scarifying techniques 2993 ZIFE ¥&E 55 EgAHO=E nldAAA v #d
o7t A] A ASF= 7]€ o]t} Abrasive blastingZ]&<2 AG &4 ulgl 28, 8
&, 2P E, AtstdFulg tgs T ArtAlE AR ¢ . a2y AnkAvE
WA EE T &S EAlell AntAl 34 2 A

1

o
T 2RV ER R ERE Al AE
ggo] Ay ow agEolok gt Laser 7|ES H2 olUA B9 Lasers ©|-&3t
ZAYE HJBAAE o= AoR o] A EHAgo] v Ag-ol= Aol & HA] ron
Ui 21 Aol BA7E dell oa Wyo] S Jornw PGS sy AHAE A5t
= Aol Fostth ol g WA ZAES RHAIdely HEAAA ZHH E 95 5
e aEste] A48 7S A&std AN b BAste SAYE #7159 ARA A
T =FS Fustete] A H T E el 7o Aol

- 200 -



= 2020

mw

LAMA AL H 7
Disposal Strategy of Radioactive Waste for Decommissioning of NPPs
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Characteristics of Sludge Waste for Decommissioning of NPPs
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Effective Management of Radioactive Waste for Decommissioning of
NPPs
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