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2°C target and Negative emission

€ More than 120 countries commit Net Zero Emission. Overshooting scenario is considered as an
alternative scenario for achieving 2 degree target due to the “Hard to avoid emission” and
uncertainty of technology innovation. / 1200 EXU EA * v F T AHEHEZES., 75 THard to
AvoidBEHE GEEIF A =WHEH) A oF—N—a—FTA4 7o FUFHEEIS

@ Negative emission: - Biomass CCS, Direct Air Capture
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Chemical Industry - a case of Hard to Avoid emission industry
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Net Zero emission for
Chemical Industry
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Role and limitation of Bioenergy//" 4 # T I ¥—DELEIH

> Bioenergy plays important role in achieving the 2 degree target / /XM # TR F—32EHIETEEL K E
> Barriers / iRRE;
> Bioenergy is competitive with oil base when carbon price is $150/tC02. (IEA ETP2020) / fli#&HI#Y
> Limitation of supply because: Need to double the current biomass supply./ E8IHIH]
IEA IRENA
Bioenergy use by sector Primary modern bioenergy demand (EJ/yr)
< 35 3 150
@
§ z: . 20 120 128
2.0 | 10 Others (incl. DH)
15 - Power
10 v Buildings
05 | - Transport_|
0 I Industry

2019 2030 2040 2050 2060 2070
mBuildings, traditional

olndustry 62950
m Agriculiure 4 2016-2050 — ——A——
@ Power generation with CCUS 200 S Rsnfgs%ase
@ Other energy transformation with CCUS
Share of bioenergy
30% Unit total cost, 10% discount rate
3.5
20% 3.0
g
3 2s
0% D E g Kerosene Price at
2EI19|2D?[} 319‘20?02ﬂ19|20?ﬂ2ﬂ19|20?1}2{119‘2370 4 10 Crude Qil Price of
Buildings | Industry |Transport| Power | Primary 0.5 . _
final final final eneration| energy 0.0 . - _— $50 1 DD per barrel
) energy | ensrgy | energy Lo HI Lo HI Lo HI
@ Buildings, modem ) .
@ Transport Vegetable oils Corn and sugarcane Wood residues a
mPower generation without CCUS M Feedstock cost W Capital cost 0&M cost

@ Other energy transformation without CCUS



CCS is indispensable option/ "RHEHE WA 7T 3 »

€ CCSis certainly an essential option for achieving the net zero goal and market with big potential.
However, only a few companies have made serious investments in CCS, and no large influx of

investment funds has been observed.
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Barriers for CCS investment

| ssues | fats Counter measures

Economics v Limited or zero income from 4
CO2 containment / BTEBHAHT Vv
FIAZEE LW 4
Legal v liability for long-term safety v
framework containment / READZFEITH
DEE Y
Technology v" Uncertainty of long term v
containment / REITHE
v Innovation for cost down / 3 v

A MHIRDA / R— 3>

The most difficult. both science v
and subjectivity / 2= & [, Fl
FLEHOME CEE v

Reputationrisk v
and skepticism

Carbon pricing(regulation) /3R &l
Emission trading(incentives)/Mf ¥t~ T4 7
Infrastructure by public(cost reduction)/ 1 >~ 7 7 (&

Regulatory development using ISO and international best
practice/ISOWRR M 75 9574 R%&;ZA L 1-i&%(E
Mechanism to undertake long-term monitoring of storage
by government/BIfFIC & 2 REALZEITEHEICF] F =
¥

Continuation of the demonstration project / FEf D E;E
E¥

R&D investment in capture technologies. Diversified
investment in various technologies/ BIUX LT DR&D, %
BREFH~NDSEIRE
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Public relations and communications / I %R
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Carbon Pricing in the world

» Carbon Pricing (Emission trading and carbon tax) is adopted in many countries. It is

expected to be increased and its rage depends on the carbon policy.
> H—R 7T 74 REHLDETEAN, =Ry 774 RFLEET 2D, BERRE,
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Net Zero Emission by corporate and role of offset

» Many companies, including energy industry, declare Net Zero Emissions. CCS contributes to the

reduction of LCA emissions or the creation of offset credits.
> ZLEN Xy PEOAES, CCSIZLCAHEHEIE. 7L > v FEIEICERR

Hierarchy Approach

Target setting / BIZE&E

(

Reduction of energy consumption / ;5 & Hlli&

v' Improvement of energy efficiency/ FZRE
v" Reduction of energy demand (e.g. circular economy) / B EHlli&

(

Decarbonizing of fuel/energy / TR JIL¥ — Dtk &1L

v Fuel switch

v' Renewable, zero emission fuel
v" Nuclear

v" Fossil fuel + CCS

(

Offset/ A7ty b

Specification for the demonstration of carbon neutrality
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4 Demonstrating carbon neutrality -

5 Determination and substantiation of the subject and associated
greenhouse gas (GHG) emissions «--ovooeme e

6 Quantification of the carbon footprint -
7 Commitment to carbon neutrality -
8 Achievement of GHG emissions reducfions -,
9 Offsetting residual GHG @MISSIONS -+« wwrreverr s eesssseesersee s e
10 Explicit declarations in respect of carbon neutrality - oo

11 Maintaining carbon neutral status -«

Source BSI( British Standards Institution)




Net Zero Declaration/{EZED 2 v b A~DHY) FH A

> Voluntary action by industry is increasing after Paris Agreement//X U {3 E LIEZED B
FRYEEY fHA LB E

> Energy and energy intensive industry declares Net Zero too/ T % /L ¥ —FEZE - T X)L
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Offset credits — as a potential of revenue source for CCS

» Offset credits can be an important source of income. Conditions; methodology and demand.

> 7Yy b ILYy MMIRANRICEY 5%, 12720, BAEREBEL DT,

————

» Demand: compliance(regulation purpose) and voluntary offsets

> FREIBRFIEND R Z o 2Y—F Tty b,
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Voluntary offsets
(ICROA Recommendation)

Clean Development Mechanism
Climate Action Reserve

Gold Standard

Joint Implementation

Verra®s Verified Carbon
Standard

American Carbon Registry
Emissions Reduction Fund (ERF)
of the Australian Government

ICAO CORSIA
(EEMmzZE D& E)

» American Carbon Registry

» Architecture for REDD+ Transactions

» China GHG Voluntary Emission
Reduction Program

» Clean Development Mechanism
(CDM)

» Climate Action Reserve (CAR)

» The Gold Standard (GS)

» Verified Carbon Standard (VCS)




Lower carbon fuel — as an option of revenue

> Basket measures for Carbon Neutral (CORSIA); offset and low carbon fuel are allowed. Petro base

low carbon fuel (LCAF) is an option, in addition to bio fuel / 2020 ELABEDHEHEMAE L (RF%E
RIER) . 77ty FPERFELREHTZEIRE(CORSIA)

> Emission decline by Covid-19 / Covid-19(C & 2 HFHHE DiF 4

International Aviation Met C0z Emissions [MT)

CONTRIBUTION OF MEASURES FOR REDUCING
INTERNATIONAL AVIATION NET COz EMISSIONS

u w} Operational mprovements - ----m.r-—

@ Aircraft Technology - .-

Basket of Measures

Carbon Neutral Growth from 2020
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Feasibility of Carbon Neutral Jet Fuel

> LCAF for CORSIA is under consideration; calculation of reduction, sustainable criteria etc. /LCAF(Z

& SHFHHIREDE R, et E NG & 2T,

Boundary for low- carbﬂn jet fuel

.
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Figure 6: Supply Chain of Low-Carbon Jet Fuel. Net CO; Emission Reduction =1 — (£ X0-3
+¥1) *¥1 = Zero. Low-Carbon Jet Fuel may Reduce Life Cycle Emission by 20%%—40% from
Conventional Jet Fuel, Depending on the Amount of Stored CO.. (Sources: Hongo 2017, 2018a)

Source Takashi Hongo, Carbon Pricing to Promote Green Energy Projects, Springer
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Economics — Sensitivity analysis of EOR

» CO2 EOR has crude oil revenue. Storage is an additional source of revenue when carbon price is

adopted / CO2 EORIZIZE;HUNA DB V), Carbon Price? H N ILETE HSEMYXA IR,
> A key for economic is transportation infra / BiiX 4 ~ 7 7 I3 FEDH ¥

Table 8: Sensitivity of Economics of EOR m US

Base Case Case 1 Case 2 Case 3
< Assumption
Oil price ($/bl) 100 50 G0 60
COy cost (34 C0y) 50 50 20 &0
Carbon price ($/ CO,) 15
< Operation (for 1bl)=
(Fevemue)
Oil sales 100.0 0.0 0.0 60.0
(Cost)
Royalties & tax 216 10.8 13.0 13.0
COy purchase 17.5 17.5 280 280
CO, recycle operation 12.0 12.0 12.0 12.0
Other OPEX & CAPEX 12.0 12.0 12.0 120
(total cost) 631 523 65.0 65.0
Carbon credit revenue 53
Balance 36.9 —-23 —50 03

—
MNotes: 1. The base model is prepared by Michael L. Godec (Advanced Resources Intemational),

“Opportunities for Utilizing Anthropogenic CO, for Enhanced Oil Recovery and CO, Storage™ and

modified by author.

2. 035 t CO; is consumed/stored for 1 barrel of oil production according to this model (as an

assumption).

3. €0y, cost is the cost for CO, supplied to an EOR operator. Cost of captured C(0), at this model
mcludes capture and ransportation costs.

Source: Author,

US EOR
(pipeline infra is available)

Break even cost

v Oil price: $60/bl

v Capture cost: $80/tC0O2
v Carbon price: $15/tC02

Break even cost

v’ iH{ft&: $60/bl

v [ER3 R |: $80/tCO2

v ixF&ffit&Carbon price:
$15/tCO2

Source Takashi Hongo, Carbon
Pricing to Promote Green Energy
Projects, Springer




Risk Analysis for Investment/Finance

> Risk control table for investment and finance; political risk, commercial risk and technology risk /

YRZaArbrA—LxR BEYRT, BEVRI, &KifVRS

Table 4: Risk Control Table for Finance

Capture EOR (injection and containment)
(Political risk)
Foreign Low (~medium), depending on Low (o1l price 1s USS linked)
currency project country, but in general
exchange oil-producing country’s risk 1s low

(mostly USS linked)
Regulation/ Low (~medium), depending on Low (~medium), depending on
incentive project country, but in general project country, but in general

oil-producing country’s risk 1s low

oil-producing country’s nisk is low

Contact breach

Low (~medium), depending on

Low (~medium), depending on

(incentive) project country, but in general project country, but in general
oil-producing country’s risk 1s low oil-producing country’s nisk is low

Political Depending on project country Depending on project country

turbulence

(Commercial risk) P —

Market — o1l

Medium
(CO; purchase by o1l producer)

Q Medium-high )

Market — carbon
premium

Medium, low (long term)

Medium, low (long term)

Energy and
matenal supply

Low (heat and power supply for the
process)

Low

v In general, CO2 EOR is
lower risk than
geological CCS / £k &
L Tco2 EORD K E
CCSICLERTY R 7 (FE
Ly

v Oil price risk; volatility
and long term demand /
HMAZEE) & REMESE
Z

v" Technology risk; long
term safe containment /
Bifi) R 7 TIEREAD
RELIFRHIPYRY

Sponsor Medium (electricity power Low (oil company)
company)

Funding Low-medium Low

(working

capital)




Risk Analysis for Investment/Finance — cont’d

(Technology risk) N

Construction Hyh (need more exp:an\\m and Low (based on experience)

inovation)
Performance [High (need more expeﬁencé\and Low (based on expenience)

innovation)
Overall cost High (need more experience }.nd Low (based on experience)

innovation)
Reliability igh (need more e:(periey and Low (based on experience)

iiqovation) Depending on
Safe |‘ ~—_— Cmﬁed onexperience) ) regulation/IR b
contamment N— %E%IJ ;)/zfé\-%-

Source Takashi Hongo, Carbon Pricing to Promote Green Energy Projects, Springer



Legal framework



National regulation — ISO for CCS

> Serious risk is liability for post closure period / &= KD ') X 7 |XPost Closure
> Regulation as safety net is needed / It ¥ V) K & L TOMRFIE(E = HIF

_ ISO 27916 (CO2 EOR)
ISO 27914 (Geological CCS)
4 Documentation

4 Management systems 5 EOR complex description, qualification and

5 Site screening, selection, and characterization

) construction
6 Risk management 6 Containment assurance and monitoring within the
7 Well infrastructure EOR complex

8 CO2 storage site injection operation
9 Monitoring and verification

10 Site closure

10.2 Criteria for site closure

10.3 Closure plan

10.4 Closure qualification process

7 Well construction

8 Quantification

9 Record keeping and missing data
10 Project termination

10.2 Periodic assurance of containment
10.3 Termination plan

10.4 Requisites for termination

10.5 CO2-EOR project termination

10.6 Post termination ﬂ

Limits of the Standard Assurance of safe, long-term
Investment Start of Cessation f “\ containment shall consider
decision injection of injection ! .
fection. |, of ijection | ( fluid movement to ensure that
Period name | S Screening _S'tleﬁ_ . Design and Operation Closure Post-closure leakage out of the EOR complex
and selectien |characterization| development ; - . .
Project is unlikely. Some jurisdictions
operator . h . . .
Regulatory mignt require post-termination
authority monitoring or follow up
activities.
L )| activities




Long term liability — transfer mechanism
(READ Y RV DBEAH=XL)

> Hard to hold business risk for a long period of time (20, 50 years or more)/ S HAf] (20,505
~) BREVYRIERET I LIZEE

Investment Start of Cessation N
decision j injettinn—l nt"injettiml—l ('
Period name Site screening S'tﬁﬁ . Design and Operation Closure Post-closure
and selection |characterization| development H
Project
aperator
Regulatory
authority

Project/Investor | ¢=======- Government/SPC

Fix earnings by transferring long-
term liability / REBOE =% 1 ~
TRy B TT 5T & TR
mEEESES



Technology



G, capture in chemicals
Ammona - chemical sbaompiion
Ammona - physioal shamiion
Retharal = chemical absorpdon
Kctharo - physioal absoepaon
KMethared - plhysical adsompdon
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Camenl - pay-uelng
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Camnnt: - direct separmion
C:0, capoura Troem air
Dirsit air caphu - i

Clissec) air copbum - iguid

Technology Innovation — bottleneck of CCS Technology

BTN b Iv 2y 7 (S EIYREL

GO, capture in fuels production

Fakril gas prcissing

» Capture technology is under developed. Reduction room

is h|gh/ EUNFATIEERE L, IR ME[E T
e BN
» R&D support: “Concentration and selection” VS

“diversification” / S & FEIRH . DEURE D ?

Hydmgen fom Jas with
carbon capiune

Biomethare with carbon
Caaiare
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T (AT GO, 17 i
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azrhin capkare ;
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—
Eary adoption
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Technology Road Map of Innovation — long way to go
BEifinoaA4 / R—=aViFRVWEDY

> Innovation in lowering capture costs has alongwaytogo/[EJUN I X r5|EFIF DA / R—
YarvigRynwaoD

» 20-30 years is needed to realize

Road Map in Japan innovation and diffusion / 1 ./
2020 Yen 4000/tCO2 R—3 3> & ERKIZIF20-304F 1

2030 Yen 1000-2000/tC0O2 JHEE
2050 Yen 1000/tCO2

v

Common technology > Japanese budget is limited to up tp

® CO, Capture Technol .
2 ~apire fechnology 5 years, which does not cover the

, : Target for 2030 Target from . . .
e e etonst sosts s ¢ 20590 Onwards time needed for innovation. R&D

en rgy

T ey - . scientist have to find next job after

(improvements in selectivitylcapacity'durability improvements) or low-prassure gas (CO, separation from
. flue gas, blast fumace gas, etc.) e

Reduction in production costs of functional materials JFY2.000 levels-CO e d % Li 5

Optimization of processes(in terms of heat/substance/power, Fequired energy 1 5 GUHCO, ; ye a rs p rog ra | l ' p e rl O 0 ﬁ

ete.) Chemical absorption, solid abscrption, ete.
= Selection of the types of CO; capture technologies based TpHen. orplion. :

2 on - R —~ —_
the COz emission source/application ) - For high-pressure gas (CO; ?epar.:'.ion from '::;‘L:"r:r_:ilﬁ;r:;y:r €0: ﬂz i i > i > i n n OVa t i O n k \ g 7;_}: EH Faﬁ

» Establishing CO: capture and conversion systems by matching chemical process/fuel gas, etc) . Achieve JFY1,0004-C0. or

CO: supply and demand with approaching co-production JPY 1,000 level®-COy J .
- Transportation and storage Requ_lred energy 0.5GI-CO, ) + Improve the robustness and % j ' / \ -_— ( g g E ’ % %) 5 (
Physical ption, membrane sep. L eto

<Individual Technologies= reliability of CO; capture

. - . = Owerall review of other processes Systems
C":W:;il JbSY :p;m;vergpe ature swing (current process|) Closed IGCC/Chemical looping, etc. - Optimize CO5 capture / 0) Hﬁ?
qPP ired e "QY Ap;ro:. 2 5GIH-CO, JPY1.000 level®-CO; systems according to the
- Physical al bsorpt (pressure swing (demonstration stagel] Required energy 0.5GJ4-CO; zmlﬁ;;;z ooooooo d
- Solid absorption (temperature swing) (R&D stage) - Pe
» Physical adsorption (pressureftemperature swin 2

<Establishing a CO, capture system> + Fullkfledged spread of
g . of an energy-saving, low cost GO, €O, capture systems v
selectivitylcapaitylendurance life) :a tem that is designed for each CO,

Iess advantages in scale-up, improvements needed in
urce/usage
= Membrane separation (pressure difference) g

- Others: cryogenic separation technique, Direct Air Capture, ete. . :::r'::;::‘w“fdei'i?‘i:;irfgmm?:j::mss nd :
erscn Tachnlogis o facite G0, Capre> reisbay » Science and technology budget

» Oxygen-enriched combustion, closed IGCC
evelopment of low cost oxygen supply technaology

 Chamiea oo s system needs to be reconstructed

Development o low-cost and durskis cxygen cariers 5F 4—7—?312 TTI % %| }"— D %E L 75\




Revenue from carbon pricing / I—FK 774 Rk B3UXA

T RRE LR IS E R 75 3R,

» Innovation in lowering capture costs has a long way to go. Securing stable financial
resources is an important. /[BIN I X FE[ETIT DA / R=T 3 VIFRWVWED Y,

Use of Auction revenue by EU ETA

Billion EURO

30 - 2.89

2,5 4
1,95
2,0 -
1,5 4
1,0
0,5
0,0 T T

Source EU Auction Revenue Report 2017

» Carbon pricing is
considering in Japan /
H AT % Carbon
Pricing D & A& 57

Prime Minister Suga
instructed considering the
adoption of Carbon Pricing
contributing for growth
strategy  (Minister of
Economy, Trade and
industry and Minister of
Environment on 21
December 20290) /&4
Eh o REKICE

% Carbon Pricing D 1% 5%
DIg~ (2020512821
H. ®@FEXERRE. &R
BRE)




Japan Model for CCS



Japanese Model / HER ETIL

Green X7 Blue

> Developed in Japan, deployed overseas / B A TR, BN CER
> Green Hydrogen VS Blue Hydrogen or Green Hydrogen and Green Hydrogen / £ B T I AR}

» Infrastructure development by PPP and competition for R&D support for capture technologies / PPP
IZ& DA 7 7 m & BINEAMT D EEFHIR&D

|

Capture
EBY%

Private
EfitzE

R&D Support

*Target prices will be lowered
following technological progress.

Transportation

Sequestration
=
T e

Payment

Government entity
[EEEEES

Revenue guarantee

Government

BT

Government
expenditure
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