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Climate Science
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Concentration stabilization to Cumulative emissions

— flexible pathway
ESC to TCR

— more possible pathway

Equilibrium global mean temperature increase
above preindustrial (°C)
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Scientific base
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Global mean temperature
increase above pre- Change in global
industrial at equilibrium, CO, emissions in
Radiative CO, CO5-eq using “best estimate” Peaking 2050 No. of
forcing | concentration® | concentration< climate sensitivitybh < year for CO, (% of 2000 assessed
Category | (/m2) (ppm) (ppm) /(‘:Q\ emissionsd emissions)d scenarios
| 2530 A50-400 445-490 ( 2.0—2.5) 2000-2015 -85 to -50 & IPCC AR4
Il 3035 400-440 490-535 24-238 2000-2020 -60 to -30 18
Il 3540 440-485 535-580 28-37 2010-2030 -30to +5 21
1% 4.0-50 485-570 S80-710 32-40 2020-2080 +10 to +680 118
iy 5.0-60 S70-660 710-855 4.0-49 2050-2080 +25 to +85 9
Wl G.0-7.5 BE0-720 B55-1130 4.9-61 2060-2080 +90 to +140 5
Total 177
CO4eq Cumubtive Coy Change in CCyeq emissions .
Concenflations _ emissions (GHC0L) mmpared to 2010 in (%1 Temperature change (relative to 1850-1300)%¢
D 200 (8 o0) Sile s p::iltaitgl:egf B Likelihood of staying below tempersture
Category label the RCPs® 2011-2050 | 20112100 2050 2100 Temperature fevelousnthetd lceniunyg
fc”“;“g‘;"”“ change ("CF 1.5°C ‘ 2.0°C ‘ 3.0°C ‘ 40°C
=430 Cnly & limited number of individual model stodies hawve explored level below 430 ppm COeg I~
450 15-1.7 More unlikely Likely Likely
430450 Total mngeh RCP2E 550-1300 £30-1130 —T2 -4 —1E10-T8 (1028l than likely
More likely
Mo overshoot of 17-13
- §1ppm C0,e BE0-1180 WB0-1430 —5Tw-42 | —W0Tw-T3 (12-29] than not IPCC AR5
[E0-530 Oversheat of 18-2.0 About
L=l o Rl out as
530 ppm GO 1130-1530 0-1550 —5510-25 | —T4wm-20 (12330 elyas no
- S
Mo oyershont of 1070-1460 1240-2240 _4T1-13 810 -5 2h-2.2 : )
550 580 pprm 04 (14-38) Unlikely s ol Likely
[530-580) Overshoot of 21-23 than likely™®
540 ppn COe1 1420-1750 1I0-2100 16T — 183108 P
23-28
[580-650) Total mnge s 1260-18400 1870~ 2440 —@toH —13410-50 (154 91
’ 26-29 Mare likely
[650-720) Total mnge 1310-1750 2570-3340 —1ta17 —S41n 21 (184 5) Unlikely -
_ _ _ 31-37 f More unlikely
[720-1000) Total mnge RCRED 1570-15400 FA-4390 18 10 54 —Tw72 (2158 Unlikelyr than likely
4148 . . More unlikely
=1000 Total mnge RCPES 1840-2310 5350-7010 521095 0178 (2578l Unlikgly Unlikely than likely




CO, concentration
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Scientific analysis based on

--- target of global mean temperature rise

to limit the global surface temperature rise to approximate 2°C
compared to pre-industrial levels

--- overshoot scenario with zero emission

to decrease the CO2 concentration by zero emission after a peak
over the target concentration

Conventional stabilization scenario

.............................................

Concentration balanced
by the emission and the
natural absorption

Overshoot scenario
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7,650 Scenario
--- 650GtC

to be the amount of cumulative CO2 emissions during 215 century
--- Zero emission
to be achieved at the middle of 2274 century (2160)

--- Pathway

to peak at 2020 (11GtC) according to the trend of recent years
with approximate two percent of annual reduction till 2100

with increasing reduction rates in 2274 century till zero emission

Source: Matsuno et al., “Stabilization of the CO2 concentration via zero-emission
in the next century”, presented at the CIGS Symposium on Oct. 27, 2009
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Tahle3.1 [TABLE SUBJECT TO FINAL COPYEDIT]

Cheq

Concentrations in

Change in COzeq etnissions
compared to 2010 (in %)’

Likelihood of staying below aspecific temperature lewel
over the 21st century (relative to 1850—19[][]}4’5

Eelative
6
2100 (COzq) subcategories position of
the RCPs [2050 2100 1.5°C 20 3°C 4°C

Category label
(conc. range)
<430 Only a Emited mumber of individual model studies have explored levels below 430 ppm COzq
450 1.7 More unlilely | |
(430 — 430) Total range RCP2 & -T2 to -41 118 to 78 i Likely

Mo overshoot of 530 Mare [ikely
500 vom COueg 57t -42 107 ta 73 pei
(480 — 530) Overshoot of 530 ssio 25 die 00 About as fikaly

ppm COgeg a5 not Likely

Mo ovetrshont of S50

I7to 17 S e .

550 ppm COheq Unli e ly More uniikely Likely
{530 — 580) Owershoot of 520 16taT 18310 36 than Lkely

ppm Clgeq
(580 — A50) Total range -8 to 24 -134 to 50

RCP4S Mare likaly
(650 — 720) Total range 11 to 17 54 to -21 Usdlikely Ea—
(720 — 1000 Total range ROPEO |18 10 54 Fto 72 PO
Usdtkely” thar laly
4 , , Wore unkikaly

=1000 Total range RCPE 5 52 to 95 T4 to 178 Uilikely” Undlikely than likely
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Output from global energy system optimization model

CO2 Emissions

14
12

CO2 emissions per capita

| 2030 2050 10 (tCO2/capita)
Region Ratio to | Ratioto | Ratioto | Ratioto | 8
1990 2005 1990 2005 ®
levels levels levels levels | ¢
2
World 1.60 1.2 1.00 0.75 0
Industrialized 2010 2020 2030 2040 2050 2060 2070 2080 2090 2100
countries 1.05 0.95 0.53 0.48 ——Industrialized countries === Developing countries
USA 1.16 0.96 0.57 0.47 1 o
EU15 0.8 .86 0.46 oa5 |os CO2 emissions per GDP
. : (tCO2/1000 USD)
Japan 0.93 0.79 0.55 6@ 0.6
Developing 04
countries 2.82 1.54 2.05 1.12 ")
China 2.77 1.48 1.53 0.82 0
2010 2020 2030 2040 2050 2060 2070 2080 2090 2100
Indla 342 1°91 283 157 == |ndustrialized countries === Developing countries
ASEAN 3.74 1.64 3.41 1.50

(GRAPEFLEICK D)
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Energy Balance Sheet of Japan in 2030 and 2050 MTOE
Coal Oil Gas RE Nuclear Elec. Total Service Loss Eff.
2010 120 210 96 26 60 512 170 33%
TPE 2030 96 134 92 47 60 429 170 40%
2050 66 57 84 62 60 329 155 47%
2010 -83 -32 -61 -23 -60 89 -170
Conv. 2030 -65 -3 -64 -36 -60 86 -142
2050 -44 -45 -42 -60 86 -105
2010 37 178 35 3 89 342 170 172 50%
Cons. 2030 31 131 28 11 86 287 170 117 60%
2050 22 57 39 20 86 224 155 69 70%
2010 37 64 18 2 36 157 93 64 59%
Industry 2030 31 59 14 6 33 143 93 50 65%
2050 22 29 24 10 30 115 80 35 70%
2010 28 17 1 51 97 63 34 65%
Res. 2030 18 14 2 50 84 63 21 75%
2050 10 15 4 50 79 63 16 80%
2010 86 2 88 15 73 17%
Trans. 2030 o4 3 3 60 15 45 25%
2050 18 6 6 30 12 18 40%
2010 456 609 115 1180
CO2 2030 365 389 193 947
2050 251 165 176 592




Energy Mixes of Japan in 2030 and 2050

(Power Generation)

Total Fossil Fuel Renewable Energy
Nuclear _
(TWh) | cCoal Oil Gas Hydro | Solar | Wind | Ocean | Geothermal | Biomass
252 | 75 [295| 292 86 11
2010 | 1006
62% 29% 9%
235 325 | 240 91 | 29 | 33 | 15 10 22
2030 | 1000
56% 24% 20%
170 290 | 240 91 | 60 | 60 | 24 20 45
2050 | 1000
46% 24% 30%




Energy Mixes of Japan in 2030 and 2050

(Total Primary Energy)

CO, (Gt)
MTOE Coal Oil Gas RE Nuclear | Total | Eff. | Reduction
120 | 210 | 96 26 60 19
2010 512 | 33% '
83% 5% 12%
96 134 92 47 60 095
2030 429 | 40% ' 0
75% 11% 14% -21%
66 57 84 62 60 059
2050 329 | 47% ' 0
63% 19% 18% -91%




Global Emissions incl. LULUCF (Gt CO2e)
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Emissions Gap

GHG emissions (GtCO2e)

2025 | 2030 | 2050
CP 57-59 | 61-64
INDC 53-54 | 54-56 | 50-53
450ppm | 39-43 | 36-40 | 23-24
7650 52 49 31

2020 2025 2030 2050
I Current Policy Projections*

I Pledges and post-2020 announcements
2C consistent benchmark targets and range

1.5C consistent benchmark targets and range

* 2050 current policy range results from global projection methodology

(Climate Action Tracker)
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Fill in the gap in developed countries?

3

2040 2050

2040 2050

s 3000~ - excl. lwutr: :
o
7000 _ -
g e Hishovical emissions fremovals
i 00 . From Forestry
§ 5000 I TS A .1 B  current policy projections
] “-B ®  2020pledge
& 4000 - e ®  NDC
3000 = === Including additional policy
2000 {Clean Power Fan)
T m—  Including targets from
1000 - Climate Action Plan

)
o_ |

- - - Longerterm pathway

1000 _ e—

2000

1990 2000 2010 2020 2030 2040

e Historical emissions,
excl, Farestry

e Histarical emissions /sinks
From farestry

- Current policy projections
®  2020pledge*
L ] Frevious 2020 pledge*

L]

Draft INDE (using IPCC 2006
guideling and AR4 CWF)

— Kyobo emissions allowances*™
- - - Hyobo targets [QELROS)

Longer-term pathway

@ wwiw.chmateactionbracker.org f
Climate analytics/Ecafys)
MewClimabe/PIK

& www climateactiontracker.org/

' Climate
2050 HewClimate/Pik.

(Climate Action Tracker)
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&EEE 7 9 2
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Fill in the gap through international cooperation and
cleaning the global industry up

CHN

excl. Forestry

I m  Historical emissions,

From forestry

Current palicy prajections

® 2020 pledge

INDIC: 20% non-fassil &
implemented palicies

IMDC: carbon intensity
targets

2000

IND

2010

2020

>
l'"
- -
-
*
e
L
-
"
-

I Fledge max/ min

o

D weeowelimateactiontrackersrg
Climate Analytics/Ecalys/
P limate Pk

2030 2040

Historical emissions,
excl. forestry

Historical emissions/ramaow
From Farestry

Current policy prajections
{CAT azsessment)

Planning Commission (201
Bazeline

2000

2010

£ wwnw climateachiontrackerorg,

Climate Analytics/Ecafysy
Mawilimata Pk

2020 2030 2040 2050

(Climate Action Tracker)

Historical armissions/remavals,

highylow [CAT assessment)

Middle East

Russia

China

India

us
Japan
ltaly
Germany
LK

W Exports
M Imports

France

0 05 1 15 2
kg CO/$Trade

(S.J. Davis and K. Calderira, 2010)
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5Trillion USD

4

Cumulative additional investment and fuel saving during 2010-50 ——

3
2
1
0

JPN Rest of Asia

2650
m Additional Investment

JPN

Z650+
m Fuel Saving

Rest of Asia

LAaL. BeEtdd

BMNEREDGDPLE BRI = & AGDPiE &
(2010-50 B78) (20504F)
=B 0.05% 0.883
rer- 0.29% 1461 (GRAPE=®E
IRILF—THEETIL BEETIL [CKD)
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| 20504E80%iH (20054 k)

g o 20504-50% 8k 1500

(20054E L) N E : 7o

ENEE o

HHEHEE (E ) 55 155 554100

BREBENEE (JE L) 0.15 4.22 0.15+0.19

BHEEZxAY v b (JEF 0.40 1.76 0.40+0.91
JL)

AU v k- BE 0.25 -2.46 0.25+0.72

(GRAPES{EIC K D)
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s CO2 emissions per capita by sectors (2012)
(Data Source: IEA)

12

| I I
| I II - = m

GBR Indone5|a Viet Nam IND

m Power and Heat m Convert = Manuf. and construction = Transport = Other sectors
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Sector shares of CO2 emissions (2012) (pata Source: IEA)

Indone5|a Viet Nam

m Power and Heat = Convert = Manuf. and construction = Transport = Other sectors

%

Manufacturing share of GDP (Data Source: World Bank)
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40

GtCO2
30

20 -
10 -
O i T

IIL

2000 2030 2050 2100
® power generation m transportation ® industry and residential
m cement ® international transportation = land use

Analysis results through energy engineering model (GRAPE)
* emissions from industry and residential sectors decrease slowly
(share in total emissions: 33%—73%)
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Temperature (°C)
0 200 400 600 800 1000 1200
| [ | |
Glass production C—]
Cement production [ ]

Steel production [ ]
Direct reduced iron Blast furnace

[ High efficient GT power production
[ ] Thermochemical IS process

1400 1600

DME
/Methanol L 1 H, production from naphtha
synthesis [ ] H, production from steam methane reforming

[/ Ethylene production from naphtha
/1 Ethylene production from ethane
[/ Styrene production from ethyl benzene
[ City gas production
3 Qil refinery
1 Heavy oil desulfurization
" Pulp, paper production
[ Urea synthesis
[ Desalination
[ District heating

l FBR >
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=
o

Theoretical efficiency n
o
o1

HADREEZTFOEIRND AR

. T,-T T
H, production : n =—"—% d
2P n T T

i 81%

! 66%
| - C: 76% Theoretical

S0°C__ 679 ~— efficiency
of IS process

S I-50% HTGR |
1 480/0 l
el | 40% Heat—H,
I 31% Power generation ~__ Tu-T,
22 (Carnot cycle) Ty
LWR
Heat— Electricity—H, T, : Low side temperature (25°C)
33%  70-90% Ty : Temperature with 4G = 0 (4436°C)
1 I I I L L L L L 1
0 500 1000 1500

Reactor outlet temperature T, (°C)

Masuro OGAWA, CIGS 3 international symposium on global warming
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Potential Sample - HTGR
China: Demonstration plant
(HTR-PM)

US: Process heat (NGNP)
Japan: Hydrogen production
(HTTR)
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1,500

1,000

500

Marginal Abatement Cost

2010

++

2020 2030 2040 2050
——global25 -m-develped80

(GRAPEICXDFE)




I*)l/¥ )J&o)%ulzln:lq

Overall country scores with sector breakdown

1. Germany

2. ltaly

3. European Union
4. China

4, France

6. Japan

6. United Kingdom

8. Spain T ——

9. Canada e ———
10. Australia

11. India

12. South Korea

13. United States

14. Russia
15. Brazil
16. Mexico
I:/r\y 0 | 5 10 15 -JZO 25 )
National My TS F— 0)|*4‘J&J:|Z’\"C
Building A [EBuilding&IndustryD % ,m(i
Industry | E.L\;; Jt;\%( Fﬁé’%é?ljwdg&f
Transportation L ‘)l/ / _Lo)l_,l (
E Z: 0 5 10 15 20 25 *Eﬁﬁéh?‘:o
National T
Building I ACEEE, The International
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