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Carbon Neutrality

® Carbon Neutral(CN) does not mean “Zero Emission GHG”
® It means balance of “Emission” and “Absorption”

Emission Absorption

by Artificial
Emission by Land by Sea
{1 Ceo @
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Trees absorb CO, while growing up

Required time will be 30 to 40 years

Time Constant = 50 years
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Photosynthesis

6CO, + 6H,0= C;H,,04+ 60,

G :
CHa0H

(from soil)

Photosynthesis is one of the most vital phenomena in the history of the earth
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Historical Change of CO, in the atmosphere

Partial pressure L_ife on earth Relative ratio ofi CO2
of COZ (atm) > (Present Level=1)

— Glacial Age of Huronian Fand
CO2 level =

Glacial Age —
of Proterozoic £
S CO2 level
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Estimated CO2
= level

Limit of Photosynthesis
for C; Plant( CO2=150 ppm)

20— 30——20=—0—0

X 100 million years Source: Casting(1993)
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Ocean Circulation System : Ocean Belt

Ocean Belt 3@ Ocean Circulation System

P' o
Antarctic Arctic

1000 years

Up-flow

3 -' ‘..\ '._ ..- .-. y
Deep Water
I
By W.S.Broecker
y Bottom
Water

Circulates in 700 years

Time Constant = 500 years
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CO, after Carbon Neutrality
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CO, concentration (ppm)
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Once emission and absorption reach equilibrium,
CO, concentration In the air decreases in several hundred years
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Zero Carbon — No Life
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All animals, plants are made of carbon

Animal Cell
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Even bacteria and virus are made of carbon
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Composition of Human Body
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Carbon is the vital element of Human Body!
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Carbon is the basis of human life

DNA Combustion in the Cell

® Mitochondria
® ATP
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Food

® Protein
® Fat
® Carbohydrate
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Human Body and Coal Fired Power Plant

LA

CeH.,0, + 60, = 6CO, + 6H,0 CmHn + pO, = mCO, + n/2H,0

® 2400 kcal/day/person

® 40 g-CO2/h/person ® This is equivalent to 6GW coal

fired power plants

\ 4

® 120million Japanese people
= 40 million tonnes CO2 per year
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Zero carbon means no life

With carbon , full of life
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® Types of Renewable Energy

Type

Load Control

Secured
Capacity

Conclusion

Example

Features

® Variable Renewable Energy
(VRE)

None

No (because of unpredictability
and intermittency)

No contribution to demand-
dispatch control

PV Wind

*No generation *No wind, no
at night power

+1/10 on rainy

days

-

i

® Stable Renewable Energy
(SRE)

Controllable

Yes

Load can be controlled to match
the demand

Hydro Geothermal Biomass
*High -Same as +Same as
speed load thermal thermal
control power power
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»VRE needs back-up to compensate!

Defects of VRE

@ VRE output is intermittent and unpredictable
@ VRE output does not comply with demand
® The gap must be compensated by back-up

100%

0%

PV

Demand

~Always there exists a gap!

___—Output by VRE

—> time

® No power output at night! ® 1/10 on rainy days!

Fine day Cloudy or rainy day
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6,000
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Direct Current vs. Alternating Current

/N /\
%

® Fight over DC or AC

Thomas Alva Edison ‘
(1847-1931)
® Direct Current ® Free Voltage Control
® 1883 ® Electrical Network
® New York City
® Pearl Street Station ‘
® Transmission:1km

I” “‘ .”’

Nicola Tesla
(1856-1943)
® Alternate Current

® 1895
® Niagara Falls Hydro
® Transmission:40km

® Finally, AC won and was adopted
for electric network worldwide.
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® Frequency must be controlled at any time!
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Alternating Current

® Direct Current

® Alternating Current

/\/\

50Hz---50 cycles per second

\
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® Alternating Current

T
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® Alternating Current system is shutdown by 5% deviation!

Alternating Current System e — Human Body

Basic Freq. 50 Hz far more sensitive! Basic Pulse 50 beat/min
Deviation 5%—47.5Hz Deviation 5%—47.5pulse(A3)
Result Shutdown by UFR < > Result Heart can sustain

\
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Supply and Demand must meet at any moment!

Japanese standard frequency control range : £0.2Hz

(Power Generation) | LEreduency (Consumption)

0 dasl gids it
51 49 48.5 o e i/: U

® If the deviation is over 1.5H, , UFLS (Under Frequency Load
Shedding) is activated !

® If the deviation is over 2.5H, , all generating plants
go to automatic shutdown ----- Blackout occurs!
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® Two limits against the frequency drop...

UFLS : Under Frequency Load Shedding: Cut demand side
UFR : Under Frequency Relay: Cut generating side

Hz
50
Limit
49
UFLS: pemand-cut
— -=148.5

1
48 ‘| UFR: Generating Equipment shutdown

: -147.5
47

0 Sec hour
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O Outages in the World

Mongolia 54.0

2.0 @ Saudi Arabia

South Africa 44.0 Bangladesh 64.5 A
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® Developed country

1.5 L y gChina ® Middle class country

Australia 4 Under-developed country

1.0 . .

USA -Mex1co

0.5 Malaysia = m Thailand Qatar
® UAE oK
O .France Germany. J Japan
0 100 200 300 400 500
Source: TEPSCO June 26, 2021 Population density (person/km2)
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Frequency Variation Record on March 16,2022

It is a serious problem to prevent blackout in Tokyo

5050 Before Earthquake
50.05Hz
Fl'eq Uency 50 00 d‘:f;_-#—
Area
49 50
£9.00
UFLS
:J After Earthquake
48.50= = B — Setting
48.43Hz 48.5Hz
A=1.0HZ
48.00
2330 23:31 23:32 2] 12 23:34 23:358 2336 23:37 23:48 2330 2340 2341 23:42 23:43 23:44 23:45
UFR
_______ N o Setting
47.5Hz Source : TEPCO Power Grid HP
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® Possibility of Blackout in Tokyo
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AC Electric System vs. Human Body

AC Electric System Human Body

5% deviation

3 Hz out of 60 3 beats out of 60

| T AR

UFR and Shutdown

Blackout! Healthy and Normal

® AC Electric System is much more delicate and sensitive
compared to Human Body!
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VRE vs. SRE

7 Solar and Wind x' H ‘

ydro and Geothermal

@riable Renewable Energy/ \Stable Renewable Energy

g ~

Intermittent and unpredictable Stable and Controllable

~ ~~

Sacrifice System Stability Harmonize with AC System
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Solar and wind are cheap and economical?

Generation Facilities : Energy Storage Facilities

|

i

Solar :
VRE |
|

|

|

wind |
|

I

------------_---------_--1--------------
' e P o -

Geo-
SRE thermal

Biomass |
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Reality for electric system stability

Generation Facilities Energy Storage Facilities

|
|
| Battery
|
Solar :
VRE
Wind
Hydro
Geo-

SRE thermal

Biomass
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® Seasonal Time Shift

® Wind power generation is greater in winter than in summer !
—>Seasonal power shift is necessary when wind percentage is high!

Off-shore
8.%%‘? - On-shore
Wind Power
15—

T 3

|

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Monthly Power Generation by Wind in Germany(2020)

Source: MNet Public Electricity Generation in Germany in 2020, Fraunhofer
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Energy Storage

Weeks
>

Days

large-scale

Large-scale energy storage

\ energy storagg Power to Gas

Hyd
ARG bk /| Methane

Hours

Redox-Flow-Batterics

Minutes

NaS, Pb

Li-lon, NaNiCl
etc

Seconds

i Super
capacitor

“Super- Flywhool B
conducuve storage )
magne_t;{b»  _

"yd'o — o

h—_—_——&

Batteries by batteries is very
difficult

® 1GW-1 Week storage

B
B

1kW

10 kW 100 kW

1MW 10 MW 100 MW 1,000 MW
Power

Source: “Development and applications for MW-scale electrolyzer systems” (SIEMENS, 2016)
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Renewable Energy needs Thermal Power !

Thermal Renewable
Power Energy
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Thermal Power Plants in the future

® Thermal Power never die, only fossil fuels are
switched to synthetic fuels!

Surplus Renewable Energy

nthetic Fuels
(Hy,°NH;3-CH,)

ossil Fuels
(Coal-Nat.Gas)

|
Vi

= Thermal

\
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Requirements for new thermal power plants

4 )
Fuel Versatility

Multiple Fuel Capability
. /

4 )

Quick Load Change

R
r \

Minimum Construction

@ Energy Security -
» ® Lowest cost fuel,
either fossil or synthetic
U J
\
® To coexist with AC Current
network
® Prevention of Blackout -
(- )

=

® To minimize construction

and time

\_
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® Outline of FlexPower System

New Thermal Power Plants in Carbon Neutral Society

mm) | FlexPower System

| Flexusc Flex-GTCC

System B-ST-G
Configuration

Fuels Fossil Coal/Oil/Natural Gas/Residue

CN Fuels H,/NH;/Biomass

Construction Small Modular

High Efficiency ST : 650°C

(Inlet Temp.)

Stage Stepl Step2
Load Change 5 15
Rate(%/min)

Minimum Load (%) 15 5
Heat Storage w/o W

GT-HRSG-ST-G

Natural Gas/Light Oil
H,/NH,/e-methane

Small Modular

GT: 1650°C
ST: 650°C
Stepl Step2
5 15
15 5
w/o "

». Institute of Industrial Science,
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Don’t put all your eggs in one basket!

PR T
o ‘T“ TR Rl T T
' - T,

P Y ﬁ-\‘j‘ﬁ'.?‘f'"

F O

> Risk hedge
> Risk distribution
> Multiple options

1= &
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j' “ : "‘} { J i |

® /f you don’t have options,
you cannot negotiate.
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Flex-uSC ANGEL BOILER

® Any Fuels can be used \
® |nverted Furnace
® SH & RH Modules in Horizontal

a | ' Passage
/4 4 ® Minimum Length of SH & RH piping

® Small Modular Construction

| Main
Steam pipe Steam Turbine

Coal =—>
Furnace

Biomass —>
ol —> ﬂ
Natural Gas —> //

H2
NH, —> .\iJ
1

CH;OH |

>

\

!
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Flex-GTCC

/ Natural Gas —)( Synthetic Gas (_ cou \
H, —> | |€—Biomass
NH; —> (— Residue
LightOil=—> <— Refuse
SAF —>
Combustor

Gasifier
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® Optimum Thermal Power Plant in CN Society

® Conversion will be done within the Boundary

N\
‘ Power Station Perimeter \

FlexPower

N\ :

N\ Transformer . %
__| Gas Turbine

Steam Turbine ¥
|
® Accept as Boiler
electricity and :

discharge as
electricity |
ommnimize Electrolyser

conversion loss

[Hydrogen and Oxygen are used on the spot!]
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'® Synthetic Fuels and Overall Efficiency

Conv. to I-IIE
H2 n=70 PEFC
= Thermal —> @ SOFC 42 30
onv.to
| cHa | Power ® B-ST 28 20
Renewable n= 50 Plants @ GTCC 42 30
Energy ® GTFC 49 35
100 ® SOBT 49 35
Heat Carnot @ Carnot B. 54
Storage 90 Battery :> Engine 36
Compressed Air Storage 60 :
Battery 80 :

Pumped Hydro 70 :

\
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