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Article 2

OBJECTIVE

The ultimate objective of this Convention and any related legal instruments that the
Conference of the Parties may adopt isto achieve, in accordance with the relevant
provisions of

the Convention, stabilization of greenhouse gas concentrations in the atmosphere at a
level that

would prevent dangerous anthropogenic interference with the climate system. Such a
level should be achieved within a time frame sufficient to allow ecosystems to adapt
naturally to climate change, to ensure that food production is not threatened and to
enable economic development to proceed in a sustainable manner.
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Figure 1. Schematic picture of the
proposed two-layer upwelling-

diffusion model.

Figure 1. Schematic view of HILDA model {modified in Shaffer

and Sarmiento, 1995].
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Figure A.2(a): Emissions of carbon dioxide (as an example) in
the four "policy" scenarios generated by IPCC Working Group
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. Figure A.2(b): Emissions of methane (as an example) in the four -
"policy" scenarios generated by IPCC Working Group ITI.
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Figure 6.11: The contribution of the change in greenhouse-gas
concentrations to the change in global-mean surface air temp-
erature (°C) during 1875 to 1985, together with projections from
1985 to 2100 for IPCC Scenarios BaU-D. The temperature rise is
from 1765 (pre-industrial).The simulation was performed with an
energy-balance climate/upwelling-diffusion ocean model with an
upwelling velocity w of 4 m y-1, mixed layer depth 4 of 70 m,
vertical diffusivity k of 0.66 cm?2 s'l, and a 7 parameter of 1. The
three diagrams are for AT2x-values of (a) 4. 5°C, (b) 2.5°C and (c)
1.5°C. The equilibrium temperature is also shown for the BaU
emissions and 2.5°C climate sensitivity.
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Figure 6.7: The change in surface temperature for a linear
increase in greenhouse gas forcing, with an equivalent COp
doubling time of 70 years. The simulations were performed with
an energy balance/upwelling diffusion ocean model with AT =
40C, an upwelling velocity w of 4 m y-1, a mixed layer depth & of
70 m, a vertical diffusivity k of 0.66 cm2 s-1, and a  parameter
of 1.
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Figure 6.4: The temporal variation of the difference in globally
averaged, decadal mean surface air temperature (°C) between the
perturbation run (with 1% /year increase of atmospheric CO7) and
the control run of the coupled ocean-atmosphere model. For
comparison, the equilibrium response of global mean surface air

temperature of the atmosphere-mixed layer ocean model to the

doubling of atmospheric COj is also indicated by x-symbol at
70th year when the gradually increasing CO, doubles.




Figure 2.3: CO, concentrations resulting from emission scenarios
1592a, ¢, and e plotted using both the 1992 budget and the 1994
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budget. Solid lines represent model results based on the 1992 1;::..\]-._
budget calibration, dashed lines, calibration with the 1994 budget.
The differences between results is small (of order 20 ppmv 25
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Figure 18: Projected global mean surface temperature changes
from 1990 to 2100 for the full set of IS92 emission scenarios. A

climate sensitivity of 2.5°C is assumed. 15

Figure 6.5: Simulated global annual mean warming from 1880 in two simulations with greenhouse gas forcing only, MPI (x) and UKMO(w),
and two simulations which include both greenhouse gas and direct sulphate aerosol forcing, MPI(y) and UKMO(z) (Hasselmann et al., 1995;
Mitchell et al., 1995a). The control runs for each model are also shown. Experiment details are given in Table 6.3,
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the revised concentration history. The dashed curves show slower
approaches to stabilisation and are from Wigley et al. (1995).
Stabilisation at 1000 ppmv is plotted for comparison (S1000).
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results shown are calculated using the Bern model.)
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(with climate sensitivity in the
range 1.7 to 4.2°C). The bars
show, for each of the six

(a)
s 1 1 i 1 i 1 i
- A1B Several models
A= ::;l all S?ol:':f; i
...... enve i
5 d == A2 \\ :
— B1 Model ensemble 7
- — B2 all SRES :
o .- |S92e envelope
% 41 —is02a } (TAR method) :
E’ : il 1S82¢ low 3
gz ;
o T -
3 3
g !
g H
a
£ 24 ; '
[ i L
1% e Bars show the
e range in 2100
e produced by
b several models
T T T ¥ T L T T B T
2000 2020 2040 2060 2080 2100
Year
Figure 22: Simple model
resuits: (a) global mean represents the envelope of the illustrative SRES scenarios, the
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Figure 28: Simple model results: Projected global mean temparaiune
changes when ihe concentration of CO, s stabsed following the WRE
profiles (see Chapter 9 Section 8.3.3). For comparison, results based on
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Figure 25: Projcied CO, g sk of

O, concentrations at different final values. Panel (a) shows the assumed
jectories of CO, (WRE and panels (5} and (c)
show the implied GO, emissions, as projected with two fast carbon cycle
maodels, Bem-CC and ISAM. The model ranges for ISAM were obtained
by tuning the madel to the range of 1o GO, and
climate from model intercomparisons, This approach yields a lower bound

{Basad on Figure 9.16}

on uncertainties in the carbon cycle response. The modeal ranges for Bam-

respiration 10 temperature and the turnover fime of the ocean, thus
approaching an upper bound on uncenainties in the carbon cydle
response. For each model, the upper and fower bounds are indicated by
the top and bottom of the shaded area. Altematively, the kower bound
{wherne hidden) ks indicated by a haiched line. [Based on Figune 3.13]
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: IPCC WG |11 AR4(2007):Category | Scenarios

Table SPM.5: Characieristics of post-TAR siabilization scenarios [Table TS 2, 3.10p0

Global mean temperature
increase above pre- Change in global
industrial at equilibrium, GO, emissions in
Radiative co, CO,-2q using “best estimate” Peaking 2050 No. of
forcing | concentration® | concentrations climate sensitivity®h s year for CO, (% of 2000 assessed
Category | (W/m?) (ppmy (ppm) C) emissions® emissionsy® scenarios
| 2.5-3.0 350-400 445-490 2.0-2.4 2000-2015 =B85 to -50 [}
] 3.0-35 400-440 490-535 2.4-2.8 2000-2020 -60 to -30 18
] 3.5-4.0 440-485 535-580 2.8-3.2 2010-2030 -30to +5 21
" 4.0-5.0 485-570 590-710 3.2-4.0 2020-2060 +10 to +60 118
v 5.0-6.0 570-660 710-855 4.0-4.9 2050-2080 +25 to +85 9
Vi 6.0-7.5 660-790 855-1130 4.9-6.1 2060-2080 +90 to +140 5
Total 177
0 GICO,fyear Categary | %0 GtCO,vear Category |l
350 - 400 g 400 - 440 ppm
75 n“f;“mﬂ%m 75+ ﬁl-smm%m
Hi- peaking yesr 2000-2015 Al - year 2000-2020
454 454
304 30 -
154 15+
0 0
=154 -154
=30 T T T T T T =30 T T T T T T T T
2000 2020 2040 2060 2080 2100 2000 2020 040 2060 2080 2100
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"AR4(Fig10.36)
N. Nakashiki et al. | Ocean Modelling 15 (2006) 200-217
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Fig. 1. Schematic temporal variation of atmospheric CO2 concentration in the 2oth century and in the SRES scenarios A1B and B1 and
their respective stabilization scenarios. In the overshoot scenario, CO2 and other GHGs are reduced from A1B levels to Bi levels over

2150-2250. The three dashed lines in the plate denote the end of A1B and Bi scenario, the start of A1B overshoot scenario and the end of
A1B overshoot scenario, respectively. The dashed ovals indicate the periods used for analysis in this study.
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Fig. 2. Temporal change of global mean ocean temperature of three ensemble members; (a) sea surface temperature (SST), (b) mean
temperature averaged over total ocean volume.
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Fig. 3. Ensemble, zonal mean latitude-depth distribution of potential temperature change in the Atlantic Ocean; (a) difference between
A1B (averaged over years 2090-2099) and present (20C, 1990-1999), (b) difference between A1B stabilization (2340-2349) and A1B (2090- 49
2099), (c) difference between AiB overshoot (2340-2349) and Bu stabilization (2340-2349).
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Fig. 4. Temporal variation of maximum North Atlantic meridional overturning (Sv); Transport is calculated in 30N-50N below 500 m
depth. The timeseries for the control is smoothed with a 101 year running mean (the shaded area is the standard deviation within the
1010 year window). The timeseries for each ensemble member are smoothed with a 51 year running mean.
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@ Japan Nuclear Technology Institute

3. Status of the Nuclear Power Stations (NPSs)

hit by the quake and the tsunami
NPS Unit Type MWe Before After After Accelera- Tsunami
Quake Quake Tsunami tiont" (gal} Height
HigashiDori 1 BWR-5 | 1,100 | Outage Cold Shutdown | Cold Shutdown —
Dnagawa 1 BWR-4 924 | QOperating | Automatic Scram | Cold Shutdown 587 [529] | Design: 8.1m
2 | BWRS5 | 825 Reactor | AuomatcScram | Cold Shutdown | 607 [5e4] | CTOUNGERe:
Start (Observed: 13m)
3 BWR-5 825 | Operating | Automatc Scram | Cold Shutdown ST3[512]
Fukushima 1 BWR-3 460 | Operating | Automatic Scram | Loss of cooling 447 [489] | Design: 5.Tm
Daiichi 2 | BWR4 | 784 | Operating | AutomatcScram | Loss of cooling | 550 [438] |  qom (o)
iR 3 | BWR4 784 | Operating | Automatic Scram | Loss of cooling | 507 [441] [O::gg‘wg:iﬁ&ﬁ)
4 BWR-4 784 | Qutage Cold Shutdown | Cold Shutdown 319 [445] 14-15m)
i1 BWR-4 784 | Qutage Cold Shutdown | Cold Shutdown 548 [452]
3] BWR-5 1,100 | Outage Cold Shutdown | Cold Shutdown ddd [448]
Fukushima 1 BWR-5 | 1.100 | Operating | automatc Scram | Cold Shutdown 254 [434] | Design: 5.2m
Daini (2F) 2 | BWR5 | 1,100 | Operating | Auomatc Scram | Cold Shutdown | 243 [428] | Oround I?;er:.
3 BWR-5 | 1,100 | Operating | Automatic Scram | Cold Shutdown 277 [428] {C‘hs&r:;{?étl_:_‘|r .
4 BWR-5 | 1,100 | Operating | Automatc Scram | Cold Shutdown 210 [415] | Locally »14m)
Tokai Daini — BWR-5 1,100 | Operating | Automatic Scram | Cold Shutdown 225 [400] | Ground level: Bm
(Observed: 5.4m)

1) Observed maximum response acceleration (horizontal) on the basement of Reactor Building. The design response
acceleration (horizontal) is in square brackets. SFP # : Spent Fuel Poaol

)
— ,‘."._ I’J"'I — - N EE|: Ju L —u
BEFE— FEAT—EIL, ERBOMELSS
‘ 1F Ground Level : +10m (1F1 - 4)
T i Height :+13m (1F5,6
T R
Design N { '
Tsunami Height || Pump Ground Tubine buldihg T—— =
+5.7m Level +4.0m ' |

DG [M/C,PIC

OF. +10m L
|Linke

qsluhmergad

(Ref.: TEPCO web site)

M/C: Metal-Clad Switch Gear :

PIC: Power Center !

.I::}. — (Ref.: TEPCO web site.)
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SMRTAD I RE—L ./ /TVA DV F)IN—H A~ TEHDB&W mPower (SMR)
TVA plans six mPower units at Clinch River
16 June 2011 Nuclear Engineering International

e Tennessee Valley Authority (TVA) has signed a letter
of intent with Generation mPower (GmP) outlining
plans for the design, licensing and construction of
up to six mPower small modular reactors (SMRs) at
the Clinch River site in Roane County, Tennessee.

o TVA has also advised the Nuclear Regulatory
Commission that it plans to submit a related
construction permit application (CPA) in the fourth
quarter of FY2012. TVA is developing the CPA with
support from Generation mPower (B&W and
Bechtel), according to a 23 March letter to the NRC.

It has also contracted Worley Parsons to provide
project management assistance, Burns and Roe to
provide owner's engineer services, as well as other
contractors to provide site characterization, facility
and licensing support services, the letter said. The
B&W mPower Integrated System Test facility in
Virginia is expected to begin a three-year project
later this summer to collect data to verify the
reactor design and safety performance in support of
licensing activities, B&W, majority owners of GmP
said in a 16 June statement.

. The project could later include engineering,
procurement and construction (EPC) activities,
‘assuming certain preconditions are met.

http://www.neimagazine.com/story.asp?sectioncode=132&storyCode=2059894

N Power
o

“GmP remains on track to deploy the first B&W
mPower reactor by 2020 at TVA's Clinch River site,”
B&W said, adding that it expects to submit a Design
Certification Application (DCA) to the NRC in 2013.

In the 23 March letter to the NRC, TVA said its CPA
is expected to be the lead licensing application for
the mPower design.

The mPower reactor is a 125 MW passively safe
advanced light water reactor, with a below ground
containment structure. On its launch in the summer
of 2009, B&W described the mPower as ‘game-
changing,’ saying that it would be cheaper and
more flexible than the larger designs currently on
offece
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ZIEHIBER (2010~2050) #REARELE FEHEE2050F80%H|BETE D LLEK
Accumulative additional abatement costs*(2010~2050) ; Trillion US'$
International cooperation and Domestic effort

* ABATEMENT COST=INVESTMENT — FUEL SAVING COST
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5. OECD&ENon-OECD, R EEXKE
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P P
TR —ERIR —ERME R R D PEH L (2005 45 & 1. 0)
iH 57 1.2 0.75
S 3t 0.9 0.5
us 0.9 0.4
EU 0.85 0.5
B 434 0.8 0.9
ik _ = 1.6 1.1
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Bl X FAbatement cost

ACCUMURATED ADDITIONAL ABATEMENT COST (2010~2030)
JAPANESE CASE:  30%reduction(300Mt COz in 2030) === 2010 OUTLOOK by METI

INVESTMENT | MERIT OF ENERGY | NET COST
SAVING ( fuel )
Total accumulative JP¥131 Tn JPY 69 Tr1 JPY 62 T
COST (US$1.6Tvi ) (US$0.9 Tri) (US$0.8 Tri)
(2010~2030) $155/tCO
Annual(mean) ¥6.6Tri ¥ 3.5Tri ¥3.1Tri
($ 83B) ($ 44B) ($ 39B)

$10Trillion /40years (2010~2050) in Developed countries
US$10Tri for 40years(US$250B/year, ¥ 20 JK) reduces 130GtCO; by 2050
— $ 77/tCO2 in developed countries
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GTAP 7 Data Base
Moy E C 113

R 2 57

No  Code Description No  Code Description No  Code Description

1 PDR  Paddy rice 20 OMT  Meat products nec 39 OTN  Transport equipment nec

2 WHT Wheat 21 VOL Vegetable oils and fats 40 ELE Electronic equipment

3 GRO Cereal grains nec 22 MIL Dairy products 41 OME Machinery and equipment nec
4 VF Vegetables, fruit, nuts 23 PCR Processed rice 42 OMF Manufactures nec

5 0SD Oil seeds 24 SGR Sugar 43 ELY Electricity

6 CB Sugar cane, sugar beet 25 OFD  Food products nec 44 GDT  Gas manufacture, distribution

7 PFB Plant-based fibers 26 B.T Beverages and tobacco products 45 WTR  Water

8 OCR  Crops nec 27 TEX Textiles 46 CNS  Construction

9 CTL Bovine cattle, sheep and goats, horses 28 WAP  Wearing apparel 47 TRD Trade

10 OAP  Animal products nec 29 LEA  Leather products 48 OTP  Transport nec

11 RMK Raw milk 30 LUM Wood products 49 WTP Water transport

12 WwoL Wool, silk-worm cocoons 31 PPP Paper products, publishing 50 ATP Air transport

13 FRS Forestry 32 P.C Petroleum, coal products 51 CMN  Communication

14 FSH Fishing 33 CRP Chemical, rubber, plastic products 52 OFI Financial services nec

15 COA  Coal 34 NMM  Mineral products nec 53 ISR Insurance

16 OIL Qil 35 1S Ferrous metals 54 OBS Business services nec

17 GAS  Gas 36 NFM  Metals nec 55 ROS  Recreational and other services
18 OMN Minerals nec 37 FMP Metal products 56 0SG Public Administration, Defense, Education, Health
19 CMT___ Bovine meat products 38 MVH _ Motor vehicles and parts 57 DWE __ Dwellings
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Optimal Way to Achieve

--- Global energy system optimization model (GRAPE)

-- to maintain a sustainable global energy system till 2150
-- to minimize the global energy costs

-- no international emission trading

--- Mainstream scenarios

Energy policy
Scenario Economy Demand | Supply CO2 emission
side side
BAU Moderate global growth, No No cap
higher in developing
REF countries, and lower in s e
7650 industrialized countries Ves Capped by Z650

BAU (Business as usual): traditional growth pattern
REF(Energy saving): new growth pattern in harmonious with environment and resources
Z650(Low carbon): to mitigate the global warming 3

Towards the optimized way
Global emissions of Energy Related CO,
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Emissions and costs

CO2 Emissions

(ratios to 2050 level)

Acc. Emissions

Acc. Energy System

searerie | [Renen GtCO2 (2010-50) Cost T$ (2010-50)
2030 2050
World 17 21 1702 391
BAU |ind.c. 1.2 13 689 198
Dev. C. 2.4 33 1013 193
World 15 1.1 1483 363
REF | na.c. 11 1.0 635 188
Dev. C. 2.0 2.6 848 175
World 12 0.75 1110 387
7650 |ind.c. 0.9 0.5 507 195
Dev. C. 1.6 11 603 192

Note: The cost for energy saving are not included for the REF
and Z650 scenarios. It is estimated to be 15T$ for the globe.

Emissions and costs

CO2 Emissions
(ratios to 2050 level)

Acc. Emissions

Acc. Energy System
Cost T$ (2010-50)

Scenario | Region GtCO2 (2010-50) | Investment Fuel
2030 2050 and (Market

operation price)
World 1.7 2.1 1702 135 202
BAU |ind.c. 1.2 1.3 689 71 90
Dev. C. 2.4 3.3 1013 64 112
World 15 1.7 1483 130 181
REF |Ind.c. 1.1 1.0 635 69 83
Dev. C. 2.0 2.6 848 61 98
World 1.2 0.75 1110 143 168
Z650 Ind. C. 0.9 0.5 507 74 79
Dev. C. 1.6 1.1 603 69 89

Note: The cost for energy saving are not included for the REF
and Z650 scenarios. It is estimated to be 15T$ for the globe.




From BAU to REF — Global and Regional Cost and Benefit

Civilization evolution

CO2 Emissions
BAU (ratios to 2050 level) | Acc. Emissions Acc. Cost T$
GtCO2 (2010-50) (2010-50)
2030 2050
World 1.7 2.1 1702 337
Ind. C. 1.2 1.3 689 161
Dev. C. 24 33 1013 176
CO2 Emissions .
REFE | (ratiosto 2050 level) | acc Reductions Ad%'(t)';nal Fuel Saving
2030 2050
World 1.5 1.7 219 10 -21
Ind. C. 1.1 1.0 54 1 =ff
Dev. C. 2.0 2.6 165 9 -14
Benefits of Nationally

civilization evolution

q

appropriate action

From REF to Z650 — Global and Regional Cost and Benefit

Civilization revolution

CO2 Emissions o
R E F (ratios to 2050 level) Acc. Emissions Acc. Cost T$
GtCO2 (2010-50) (2010-50)
2030 2050
World 1.5 1.7 1483 326
Ind. C. 1.1 1.0 635 155
Dev. C. 2.0 2.6 848 171
CO2 Emissions .
7650 | (ratiosto 2050 level) | aqc Reductions Ad%';';;nal Fuel Saving
2030 2050
World 1.2 0.75 372 13 -13
Ind. C. 0.9 0.5 128 5 -4
Dev. C. 1.6 1.1 245 8 -9
Difficulties of International

civilization revolution

#

mechanism




International Mechanism
--- Financial program of COP15 & COP16

Recognizes that developed country Parties commit, in the context of
meaningful mitigation actions and transparency on implementation, to a goal
of mobilizing jointly USD 100 billion per year by 2020 to address the needs
of developing countries.

Assumption of extending to 2050, the total amount will be 4 trillion
USD.

--- Official Development Assistance (ODA)
Exceeds USD 100 billion per year from 2005 on.

Assumption of continuing to 2050, the total amount will be more
than 4 trillion USD.

Practical Approach

From BAU to Z650 — Common but differentiated responsibility

Industrialized | Developing | Global
countries countries emissions
R E I: (ratios to 2050 level) 2050 1.0 26 1.7
Acc. Emissions GtCO2 (2010-50) 635 848
New development
Acc. costs T$ (2010-50) 145 128
CO2 Emissions 2030 0.9 14
(ratios to 2050 level) 2050 05 1.35
Fist step Acc. Reductions GtCO2 (2010-50) 128
Domestic effort
Add. Costs T$ (2010-50) 5
Fuel Saving T$ (2010-50) -4
CO2 Emissions 2030 1.6 1.2
Second step (ratios to 2050 level) | 2050 11 0.75
Cooperated effort | Ace Reductions GtCO2 (2010-50) 245
in developing
countries Add. Costs T$ (2010-50) 4 8(4)
Fuel Saving T$ (2010-50) -9
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Practical Approach

Global and regional emissions of Energy Related CO,

Global target (2005 level =

o \
4\ o0

REF 7

N

[
\

\

N

— countries

!

L countries

o
] [
|
ol
f |

(I9AS] GOOT 03 OLBl) UOISSIWH

o

2000 2010 2020 2030 2040 2050

Developing

(2005 level =1)

REF 7 Industrialized

~ 7650 (2005 level = 1)
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Comparison with G8 Summit Proposal

REF to Z650+ REF to Z650
Accumulative
costs Domestic efforts only With international cooperation
(2010-50)
(Trillion US$) Action Reduction  Cost Action Reduction
ctio (GtCO2) Benefit (Gt CO2)

Domestic reduction in
Industrialized countries 123

Industrialized Domestic

. . 265 38(-10) .

countries reduction International
Collaborated  offsets 123
reduction in
develtoplng Domestic 122
countries counts

Total 373 46(-9) 373

Cost
Benefit

5(-4)

8(-9)

13(-13)

2650+: the scenario with a global CO2 emission cap of Z650 and a cap

for industrialized countries according to G8 Summit Proposal (80%
reduction in 2050 compared to the 2005 levels)

12




Nuclear Phase out?
From REF to NPO - Global and Regional Cost and Benefit

CO2 Emissions o
REF (ratios to 2050 level) | Acc. Emissions Acc. Cost T$
GtCO2 (2010-50) (2010-50)
2030 2050
World 1.5 1.7 1483 326
Ind. C. 1.1 1.0 635 155
Dev. C. 2.0 2.6 848 171
CO2 Emissions .
NPQO | (ratiosto2050 level) | Acc Reductions Ad(él(t)lsc;nal Fuel Saving
2030 2050
World 1.2 0.75 373 20(13) -7(-13)
Ind. C. 0.9 0.4(0.5) 159(128) ((5) -A(-4)
Dev. C. 1.7(1.6) | 1.2(L1) 214(245) 13(8) -3(-9)

Serious impact on cost-benefit performance, especially

in developing countries.
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Harmony
Global and regional CO2 Emissions
Ratios to 2005 levels 2005 2030 2050
REF |world 1.0 15 1.7
/650 world 1.0 1.2 0.75
Developed countries 1.0 0.9 0.5
us 0.9 0.4
(0.8) (0.4)
EU15 0.85 0.5
(0.5) (EU27)
Japan 0.8 0.4
(0.6?) (0.2?)
Developing countries 1.0 1.6 1.1
China 1.6 0.9
India 1.9 1.7

Red numbers indicate the national domestic reduction targets.




Harmony - potential
With national scenarios (China)

Scenarios Actions

Extension of current

Reference .
energy policies

Low Carbon | Enhanced energy policies

Enhanced | With international
Low Carbon | cooperation

Emissions
2005 | 2035 2050
2.3 2.35
(2.0) (2.5)
10 1.7 1.7
1.6 1.0
(1.6) (0.9)

Data source: “China’s Low Carbon Development Pathways by 2050”

Red numbers indicate the proposal of this study
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Harmony - technical capacity
With national action plan (Japan)

Annual CO2
Actions reduction potential

(Mton)
To apply the Japanese high efficiency coal
fire power generation technologies to US, 1,300
China and India
To deploy the nuclear power generation .
technologies worldwide 6 (per unit)
To apply the Japanese technologies in the
: : ) 340
iron industry worldwide
To apply the Japanese technologies in the 180

cement industry worldwide

Data source: “the Industrial Structure Vision 2010”
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Harmony - low carbon future

Regional energy and carbon intensities of Z650

0.2

0.15

0.1

0.05

Energy intensity
(TOE/1000 USD)

\

2010 2020 2030 2040 2050 2060 2070 2080 2090 2100

= |ndustrialized countries =~ === Developing countries

0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1

Carbon intensity
(tCO2/1000 USD)

\

2010 2020 2030 2040 2050 2060 2070 2080 2090 2100

= |ndustrialized countries =~ ====Developing countries
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Results of the global energy model

Optimal Way to Achieve

Global emissions of Energy Related CO,

Gt CO2

land use

I international transportation

m cement

m CCS (industry)
B CCS (hydrogen)
B CCS (power)

W stationary

M transportation

W power generation

200

‘BAU‘ REFLGS#

2030

’BAU’REFLGSJ

2100

‘BAU‘ REFLGSJ

2050
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90000

Results of the global energy model

Optimal Way to Achieve

Global energy mix for power generation

TWh

80000

FC

Solar

70000

60000

Wind

Biomass

50000

" Hydro
® FBR

40000

= LWR

m Hydrogen

30000 +

20000 -+

10000 -

mNG+CCS
HNG

m Oil+CCS
mOil

| |GCC+CCS
mIGCC

m Coal+CCS

M Coal
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Results of the global energy model

Optimal Way to Achieve

Global primary energy supply

35000
MTOE
30000 .
25000
m Solar
20000 = Wind
M Biomass
15000 m Hydro
W Nuclear
10000 ® Narutal Gas
| Oil
5000 M Coal
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Results of the global energy model

Optimal Way to Achieve

Regional energy and carbon intensities of Z650

0.3 1
025 Energy intensity 0.9 Carbon intensity
: 0.8
- (TOE/1000 USD) 07 (tCO2/1000 USD)
’ 0.6
0.15 0.5
0.4
01 03
0.05 02
0.1
0 0
2010 2020 2030 2040 2050 2060 2070 2080 2090 2100 2010 2020 2030 2040 2050 2060 2070 2080 2090 2100
=== |ndustrialized countries =~ === Developing countries === |ndustrialized countries === Developing countries
" CO2 emissions per capita Accumulative CO2 emissions per
12 A .
10 (tCO2/capita) capita

Industrialized countries: 375t
Developing countries: 89t
Accumulative CO2 emissions per
GDP (1000USD)

Industrialized countries: 10t
Developing countries: 19t

\

2010 2020 2030 2040 2050 2060 2070 2080 2090 2100

= |ndustrialized countries =~ === Developing countries
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Results of the global energy model

Optimal Way to Achieve

Emission reductions by sector

58
BAU
53
= 48
5 energy saving
g. 43 = Power(Fired)
o = Power(RE)
B
a 38 m Power(Nuclear)
=+ M tranportation
o 33 - .
|
) stationary
N - H CCS(other)
B CCS(Power)
23
2650
18 T T 1
2010 2020 2030 2040 2050
23
Results of the global energy model
35000 12000
Globe /
30000 Ind. C.
// 10000 Sz
25000 7650 7650
/ / —7650+ —7650+
20000 8000
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5000 4000 55—
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26000
Cost comparisons
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—7650
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Results of the global energy model

Alternative Ways to Achieve

25000 Global primary energy supply

20000

m Solar
= Wind

15000

m Biomass
10000 ® Hydro
H Nuclear

M Narutal Gas
| Oil

H Coal

5000

3z 229 252222 232229
glv szl =z g8 s =slzl=z Rl8==zlz
N|O S N| O = N| O b=
[aa] o o
2030 2050 2100
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Results of the global energy model

Optimal Way to Achieve

Emission reductions in developing countries by sector

40
BAU
35
5 30
g. M energy saving
»
g ’5 H Power
o B Tranportation
g 20 B Stationary
S m CCS
L g5
2650
10 T T T 1
2010 2020 2030 2040 2050

Important sector: Energy saving, Power generation, CCS.
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Results of the global energy model

Optimal Way to Achieve

Difference of power generation system in developing countries

g 30000
o]
S 25000 Other RE
U(% 20000 m Solar
g B Wind
§ 15000 = Hydro
gi 10000 ® Nuclear
g 5000 - - G?S
= = QOil

0 W IGCC

M Coal

Necessary technologies: IGCC, Nuclear, Renewable energy.
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Way to revolution

Equitable allocation proposal

CO2 emission
Per capita

CO2 emission
Per GDP

Equitability

Distribution

Allocation

Green fund of 4 trillion USD, which will provided by industrialized
countries and used in developing countries, is necessary.
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IR7E ¥4 (UNFCCC or KP) T ZEHE (Z [EE) BFA D

71_7 3/ Decision 1/CP.16
48. Agrees that developing
country Parties will take
UNFCCC nationally appropriate mitigation
COP/CMP actions in the context of
sustainable development,
AWG-KP AWG-LCA supported and enabled by
gy technology, financing and
CDM Cancung =& capacity-building, aimed at
. achieving a deviation in
5 NAMAs emissions relative to business
HEDERZE Technology Mechanism | as usual emissions in 2020
bAENES (TEC, CTC&N)
ET2REHD -Green Climate Fund IBEDECAH
E;ﬁféé% (new multilateral BT BELD AN =
;Egb%lﬁf& funding for adaptation) | AALlEtyT0Y
Hifrld & technology cycle, including TINTULVELY,
5%, research and development,

demonstration, deployment,
diffusion and transfer of
technology (Decision 1/CP.16 115.)

F-TZER (ZERBERE) AD—DD /X

B UNFCCCO R A ZMHTET SHIBDEHANBE, F3E.
“ER(BHAINI)BEICLSBHEB IO SLEEEITOTS
L(REAUNFCCCT TOD & EEDNAMAS)EDFRFIA KN B K 5%

BAEFELLY,

LAL. NAMATEEIZIEIZLSD

UNFCCC Dl EREMRVERFBDC. L

COP/CMP HDO LT ORIHBHE, COMD &

} ) STTBMMEERAOCZ LR &L

AWGKP || AWG-LCA D AR H (£ DI ENAVMATT B )
CDM Cancun & EELGLIMELNLLY,
NAMAs

IRTENAMAD FFH R FE>TULGRELAY, DiakEd
UTD3IFEITEELSD,

Option1: unilateral

Option2: bilateral (or multi-) without offset credit
Option3: bilateral with offset credit
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= PEICSTFADARIAIREIZODVTRSAT-2—E>RARNX
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2008 2020 2035 2050 | Remarks
a. MEREEHNE TWh 2790 4040 5091 4700 1
b. ARER=E GW 601 842 1083 1022
c. HEME % 35.2 375 39 40 2
T From a
d. AxHE=E Mtoe 681.6 927.6 1122.6 1010 and o
:/i . B-TRAARKIDCO2| ,099 | 3673 4445 4000 | d*3.96
£ BRANDFRTE GW 413 868 022 WL~
' A+
g. IGCCTHRE GwW 413 868 1022 | dande
h. CO2 reduction Mt 333 542 o0 | Reduction
from e

Based on the EET scenario in - China’s Low Carbon Development Pathways by 205
2:The final target of coal fire plant in EEI scenario is the USC and SC, the thermal efficiency is assumed to be 40%
3:Itis assumed that all of the current plant in 2008 will be scraped and rebuilt by 2050 with the same speed
4:The efficiency of IGCC is assumed to be 46% according to the data from Nakoso, Japan
5:The capacity is calculated based on the same operating ratio of dust coal fire plant (about 53%).




Reference

FCCC/CP/2007/6/Add.1 14 March 2008 ; Report of the Conference of the Parties on its
thirteenth session, held in Bali from 3 to 15 December 2007

*FCCC/CP/2010/7/Add.1 Report of the Conference of the Parties on its sixteenth session,
held in Cancun from 29 November to 10 December 2010

Ry L BRABERERARANDEANCES ZERILOVOHIELRET
TELHEGT THES, EREEAE IS BEERE EENITEEERERE i
BRIBEENTSE S (FR2343A 20114)

*NAMAs and the NAMA Registry: Key issues to be resolved for an international agreement at
Copenhagen, THE CENTER FOR CLEAN AIR POLICY, Washington, D.C.July 10, 2009

* Cancln results pave the way for Nationally Appropriate Mitigation Actions [NAMAs], Policy
Update ,Ecofys, Issue II, April 2011

= The Climate Technology Mechanism: Issues and Challenges, International Centre for Trade
and Sustainable Development, Information Note Number 18. MARCH 2011

Heleen de Coninck, Carolyn Fischer, Richard G. Newell,and Takahiro Ueno,
International Technology-Oriented Agreements to Address Climate Change, January 2007
RFF DP 06-50)




££1 —ERBE~D/R

Recognizing that an early and rapid reduction in emissions and the urgent need to
adapt to the adverse impacts of climate change require large-scale diffusion and
transfer of, or access to, environmentally sound technologies,

116. Encourages Parties, in the context of Article 4, paragraphs 1(c) and 5, of the
Convention and consistent with their respective capabilities and national
circumstances and priorities, to undertake domestic actions identified through
country-driven approaches, to engage in bilateral and multilateral cooperative
activities on technology development and transfer and to increase private and
public research, development and demonstration in relation to technologies for
mitigation and adaptation;

£Z2 NAMAs Categorization of NAMAs by Non-Annex | Parties based
on Appendix Il of Copenhagen Accord (40 Countries) by IGES

Category 1 Category 2 Category 3 Category 4

Enabling Projects, Carbon Emission Reduction Targets

Conditions3  Programs Neutrality4
and Sectoral
Measures

Afghanistan  Armenia Bhutan Intensity  Absolute target

Botswana Benin Costa Rica target

Georgia Central African Maldives (GDP)
Republic .
Republic of Congo ICnhc::';a Base Year BAU
Cote d'lvoire
Ethiopia Antigua Brazil
Eritrea Barbuda Indonesia
Gabon (1990) Israel
Ghana Marshall Mexico
Cameroon Islands Papua New Guinea
Jordan (2009) Republic of Korea
Madagascar Moldova Singapore
Mauritania (1990) South Africa
Mongolia
Peru
San Marino
Sierra Leone
Macedonia
Togo

Tunisia




£#3 N Alternative Equity Criteria for Climate

Equity principle
Egalitarian

Ability to pay

Sowereignty

Maxi-min

Horizontal

Vertical
Compensation
(Pareto rule)
Market justice

Consensus

Sovereign
bargaining

Polluter pays

Kantian

allocation rule

Interpretation

People have equal rights fo use atmospher:c
TesOUICes.

Equalize abatement costs across nations
relative fo economic circumstances.
Current rate of emissions constitutes a
status quo right now.

Maximize the net benefit to the poorest
nations.

Similar economic circumstances have
similar emission rights and burden
sharing responsibilities.

The greater the ability to pay. the greater
the economic burden.

“Winners™ should compensate “losers™ so
that both are better off.

Make greater use of markets.

Seek a political solution that promotes
stability.

Principles of faimess emerge endogenously
as a result of multistage negotiations

Allocate abatement burden corresponding to
emissions (may inclnde historical emissions).
Each covatry chooses an abatement level at
least as large as the uniform abatement level

Implied hurden-sharing rule

Reduce emissions in proportior to population
or equal per capita emission.

Net cost proportions are inversely cocrelated
with per capita GDE.

Reduce emissions proportionally across all
countries fo maintain relative emissicn levels
between them [~grandfathering”).

Distribute the majority of abatement costs to
wealthier nations.

Equalize net welfare change across countries
so fhat net cost of abatement as a proporticn
of GDP is the same for each country.

Set each country’s emissions reduction so that
net cost of abaremert grows relative to GDP.
Shzre abatement costs so that no nation
suffers a net loss of welfare.

Create tradable permits to achieve lowest net
world cost for emissions zbatement.
Distributz abatement costs (power weighted)
so the majority of nations are satisfied.
Distribute abatement costs accerding to equity
principles that resuli from international
barzaining and negotiation over time

Shzre abatement costs across countries in
proportion fo emission levels.

Differentiate by country’s preferred world
abatement. possibly in tiers or groups.

it would like all countries to undertake.

Source: Adapted from Burtraw and Toman, Ringius and others, and Rose 1992 (see Suggested
Reading).

International Equity and Climate Change Policy, Marina Cazorla and Michael Toman
December 2000 « Climate Issue Brief No. 27, 2000 Resources for the Future; http://www.rff.org

SE4 - BE-TFEDUNFCCCDE4BH D THHI
E#E- CDM -

- CDM

- REDORLEN,

- A—NIIVEFSEL, FREH3MENEE(2010FE NS 0—/\ )L HE
i E280fEh /), & LEDFRMFERE S~ DHARF,

- UNFCCCL7R—k®MTechnology Transfer® 31 & (%55 K (Promode Kant,
Cancun technology Breakthrough Should Deal with a fatal Flaw
Within,IGREC Working Paper, IGREC-18:2011, Institute of green
Economy )

- Technology Mechanism® %3 (Cancun
117)
- Technology Executive Committee
- Climate Technology Centre and Network

D=
| | I%‘

Draft decision [-/CP.16]




SE5 COMIZHITHFEREM S
T DUIEMIRREFE Z TILUNMFALY
=CERMD 5N TIRRM B A B LI THLTIEHE LAY

REIEEAES 1 CERODJEL,H]

o ot l K THEDZ

IRF hurdle rate

-

[
=  CDMCash
flow

Gap between P CERD T IHMIE [
prc:ﬁgﬁgjm d 12EUR tHERIC KD &R
hurdle rate FHhiGHREX 14408

;L (113kFA) (3BEU-
ETS1180{E L) (State
- - and Trends of the
rket 2010)
Froject retumn Froject return
without CDM with CDM
revenue revenue

SEe. BIMBED AN LlIZEyT1oT SN TV,
UNFCCCIZH T HE T En D FE R B #E 48

- 1992 UNFCCC Rio

. UNFCCC SABSTA

- 1997 Koto Protocol

“policies and programmes for the effective transfer of environmentally

sound technologies that are publicly owned or in the public domain and

the creation of an enabling environment for the private sector, to

promote and enhance the transfer of, and access to, environmentally
sound technologies”.

- Expert Group on Technology Transfer(At the Marrakesh Conference )
assessment of technology needs and priorities of developing countries

- UNFCCC Report (The Contribution of the Clean Development Mechanism
under the Kyoto Protocol to Technology Transfer)

ZEM7ODIAELD  COMARRNE(FE, 1R, T2, AF20, EE)
RITBEDERITELY,

- Cancun Technology Transfer Mechanism® & &

The Technology Executive Committee (TEC) has been constituted in a manner
designed to act as a mere technical management board with 20 nominated
members

BWBEDAN=XLE T4 TSN TV,




ZZ7: HEDOEREIDLEA O TOXIEAIR X EEE

- B I HHH ., EREL? ? -

TIRRIEAT & AR
i #HKnowledge
sharing and
coordination

1. Carbon Sequestration Leadership Forum (CSLF) and the International Platform on the
Hydrogen Economy (IPHE)

2. Methane to Markets Partnership

3. Task sharing in International Energy Agency Implementing Agreements (IEA-1A)

4. Asia-Pacific Partnership on Clean Development and Climate (APP)

(—HFARIL A 2

5. Energy Star bilateral agreements

T2 B %8 6. European Organization for Nuclear Research (CERN)

RD&D 7. ITER fusion reactor
8. Cost sharing in International Energy Agency Implementing Agreements (IEA-IA)
9. The Solvent Refined Coal I Demonstration Project (SRC-I1)

¥ il ®  #iz|10. Multilateral Fund under the Montreal Protocol

Technology 11. Global Environment Facility (GEF)

transfer

sk & 1 > | 12. International Convention for the Prevention of Pollution from Ships (MARPOL)

N ar v 13. European Union Renewables Directive

Technology 12. International Convention for the Prevention of Pollution from Ships (MARPOL)

mandates and 13. European Union Renewables Directive

incentives

i M4 & o | 14. Carbon capture and storage technology mandate (Edmonds and Wise)

JE 22Prospective
TOAs

15. Zero-Emission Technology Treaty (ZETT) proposal
16. Barrett and Benedick proposals for combined technology R&D and standards

(Heleen de Coninck, Carolyn Fischer, Richard G. Newell,and Takahiro Ueno, International Technology-
Oriented Agreements to Address Climate Change, January 2007 RFF DP 06-50)

\
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UNFCCCTHIREIN TS EEXIE
Decision1/COP16 Finance

98. Recognizes that developed country Parties commit, in the context of
meaningful mitigation actions and transparency on implementation, to a goal of
mobilizing jointly USD 100 billion per year by 2020 to address the needs of

developing countries;

99. Agrees that, in accordance with paragraph 1(e) of the Bali Action Plan, funds
provided to developing country Parties may come from a wide variety of sources,
public and private, bilateral and multilateral, including alternative sources;

100. Decides that a significant share of new multilateral funding for adaptation
should flow through the Green Climate Fund, referred to in paragraph 102 below;
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http://www.fepc.or.jp/about us/pr/kaiken/ icsFiles/afieldfile
/2011/02/18/kaiken0218.pdf

Z2%10 Towards a Breakthrough for Deadlocked
Climate Change Negotiations

by akihiro sawa Harvard Project on Climate Agreements

1) Given future forecasts of greenhouse-gas (GHG) emissions induced by
human activity, emission mitigation on the part of developing countries is
indispensable.

2) The Kyoto Protocol, which only imposes legally-binding reduction
targets upon developed countries (and from which the United States has
withdrawn), cannot provide an effective solution to climate change issues;
therefore, a new imaginative international framework that promotes
emission mitigation on the part of both developed and developing
countries is required.

3) For a period of time before graduation from the non—Annex | category,
developing countries must be provided the resources that they are short
of for the implementation of mitigation measures, on the condition that
they accept a robust MRV process.
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