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Equation for temperature rise AT

AT =0.46( 1.8 + 10-¢Ct) (AT from 1870 by Matthews
Equation. in Nature 495,829(2009))

GWPt = 40,300 ( 1+Annual growth rate of GWP)t-2009
Ct/ GWPt=0.73x1.2 x{1-ADR(t-2009)} (t, AD)

e Ct: Cumulative CO2e emissions in the year of t
( M ton of CO2e after 2009 )

e ADR : Annual decreasing rate of Ct/ GWP
e GWPt: Gross World Product in t years, BIn$

If we assume an economic growth rate and ADR,
we can calculate AT using above equations.



Historical change of CO,/GWP in the world
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Cumulative CO2 Emissions and Temperature Rise
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12000 e ————— 5.5
— [EGR 2%] 5
== [ 25%] - ADR = 0.007 till 2075, CO2/GDP = 0.27 constant after 2076 .. 4.7°C
10000 o SRSk LI = .
ses [ 3.0%] 4.5
— [ 2 %] C02e/GWP = 0.27 constant after 2010 s 4.0°C
000 L 25%] CO2e/GWP = 0.5 constant after2010 =/ /..
mem [ 25%] ADR =0.0035 after 2010 3.5
...... 3_300
3
6000 C02e/GDP.of present World=0.88 ... fflnt i flt™ i 2.7°C
CO2e/GDP of present Japan=0.27 25
¢ CO2e; Equivalent to GHG 2 2.0°C
4000 calculated by 1.2€02
1.5
2000 = - e e . e | 1
Economic Growth Rate of 1.9%/Y till 2100 brings in world GDP/Capita at the 05
same level of the present OECD one( Population in 2100; 9B, GDP: 5.4 times) '
0 0

2010 2020 2030 2040 2050 2060 2070 2080 2090 2100



CO2 emissions rate from daily life and manufacturing industry

Total CO2 emissions

Daily Life 1.1Gton (2009, Japan)
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Source: Handbook of Energy & Economic Statics in Japan (2012)



Energy consumption in daily life can be reduced by 75%

Energy saving by

Energy cost reduction: 1300 US $ /y
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Energy efficiency Improvement of Home Air Conditioners
Promoted by TRP in Japan

COP (Coefficient of Performance)
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Energy Improvement of Vehicles (JAPAN)

Hybrid Car
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Technology & Cost
Scenario of PV
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Future PV System Cost

(Yen/W) .
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Future stationary battery cost

Present 2020 2030
Energy density
[Whq/kg-battery] 200 270 490
Complex
Electrode material LiICoO,/Graphite oxide/
Carbon
gBattery 13 / 4
Storage Control
system écircuit 3.3 1.7 0.8
Cost R il PitHGta i B
[¢O/SWhST] Storage box 2.7 2.3 1.6
& 19 11 6




Monthly power consumption and supply
(Generation rate/y :PV 50%, WP 20, TP 16,HP 10,NP 10%)

Total: 1000TWh/y
Japan Power consumption(2012)
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Daily power consumption, battery discharge
and thermal power generation

Annual thermal power generation is 155 TWh
(TWh/Day) under 50% share of PV and 20 % of WP with B. discharge of 195TWh
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Annual power consumption and RE availability in power grids

(TWh/y)
Hokkaido | Tohoku | Tokyo | Chubu |Hokuriku| Kansai [Chugoku| Shikoku | Kyusyu |Okinawa| Total
§ | m2o0 | 44 | 108 | 349 | 154| 48 | 170 | 91 | 58 | 125 | 9 |1,157
E Stendard | 38 | 93 | 302 |133| 42 (147 | 79 | 50 | 108 | 8 |1,000
i Lf%:p:?ﬁr 19 | 47 | 15167 | 21 | 74 | 39 | 25 | 54 | 4 | 500
_|pvensow| 38 | 89 | 163 | 89 | 33 | 76 | 65 | 35 | 105 | 7 | 691
S| ™ | 306 | 150 | 9 | 17| 17 | 28 | 20 | 11 | 46 | 13 | 614
&J wp | 65 | 174|164 (174| 89 |177| 44 | 42 | 70 | 00 | 100
Total | 350 | 265 | 188 |124| 59 | 122 | 89 | 50 | 158 | 19 |[1,305
Excess RE in each grid
.| e | 310 | 166 |~136| ~18 | 15 | =36 | 5 | 4 | 41 | 11
2 2 [ Low Energy
| s | 320 | 213 | 15 | 48 | 36 | 38 | 44 | 21 | 96 | 15

Additional transmission cost 2 ¢ /kWh (Hokkaido = Tohoku < Tokyo 1600km 56~70GW )




Future power costs and CO2 emissions

2030 2050 D 20502 | 20503 | 2050 @
Power Case | pyywp9% | RES50% RE 84% RE81% | RE 94%
Structure NP10% NP10% NP10% NP12%
1000TWh/y | 1000TWh/y | 1000TWh/y | 800TWh/y [500TWh/y
3 PV 47 200 480 360 180
é WP 44 200 320 240 120
}: HP 90 100 100 100 100
n%_ RE Others 0 0 0 0 100
3 Nuclear Power 100 100 100 100 0
g LNG [operation rate] | 720 [54%] 404 [34%] 17 [7%] 59 [7%] 32 [7%]
5 Total 1001 1004 1077 859 532
Storage Battery (GWhsrt) 9 400 2400 1800 900
Generation cost
(& /kwh) 9.8 9.3 10.9 10.8 11.9
(Storage Battery cost) (SB 0.02) (SB 0.2) (SB 1.4) (SB14) | (SB 1.1)
CO,e (Mt/y) 517 234 66 52 30
(Based on 2005) (100%) (45%) (13%) (10%) (6%)

current power cost :12.9 ¢ /kWh




Conclusion

1.The global temperature rise was calculated using equations
related to an economic growth rate and social structure.

If rates of technology progress and/or its result transfer were
low, the temperature rise became much higher than 2 °C
in 2100.

2. The importance of quantitative economic evaluation of
future energy system using a technology structuring
method for a future power system design was shown.

3. A possibility of an economic and low CO2 power system

realization in 2050 by a 2030 technology level was suggested

4. Importance of advanced material development for future
energy system is clear



