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1. Impact of Scenario Selection

Japan s Ener gy Suarizoioy

After the quake, in order to revise the Basic Energy Plan, there are
broad discussions on the future energy mix of Japan including
nuclear scenarios in several government committees and among
various non -governmental entities.

Primary Energy Supply (G litter) wvm  Generation (100GWh)

700'
12000
Renewable 10:239
10,200
600 - — 10006 Ren.ilvaieasa Renewable
Nuclear Zero . BETRET Y
60p 10%) Renewable emission (9%) L - 21%
500, | B Ll i Suppl Nuclear
- Coal 67 8OOU_,,PPY 2,140
60p 23%) S‘I'f-_ . Nuclear (34%) 2.638(26%)
400 - I I eli-supply Zero emission
- (About40%) 122 C Supply(70%)
p 19%) 88 z«l,GOSLZSﬂ‘) 5,366
‘Natural G 4000 m—
200 - alf of the import fuel 81 LNG
is targeted to be 1< 2,822(28%) e
100 from owned source. 2000 - : Coal_g;ggr 11%
About70% =
(About7o%) - ING1,357 ] 13%
‘ , ) 4
0 | = 7 0 ——oil 205 2%

p Practice) p Projected) p Practice) p Projected)




1. Impact of Scenario Selection

Assumption for the analysis

X Analysis Period: 2011 -2030
X Base Line toward 2030

Japan Government s -Long term energy
Pl an (2010)¢°
X Assumptions of Generation facilities and operation
Power Supply Plans of Power utilities
Demand: variation according to ambient temperature, EV, HPWH and Batteries
Coal and NG Power Plants:40 year life, expansion with reserve margin criteria
Oil fired power plants : No addition, no retirement excluding announced ones
PV and, wind: Hourly variation of generation, reduced implementation cost for PV
Hydro: Monthly variation of generation
Interconnection:  No expansion, fixed operation
Fuel cost: assumed to be stable at the level in January, 2011

X Analysis tool: ESPRIT

For details, referto  Qu LjN& T U7 Buelndrak sty  of the long -term best -mix of power
demand -supply in Japan, 1EEJ Joint Technical Meeting on Power Engineering and Power Systems
Engineering , PE-11-135 PSE-11-152, DGF f f DA




1. Impact of Scenario Selection

Assumed Nuclear Scenarios

No. Scenario Shape in 2030 ]
: 2010 Plan The outlook before 3.11 disaster, which is based on Nat|0na| Energy Plan
1 the long-term energy outlook in 2008 and the before the quake

basic energy published Plan in 2010.6. The SBGW F)V,]_OGW W|nd

nuclear development of fourteen wunits are

assumed by 2030 with 90% utilization factor. IN 2030
2 |. Continued Continued Nuclear development with some delay. -
Development PV8OGW, Wind 28GW
Zt Continued Nuclear | Continued Nuclear development with some delay.
Development, Existing nuclear units are demolished after 40
40 year life vear operation.
PV80GW, Wind 28GW
3nl No Nuclear No new nuclear development
Development, 40 Existing nuclear units are to be demolished after .
vear life 40 year operation. PV of 80GW, Wind of 28GW

4 Abolition in 5 years | No new construction. Existing nuclear units are to
be demolished in 5 years PVSOGW, & 77 28GW

Abolition in 5 years | No new construction. Existing nuclear units are to

Y2NI GQY
L 80GW PV, 28GW Wind-

4b and aggressive be demolished in 5 years 37.5 GW coal and NG
thermal fired power plants are additionally developed to
development compensate the reduction of nuclear.

PV of 80GW, Wind of 28GW

Abolition in 5 years | No new construction. Existing nuclear units are to
4C and aggressive PV | be demolished in 5 years.

and Wind | PV of 160GW and wind of 160GW to compensate
development the reduction of nuclear.

a

160GW PV,
Q. 160GW Winc
- 7

L— 40 year Life of N plants—

L— No N dev.—/

L— |Loss of ten nuclear units

Fukushima Daiichi and Daini units are out of operation excluding Scenario 1.




1. Impact of Scenario Selection

Assumed Nuclear Scenario
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Kazuhiko Ogimoto, Yuichi Ikeda, Kazuto Kataoka, Takashi Ikegami: A preliminary study oftdrenlbegtmix of power demanegupply in Japan,
IEEJ Joint Technical Meeting on Power Engineering and Power Systems Enginegtri@5#SH 1-152 (2011)
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1. Impact of Scenario Selection

Assumption of Cost of PV and Wind

PV deployment was assumed by
existing and new houses, and large -
building integration and Mega  -solar.

The cost of PV in 2030 is assumed to

be :100 k \ /kW for new houses
assuming building integration, 200

k\ /kW for existing houses including
installation cost of 100 k \ /kW, for
commercial buildings and mega -solar

The cost of wind generation is
assumed to be constant at 150

k\ /kW for wind assuming balance of
cost reduction of equipment and cost
increase due to site condition.

The distribution of PV and Wind
deployment among power system is
assumed based on power demand for
PV and resource availability for wind.

PV installation share in residential sector
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X5 1 2a-4b 4c 4d
B8 0.6 18 10.1 20
EEA 3.2 91 519 97
ES 04 10 538 33
P& 04 10 538 20
JERE 0.7 20 115 22
BEES 12 33 187 44
FE 0.8 23 130 27
mE 05 13 7.2 15
T 21 5.8 332 6.5
SPkE 0.2 05 29 06
E3ER 10.0 280 160.0 35.0

Kazuhiko Ogimoto, Yuichi Ikeda, Kazuto Kataoka, Takashi Ikegami: A preliminary study oftdrenlbegtmix of power demanegupply in Japan,
IEEJ Joint Technical Meeting on Power Engineering and Power Systems Enginegtri@5#SH 1-152 (2011)




1. Impact of Scenario Selection

Assumption for thermal and nuclear

A The development cost of thermal power plants: 250000yen/kW for coal
fired, 150000 yen/kW for NG fired

A The fuel cost of NG and coal: constant at the levels of January 2011.
The price increase in the future is not included.
(Il n the Japan government s Cost Veri f |
the fuel prices from the scenarios of World Energy Outlook 2011.)

A The fuel cost of nuclear : 1 yen/kWh
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1. Impact of Scenario Selection

Power Supply Capacity and Generation

A The figure of Supply Capacity indicates the assumed supply capacity
scenario.

A When the nuclear generation decreases, thermal generation takes the
major substitute, due to the limited contribution of PV, wind of around
15% share in scenario 2a through 4a.
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1. Impact of Scenario Selection

reliability and stable operation

A The indicators of Expected unserved energy (EUE) and Loss of Load
Probability (LOLP) shows the unsecured situation when nuclear plants

are stopped within 5 years.

A The difficulties in demand -supply balancing of a power system
operation will cause a part of RE generation curtailment, which reduces

the benefits of RE deployment
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Kazuhiko Ogimoto, Yuichi Ikeda, Kazuto Kataoka, Takashi Ikegami: A preliminary study ofttrenlbegtmix of power demaneupply in Japan,
IEEJ Joint Technical Meeting on Power Engineering and Power Systems Enginegtiri@5ESH 1-152 (2011)




1. Impact of Scenario Selection

Generation cost: Fuel, Fuel+Capital

A Even with the assumed penetration of PV and Wind, reduced
nuclear generation will cause a substantial increase of fuel cost for
iIncreased coal, natural gas, and oil.

A The total cost of fuel and annualized capital shows the pessimistic
economy for aggressive RE penetration in 2030.
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1. Impact of Scenario Selection

Outlook of Power System: CO2 Emission

A The CO2 emissions, indicating almost the same trend as that of fuel cost,
increase between 50Mt -CO2/year and 250Mt -CO2/year in Scenarios 2a,
2b, 3a, and 4a for the year 2020.

A In 2030, as compared to Scenario 4a, Scenario 4b with reinforcement of
thermal power plants shows no major improvement in emissions. CO2
emissions decrease drastically in Scenario 4c with huge RE deployment
under the expense of the RE capital cost.
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1. Impact of Scenario Selection

Self-sufficiency ratio of Generation

A RE and nuclear being indigenous and semi  -indigenous, the self -
sufficiency ratio of primary energy for power production decreases when
the nuclear generation decreases from scenario 1 through 4a.

A The self -sufficiency of the total energy supply is far more smaller.

-, 100% -

% 90% -

Lﬁ 80%

o 70% - . mOil

2 60% +— % m LNG

O iy

O 50% %

@ / & Coal

ﬁ 40% -+

c 30% | : B Nuclear
T20% i O PV/Wind
L 10% B Hydro/Geo
[0}

O

0% T T I T I I 1

e Ly I ST, | o DR X S - S |\ « SR\ #

A 2
o™ et (@ (@™ (e e

Seltsufficiency ration of power generation in 2030

égauer}ilboe% ir%oé%’ J%SBHyP(%ta\% ie’l}{céésdjlkf) Udagawa, Makoto Akai: Study of Best Mirof Long

qi

LStz



1. Impact of Scenario Selection

Long - Term Planning

A Demand and Generation option dentification
and analysis

Optimization of
demand and supply structure

A Transmission and distribution option o @) EY SR (3R i
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2. Variabllity: Issues of balancing capability

The Implication by an Extreme Case

A Image of equivalent system demand under PV penetration of
4,8,12,16,20% of the assumed total generation of 2030
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A The variation of RE generation brings about the issue of
demand -supply balance .

A The countermeasures for the issues are more sophisticated
operation existing and new technologies in operation and new
asset portfolio.




2. Variability: Issues of balancing capability

Variable Nature of RE Generation

PV generation has a variable nature due to time and changes

of weather, although the variation is predictable to a certain
extent .
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2. Variabllity: Issues of balancing capability

Two Factors of Reduced Balancing Capability

V The ultimate impact of PV Penetration on a power system is
the difficulty of supply and demand balance.

V Increased variation under reduced regulation capability and
Increased variability — are the two risk factors of the stable

power system operation.
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2. Variabllity: Issues of balancing capability

Net Load Analysis

A Wind power 28 GW in Japan,
9.1GW in Tohoku System, 1.0 GW, Tokyo System
A PV 80 GW in Japan,

7.7 GW in Tohoku System, 26.5 GW in Tokyo SYstem

12
% 10| Tohoku | o s "
2 s -
- .
c’ 6
g4
8 2
(‘)_ 0 -
g2
E -4
0 2010/4/28 2010/4/28 2010/4/29 2010/4/29 2010/4/30 2010/4/30 2010/5/1 2010/5/1 2010/572 2010/52 2010/5/3 2010/5/3 2010/5/4 2010/54  2010/5/5
0:00 12:00 0:00 12:00 0:00 12:00 0:00 12:00 0:00 12:00 0:00 12:00 0:00 12:00 0:00
= oo Demand s PV erers Wind = Readual Load
60 Tohoku S |
3
§50
5 40 -
§
g 30 -
5 o |
8 o : !
g 0 e 2 | | BRSOL. A bsdanh RO gl ,__ .__/ """"" \ \_'_/ """""""" L i ! aaassnd
O 2010/4/28 2010/4/28 2010/4/29 2010/4/29 2010/4/30 2010/4/30 2010/5/1  2010/5/1  2010/5/2 2010/572 2010/5/3 2010/5/3  2010/5/4  2010/5/4  2010/5/5
0:00 12:00 0:00 12:00 0:00 12:00 0:00 12:00 0:00 12:00 0:00 12:00 0:00 12:00 0:00
ww = Demand == PV erees Wingd «—— Residual Load

The day with the minimum net load and 6 days before and after the day
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2. Variability: Issues of balancing capability

Impact of Large Ramp
A Based on the currentn -1 criteria, the severest variability of net load is
with the failure of the maximum generation capacity of 1.35

A Under alarge weather change in a broad area variable RE has a possibility
of large ramp down of its generation, which may cause a critical impact on
a power system operation.

A It is important to analyze the net load and to forecast a critical Ramp.
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Kazuto Kataoka, Takashi Ikegami, Yusuke Udagawa, Kazuhiko Ogimoto, Tetsuo Saito: Preliminary
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