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yEnergy Policy in Japan after

Hukushima Accident

Composition of electricity sources and electricity generation
(billion kWh)
Average in the
2030 before 3.11
Qil 31.5 3% [
LNG
Coal 281.0 26% 27% (approx.) LNG 27%
LNG 2845 27%
Nuclear power 216.8~231.7 22~20% Coal
: 1 24
_ Renewable energy 236.6~251.5 22~24% HI s S
Total 1065.0 100% ‘ Y| Oil12%
_ Renewable energy Renewable
[ 20 | 22-24% @pprox)  energy 11%
Solar 74.9 7.0% R Nuclear
o Nuclear power ower
Wind 18.2 1.7% P
n 22~20% (approx.) 27%
Geothermal 10.2~11.3 1.0~1.1%
Hydropower 93.9~98.1 8.8~9.2%
Biomass 39.4~49.0 3.7~4.6%
— X All the numbers are approximately
[Source] extracted (preliminary translation) from documents released in the 11" Long-term Energy Supply and Demand Outlook 5
Subcommittee, Advisory Committee for Natural Resources and Energy, M



Norway
Albania
Austria
Sweden
Denmark
Latvia
Montenegro
Portugal
Croatia
Romania
Germany
Turkey
Finland
Spain

Italy

Ireland
Slovenia
European Union - 28 countries
United Kingdom
Serbia
Greece
North Macedonia
Bulgaria
Slovakia
France
Estonia
Belgium
Lithuania
Netherlands
Czechia
Poland
Cyprus
Luxembourg
Hungary
Malta
Kosovo
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Megawatts

Solar
Production

Total Load
(demand)

Load (net) on
commercial
utility grid
(duck belly
forms)

Steeper

Actual 3-hour ramp Ramps
of 13GW on December

18, 2016

Midnight

S
1|

14,000

12,000

10,000

0

ramp need
~13GW
in three hours

over generation risk ""'"’f’ 2020 P

Solar Curtailment %" *Tfii@
May 14, 2017*

12am Jam bam Yam 12pm 3pm &pm Ppm
Hour

Source U.5. DOE Solar Energy Technologies Office *Real example from California
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Two Concerns:

Low Net Load:
flexibility to reduce
baseload
generation
resources is limited

High Ramp Rates
in Evening:
flexibility of other
generation to ramp
up is limited

Can be
addressed by
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Technology Siting
‘. F L I L I L I L I L L _
1 GwW I | PHs I 1=
| 2
100 MW I CAES ‘ H. ! S
10 MW . I |
1 MW = = =
o Flywheel E
100 kw =%
[P |
10 kW
=
=
1 KW =
=
-
| 1 | | 1 | F
Microsecond Second Minute Howur Dray Week Season

Discharge duration

Source: “Technology Roadmap — Hydrogen and Fuel Cells” by IEA (2015)
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PHS: pumped
hydro storage

CAES: compressed
air energy storage

T&D: Transmission
And distribution
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Ojcje] =2 Al2| (IEA)

| & MAL S B, =34Y, &Y A= A &
Value Added
Applications
Electricity Hydrogen/
Grid Matural Gas

Wind

Infrastructure

=\ Hydrogen A
Power | Vehicle 'J_";.
Generation . Lzﬁ
> \%
Synthetic | &
Hydrogen Fuels E
Solar PV Storage/ _E:_*
Distribution ™ Upgrading |©

oily |=

Biomass

Battery

Hydrogen Other

Metals
Generation End Use

Refining
Concentrated Solar Power

https://www.ecomena.org/ hydrogen—economy—-for—arab—countries
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Steel industry o

R bl % o Je
° julI. g . % enee\:grgj Chemical industry : f@
Refineries rﬂ
° I|_-| QI. /éli lull' @i NO TRANSFORMATION L,
A A T2 U = nuciear
* T xl'c>':, /lﬂ =, 8," :[_PD DOO TRANSPORT
) = Electrolysis [V |
-Cl>_ r=) SCONSE - D Shipping Shipping \éﬂ_@
o D2 -
° Aviation -
e od™ \
Trucks %
- Cars o
A = . = TRANSFORMATION © o . o
‘ -I-_)I\_+OI /&I'Sl}g'_/t. + L Pipeline Rail I__IA
(B
- Trucks —._rp"l:i_u
/.Cgl j I.ﬁ Synthetic 8 i _
Sustainable | ICO ) 1 fuels* -—-i._)O Buses )
CO; capture - Y pu—
AL .
& =A+E A 2L|I0} () HEATING n H
A Storage (2D
. Green LH_, =
(No )+ ammonia
= Q POWER N
GENERATION '}/

KIER mu—m

Source: “Green Hydrogen. A guide to policy making” by IRENA (2020)
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=AIJtHE 5H:3USD/kg Olot €482 ol =&oll It &2 2R
30359 Kl Green HydrogenJtZ 0| Blue hydrogen Jt20ll &
7.0
6.0
Low-cost solar and wind resources start to achieve
fossil fuel parity within the next five years
#~ 50
S|
~
Q i
A 30
N
=
O 20
O
P
1.0
0
2020 2025 2030 2035 2040 2045 2050
= =0 -- Average PV Average Wind —®— Best case PV —®— Best case Wind

Hydrogen from fossil fuels with CCS

Note: Remaining CO, emissions are from fossil fuel hydrogen production with CCS.
Electrolyser costs: 770 USD/kW (2020), 540 USD/kW (2030), 435 USD/kW (2040) and 370 USD/kW (2050).

CO, prices: USD 50 per tonne (2030), USD 100 per tonne (2040) and USD 200 per tonne (2050).
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Alkaline Electrolysis PEM EIectronS|s Folld xide Electrolysis®
l

. H,O
Z ml — o EN) o !
_©: |
OoH- — I
Anode (Ni, Co, Fe) Cathode (Ni/C) Anode (ir) Cathode (Pt) I Anode (LSM) Cathode (Ni/YSZ) ,
Diaphragm Polymeric membrane \ ~ Ceramic oxide /
Anode
Cathode 4AH,0 + 4e- — 40H -+ 2H, 4AH*+ 4e- — 2H,
n 700°C Ol& &S, =57 &I
- 100°COo . =dI|IZT - - — = iy
s BRARNE 0000 015t B, BRI =5
. Hm:ﬁ - - DERUC 2F - §2 58 0 +30IE A
R - YU £ WYES 28 22 100% 0/4°] J=
B - WE ANAY SY Y SXHLF 58
e - AWE, DaE 44 TEEEE
2 3y - Dot 2H
— 20| 22X - Lo gxx A
- JIN 2AH (A =&) - RAld - 83 = o.
ct . - Py - Jlsds =802 &S
oy - Partial load range & - HnH <2 W14 UM 2=
S | =x o@ o, SHAY WS - A5 AS 9= = e
- Rad HHEHE - MW= 0I5t2 A 37| cS e
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Source: F.M. Sapountzi et al., Progress in Energy and Combustion Science, 58, 1 (2017)
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Higher efficiency

|

Cell voltage (V)

2.0

0.5

A Alkaline (commercial)

PEM (commercial) and
advanced alkaline (R&D)

Solid oxide (R&D)

4—— Usual operating range of current density
4 >4 >4 >
>
0 0.5 1.0 1.5 2.0

Electrolysis current density (A/cm?)
>

Lower capital cost
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%)EC (Solid Oxide Electrolysis)

Leverage decades of SOFC R&D

*Imputs O VI/I/ 1/
— e (green electrons) +—'-—. LL i L{, _ ﬁj, —
_ steam => hydrogen = T

— co-electrolysis of H,0 + CO, => syngas
— heat input optional, depends on operating point
Most efficiency means of hydrogen production
— e to hydrogen

* N=100% at 1.285V (thermal neutral)

+ n=95% at 1.35V (exothermic)
+ 1=107% at 1.20V, (heat required) H,0+2e = H,+0™
* Hot O, and steam byproduct
— Valuable for biomass gasification 0* = 40, +2e

]
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SOEC <« SOFC & 2E &

2t s AAE

Electrolyte

7'/;/6; ______ ______ ______________ /,/:/ ______ _____ ______

Cathode

=

/\

¢

CatEEde

77777777777

Electrolyte

e

\\\0,,

Anode

- O, Byproduct

19

> O, Depleted Air

Solid Oxide Fuel Cell
(SOFC) operation

SR

Same device in
electrolysis operation

dE532



= Circuit

Total : H, + 1/2 O, = H,0O

S
1|

20

DC, Exhaust
Gases, Heat
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kW 0|4))

AISIN(Kyocera)

Hexis
Ceres Power

Soild Power

China SOFC/
SOFC Man

MIURA
Deiphi

Hitachi Zosen
Corp.

Fuel Cell
Energy

Bloom Energy

LG Fuel Cell
System

Mitsubishi
Hitachi Power
System(MHPS)

= 0.7 kWg 7P4 & 58Hf (20
" |=||-x-| a8 529%

TkWZ AJAH! (2F 1HOH)
MM| 550 & ==, TkW~5kW £HHCH &3
1~5kWZ A|AEL 58 60% 0|4t

2 58%
1 10 kW2 7Her L oy

SkWga & & 57| HE(aE 48%)
TkWg A 7HE 158HAZE 27

D0kW A|AE XM7|&
L=+ 40,000-90, 000 AP"

S0kW AlAEiI 7|-|I:Il-
MW:L MEHI FC A|AE1I 7|-|

g S — R

100~300 kW2 2f 200 MWO|° Mx|,
58 60%
S 30MW 28, 100 MWO A MX| of| ™

250kWe A|AR 27| HE & 27| FEF
Ar2351 =Xl 712 I-PF 7|E 7Het
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‘ Bloom Energy Al

A
- Ol ZUH(Univ. Arizona), Dr. KR Sridhar (8 Bloom Energy &&XI & CEO) E0] NASA 3
OZJHOZ O|AMIAEAE 12 MI|Z0HOI0 A0 HAEE HAol= =S EE0I0 SOFC E JHE
- 20014 108, Sunnyvale, Californialll 2|AI &&. XJ| lon America &% 20069 Bloom Energy® H&A
- 2006d HIUIAl HE0IM skwa & 282 38 AF MER, 20088100kwa 88& Googlelll E=
- Concept, Prototype, Product &9 & &g: 200kW, 250kW, 300kW HI= THIY

Dr. KR Sridhar was Director of the Space Technologies Laboratory (STL) at the
University of Arizona where he was also a professor of Aerospace and Mechanical
Engineering. His work for the NASA Mars program to convert Martian atmospheric gases
to oxygen for propulsion and life support. KR received his bachelor’'s degree in
Mechanical Engineering with Honors from the University of Madras, India, as well as his
master’s degree in Nuclear Engineering and Ph.D. in Mechanical Engineering from the
University of Illinois, Urbana-Champaign.

Board of Directors:
John Doerr; Kleiner Perkins Caufield & Byers
General Colin Powell; Former U.S. Secretary of State
Senator Kelly A. Ayotte
The Honorable Mary K. Bush: former president of Bush International
KR Sridhar; Co Founder and Chief Executive Officer
Eddy Zervigon; Morgan Stanley 9|

|
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Plant Configurations Similar for NG and IGFC

(LG Fuel Cell Systems). Ref: SECA 2012

LGFCS NG “Dry Cycle” Configuration
Same configuration for an IGFC cycle

=== Fuel Cell
Cathode

I D

Anode Ejector

De-Sulfurized
NG
v Auxiliary
Ejector
Heat Source for Cathode Loop; / oGB T
Partially-Spent Anode Gas,
Heated Cathode Loop Air,

and Hot Recycle

Cathode Ejector

Fuel
" Cell
Anode

| ZI'HZW|O'|'II'I'I=U ‘

1. Flat ceramic support tube 2. Screen printing: sintering
3. Patterned tube with numerous cells. 4. Bundles and
stack.5. Stack assembly.6. Generator module.

7.Four generator modules with fuel
processing,turbomachinery and power electronics to
form a one megawatt power plant.

8.Turbomachinery: heat and pressure.

xicemm  KOREA INSTITUTE OF ENERGY RESEARCH
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SOEC (Solid Oxide Electrolysis Cell)
HTE (High Temperature Electrolysis)
Steam Electrolysis Cell


발표자
프레젠테이션 노트
발표 제목


Commercial status today

|

KIER mm—

[

Mature/
established
products
available

Technology
in early
commercial
stage

Technology in
demonstration

NOW @ Edtech

Z Fraunhofer Z Fraunhofer

P ISE

IndWEDe study, 2018

Order of Magnitude:
5 MW/a 50 MW/a 500 MW/a

Potential production capacity in 2020 by
manufacturer (anonymised). Relies on
corresponding market demand growth. ®
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Elektr. Energieverbrauch [kWh/Nm?]

|
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[

45
4,0
35
3,0
25

2,0

Heute

2050
IOMW  100MW 1MW 1OMW 100 MW
- e . ~
mPEMEL  m AL ’\ m HTEL= SOEC /‘
-~y -

b B
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¢ 198 s2YM HE EE(FS7I E8), CoTE FEMYAHX] MF, AXEHEH XMF)

H,0 (g, 850 °c) | ' 0,

2H,0 +4e” » 2H, + 20% A

Nickel foam _
\
7 Bipolar Plate
' Crofer 22APU
H2 ’ // \
Hydrogen Electrode” Solid Oxm::asglectrolyte ‘Oxygen Electrode
Ni/GDC yitria-stabilized zirconia LSCF

Nickel/gadolinium doped ceria Lanthanum strontium cobaltite ferrite

Source: adapted from
GrinHy research project

Ref) EIFER

33

A Thermodynamics (*

4 - I (1) W. Doenltz, R. Schmidbarger, E. Steinhell and R,
— I Streichar, Int. J. Hydrogen Energy 5 :z5 (1880).
1
AH (total ene
2,0 s nery dépar
g ‘: AG (electric énargyldamand)
b ——
2 - 1
E : Steam iSOC:
] 1 1
I 1 ]
- SRR Q=TAS (Heat demand
- - ] \‘ '!
0 e

0 100 200 300 40C 500 BOO 700 800 800 1000
Temperature (°C)

Electrochemical kinetics :
Faster reactions for higher temperature

* Highest efficiency
» No noble metal catalysts
» Co-electrolysis feasible (H,O/CO,)
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General SOEC System(DOE, FCE)

4 Main components: Steam generator, heat exchanger, SOEC, Hydrogen separation system

Product Hydrogen
Condenser
A
Water Inlet ; 5, > Hydrogen Recycle
e Vaporizer

Product Compressor

[ )

nl=)

e,

Trim
Heater

‘Thermal Input

Air Inlet

=
P
= g Electrolysis
ol B4 Stacks
Steam/H2 N
()
Recuperator

kA

Compresser Expander

Low Temperature |

Trim
( Heater
A Oxidant
Recuperator

Recuperator

Central Plant

\

Air Exhaust

34
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Parametric SOEC Test Results (DOE, FCE)

E2 28 H+S0/|SOEC =ZI S0 &= 0|3

Operating Parameter

Range

System Impacts at Higher End of Range

Current

1-2 Alem’
(Target 1.1-1.32 V/cell)

1- Reduced Stack Cost

2- Higher Stack Exit Temperature for Heat Recovery
3- Lower Stack Efficiency

4- Life Impact

Steam Utilization

50%-95%

1- Simpler H, Purification

Concentration (outlet)

(Stack) 2- Lower Stack Efficiency
Steam Inlet 40%-100% 1- Higher Stack Efficiency
Concentration 2- Less Recycle (Reduced BOP Cost)
3- Harder H, Purification
4- Potential Life Impact
Cell Pressure 1-10 bara 1- Higher Stack Efficiency (First ~4 bar)
2- Simpler H, Purification
3- Lower Stack Efficiency (Above ~5 bar)
4- Potential Life Impact
Anode O, 40%-100% 1- Less Air Flow to Anode (Less BOP Cost)

2- Simpler for Pressurized Operation (Less BOP Cost)
3- Higher Voltage (Less Efficient)

Operating Temperature

650°C to 800°C

1- Higher Stack Efficiency
2- Potential Life Impact

35




4 Main components: Electric supply system heat exchanger, SOEC, Hydrogen separation system
& A2 £=3)|, ) 224 Jis, FIHAIAE 2ER

LT heat makeup
rejection water H, 0,
electrical

/—\ generator | ~ St = l ' 4}

phase

Advanced separation

High- o

Temperature Temperature &
Reactor Besat Electrolysis 1 Q .
eets high temp H | oc.oerator [10W temp H, o

high temp O, low temp O,

T 50% steam 50% H,

|

36



yldaho National Laboratory (INL)

& XHMICH X2 HA| SOEC 4 M 7|& 7Y Ceramatec, Fuel Cell energy S &0

Test configuration Electrolysis
Power at Design
Condition

(1.2 V, 0.5 Alcm?)

Button cell (2.5 cm?)

- Single cell (16 cm?) 9.6 W

Small stack (100 cm?,10 cells) 600 W
Large Stack (100 cm?, 50 cells) 3 kW
Multiple-stack module 12 KW

(4 large stacks)
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‘ SOEC Project at Idaho National Laboratory (I

(20173 AI&-20204 &M JHF)

Reviewer Comments

There is a bit of concern as to whether the synthetic fuels portion of the project
might distract from the more fundamental electrolyzer operation characterization.”

* While potential markets include synthetic fuels, efficient hydrogen production is
the primary focus of this project.

“The project appears to be on schedule for the 25 kW test unit. It is not clear
about the plan for the 250 kW unit.”

* We are in the planning phase to develop the infrastructure for large-scale (250
kW) testing and system integration

If “Support of the advancement of HTE stack technology....” is one of the
objectives of this project, no plans and discussion of approaches were given in
the presentation.

* The INL collaboration with OxEon supports the advancement of HTE stack
technology. The OxEon ruggedized hermetic stack technology addresses
thermal cycling issues that may be required for hybrid energy system
applications in which intermittent stack operation will be required.

“No major weaknesses are noted for this project.”

38



‘ SOEC 3! SOFC 2 3! A7 v

SOFC SOEC
Cathode LaSrMnO, (LSM) Anode
LA B2 LaSrCoFeO; (LSCF), etc. AbA g

Electrolyte Y,O5—stabilized ZrO, (YSZ), |Electrolyte
LaSrGaMgO; (LSGM) CeGaO,

(CGO), etc.
Anode Ni-YSZ, Ni-Ce0,/YSZ Cathode
+=3)| 44 =3 )| &ol
Interconnect |Ferritic Steel, Doped LaCrO; |Interconnect
(A3 NP BS (AHSIE B S)
Cell Structure |Tubular, Planar Cell Structure

1. Opposite Terminology in electrode due to opposite electrochemical reaction
2. SOFC & SOEC are very similar in materials and cell & stack
3. Difference: System Technology

—
KIER m—
e
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GrInHy I 2 M E (2016-2019)

Horizon 2020:'Green Industrial Hydrogen via reversible high-temperature electrolysis’

(GrinHy)
€ SOEC 120 kW, SOFC 30 kW 7t 23, 28|= Lt dat 714
<Target>

Efficiency proof of reaching an overall electrical efficiency of at least 80 %LHY
Upscaling SOEC unit to a DC power input (stack level) of 120 kW,
Operation at least 7,000 h of operating the system
Lifetime greater than 10,000 h with a degradation rate below 1 %/1,000 h
Reversible : 5 a5 . L
Operation higher capacity utilization for stronger business cases GrinHy system in Salzgitter (D)
Costs development of dependable data on system costs and cost reductions
E)églg:‘t]e:;on reversible high-temperature electrolyzer as a marketable product
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CHH|H = AHAL 2016)!?)17

Electricity ' i IIIII milf

p

| 1 L i

High Temperature Conversion High Temperature Synthesis
Electrolysis Reactor Heat Exchanger Reactor

Source: <sunfire.de>

sponsored by the German

* Federal Ministry

of Education
and Research

" Demonstration project
» production: 1 barrel petrol
equivalent/day EIFER: - cell/short stack testing (milestone 1000 h)

(s sUpply with SQAEC (partial) - ‘side result’: 23,000 h test

| High temperature electrolyser, 10 kWel

KIER m—
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/ SUNFIRE =2 Ml E sopc

AL
TA L

€ 20,000 h @ -0.9 Acm? (SUNFIRE project), Kerafol &

Cell voltage vs. time

H

Xl
=

XNAM Z(AZ=XXAH 20 UHE 2=)

1.5
Mile-
stone

N

J=-09 Acm2(50 % SC); 847-51°C
Degradation: 7.4 mV/Kkh (0.57 %/kh)

- highest reported ESC
current density

-

- longest reported test ‘

2 years: U < Uy,

> F/=-05 /=07TA cm-? Uy, : thermal neutral
2 0.9 FA cm2 843°C H,/H,O electrode side voltage = operation at
2 - 834°C % theoretical efficiency
8 C
©° -
> 06 Impedance
I n spectroscopy: mainly
O - | ESC (Kerafol), 45 cm? ohmic degradation
0.3 E | BSciCeszelectolyte (electrolyte, interlayers)
) i oxygen electrode _ _
LSCF lectrod Post-test: Si pollution f
E |+ Ni-GDC H, electrode ost-test. =i pofilition from
E |+ 75 % feed AH water (Q. Fu (Eifer), M.
0:l||||||||I|||||||||I|||||||||I|||||||||I|||||||||I|||||||||I|||||||||I|||||| LorenZO’ICT))
0 3000 6000 9000 12000 15000 18000 21000 & Federal Ministry
— Tlme / h | :t\ﬁd;pfqa;ur:h
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€ 50kW SOEC and 10 Nm3/h methane, 2013-2017 by Haldor Topsoe 2|

Biogas to SNG via SOEC and methanation
of the CO, in the biogas

SOEC

o Oxygen )
:’7'( .._ L 4}$‘ h?logas
I P 2 RS
Steam M || Water
ethanator -
T e

% Condensate

CH, + CO, +3H,0+El - 2CH, +H,0 + 20,

—
KIER mm—
e
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Methanation and SOEC at Foulum




5

Operating temp_ = 8300 "C

3 Cathode flow rate{(Funel) = 3 L. /min
Ancde flow rate{Air) =3 L.min
[ . T . T . 1 : :
-30 -25 -20 -15 -10 -3 Lt 5 10 15

Current (A)

KIER mu—m
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KIERC| SOFC =8 A1}

dAld)ls F=dl

T E/FHE B57|5 250W & SOFC A|AH! 7{at

- MA XD = 7S A2 2082 2

-EZ2E ASALE, HET|/AB /ALY LM A|AE
e S SH-Of| 2% syngas M E7|= 70

- 800 °C, 107| 7tYEH T U 3T 2™ M
e M2ty E5XA M8 oty SOFC A 7

- BEXFHAHE ~30 mQem?, A Hs ~435 mW/cm?
e IU/7IU2HE MOAHES SOFC A 71

- MA EDD +F A T = 300MPa &AL

AN FAAT

O

olo

A%

=

" 1kw= 28 SOFC AEH 7fgt

o -
-HEY, B 1kwa SOFC & JHe

" SkWwg HIMAE SOFC 727 A|AH
-Juelich 2B} M8 Spwg 71 A|AE! i

e LEA gHdd M=7|=

1kW=Z 28 SOFC
Ach

N

5kw= SOFC o+t
28 AIAH




%)Ec At 29F

usAa NASA
INL

Europe RNL
EIFER
FZ]

SunFire GmbH

CEA

China THU

USTC

(1) Solid oxide electrolysis of CO, for O, regeneration

(2) Tubular YSZ cell stack with Pt-ZrO, composite electrodes
(3) CO, In situ Resource Utilization (ISRU) technology

(1) The feasibility of HTCE using SOECs

(1) SOEC and SOFC operation modes under different conditions

(2) A synthetic fuel production system with integrated high pressure HTCE

(3) The degradation of SOECs during the process of HTCE

(4) Large-scale electricity storage utilizing SOECs combined with underground storage of CH,
and CO,

(1) Technical and economic analysis of HTCE and FT synthesis for syngas and synfuel
production

(1) Materials development covering cell manufacturing, stack design, characterization,
and even the subsequent system design and demonstration

(2) A 9000 h operation of a solid oxide cell

(3) Tape-casting and sequential tape-casting

(4) 1- and 5-layer planar-type steam pre-reformers

(1) A reversible solid oxide cell electrolyzer with high-efficiency and low-cost hydrogen
production

(1) HTSE for large-scale demonstration

(2) A low-weight stack, degradation rate below 3%/kh with 3-cell stacks

(3) Micro models for HTSE and HTCE

(1) HTR-PM project, multiple-cell SOEC stacks, design and construction of kilowatt scale
HTE facilities

(2) Patterned, porous and tubular SOECs on different scales; theoretical modeling of HTCE
(3) Electrochemical performance and stability of electrode or electrolyte materials including
LSM-YSZ, LSCF-GDC, LCCZ-GDC, BCFN9721, LSFG, and LSCFN for solid oxide cells

(1) Manufacturing CH, from HTCE in tubular SOECs directly

2= Ol=HIM A 100 kWe SOEC HE S

3
fi
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Schematic of fuel processing for a PEM, PAFC, MCFC fuel cell system showing
the external Fuel processing and for a SOFC system with the internal reformer

Q

CH,+H,0—~>C0O+3H, CO+H,0~

chH O, +H

)

’ PEM

Hydrocarbon Fuel Shift ) Clean-up ) PAFC
Fuel and Steam, Reformer Reac Stages MEEHC

_—

l
|

SOFC Stack / Indirect Internal Reforming

Tateptated |
/? Internal S O FC
Hydrocarbon P, Reformer
Fuel and Steam \ ¢ A EI'I
\ Anode / Direct Internal Reforming
_-r-"""-—‘".

*CO: SOFC2 HAZ(CO + 1/20%~ — CO, + e-), PAFC, PEMFC &= =0 Il =
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http://en.wikipedia.org/wiki/Methane
http://en.wikipedia.org/wiki/Water
http://en.wikipedia.org/wiki/Carbon_monoxide
http://en.wikipedia.org/wiki/Hydrogen
http://en.wikipedia.org/wiki/Carbon_monoxide
http://en.wikipedia.org/wiki/Water
http://en.wikipedia.org/wiki/Carbon_dioxide
http://en.wikipedia.org/wiki/Hydrogen

b o

8 FC 7t 0| (MET)) <)%

Enefarm fuel cell micro co-generation cumulative installation,
prices and subsidies, 2009-2018 ($)

35000 300 000
30000 250 000
25000 —
200000 2
20000 =
% 150000 £
— 15000 =
10000 100000 5
5000 50 000

o — = m N

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

mmmm Cumulative units installed =====Price SOF( === Price PEF( == Average subsidy

li)
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HEALHTSHA
HCTR: High Capacity Trunk Radio System

, o
SPIDER MILSATCOM ~ PABX

‘ [ EHA 25 ]
External Trunk Communication

[ HE0|SEMHA ]
TMCS: Tactical Mobile Camm. System

ASYLHUSHA
LCTRS: Low Capacity Trunk Radio System

[ SrHER
TIPS: Tactical IP Switch

[ RS M ]
CNRS: Combat Net Radio System

XA 7152

N\ [ Volp Mat7) |
Yﬂ??ﬁm
) |

[m,n ] ]
: Network Control System




KIZKIAI




m WM WMol NAS M ) XM _
v HAFEHHIR I KA ~ Warrior Platform

Qi3 JS0t IS X &M A

TMMR

P

el

=

=
£33

oX

=S P

SETADI

aocsTu

7}

PR O AAg s E838]], 2019

A HEj TA| =KEAIZAL7| SHH]

[XIsE =& AIAH] -
[F=Xz2]71]
' . = P EH| HF
C[REYI]] [MAAS DUEY AAa] | - HFSH HH 22|
= A28 X0




HdO0 SAHS Wy 2 0=

TEH (2= -1

- OIXI ALE2 S 1 10W
EMAIZE: 72A12E

- 27 HYXIZ : 720Wh

- HHE{2] S : 4.8Kg

7| = Of| L X] & CHH| 1ofLX] 2 oL X|# 7Y

.

- Xl AL2E : 100W
ZEMAIZE : 72A12

- 27 NIUXIZ : 7,200Wh

- BHE{2] & : 48kg

OldH=3 8511 IS AA=M A

SEHA (2H2

0

- WXl AHEE - 1,000W

EHAIZE : 72412

- 7 WUXIZ : 72,000Wh
- BiEld] SF : 480kg

HF izl




FHF B} S0E01 XIERMAIAIS)
A EMIA M

EMI/EMC FH|0|E &8 M

(MM E HYVL2LBJ+OC T=Ea)

i EUNE BYY FVIX A7 A8 |

PCB 3|24

EHQIIX]
2IEHX|
EUME BYY STYX Y ]
h h ! ' 5> OILAX] Shl~ uo| el
mmmm i‘ z Sl : > £ Sy =

PR

T ‘ m-w
|
i Mm < Cell Substrate(SUS7| &) >
I ...

[ =wiaes svexaouos sasaz |

EX : [FCUERE TAH ) A4S A E238I], 2019




o
SWHE HOIQ NS M=) KRHHAIS]
el & ZEX HUEMA

- HC} Y|, 2C} FESHA|, 2L X|FRo= g : 357|854 BEF0| =M
« Advanced Drone : 24H O0|AF M2, 11 16,000F O|Al H|3H, 600kg =X}






OldH=3 8511 IS AA=M A

0|

U MNd W9 11Md=s MEH(ME) XIAHMHIHIS]
SHAIZL BHHIE S =8 02 q/r@
« QMEZEL|AH(Tethered Drone System)




)

2=
—

(&) XIFKAICH

8E

=
FUS

=Z(Wireless Charging Drone])

irging Mode)

s
0
Ac.
S
q
Y
0
N.
&
oy
3
2
2

www.BANDICAM com




OldH=3 8511 IS AA=M A

B 9 NE W9 1= ME(MEH) XIAMAICHIS)
v EEZR MENAH (&2IAI2]I ) : Airborne Aircraft Carrier, AAC)




)

s
-
201089 S= AAC 2 ==

=
=
=
o
=
Ar
7.




OldH=3 8511 IS AA=M A

=BT o9 1ds HFHSF) XNEMAIAIS)
v/ 22 747 Airborne Aircraft Carrier, AAC

%

BOEING 747 AAC

HANGAR _ _
- & 10CHe| £FHXET|

- 00|32 1u}l0|E{(Microfighter)

LAUNCH BAY RECOVERY BAY

REFUELING



EX : [4% &N

- g0l [l
- 20| Yool

- ME UAIAE
- SAl 83t

7

v’ How often?
v How long?
v’ How far?

v’ How fast?

> {89 U=

> MEE S5
> 1l J|sA ey

gtol OlcH SO A A

eXYsE], 2018






[

o
24
I

=
L
=
-
J2
0l0

U= A | =X xH
oA/ l&o=

SMAITALS e =9 SM[S N

e 2 x M I = N & S s & = Al o da 4
2 % 5 M ) g 2 H g 2 = M 8 B S A ol
g M =5 oM oA M FHoE MY RS H g
vZIgHE SMIYX] E2 D=

Fah ofuix] #2 IY=M|E g | FgWIS HEAA

fii"':}*.‘:\.

’.‘l{ﬁ‘, ‘ i

24004 J HEAY HE WX
d "1

1) (=)
o1z 3| , A7 5|8 BYE B AT "'il II' E‘:!
”?
v 8 A OIHOHIYX] J18 HIAHI M D= T e s T
drum driver heat removal
| WE2 DRI | | SRR | Prinay bt i
Heat pipes controls

S0|22|= W7 | WRAY  HE ofLix| F21»

Slojuix|2! B3

2IE WHE 27|

Monolith




xg wol

1 XA X

2 Xt M X|

: (DHEH|)
OlS&HI)

. #AXES ol X

AL AR 87
Al
(CeII/Battery) <

AL 22113 8)
Z A2
HEXK|, 2|5-0|RMX|, LIW-H Mx| S
o 2 ™ X Crotst 012 ALR
LPG, LNG, HEIZ S| HZ2 0|8
218

3

41Xl B = &

%
ry
E
A
0f0
>



23

2ol

HASF Y Xl 2 HE

KJ

<k
b

010
OF

1

il <

ol

1o

=
(=)

 UAV

oK
K0
wir

mojNEg M¥

joil

orl

1A HX|of| =2t

L

* 2K X|

|
= J27H4 (nEdH‘E7?)

s HA|

*HR YR Tt

et JIE M3 HMAH A >

+R9 =

|




CETHE fiUX] 2 X Wot
O SIIHH Mo 8T 2L HUKY 2L

— 02 F7[dAl2] Mttt 2 CiEet2 M ALSE SO
M fIBERE =007] fitt AL 22SEE

=

A
T

o

HAH Cto|LtA A ol 28 7l ‘Spot’

0] 2| ‘Exoskeleton’
L 7| o] M E Yuts 1S3’ o] AZEHE

g

HHE{2]| 7} M-8 El ‘Spot'7HE ('L3'E LI ‘d50| OIE)

A0 X| 2= O KR 7=/ 20] Bae

F

24



. KX Y X] 2 ML 4o

&g 9ot
AXEF Y Xl 88 - M5H 0|2 s
HeF a8 49 AR

STFHAHE
(NuScale / mPower) (KiloPower)

o]¥ MY TH A=W

w s
(Radiaton

SN WP
(Stirling Engine)

W=D
(Heat Pipe)
. ®l(core)
x O|=0| 7L SO Chkst Sxo| Xt AAY

Average Wind Power
225 MWe on 60,000 acres of land

How Smalll Nedilar Readtors WMeasucellp

e'élé&ric%wammﬁmmra@nm&m 0
MEANEHEMKIVPBESSUIMR HTeRNopawer
p
4,000 1app TRRINRS ag

[ nadierritidensnalighentetfisity fopsier
teut P HERTeSTORIERIGhERTER Tors

OfpERHthY WhHH Aty Rty Regerrate

ol bmﬁ%mmaﬁ_ i AEOBGI W
| ﬁ:mm || reReldRE RN Gl R T R Res.

1490

We on 2400 acres of land -

o \ie \\\ii\“‘“\”“““

The Westinghouse SMR

225+ MWe on only 15 acres of land

1660
Average Solar Power

225 M

-
.
-
-

*each hci]u

se represents 1,000 households
“each

ouse represents 1,000 households



CAHTHE U] 2 8 Wt

£ 83 0|SA XA AT Jy

v VSMRS : very Small Modular nuclear Reactors

O HFOAM AR &= U= 0|F A ZLFHAXE 7T ZH@2019H9E)

Rl
A
1
o

gEse B0l 2 MY 4oz HPYH 55 /ts

. Corst x| oj(Ato}

AL 2 S)0llM 2 & o1 K| 55 7ts

. SPMOIRO| TS 24| 2t

—

MEY WENT F4E0I0| FHY B

1L

https://www.forbes.com/sites/jamesconca/2019/03/1 ket
2/our—military—wants—small-nukes—to-reduce- e D, s
convoy-casualties/?sh=60519aa3ba2b S



* o2 014 =23 A= JIE  HOL0S & XiE E3
)

} - fJ—_,‘:»-!l-l:-.

=S ZAHolHo B Jts @ HOLOS @%,EI ﬂ |I|JJ
n 12 ~ 20 W S0 13MWeQ| &= A AL [:loo 500 nini,
. A 15 %] SEMEE AR
- 7Bt 7 Al H A IS

= 3
u _1,| EH —'|:—H|_‘| OI_:| % J__I’__'” 6|-O:| ZCTDE 60L|__=|7I_|. AI’% 7}% Kofxl 37|, o0k oA

v A-IA 0|A
« Safer: 283}, 8N &5 //‘ > &
= Mobile :1™&EQ| AIEF oe s 8%z ) 249 axz 27|
= Scalable : 8 &%, £ o
. Repository Ready : A &5 0| , T =
« = X ZHH| A Z il

Safer Mobile Scalable Repository-Ready

http://www.holosgen.com/




20

v BHIH 01H

S« 0|4 =4F AX=E JIE : HOLOS &XiE £3
=5 £3 4 .
- - J—/ N
st22ag ZiE| 0| Lo B Jts @%'ﬂ o,
12 20 A =90 13MWel| A= A Doo 000 il
~ - O - e—-l |_-I = CISIA|_|'

_JJ_Sl L__H 1 5 %9_' EC% %_C?OI_ZI E % AI_% Safer Mobile Scalable Repository-Ready
a

Bt =
z|tf &= &

_?_
Scalable : & &% =
Repository Ready : X & &2 20|
T A =] B2
d A FXZHE HE F 23} : | ) [————C 2 0.0

=
JIMNE HIES 24

2 Mo 0

http://www.holosgen.com/



I #AXHE iU Xl = HE Bt

B¢ |7 034 4% ALz 214

Fly reactor to theater Transport by truck to the base

I'-I

'r.
-
-
-

Protect by earth, barriers, and water jackets Integrate into the base
= X 34T 1~-0 MWea 0158 A ZAHXIZIMNR] HHE
— 370 A2t 20 3E 9 A AME, T 238K HE H4E ZEHE FX
JEE-Er



& U =S
- 1&% 30X P, FAY HA|E,
— C4ISR &H[2t x| #]

SIHA

1A, EIIOIX'I 7H°1_

EEXTFEX
A 288 7l 0|58 1EH MHALE 22 =3

= OI=, dAIOL 3= S HE M2 FIHA

- D& Yo|N 27| U FAY MAIIE M3 oY

= Bt= HIA HIX FITHA

- AHCE QAB 43

= 20~30 KW|:=.L

do|x 27| L B8
1~2 MW2 0llUXl V& E=

R
g

=
L35

= 1] iU XI 71, 2MXZA 28 :01S
HHA|AE
Ak 2 =

A CEE 60 600
O|MYZI7| Mzt ~30% 4l
CHRIA} OJAFY 100 1,000 2O T 7| 28 23-30% %

20kwa go|H 27| HHAQE 7|FE
20| AFY 300 3,000




31

CHTE WX 2 HE "ot

<o

oto] oIF AIBOR QI0H0] AHXIIA ATl 4

X N0l Oid=S0] 2SI, ™20 Tt =8t 0lF 2

200L), ¥7+12,000=8 a2

« B IMWE YR 2EAMY 1242t 287(F) 1987 32EH(1 =4

« 0= - H22Ae MY S k9 St HAH AFSAF 2 36,0008 S 52%Q! 18,7003 2| AR A B 2 59 +&5&E ol L

4 0]
| M—

X

of 2AZH

oa o]
— e L

Al
o

it &2 HIjEIUXIC] B2 Z4Edi HS
U= MU xPr 2t iuXISII 220

5

HSE X

N

wr D
2\ .m___
o
< M
1ol
KO =T
K=
5K B
d =
{F m.u_
o o
=
w_“ F
g M
o
KIr
Ko w
o=
o
= F
J K
= 7
5 5
o1 B0
Al o
< ©
= oF
J_A.o ul
KJ _.___
=
g =

T MXISUIA

=
o

o=
=L

el

5



0

N H'

‘\ I\‘
4 "'\'L\

';l




33
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B AXE X 2 2832

v UOIHR IIMIAHI(Game Changer) XE9} AEE oL SHAIQ A i
— JOIMENA, ERRHMEMA, POAXMNEE, D& 2J|(H0|X, Oto| 2L 0] =)
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- Yo SHY SR HA L AT
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vAR WX 2= AlE HIE 5T
- RLE Mg ol Ey g, FeHE o1 X|
- OFX| MEA MR ZOLIR R AS

vOlsd AXIE D=0l W
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CHTE WX 2 HE "ot

B ZALZ0F HEE T A T2 MIAl

(0 HE L A, §17HLicensing)

w2 XS ot HE M

v AT LM (ABY, A-AE) [ |
 ANANTANY 2 FAIE A% AXIZ 28 L 23K

- ANZAE SO J| &N 20 BEt 75 . |

- BA QIR 2| SO JIEDIEN B A S === AE B
v X2 OF |3 DA : J

> ZAZ FRZ 50t FH AE (X ABHKZ : A2 Z NNPP)

Naval Nuclear Propulsion Program

2> SMR A2 ZALE 280l Uiet 610 X &4
2> |AEA ZAIAIZ0l OIS AHE & =& SO0l List 2 Al

> ZAE 28 L BH0 UE Sl 84S L YAs U FIHER
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WH2A1E B3 Ml 2t KSOE

HIOIE II2|7 |23t ¥ (Paris Agreement) Xi7IROZ IMO #HI&E S 0 £.
= IMO(ZHIBHALZ|7) 2AI7IA BIEZE(GHG:Green Hous Gases) IMO 20500] 20233 &3t 0f|=
= =M 28714E XZX] : EEXI, ClI(Carbon intensity Index)

= AIR7[9EERX] (Market Based Measure) : =H2A7IAHE(GHG Fund), HiE# eI (ETS) S

IMO strategy for major reductions in GHG emissions from shipping

EEXI
Units: GHG emissions CatD Action
CatE
CatD .
E Cat B Action
d
D £
2008 cll :
as base year C-.
..................................................................... - B
| Zero emissions
‘Wl assoonas A
m Ml possible within
Peak assoon Inte nsity: Il this century
as possible 40% reduction Y
Total: 50% reduction ]
Intensity: 70% h
2008 2020 2030 2040 2050 within 2100
Total: Refers to the absolute amount of GHG emissions from international shipping. -
Intensity: Carbon dioxide (CO,) emitted per tonne-mile. Review clause
JNote that the the bussiness-as-usual emissions are illustrative, and not consistent with the
emissions baseline used in our modelling (Chapter é). I

Source: DNV GL (2018a) 2008 2023 2026 2030

X3

X3



Green Ship Technology - £

Muf 220HA U= KSOE
- TR J21E Jlg
A RIS ORI ZHA
2I|Me LA
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OlLAl 28 S ST B8 A7 JH
HEX £ BN, 22
7|2 0I591&, stol=a|=
AEPRE] CO2ET, GATIA THZ|
SAMTLA FfZt
spMolE JtAQ1Z(LNG,LPG..
CHMIQi= H[SIdo1Z

O1ZFX|, SHZAZI
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Green Ship Technology — Wind, Solar, Air lubrication

LA SILX] 018 ( SEH/HTE) = S71




Green Ship Technology - LNG fueled ship KSOE
* 29 LNG Qg F7TI Mufo] o1 ¢ 3! IMO regulation

== v EEDI phase 1 v NO, Tier Il v China ECA Phase Il

(reducing 10% CO,) (ECA North America etc)  (Regulatory to 11 ports)

Bulk carrier

v Fuel SO, under 0.1% v China ECA Phase 1
(SECA:Baltic sea/North (Regulatory to 3 ports for v" EU-MRV Enforced
sea/North America etc.) SO, 0.5% or less) (CO, Emission submission)

v" DCS Enforced
(Fuel ti bmission)
v' EEDI phase 2 (reducing 20% 0,) uel consumption submission

GHG regulation EEDI phase 3 v SO, limit (Global 05%)
Reducing 40% CO, Reducing 30% CO, v Nox Tier Wl (extended NECA)

+ IMO:
(International Maritime Organization)
* MRV:
(CO, Monitoring, Reporting, Verification)
EEDI:
(Energy Efficiency Design Index)
+ DCS:
(Data Collection System) 7

180K Bulk carrier Very large containership
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XigHd M| Qs KSOE

Liquefied Natural Gas
- HFO CHH| 20~25% 712 CO2 M&0| 7ts
- 37| S A, S8 BX T S g M X EH 28 FHIo) T

—_
S 4 QU= WY IR AU Qs 1=,

rr o

Methanol (CH;OH)
WLUEUl - A0t CO2E HIES BhdS SOl HLIBHH HFO CHH] 10% 7k CO2
MZo| 7ts.

Ammonia (NH;)

~ OIIL|OF AHAIO| [ ES MOITIAZ JHZIBI0] AAS ABALGID
AWINCTEY  ~1AQ} Haber-Bosch SH4S S0l QUTLIOKS AtARSE

- LHO17 |2 (LURLIOL X1 91A) 2|1 IR NK|Z AL 71538t

, OIS

Bio-fuel

- QHGENMOITIAQL 217 ST i Pig (ZH|L} AlY, | S| Hept
ol 8i3).

- MuEH0)| AF2O1| fIHM = FEL A BT EQ.

- £& HFO = MDOR 22 CIARe =8l AFREl=0I, =8 HZ0 — ;
e CO2 MZ 2dpPt e 4~ U3, 9

Bio-fuel




EHE UMl Q1w

Fuel-cell

Renewab
le energy

Nuclear
reactor

Hydrogen (H,)

- 4 L0 95O 2= MAUTIAS VRO Y US.

- LI [2H(A 2P ¢14) J2| 10 AHRTXIZ AL Jistt

- TR} “H4H0] 0[Pt $HMQIE J[HIO R ‘A= B Elok= CO2 X
2| WAl0)l T2t CO2 XMz b7} Z12E.

Fuel-cell
- PREIOILXIE 21712 SOt ¢= = gt
- 271X| EEHC| fuel-cellO] ZF&H 1 JAS (PEMFC, SOFC)

Battery
- Hybrid ®ES S0 271 X MK A8 715
-2 2K ZA0tER

Renewable energy
- S8 S EYY 0|2 - LCIE iMIds/0IUXIe] HEX T FX|2 X
8 71580| =32

Nuclear reactor

- CO2 Hi=Z MO 2T 20| A7| UH20 OJ2He] CO2 Hii= M=
o| HIZHi=M4t (Zero emission vessel) S I8t CHAI Y12 29| 7Hs
‘F0| =OIX| AUS.

Of|LfX| ' OJAtSIELA HESZE %1
(EH2I=g/kwh)

782
549
0 %
X EfYE  ING MR AMEt
“IKine| HSEHG MAIBHE B BIEE] OJASIERA &, 10

2006 7|F. K2==H|XI247|7HIAEA)



LNG vs. 7|E} LHM| Sz
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LNG Hydrogen

Tank size Tank size

Operability Safety Operability Safety

Cost nfrastructure Cost Infrastructure

[ Comparison between LNG and Zero Carbon Fuels ]

Ammonia

Tank size

Operability Safety

Cost Infrastructure



LNG vs. 7|E} LHAM| @1z

KSSOE

C02 = EZ 40% by 2030 70% by 2050 / 20087|&

AHZt GHG &S &4 %1242 50% by 2050 / 200871

g

- CHYEOH CHE MY} 71= LNG DF, LPG DF, Ethane DF EEDI Phase V by 2050 #I1X
OHEYOL OF QI

 Tanker, Bulk Carrier = £75Ql &2M0| ZQ(ESD, HaZEUEXKI)
2020 2022 2025 2030 2040 2050~
v
EEDI Phase Il > Phase I > Phase IV > Phase V Phase VI
(-20%) (-30%) (-40%) (-50%) (-70%)
CNTR zé0% 50;% i 'ggg - 60~70% Complied
F ; « DF Solution
2 9 409 50%
LNGC Ll\lg {;F 30 . G - 0 and/or additional
LPGC 20% 3.,0 4(5% 50% solutions, if any
LPG DF
VLEC Ethz;.b oF 30% 40% 50% Complied
ane e .
: : * DF Solution
0
Tanker 2’0% 30% LI?I:IODF 50% with additional
Bulk 2?0% 30% 4.6 50% solutions
LNG DF

Note

1) The above result is based on the current EEDI regulation, and it may be updated according to future IMO regulations.
2) The regulation on existing vessel which is under discussion is not considered.
3) The above result can be changed according to project specification.







=82 =12 Y Hkt= Ve 3 KSOE

2 KLT-40S RITM-200 ACPR50S OFNP

Floating rig Nuclear OFNP
reactor

=7t 2{A|Ot 2{A|O} 5= al=
(3% ax arz ar= ar=E
o 38.5 MWe 55 MWe 60 MWe 300 MWe
HIA oY 3T ‘
2 | ‘Academik Lomonosov’ A MM “Arktika’ 7| 35 Y™y, Offshore Floating
< s =) 4 S43 0HY EHE Nuclear Plant
3~4549 I\ HAIFE | KLT-40Se| tHES Ht X 2SH0ILE MYUM | Oy S2HEH, ol ==
wkoHoF 5tB = F7|Zt 0t Y 0| =0 ™| o= YHE V1580l U™ S 0 THEUILX]
7ts BXIZ 2161 2Y E20| =10 J{MEl 3K LHXH. AtSYHE Q10| H | £ HEoH N E Y 2™
Ex| HI7| &0 =2 Ae= 2 M= E LI K= OIO[OHOIM AHR2HE Al | AS FO0IM 7FY BHIE
- e 01| & = 22heS AF0HM 2= 0] 240ICHT HIHE
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X =7 g4 - NS Savannah(0I=) KSOE

1. NS Savannah(0[|=)

- DIZEE ZAXEl MIA XX |XE=M

- 7AMW 714" 2XIZ2(Bobcock &
WilcoxAl)

- 2910k X|CH 24KTS(44km/h)

- ZAZXH| (4°M74481 USD, 1959)

- EXI=E MIZHIE(50%)

- ZEM(85008) + 0244 (1000Y)

- AR WAls Yo | ZE(SUHEH D)

- &2 40 MEH|W Al 2002HUSD
FI2GH| A2

- 19724 A3 % ur=gt

—

- PRI YErAM HG AEY el
(= |

- Ofoldiotel, mAE 2

AT E 5 s Iy b
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X =7 g - Otto Hahn(52) KSOE

2. Otto Hahn(52)

- MIA =40 A 3EM

- 38MW 74+ |XtZ(Bobcock &
WilcoxAl, AHHILI S

- ACH=™ 120140

- X|CH 17KTS(31km/h)

- 1209F Km¥0H(1979'A7IA| 102H

- 1968'A SOHAIZF 4T
1972% 528 WAl ( 22kgX2lE
46 HKmeoi 2| )

- 19794 ¥ X2 OHA|(2QH| HIA) =
bt MZH0|FE 2009 7K &Y

- X AREY|ZL sg-0tx 2|7,

So-HIYE PR




QIXt2| %1 MM - Mutsu(2E) KSOE
3. Mutsu(2&) |

- 196811 714 411 % UK B

- 36MW 7iei4s 2IKI2(TIRHA))

RTINS

- AlL 17KTSR1km/h) SHEN

- HADHOIEN, ARSI AlHLID!
Algistoll 7p7H(DI=e| 221)

- DIZHIA| BIZ2E 013 YALOIRA
CIRIQ! AHEY, AIK23 ZISRE] OIMSt
20k AL

- YALBIRA 3o} M AZY Fn2
TR PR ELIR S

- 19924 BHKI, -=4712| 8EMKm.




X =7 24 - Sevmorput(2{AI0L) KSOE

4. Sevmorput(2{A|0h

- 1988sus MIAI ZICH RAXKF2 A
HNEHZSZED

- 135MW KLT-40 7I2+d A=

- 90% 5= Qa5 235 oI

- 3K 2 1328 TEU 4THES
stEM

- =30] oFx 2% F01 QU
SIRZIAM

- A2t AZSI0| B THSOHLL Of
104 OIZE DB o MH| TQ

- ZJ| OFd ZALR £7HH|E T




PIXIZ] A7 Myt U G0 XS

KSSOE

- =2 =3 0|23 X104 HO|UM / Y XM S
: ZIHIO|LHM payback(9~12'd/3X=222[H] 7|ECHH] 130% 7F8)
: Zero-Emission0| 7+s¢ M4tk

r QizH| Y Gl= 30KTS 214 M8 (TR A=rs FuM 7FS)

- IKIZ| 27 HYH
- 71Z HE UiH] H2| 30% TE0E 23 ¥R 25 57t

- 2{AIOF 23 XI24Q] Rig TH Ay X7

= Ofed PR REA U HIAE dit 71K
- 2R84(Floating type), ZX4/(GBS type) Oie} HAE 2TA
P 2 g SO (L, X , OIS 7ts

- EXE O|HXIE E80t0 f~ALE ZEL|OF dit 7Hs(FPSO)

A2/ YT

{2} 20,000km)

TR

O eetna

(FPSO : Floating, Production,

Storage, Offloading)
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FUEL CELL

Anode : Ha — ZH* + Ze-
Cathode c 20, + ZH* + 2e- = H,0 + Heat
Owerall reaction - Hy+ 1720, — H,O
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7 17— 7HE(Sir William Robert Grove)

KRBt DRIFE - B IEDHE=I»

Development and

Commercialization of Fuel Cells

A Er e

e

7 Dilute M504 Soluton FCG-1 5t E%)@
- ~ (A3 3 R F 5 R AR B 5 )
FCG-1Program
Large Scale Fuel Cell —y
Development

00— JIENC & 5 AR thoo R

lllustration of FC Principle by Grove 1

i A I L AR i = Rl

DR

The First Experiment ‘

p - NASA

by William Grove . Ao Bl A
Start of
Research
in NASA

1801

RS R
Discover of Principle
by Humpherey Davy

= 1967

TARGETn+@5%E
(/)53 B SR R Gth B 38 )
TARGET Program
Small Scale Fuel Cell
Development

FEAS Gemini 5 W (TSR
PEC on Board Geminis

SEAS 7R O LIRS ASFE A2
PRFIEE ARFESRY (7L ) BY)
AFC on Board Space Ship APOLO

PR AR D A N— X 2+ ML
FC on Board Space Shuttle




Oblivion(2013)
KR AEX IS0 | EE(Drone)S

&35 H2EIXIE Do ot

— 2HEls SAS $482

HA=TX|0ll =35t ol XI=k

S| = AR TX|7 =2} o[y

007 Quantum Of Solace(2008)

Alet SIEEIMN SHEREXR 7 IS5i= SEY

& — TS0 &Y HX|=0] ARt BSEE
gf ZiaoHX|gie s FY|, =, 4/t 32
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Terminator (2009)
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In 2040, Hydrogen cars
reduce fine dustby 2,373 tons
6.1 percent of fine dust
from transportation sector(road)
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Greenhous gas reduction

T 27 wition tons
f

® 20154 T ZO|A EHML

Hydrogen ratio of gross energy
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South Korea has the potential to lead the hydrogen economy

However, this golden time will exist for
only three to four yea

World-leading technology
including hydrogen vehicles and
fuel cells

Petrochemical plant
infrastructure and rich
experience

Potential for existing LNG supply
network to deliver hydrogen
across
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20185 | 2022 | 2040u

1.8%104 8.12tCH 6202CH

(0.9 CH) (1.42¢CH) (3308FCH)
(0.9 CH) (6.72FCH) (2902kcH)

307MW 1.56W | 15GW
(FH) '[lG"l"'-"] [BGW}

7MW EOMW 2 'IGW
139tE/E | 47E/FE || 5269HE/F 0|4
| 60008/kg | 3,0009/kg
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204040

Export of

3.3
million

712-unit
increase in

units
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Combined
number of
vehicles in Seoul

Domestic
consumption
2.9

production and
100% localization

2018

620CHCH O|&F R 2
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and Sejong City,
2018
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Nikola Motor to open pre-orders MARKETSNOW

for fuel cell.pickuP truck to Watch out, Tesla. Nikola is the hot new electric truck stock
compete with Ford, Tesla 9

By Paul . La Monica, CNN Business
Updated 2006 GMT (0406 HKT) June 9, 2020

New York (CNN Business) — Elon Musk and Tesla may have some new competition -- in the auto
market, on Wall Street and on social media,

Nikola, a company that makes hydrogen fuel cell and battery-powered electric trucks, just went
public. Its stock has more than doubled over the past few days. And Nikola's chairman is
bragging about it on Twitter.

Shares of Nikola -- the first name of the famous inventor Tesla -- are up more than 120% since it
completed a merger with an already public shell company named VectolQ on June 3.

The stock jumped 103% on Monday alone, though it plunged 22% early Tuesday morning In
volatile trading along with the broader market before bouncing back. Nikola shares finished the
day with a 9% gain.

Nikola Motor Company, the Arizona startup that made its debut as a
publicly traded company June 4, will open reservations later this month for
a hydrogen fuel cell electric pickup truck that was designed to compete

with the Ford F-150. N_Ikola Corporation (NKLA:NASDAQ)

or b | OB/ 20

Reservations, or pre-orders, will open June 29 for the hydrogen-electric 88.89 .usmuozom 73.27  -msomanw
5 Day
pickup truck known as the Badger, Nikola Motor founder and chairman

Trevor Milton tweeted Tuesday.

The company's initial focus has been to design, develop and eventually
produce hydrogen-electric Class 8 trucks and build out hydrogen station
infrastructure throughout North America. Since its founding in 2014, the
company has expanded its hydrogen-electric vision to powersports and
more recently to pickup trucks. The company shared in February the first
) . ) ; ; o| 252 L|S2to| HAUX E2jn] UM AFO0| N2 0| MEL FUhE) E-fQL WX oS
details about the Badger pickup truck, which will be available as a battery 22t 88l Solck oo L Betcf £t sl 1B EEHO FRE 0] o138} (253508 v
electric or fuel cell vehicle. 1700 -6.3%)7t 9% 26% YA 25317 = FC

OB A A u
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Germany earmarks $10 billion for hydrogen LAY MBS =S, TLABH EH E

expansion
0¥ Y3 4% 3217} 7|2
B3} L Zat £X e 24 s 4SH0 SR E S
FRANKFURT/DUESSELDORF, Germany (Reuters) - Germany’s corona recovery

180y
stimulus package has earmarked 9 billion euros ($10 billion) for the expansion of .

e

Cr
hydrogen capacity at home and abroad in a bid to meet emission targets. :::

7 | vame

. ~ . l-/ 1w

Under the plans, unveiled late on Wednesday as part of a larger 130 billion euro boost ‘ I/ 7 s
to the economy, Germany eyes hydrogen capacity of up to 5 gigawatts (GW) by 2030, ;—r“"—ﬁ“ﬁi‘.gl::" < I
. =~ 00

with a further S GW to be installed by 2040 at the latest. " o wn

That will cost about 7 billion euros, while a further 2 billion euros is to be spent on

forging partnerships with countries where hydrogen can be efficiently produced. SAEYM Z7p7F XL 10Y M HIPLECH 18.95% QL2 20M0UC E OpE
b

oz
UE A2LE0[ A BES(E2Lh9) 2= o HXF % 7| SHE K|t 3
T'he measures are aimed at making Germany the world's supplier of state-of-the-art 9% 37t 1802} SH| ZMt0| F747t H Zo|ch Hx YT RAOIAE FHH 10
hydrogen technology,” the stimulus paper said, adding the government would explore 218837} 551087 H RS OF 3.78) EFACL

wr

the creation of a European hydrogen initiative to accelerate expansion.

N gA =q ol 22 F
Z 2ol ez s_Ms&q
Z} Of57 f
HET}

A fully mapped out strategy will be presented shortly, the government said. Both parties
have so far failed to reach an agreement on all issues.
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IPHE, International Partnership for Hydrogen and Fuel Calls in the Economy

Ao

09e
o {0

=4 2l 9|9

Hydrogen Energy Ministerial Meeting

oK ERI MY W

Korea Energy Economics Institute




4

n
J
5]
jof
=l
K
d
=
H




AL

(CO,, CO, HC, NOXx,
SOx, PM, Soot, )

S&IIA
CH7 |2 H7HA

€02, SOx, NOx FHiZ, Mijz

OlOX| EA: B2 O|OJX] E: YTN News

ORI 94~

I_
ute

ergy Eco s Instit




0|0jX] =% : WIKIPEDIA

SAHOf L X]

YD By e
EEE- =T

A =YD el H2UE, QLEHXSHE

°1I|—'III""6I1I°J-?9.A~

Korea Energy Economics Institute




( XEREE

LE|Ltat A Hoj x| Ho)
MTPEO K] MO == T A4 0f| L X

EH2Fofl 4 A

=20 L 7]

A2 HEX

SEFES TRV IERY oI ILIA

A oA %]

HhO| 20 L4 X

H 7| E0HA|

HOHX|: 7| Eo| s HRE HEA|F 0|28t AHLL
ES 0|85t= ofHX|
a3, 2 XE 2 HUE {74 52 =Z5= M
0| 2%t= o X
FX: MK L UL TH - O] - BF ST (HF H146702, AIE 20179.22)

°||L1x|%x1|°aql%~

Korea Energy Economics Institute




_|—l
gJ
=3
Ro
K
o
=3

®
g
£
£
g
3
g
=
z
s
5
£




=dA

=Z oj2iHx g=2-5d
- OIMHA] 58 gis AMFo 7|1 2E =4
SEE Moz ghEsta MRS g A= HE

JI=HH ol a7

Hedt Hora7l @A

H40§47] 3020 0| YA E Haft ojudx]7| g Hoo
201712 2018.11

201710 201806 201901
QuFEHEHH) 22K 2030 £47t= 2% REE +H HE T23H B4 221

°||L1x|%x1|°aql%~

Korea Energy Economics Institute




X Ad oL X] 3020 : 2030 XA O X| H|= 20%

A/ Asx BELI7EA
. BPY, GWHE UE VA0 SYUCIE AWS +IVYT FAL UF)
- #E HEE SHH2E @OuUTD Uy RE SaeE Sy RE oS =0
- FEHSGEI BEgTe] =oHE 86 A YT S #0l0 ING YTEEE 88

<REPTFTE: SEAUR| 2

2017 ‘ 30.3% ‘ 45.4% ‘ 16.9% 3 1.3% ‘ 100% 507TWh

2030 (&5 A=) ‘ 23.9% ‘ 36.1% ‘ 18.8% 1.1% ‘ 1003 SB0TWh

v v

FH: o M-S I B, 2702

. zﬂa-n'-'”?}-‘il MEHuER @FEe HE 2o0n8 SEE 43
I3 GH|&& 2] 90% o) &E B EHeE 2g
« EEF|(2018-2022)00E 1246W, B372023-203000& 3636w B
- BoRE olEwttes SolEe S, g =g e 22EHE, {x A @34 ozl JHA
. %Hﬁ EH4ttes MHAEY e BAEE FUE MY &4, 1oE BE MulAMNY &4, A0S EHE 88 MY 4T

<t gH| 82 e
wojz HAGW (ER)

IICW (5% ‘
15.1 GW 48.7 GW I 63.8 GW
U XIF AT A u

Korea Energy Economics Institute Y T o0 oEgE, 201712 d




( XEREE

2 ELE:

[ 302, 0]& $=oj

Ef2FEF 113~193 GW + =2 42 GW (314} 22 GW. 241 20 GW)

30~45% 45~60% 65~77% 81~83%

°||L1x|%x1|°a;1%~

Korea Energy Economics Institute




2030 EfYW §3 WH QI HY >0 4H)

= &3
— TH o5

— i A

el o O e P S

—
—
—
e 1R
—
— i

Y ENU-EUHE, 2008 HEd HEYYE SO0 QE M A REHHEH B8 AT

OB H A A u

Korea Energy Economics Institute







&1 AHDuck Curve 2H)
Xot2 2 dH 7tsd

[B=E Z2|=L[of ¥ F5 wEy

G LRGN

3AI2t LY
Z|c 13,000MW7EA]
428 28

12am

~ L= california 150, MO} (2016) F oIS
oYX HMH A
Ki

orea Energy Economics Institute




Syatem Mat Load (M
Svatem Mai Load (W)

(b) 20253

Gyatem Mel Load (g

Hour

~ (a) 2030 1 T 2| 2019, E-mobility G0 [KHE LIXHM0f|L{X| CHS T2 A
OB H A A

Korea Energy Economics Institute




@ ol 2 xH Mol x| HA 52480

& P2G : MO X| (R 72 S(H20)
= THMOILIX| Gl AA S = v

Power Grid

Gas Grid

Power Grid

Heat Exchange

°1|'-'III%I1I 94 u

-_
ergy Ecol tute

Distribution

—H—’-

e

Chemicals




MY LY

2019.7. 3.

°1|L1x|%x1|°a?%~

Korea Energy Economics Institute

A o AFH wIAAR /1

AlF A

A2 FA
A2 #F
A3F =
=

A4

Eajcbqu 2 B3 gt

27 §90) Ads 2322

w4 /59

o waeol g 3k
Qo 2ste A% FA4s AY A
DHEZS T AL EA] o] FR S Au| 29

A3E TAE 72 / 163

A5
A6
A7 A
LA o0
A% 1
A9% 2

g e Mds FAAE 165
FTOE 53 fXg w4 205
ZQ49 qAE ¥8, &= 230
i —————————————— -
/255

A 7o A3 29

(B I

A FEE vAwEA B A

AL0% 7%t thgot dAle] FEe AT 1A B0 - B4

<3AgH w2 TF> / 364




- XS O] K] R}

-
(o)
=]

o
o1
l
foF
D

M=l

: O M X]-Of LA K]

07| g

ke

Al

- O M| 2 X]-Of| LA K| 2~ B -

ol 2| BlEo|E SUE 715

A

K|t ORI E gk 7|ghef of|H K|

2

(=]

- =MoL x| A

o
[

, =AM X4 (Green Bonds) 70| E 2}

At

T2 4Nt HEE RE-EP-EVMESHEE 2

=

OB H A A u

Korea Energy Econol

mics Institute




2020. 6. 8.

WA J8wEIIHE

dud [MEW) F5< [KDD =HE (23]
IS MA) 23 (MESH | oldBUXIE=EH)

OIZE (B3:) UEE (71E

OB H A A u

Korea Energy Economics Institute




ol oL A| =

20| 94%0] FHStLE, XY
S 40X R Ol B 7ts

2te ol X|=¢ o|&E
HE 180 & 2| Of| A X| =&
o MA XA AT 2= 0E 1.82 H2(2,200F &
=5t M of| X, 0| X| 2 &, ™ 7| XHRE-EP-EV) =
-EU BtaM £ 5 S2Y XEA ZHE CiH|st 7|
- RE100*, Of| | X|H| & Z** Of| L X| M AH| MAFEE

* 23570 22 7|Y0[ 100% MEHHX| AHE MA(HE & 7U7[E2 sl

A ARTX| NAA
=4t 90 M2

o bR AANT BRE 19 24

o sgE A NFAH 2 £ HFes U

Of|f XA ™

Korea Energy Economics Institute




IT. Of| L XM gkat T 2l

|:Io| |;||I-| X 2k

[
=17 22— - - ™

I |:||ﬂ = EE |

20304 0| JISHS METRIE N
AP THE ASE U2 J|=HEH 4I=
e | [2xe - anems || w22 =8 | [AmE arxy
30 27t 2AIFA~

2% o xo| oy || 1002PH LRREE || 271 GDPSIHR +1% B 7=/ EF
d= 58 X7 94 60Z=% S5 T%* 0007" =4

—'50E Net-zero 2H

Al | El~22)
H7|5|2. 8 e
- 4772 20 DEOILUNEENY | Xz ME
— STYZEE FE=INIF-ZH), ’a‘ﬂ ez T TS |

e HEX = IZHEX} By HEET
@718, M) EHEX 815) aa3 X2t

| 10 =38 F=XAA
© @ BABNAIIUEE Tl
@ (uE) MAolx| x| oy
@ @&s) cixly BEo= ouixEs M
@D (HFH) DRUP[-OBUEAZ ™E
® +2) NNPRTWHRSHIASR Hoh
@ (M) TEA OfLx| Y S

@ (X19) X|XHH| of 14 x| = =tat Il“ihgga 57“

e m(i“?_')"*l?_’s’qgl’ e T
o =8 ARk SxiEH =
o @E) 8H-HERrR&D-AHHEA FHM

OB H A A u

Korea Energy Economics Institute




CH

=12
2!

2. (27) x40l A x| =7

€ True-RE3020 EZt

ﬂ
K
=
K
4
=)
%0
=
o
<]
i}
mn
=
4
S
0
>3
mo
ol
=

~
=)
3
0
ol
H
=
of
of
<dr
~
=<l
oI
f1
H

H22| M

=AY S
it s) =

* O 2 A= Y], S A XS

G LIZTE-CIERS

® X|Z RE300 ==X

239,

, P2G(H = 9| 7t

A T T
| AFR S

o d$a
AlBE A

0|8
RPN

°||L1x|%x1|°a;1%~

Korea Energy Econa

mics Institute




g wE SULAWY
(A Tx} v ahal o 8 =])

MEIJNE EY0l=E Hptl02 e
ZHE FAMAM MY FHs, SAE FHWM ML ZHE,
ETS ARINA 28 ARIE %

# 7149 164 o]FE BEste] FA)7] vpguc.

'Eﬂ"'li J8 &
. Hio] X .
rolam o, =stj= . A RS

qﬁ'ﬂ!i![q‘}iq /
AHY LT

Algsd 281 I

- MERIZ TAUHs (EIMACE HHY -

W 5
2020. 7. 14. fAg-+8 3= IS8

1004 (HELA
0N &8 OXg - J2 g=t

P 033 AUE AR 012 4249
ON5Y By xRy 012 N
OgE g o2a || | | ganE Janm SuE7 A 2w

T
[ OugsE@on | J2 =g (360

| LMD 210} (F8MM)

OB H A A u

Korea Energy Economics Institute




(YEETER

1. 1}5| 7

2. 78 EXALY X )M

Khu
X0
~
o
(o}
—
o
=

ol
<
Wk
orl
Kq

N~
o
o
T
orl
Kq

)
<
o
oyl
=
¥{o
K
)
N
N

=

o

25EHIK| & AFYH| 11.3X Y(2H| 9.2% &) X} LXt2| 3.8

| X|e22 QIs| |Cf 137} 2 SQ|

* S AFZ S EE HAEH|

| (200 7F1)

o
=

| A4 A H| A X|H| X|

A
()

A8

L=
(S

)

AEE =27X| 237

J
* (20~'22) 370 A EA|

3

LA
o

H

E

=~
T

17l 7|

3

A, (~25) 370 EA| F7hEA

?_l.

°||L1x|%x1|°a;1%~

Korea Energy Econol

mics Institute




YS!
NEE

o

0, 20. )

HHd 4

A8 okt AEEAFHE HAXN ¢
Ao e

(20, F)

e

-HA L BHE S a0 D) B,
IS

4 R&D) O[2fE TI[At &5 - +2XH8 BRTX] A

i
SH
JlE7hE, 2o BN s2& 7] -

YWY 28

2 Olef 22E|E|

‘22EHK| & ArgiE] 8.6 #(=H| 5.6 ™) T AL YAtE] 528 ) HE

25E X = AFREH| 203 |(=H| 131X ) EXL LX2] 15.1

~N
<
©
ok
ol
Ka
=l
K0
=
K
o
[=
il
Ny
alll
oK
Kir
N1
3
)l
=
]

A
N

<M
ol

® (Ol 2} Xt

X
(i
[

=)
[ T—
1. ot 7H R
2. T2 EXAMY U H = 7H 4

~ * RS KEA|
Ofj L4 x| K| A

Korea Energy Economics Institute




- UJE

23He B

| A

=]

1

T
T
20
T
RO
4
<

OB H A A u

Korea Energy Economics Institute







AMEEEZ Q)9 7H%}

[n]
=

<r

EZcle) 5x2| 4=t

A ¢

A
o T

HA K| 2

=
— T

HA 2 M AR b

A

X|SH
(hi

Bl 0|2 HIEC 2 LIMHX| 1tH| 2

Ol xIZ A

Korea

o
-

Ins

Energy Economics




(ZEE2|Q))°| 743}

~
N
N~
(@)
Klo
o
m
o
™
N
Bl
dd
o:
<F
4
<F
KH
~
]
o0
o
@V
)

g

O| H|F 2022 89%, 2030'F 65%, 2040 63%ItK| HA T

mics Institute

Ol xIZ A

Korea

Energy Econo




E=Ke]
27t He

2
H 7K

=27t 7K
%

fof
<
-
ol
I+ Bl
or
of
o
i
|

£
2

(ZEZE|Q)
| AMNEEERQ)

al A

—l_
2 2533 M 20304 50%, 2040 70%2 M

H|Z 2t 2030 50%, 2040'd 30%2 778

9l

SH

K=EA
T=T

Ins

Energy Economics

2
& MX|0 20222 FE
& 23 TH
°1|'—'|II%I1IE|$

Korea




ol
=
=
Nl
©
o
K
o)
bl
™
il
0{J
©

L
=]

St 20| 0| M

°||L1x|%x1|°a;1%~

Korea Energy Econa

mics Institute







i
™
Kl
iof
<
°
oF
KO
N[
o
u
i
|
4
£l
=1
of
<

A A

* TH 2

2 o i PAFEoA 227t H

SRRt

¢

HorgolM 227k Hy

A
(il

ol X|ZRIH 7Y “

Korea Energy Econa

mics Institute




7}A(COG) E=ES2 42kg S(

=
-

T4 2.3kg, MEIR

=
<
™N
wll
ol
<
S
%0
=)
nal
foF
o
Ny
i
r
oy
nH

X2 : Yoo et al,, 2018; XX} &

&

‘03Z00 94

A
(i

¥

H

A

&

AL
T
o FUO|HX| HA =T =24+ HIZEO| Okg (— 21

°1|L1x|%x1|°a?%~

Korea Energy Economics Institute




<549zt A

X8 B9

Diesel

LNG

A
—|3|x_

1,324/

711.5%/m3

1748 /kwh

71.38/kwWh

8,0002/kg

13.4km/A

11.0km/m3

5.3km/kWh

5.3km/kWh

96.2km/kg

99% /km

658 /km

33&/km

148 /km

833 /km

aOaANAXx
=5aM

AL
tEEIH

Yy

1,324/

711.58&/m3

376 /kWh

173&/kWh

6,0002/kg

(2030)

X2 $HR7pA L

°1I|—'III"'611I°J-T%~

Korea Energy Economics Institute

713 /km

33&/km

62 /km




(EH:

20224

20304

20504

1,500 ~ 2,000

1,500 ~ 2,000

1,500 ~ 2,000

1,500 ~ 2,000

2,700 ~ 5,100

2,600 ~ 4,800

2,500 ~ 4,300

2,400 ~ 3,900

9,000 ~ 10,000

7,000 ~ 8,000

3,000

2,000

3,000

2,000

= : 44, 2019

°||L1x|%x1|°a;1%~

Korea Energy Economics Institute




| ZEZZ|2(BAU)>

el
X
(e0]
N~
m
o
4
(@)
(V]
S
<

<0
X
(a8)
(00)
W
o
(99}
(@)
(V]
3
O
()]
N
(QV]
(@]
(@]
(V]
X
N
()]
()]
m
(o]
A wa
(@]
(V]
Kfo
|

CHAN Q1 B|S KA

Ins

rgy Econom

Ene

OB H A A u

Korea




& AKX 0 2040E LK

M X

IS

|I:
Bl
ol
KE
=
AN
S
ol
_I.—
<l
fuy
f1
=
>
(@)
LN

@e| ez

21044 x|

<CH4E

A& @27, 2019

OB H A A u

Korea

stitute

In

rgy Economics

Ene




ak

of d=74E7

=]
2 e

LHE 7HEE (MCFC & SOFC)

HMX| LY

T2 MM
Ches

A=
t

%)
[V
P
%]
O
'
=
wi
e
0
Rl
~
o+
of

Y
29|

. =
.
- A

Energy Economics Ins

Ol xIZ A

Korea




e,
e

Energy Economics Ins

Ol xIZ A

Korea




& 20224E7R| =
& 20304 7}X]

CH

CH, Ol X| HA =2 9.6%7HX| =

=1
=

ny
X
LN
L
<
<
=0
il
%0
Mo
o)
I
<
1
4
urd
K
0

2 9F XA of| L X
A +=27FH13.7%

A~
T
o

=
<

0
H_.%

1

o
=
=

& 20404 77HX|

o2

=1
=l

o IHUOIHX| HA =2 67%2 Ja, A2fLt AIZE

— 2040E7tX| Sl =UA ME HXNME HAE™X| HH| 6.6GW7HX| =2 2

Ol xIZ A %l”

Korea

stitute

In

Energy Economics




o
=Ll
o
ol
LH
-
_|I|
o
H
3
Kl
od
4
<

2
&
O
O

o
+8 ma

=
=

A& AE[E A A

OlH}A
2t

1.

A

(Gl Al &7t

= MO A K] AFZ KR}

ol
=

A BlE — AoLA A

OB H A A u

titute

Energy Economics Ins

Korea




OfLfRIFHIHR

Korea Energy Economics Institute




2= O X|(&)0| Ofl "0 X 2EtA|(energy carrier)”
E O1|'—‘|7(| HE WM (FAH s - F2[dd, BiHZ| 5)
F S HAEE NME, EHZZ

—

M,
O A
S

& =& =24X Edst=
=802 04X ndY
o $40 Cf7E HET
HIStAI7 O|% 7Hs
Mot HOtA FAX[Q B
(Of: SFELE ARSI LIS Arat

A gtz oA WS of2{Ctel H

=

off Xfj-d Off L X (Eff &

°1I|—'III%I1I ”

[
Korea Energy Eco s Institute




>

[t
N
TR -

e
E

mQ Of rm Y}
1 Mo
>
o

N N oo ot
m oy rir N
ot

=l

r

1
o
1

ENME(HySTRA Z2NE)

F L= (NEDO) AlE Z2HE

2t 7

T 2= HySTRAS M2, 2

<HySTRA T2 E

Australia

Low-cost hydrogen production
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Use in processes
semiconductor
and solar cell production,
oil refining and desulfurization, etc.

‘Power plants

Energy equipment
— hydrogen gas engines,
- gas turbines, boilers,
fuel cells, etc.
Transportation equipment
— hydrogen station,

cars, etc..

Hydrogen transport
and storage

Hydrogen use
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Grid stability assessment

\oltage Stability

Overvoltage

Inertia Ratio §.
Spinning Reserve .
Power Quality LT Ll )
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.l \
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‘" Relatively
—>  simple

control
system

. required

RE power limiting (inverters)

e ez

Installation of secondary diesel

units

Short-term energy storage

(flywheels, etc.) |
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Load shedding
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VRE 20% Estimation

Vv _
S
@JYY\ N\ » Load
| Assupmtion - X=0.2, V =1
Thevenin
equivalent
Eth<o iX V4|0 s =p+jo  Receiving End
Y Y\ |—|
@ openl >
Transient reactance is 4~5 times of reactance
Eth<d  XP,

/T \% Actual > X =0.05, V =1

Casel: cosp =1, Q=0

V .
E, /5= @ 1- ] 0'21 ! 10211316
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20% Injected to AC network
PACl ' H1 + PACZ ' Hz + PACS ' H3

Equivalent =
IDACl T I:)ACZ T PAC3 +@

2004 +50-2+150 - 3

H

HEquivaIent = = 28
200 + 50 + 150 { 80
Inertia 3.375 > 2.82 &4
HEquivaIent _ 3 O _ 375 Generator operates

0.9 at 0.9 power factor

P -P)-f -dt 02-1-0.2

df = ( = 0.00714
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VRE : Variable Renewable Energy .
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VRE 50% Estimation Assupmtion > X =05, V=1

v S
@m N > Load
T I T Casel: cosp =1, Q=0
. XP .05-1
Thevenin E.Z0 t=1-] =1.12/48°
equivalent V 1
Etr<d X V4|0 s, =p+jo, Receiving End
Y YN i
) openl g

Transient reactance is 4~5 times of reactance

Eth<o  XPy Actual > X=0.05, V =1

]

>

v
Vv XQ, Case 2 : coso = 0.85,
v P,ee = 0.85p.U, Qe = 0.527p.u,
E, /5=1-(05-0527) - j(0.5-0.85) = 0.85./40.3




VRE 50% Estimation

U

! 20% Injected to AC network

S

_ PACl ) H1 + PACZ ) Hz + PACS ) H3
Equivalent ~
PACl + PACZ T PAC3 "'@

2004 +50-2 +150 - 3

H

H. = —1.69
Fquivalent = 900 + 50 + 150 +@
Inertia 3.375 > 1.692 A
Hequivaten:  1.69 Generator operates

0.9 - : 187 at 0.9 power factor

P, -P)-f,-dt _02-1-02 .

o N - —

i

S
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_________________________________________________________________________

P VRE : Variable Renewable Energy .
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‘i Objects of this paper

1. Energy Transit

“Micro Grid” “Smart Grid” “Super Grid”

B | T i
gy
ngr

Load Flow will be “fuzzy” EEEE
en
Use of ispersed eneration Bulk Power AC/

Energy Highway

AC system’s analysis is completed!! DC? = NO!

2. Integrating of Analysis Between AC System and DC system

* DC/AC analysis Using symmetry coordinate method
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NORWAY

Offshore Wind Farm Sites
I Operational or under construction (2014)

I Permitted
I Pianned (with priority)
N Other Planned or New
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*Multi-terminal HVDC

|
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|
|
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(M Operational or under construction (2014)
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Digital Grid
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Digital Grid

CELL , :
NO.1 i
CPU
|
Lo l e _
ke /I.P ; WM Powell'P‘;. N(‘j
///zo\w -
/¢ . / .\
~ |cpu ‘ ’ S
N P% cpu]
\ /
N, /’. /
CELL ‘.\ { /
’ . I.
IP007 No — Ny CELL
CPU| | DC/AC No.4
% i( i( ; Inverter )
|P008 - I - S-S I This example shows power being routed (red lines) from

Cell No.1 to Cell No.3 via the digital grid router at Cell No.2
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1. Power request is broadcast 2. Bid response

<
Request Reply
3. Bid acceptance and confirmation 4. Power distribution LT T ‘;’M“P‘- .
’ ower .
Powe? Source CELL 4 P |’%‘:!-rﬁ.":msader‘.
~ oo
,— \\ N, - —— - .- .
~ { ] / ........
< i

Reservation &

\\ Confirmation

Multiple Power
Routers are Available

AY
1
- J
Designated | ié &

Energy Storage

O CELL G Energy Storage Device
® Digital Power Router D Distributed Generator

Date Starting | Finishing | Source | Sending | Receiving | Sending | Loss | Balance | Tariff | Money
Time Time Cell Cell Energy | Energy (c/kwh) | Balance
XXX

PNl 10:29 11:50 Cell A 200kWh 10kWh 190kWh 30.4
ANl 12:50 15:40 Cell X 120kWh  7kWh 63kWh 195 XXX
pNCKwal 16:40 18:30 Cell B 420kWh 20kWh 463kWh 20.2 XXX

2016.6.28 YN 00:40 Cell Y 230kWh 16kWh 217kWh 38.5 XXX
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—DQ— Power conversion activates
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Vinv=Vx - ej‘f’
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Voltage Phasor of Node ¢
Viov—=Vx - Ej(wct+¢)
| =lac = Ibc = Idc
= aVljoL = V(1 — e/9)/joL _
‘ . | = aVijoL = (V-VX - e/®)/joL
P+jQ=V:3I P+Q=VI*
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Digital Grid Router

Digital Grid
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27.1~311
Including policy cost (271~311)

40 - BG5~217
(excluding policy cost) yen/kWh o
35 4 0.3~307 —
(202~212) 7
(281)
[ Policy cost
) Accident rak cost
CO2 cost
1 Fuel cost
1 Operason
Jmaimtenance cast
 Additional safety
measure cost
M Gapital cost
Nudear Coal- LNG- Wind Wind Geo- Large Small Small Biomass Biomass Od-fired SolarPV SolarPV  Gas Qil
fired fired onshore offshore thermal hydro  hydro  hydro (mixed (large (residen- cogene- cogene-
(low)  (high) combus- scale}  tlal) ration ration
tien)
Source: Power Generation Cost Verification Working Group (2015)
Including policy 306~434 240~279
9 (excluding pou:::;o yer/kWh (306~433) (24.0~27.8)
35
297
(281) i
30 - 27.1 7 Policy cost
(236)
233 W Accident risk cost
25 218 (204
(158) _‘ €02 cost
7 189
20 109y 1 Fuel cost
137
123 (37) 126 W Operation
D C S B 115 T & v ) iy 110 €122) /maintenance cost
(B8~ (108) —— 1 Additional safety
measure cost
10 41—y W Capital cost
S 4
o

Nuclear Coal- LNG- Wind Geo- Large Small  Small Blomass Biomass Oil-fired SolarPV SolarPV  Gas oil
fired fired onshore thermal hydro  hydro  hydro (mixed {large  (residen- cogy COQy
(low)  (high) combus- scale) tial} ration  ration
tian)

Source: Power Generation Cost Verification Working Group (2015)






VRE 20% Estimation

[ SE+2 H52H8 2 AHESE W53 ]

6% AH 7 A=

dz T SRS TS IV ESEE

cGwh (MW) (GWh) (MW)
75 516,156 82677 489,505 82,478
8 532,604 84576 500,754 BLBI2
17 548,041 83218 530 622 83,206
18 564,256 91 509 555,280 91.79%5
19 578623 96,683 574,506 94 840
20 500,565 952316 583,362 97 261
21 597 064 97510 600,063 9,792
2 602,049 99,363 600,222 101,849
23 605724 100,807 617,956 103,604
o2 611734 102,839 625,005 105,200
75 624,950 105,056 631,653 106,644
26 640,133 108,037 637 %3 107974
o | 6535 088 544, 0028

(1001 (160) 98.3) 08.6)
“IH AR 1RG0 110 6805
29 656,883 11929
AR 22 0.4 21 22

R - - - -
T e
656.883x1.021x 0.2
Pire = — = 61.2GW
8760 x@
61.2[GW]x 100
Porel] = w2 OWIIN _ g g

112[GW]x1.022
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ANIEN :
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> )& EM X2 012, 115 80m JIE, 2005-2007 349 WA=
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> D A2 Class 4 0|0t (B& X240 EUHNMOZE 50HK= %3]
39 Wind Speed [ms]
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Offshore Wind Turbine
Development for Deep Water

L | 1 | | |
%50 121 122 123 124 125 126 127

| L |
128 129 130

Water Depth(m)

L
131 132

Longitude (E)
Otute =W Yo =&l OX
=4l (m) 0-5 5-10 10-20 | 20-30 | 30-40 | 40-50 | total
HH (km?) 1,655 6,484 | 15,767 | 9,530 | 5,423 7,728 46.587
(HAHH], %) (3.6) (13.9) | (33.8) | (20.5) | (11.6) | (16.6) d
FHMHE (km?) 1,655 8,139 | 23,906 | 33,436 | 38,859 | 46,587 46,587
(M HHH|, %) (3.6) (17.5) | (51.3) | (71.8) | (83.4) | (100.0) '
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Application
Presentation

Session

Electric Power System Connectivity

Connectivity of the eleciric power system refers
fo the increasingly widespread deployment of
communicating equipment that provides access
o data streams and functionality to help inform
decisions and behaviors all clong the volue chain,
from the power plant to the end consumer.

HTTP, FTP, SMTP
JPEG, GIF, MPEG

AppleTalk, WinSock

Transport

Network

Data Link

Physical

TCP, UDP, SPX
IP, ICMPF, IPX

router

Ethernet, ATM
switch, bridge

Ethernet, Token Ring
hub repeater

Figure 1. OS5l Model —or “Stack” —and Example Protocols [5]

Connectivity in the electric power indusiry poses
several challenges, including the large volume of
data; proprietary legacy systems and the need
for enhanced security; and inconsistent lifecycle
timescales of utility ossets ond rapidly-evolving
connectivity technologies.

Size of Dataset

; < oo lifeDaa >

T T T T T 1 T T T T 1 .1 [ [ 1T 1T T

Number of Datasets 7 8
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Information Sources g Operations Center
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Reporting

>

Figure 5. Augmented Redlity Applications on Trhlnte fnr Einld
Crews [8]
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UK Wind Farms: East Anglia (3/4)

“World's largest wind farm’ with 217 turbines
that can power homes for 750,000 homes
takes shape off the coast of Essex

« Whan complete, the £1.7 iillon project i the Thames Bstuary will boast
217 hrtines

+ 1wl D able to gereraie snough slectricity for 750,000 hames

+ Set 1 be connected to the National Grid next spring

od s cc U, G s Camg 2 FA0 | e 0 05 | O e M 30

Wind farms !

converter station

Offshore
AC substation

DC cable
transmission

Onshore HVDC
converter station

Tt Pl T Te TR e & SE RN TR MR

e

@KIS-ORCA

www.kis-orca eu

DONG

energy
London Array Offshore Wind Farm

EMERGENCY CONTACT NUMSER.
OB455 441037

NOT TO BE USED FOR NAVIGATION

Offshore Platform Supplies

2 x 40 MW converter stations
excluding transformer

Equipment on three levels
Weight:  ~ 750 tons
Footprint: ~ 350 m2
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*Multi-Infeed HVDC LT
Glasggrov@__

213 uke <]

*Multi-terminal HVDC
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Offshore Wind Farm Sites
I Oparational or under construction (2014)

- Permitted

B Pianned (with priority)
B Other Planned or New
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Multi-Terminal HVDC
AlH|2|Of - HF - M

HVDCH A ZH'8 EE
1. AC EE + BTB HVDC : < 200km : AHX|d
2. PTP HVDC + DC EE : > 200kM : ZH|’S
3. Multiterminal HVDC :



HH 5lH . *_c‘i%': Mo, HE
Radial =/ &4t X

=3 70%, —.—ur-.- 60Hz
= .J%E* 7.3GW

220(KV)
110(KV)
154(KV)
66(KV) s

Mol|Qt Sl S - WHHE
i 7 X - 10GW)
Multi-Infeed + VSC HVDC

Multi-terminal HVDC
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Blockchain 7|2 2]

Internet 21} ALH O] Wikipedialt H|w5H0] A&
Wikipedia2| E%

> APEXE0| W2 AEE0| BEE 7|5

> AEXE0| 2SS 789k Update

> Wikipedia entry= 2t =& AF2| Product” OfE

> Ot ok AtEHO 2|5HAM FE7} Control = X| Bia
Blockchainl} Wikipedia= Distributed Networks (the internet)

A0 M S2HSEX| 2 Wikipedias & AFO|E HE|Z Client-Server
Network Model& O|&



Blockchain 7|2 f42|

A& XH=0| Wikipedia PageOf| H& g T{OHC}, Updated Version of
the ‘Master Copy' of the Wikipedia EntryS 2+?!

Database®| MO 32 Wikipedia AdministratorS0| 210 QU0{A],
Database Access Permission= Central AuthorityOll 2|5 A] 22|

U D Server Database
(It's a master copy!)

Chents
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Blockchain 7|2 f42|

- 0|2} &2 X E "Wikipedia's Digital Backbone” B4,

> 88, 29, EASE0| eXfstd A= HEl : Highly protected and

Centralized databases

» DBO| &R Xt7} Centralized DB2| MO A= =Lt

» (Management of updates, Access and protecting against Cyber-threats)
 BlockchainZ|=0f| 2|5f T+=0{%l Distributed DB Wikipedial| Digital

Backbonelt 2t 5| 40

« Bockchain :

> B E AEXHNode)7t =2 X2 ZE RecordE Update.

> 7t Popular®t Record?t &4 Record?t E|11, O] RecordE EE AHEX}

t S/



Blockchain 7|2 f42|

- Transactions are broadcast, and every node is
creating their own updated version of events.

Clients

O 0 0 Ol
) oo fal) o fal) o

Database

coindesk
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P2P networks
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Blockchain 7| = &l g|

Blockchain2 ALliet 24t & (Ledger)
(2= HeHLHE 2 HER RO &S Node=0| E5, ER0ICHH Lt
Of| A, = =Y Nodel| & > OFFL} =9l

O) A, B, C3HO| QI M AtEIS] B O] MRS ZFZH 10Tt A 7}
X2 Qo MEZ} Sl= HeElE E&5H7| {8 Al Blockchain AHE.
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Blockchain 7| = &l g|

MM A= BZF LAl X| &S AALH| 2,5002 & AL =2, & &Y
MY Az CeF g MYt AHIOE ", A= C7t LA X|=t H| &
O| HtOl 10,5002 & AL, EE At
Block #01 Block #02 Block #03

A 100,000 A 97500H A 87 000H

B 1 100,0008 B 1025008 B 102 500%

C: 1000008 |, C:100000% |, C:N0500%

AtoB: 2500 AtoC 10500

O 2= & Y2 & | rE*OI EX| QO , MEZ} HOrE 7HK|
O UK 2Ts. AR =2 A A ERX=K], LA LA
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Blockchain 7| & 2|
- =0 A Q0X|= A= =2 EX|7| fol, M2 ZEE otLt &
A, Bt C7F AOJ|A =2 5THRIM & Aoz ¥EE &Y.
Block #01 Block #03 Block #04
A 100 000% A: BT000% A 1870008
B:100.000% B:102500% B: 525008

C:100,0008 |.... o CINOS008 | C: 605008

AtoC: 10500 E'[l:-A SCI 0ao
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Blockchain 7| = &l g|
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Hash function

Message M (arbitrary length)

= © HA = Hash Value h
(fixed length)

£ yits UESte xdts 7| /o0 Lot xit= A

= CHRISHY AlLHsH 20r0f of=0| 0] & &+ &8 Al

yat 0| 256bits (64 hex code &
7t 25 02 UFSt= xdf2 &

xal CHRI0l |+ =0t

Q]

£ 32bytes) O A] & 2o7H
op{™H E|C{ 22256 H
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Hash function
0fl) SHA-256

> digest("", algo="sha256", serialize=FALSE)

"e3b0c44298fc1c149afbf4c8996fbh92427ae41e4649b934ca495991b
7852b855"

> digest("This is test", algo="sha256", serialize=FALSE)

"5c00dd7bd7b2f948b7867f987bf194487cc0dd7963e1d71e0cd1fcd
956324baf"

> digest("This is test.", algo="sha256", serialize=FALSE)

"465f09657f95d9fe4db66ddalf8abfof2a7ed4ede82fb91fdca9f46bcc66
37cc15"



Hash function

Hash valueE #1 MessageE S st Y2

1Q
T
of
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ga
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SHX| 2 y& £ BILIO| ValueZt Ol E7 = (0f, &Hofl 470 & "0
0|1, LIHX|E O X7} 7hs )2t BHESHH EILHH, MessageS
e SYE7t Zoty

YOI XE& k2|
X=0%E] X122 cf s Bof & Y7}t 1608|E 2 1

SHA(X)
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Nonce(E &0)
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8% 02 34zt

SHA(E%0)

Nonce(& &1)
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Mining
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