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Surface ©cean Acidification

CO, Concentration in Surface Ocean
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CO, Concentration at 137°E, average of 3-30°N _in January to February
(Japan Metrology Agency)
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Prediction of CO, Concentration in the Ocean
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Prediction of Aragonite Dissolution in 2100
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Difference between the predicted concentration of carbonate ion and that
equilibrium to the solubility of Aragonite in x mol/l, based on the scenario
of IPCC 1592a, which is 740ppm in 2100 (Orr et al., Nature, 2005)
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Dissolution of Shell in pCO, of 2000 ppm
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CO,-Calcification Feedback

Today's world High-CO, world

pCQO.: 280-380 ppm pCQ.: B80-720 ppm

Calcidiscus leptoporus
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Morphology of Sea Urchin Larva
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(Kurihara, et al. 2002)
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Remarks

&Surface Ocean Acidification is argent matter to cope with.
@Kyoto Protocol is not enough.

@Current possible solution is CCS.




Why Japan Seeks Ocean Storage

Potential Storage Amount in Japan

Categories of Geological Storage Potential
Oil/Gas Reservoir 3.5Gt CO,
Sub-Seabed less than 10 km from coastline 2.6Gt CO,
igllji(;gired more than 10 km from coastline 2.6Gt CO,
Sub-Seabed Unstructured Aquifer (water depth of less than 200 m) 2 1=0GLECS

Expected CCS Amount : 1.5 - 4.0GtCO,/year for 2025-2100
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CO, Storage in Deep Ocean

Prediction of Atmospheric pCO, Change

3000 | [ | [ |

— > Change of Scale

2500

2000

=
A
o
(@)

pCO, (ppm)

1000

500

_/\/

| | I I
1900 2000 2100 2200 2300 3000 3500 8 3400045060

year

Injection (a) 100% into atmosphere, (b) 50% into ocean (1500m),
(c) 50% into ocean (4000m), (d) 100% into ocean (1500m),
(e) 100% into ocean (4000m). (Hoffert et al, 1977)




Concept of CO, Ocean Storage
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Natural Process Direct Imjection

Enhancement of
Natural Process
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Method of CO, Ocean Storage
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Ocean Storage
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Middle Depth Dissolution
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Biological Impact.in CO, Ocean-Storage

Possible Risks of Deep-Sea Organisms

B Acute impact near injection point
Mortality within a week

B Chronicle impact in storage site
Decrease of population by inhibition of growth

M Ecological impact in oceanic scale
Ecological-system alteration through food web



log pCO2 (107 ppm)
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LC., for Exposure Time and pCO,

LC.,: lethal concentration for 50% mortality

zooplankton fish incl. egg and larvae

log pCO2 (103 ppm)
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PNEC (Predicted No Effect Concentration) for Deep-Sea Ecosystems

100
LC., for deep-sea copepod B Obtain LC, ; by acute mortality
105 L \ tests
M Plot LT, , data against 1/T,
= LC. - for deeb.- q where the intercept of linear
% 10* 04 TOT FEEP-5EA EOPEPOTS regression and pCO2 axis gives
\;. NOEC for deep-sea copepods pesCe SR Q0L PIIECAD :
O 103 | T observed effect concentration)
Q B Estimate PNEC=+500 ppm
PNEC for whole deep-sea (Predicted no effect
102 | organisms concentration) by NOEC/AF
(Assessment factor), where
10! AF=10 based on OECD

1071 100 10! 102 103 standard
exposure time (h)

(RITE)
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Near Field LES Model Result

Total Injection Rate 0.1tCO,/s
From a Nozzle 1 kgCO,/s
Number of Nozzles 100
Nozzle Interval 10m

4 Hours after Injection

PNEC=+500ppm

(RITE)

4 6 8
exposure time (h)
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Large-Scale Ocean Model Result
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far less than PNEC
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Further Research on Biological Impacts
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Deep-Sea Ecosystem Model

Physiological Study for Deep-Sea Fish
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~Public Acceptance of CO, Ocean Storage .

Why Public Acceptance’?

Although most bacteria are more tolerable to CO, than plankton,
microbial loop in deep-sea ecosystem is not completely understood.

There are risks, but manageable by Adaptive Management (decision
making by the cycle of monitoring and risk communication).

Public acceptance is the key for decision making, together with
continuing to investigate the deep-sea ecosystem.

4

1. Quantify the images of Ocean Storage by Covariance
Structure Analysis of questionnaire results.

2. Extract consent standard and future research targets for
Ocean Storage by trial of risk communication on web site.

e
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Questionnaire to 180 University Students
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Covariance Structure Analysis to Questionnaire Result
- Scores of 4 Major Factors to Public Acceptance-

Public Acceptance

0.52 =0
Benefit Perception Risk Perception
-0.33 B
Environmental Faith in
Ethics Execution Body

Benefit Perception and Environmental Ethics have
larger factor scores to Public Acceptance
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Covariance Structure Analysis to Questionnaire Result
- Loadings of Each Question to 4 Factors -

Benefit Recognition
0.88

Contribution to Society

Control of the Nature

Benefit to Society

Unauthorized Activity

Benefit to Next Generation

0.91 Impact on Marine
Risk Recognition —E’ Environments
—— . Impact on Marine

Organisms

Adjustability to Natural Order

Confidence to
xecution Bod

0.78

Ability of the Body

Body itself
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Risk Communication
- Virtual Experiment on web Site -

[ Virtual Field Experiment }7

Increase CO2 Concentration >

h 4

Calculated Mortalities of
Fish and Zooplankton by Models

\ 4

[ Discussion and Voting whether }

the experiment should continue or not




Risk Communication
- Virtual Field Experiment on web Site -
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Risk Communication

- Free Discussions on web BBS site -
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Risk Communication

- Tree Structure of Discussions on web BBS-
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Risk Communication
- Logic Analysis of Discussions on web BBS-

Definitions

Proof (p) ApB: Argument Unit B is inevitably the truth by Argument Unit A

Support (s) AsB: Argument Unit B is possibly the truth by Argument Unit A

Challenge (c) | AcB: Argument Unit B is possibly the false by Argument Unit A

Disproof (d) AdB: Argument Unit B is inevitably the false by Argument Unit A

Others (0) AoB: Argument Unit B does not have logical result by Argument Unit A

AXioms
PP=Sp=p
ps=ss=cc=cd=dc=dd=s
pc=cp=sc=cs=dp=ds=c
pd=sd=d
op=0s=0c=0d=00=0

gsitive Ground Ratio (PGR) \

1, (A)+i1(A)
i) (A)+i, (A)+i (A) +i, (A)

PGR, =

Attention Ratio (AR)
D, (A) +1
AR = je{p,s,c,d,o0}
A

2 2@

aere pscdo

\\ I (A): Number of Argument UnltA/
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Risk Communication
- Time Change of AR Distribution -

10th day 14th day 17th day

d V8

B continue virtual experiment

B concern about ecosystem
O request higher concentration O others
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Risk Communication
- Resultant Two Major Discussion Structures -

PGR:0.36

Concern about ecological impact}

PGR:0.67 ; | ] PERE0-20

[Conduct field experiment carefully} [ Impacts are inevitable }

PGR:0.64

[Accept storage where biomass is small
PGR:0.33 ; | . PGR:0.60

[ Possibility of precious species } [ Expect ecosystem recovery}

v

[Careful Investigation on ecosystem in the site}

PGR:0.67




. Situation-Surrounding CCS

CCS in IPCC

w -

& IPCC Montreal: Special Report on CCS (Sept 2005)

@ CCS can reduce the cost for mitigation of greenhouse gas effect in
this century by more than 30%

@ If CO, cost is more than $25-30/tCO,, CCS will be efficient

& Geological Storage: potential of 200-2200 GtCO,

& Ocean Storage: still on research stage

& EU (Sub-Seabed, no Ocean), Japan Korea (Ocean), US Australia (Sub-Seabed,
no comment to Ocean), Saudi China (sitting on the fence)
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Legal Issue - London Dumping Convention

& London Convention (LC) on the Prevention of Marine
Pollution by Dumping of Wastes and Other Matter

@ Protocol 1996

& Annex 1: Reverse List

@ Annex 2: Waste Assess Framework (WAF)

@ Waste Assess Guideline (WAG): not the subject to be ratified
@ Adopted in Nov 2005, Issued in March 2006

@ US, Japan not ratify yet

& Japan is preparing for ratification in near future (2007 ?)
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CCS in London Convention

LC26 (Nov 2004)
v UK proposed WG for CO, for Sub-Seabed Geological
SG28 (May 2005)
v Geological storage should be discussed in LC
v" Surface ocean acidification and economical benefits
v Necessity of monitoring for leak risk
LC27 (Oct 2005)
v UK, Australia, France, Norway proposed CO, in Reverse Lists
v Opinion Book by Feb 2006
v" Hold WG for CCS
Protocol 96 was Issued (March 2006)

WG for LC27 (April 2006)

v' CO, should be in Reverse List

v" Discussion on CO,WAF/WAG (Sub-Seabed) with Greenpeace
SG29 (May 2006)

v' Drafts of revised Reverse List and CO,WAF/WAG (Sub-Seabed)
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Future Movement of CCS in LC

@ LC28/LP1 (Oct 2006)
@ Adopt the revision of Reverse List ?

& SG30 (May 2007)
9 Finalise Draft of CO,WAF/WAG ?

@ LC29/LP2 (Oct 2007)
& Adopt CO,WAF/WAG ?
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CO, Ocean Storage Project of RITE, Sponsored by METI, Japan

w

dtill 2006 (Phase 2)

@ technologies for dilution
@ acute and chronic biological impact
@ public outreach (stakeholders, academia)

dtill 2010 (Phase 3)

@ long-term biological impact by benthic and pelagic chambers
@ small-scale field experiment (Canada, US, Korea, Norway)
@ international collaborations

dtill 2015 (Phase 4)

@ real-scale field experiment
@ international public acceptance
@ revision of CO,WAF/WAG of London Convention
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Surface ©cean Acidification

Past and future CO, atmospheric concentrations

Direct

measurements
ppm lce core data 1 Projections ppm
1 000 1 - 1 000
[ Scenarios
— A1B
900 900 aaT
S S A1F
800 - [ 800 A2
r — R
i — B2
700 ] L 700 mopa
600 ] 800
500 ] L 500
400 ] L 400
300 ] o L 300
200 ] L 200
100 1 L 100
EI ] T T T T T T I D
1000 1200 1400 1800 1800 2000 2100

(IPCC)



Moving Ship Method

CO: Ocean Sequestration using Moving Ships |

Potential amount in the

whole Ocean: 7300GtCO2

-Emission from Japan:

1.4GtCO,lyear

Planned storage amount:

50MtCO,/year

(RITE)

-Storage site: 300kmX100kmX1000m

If well diluted, the increase of pCO, is 0.67ppm
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Time Changes of CO2 Emission & Electricity Supply in Japan
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Estimation of Renewable Energy Supplies in 2030 in Japan

1999 209MW 83MW 900MW
in 2030
MW
6000 5500
Solar Wind Waist 00 bill .k

In 2030




CO,(ag)+H,0 »H* +HCO,  [HCO: 1=
HCO,” > H"+CO,”

L

4
Z En[HJr]n =0
n=0

< B=[H,BO,]+[H,BO, 1= [1+ %

Calculation of pCO,

K,[CO,]

[HZBO3_] 2 KB[HSBOS]
K,[HCO, ] [H"]
[H']

[CO =

~ A=[HCO, 1+2[CO,* ]+[H,BO, ]+[OH ]-[H ] =2.435x103(M)

[H']

B

j[HZBos] — 0.409x10°(M)

_C =[CO0,]+[HCO, ]+[CO," ]

-
K, =[H"][OH ]1=6.463x10""(M?)
3523.46

—log,, K, = ~15.5873 +0.034153T —0.074709+/Cl — 0.0023483ClI

2902.39
—logy, K, =

2291.90
< IoglO KB ==

— 6.4980 + 0.023790T —0.45322+/Cl + 0.035226Cl

—3.3850 + 0.01756T —0.32051/CI

S =0.03+1.805ClI
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» Human Health

» Soclal Resources
Ecological Risk

» Primary Production
» Extinction of Species
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