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The	  engine	  of	  energy	  demand	  growth	  	  
moves	  to	  South	  Asia	  

Primary	  energy	  demand,	  2035	  (Mtoe)	  

China	  is	  the	  main	  driver	  of	  increasing	  energy	  demand	  in	  the	  current	  decade,	  	  
but	  India	  takes	  over	  in	  the	  2020s	  as	  the	  principal	  source	  of	  growth	  
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A	  mix	  that	  is	  slow	  to	  change	  
Growth	  in	  total	  primary	  energy	  demand	  

Today's	  share	  of	  fossil	  fuels	  in	  the	  global	  mix,	  at	  82%,	  is	  the	  same	  as	  it	  was	  25	  years	  
ago;	  the	  strong	  rise	  of	  renewables	  only	  reduces	  this	  to	  around	  75%	  in	  2035	  
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A	  United	  States	  oil	  &	  gas	  transformaSon	  	  

US	  oil	  and	  gas	  producEon	  

The	  surge	  in	  unconven+onal	  oil	  &	  gas	  produc+on	  has	  implica+ons	  	  
well	  beyond	  the	  United	  States	  
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Net	  oil	  and	  gas	  import/export	  shares	  in	  
selected	  regions	  in	  the	  New	  Policies	  Scenario	  	
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before 2030. Combined, the two countries actually become energy self-suĸcient in net 
terms much sooner – around 2020.10 Imports into Europe also decline, but at a slower 
pace, and due to reduced demand. 

By contrast, Asia becomes the global centre of inter-regional crude oil trade – accounƟng for 
63% of the world total in 2035.11 China is about to become the world’s largest oil importer, 
overtaking the United States, and goes on to surpass the oil imports of the European Union 
by 2020. By 2035, China’s oil imports reach 12.2ථmbͬd, geƫng close to the peak historical 
level of imports into the United States. India’s oil imports are larger than those of Japan by 
2020 and exceed those of the European Union by 2035: its import dependence increases to 
more than 90%. Brazil undergoes a pivotal shiŌ, becoming a net oil exporter around 2015 
and going on to export around 2.6ථmbͬd in 2035ථ(Figureථ2.12). Byථ2035, Southeast Asia 
will import around 60% more oil than the United Statesථ(over 5ථmbͬd). Exports from the 
Middle East are slightly lower than today in 2020, but then increase to reach 24.6ථmbͬd in 
2035. The share of Middle East producƟon which is exported declines slightly, as domesƟc 
consumpƟon increases more quickly than producƟon. Russian oil exports decline to 
6.2ථmbͬd, as new producƟon fails to keep pace with the decline in mature Įelds.

Figure 2.12 ٲ  Net oil and gas import/export shares in selected regions in the 
New Policies Scenario
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10.ഩ Calculated on an energy-equivalent basis.
11.ഩ Developing Asia, Japan and <orea, collectively.
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North	  American	  Energy	  Independence	  and	  Middle	  East	  
oil	  to	  Asia:	  a	  new	  Energy	  Silk	  Road	  	  

Middle	  East	  oil	  export	  by	  desEnaEon	  

By	  2035,	  almost	  90%	  of	  Middle	  Eastern	  oil	  exports	  go	  to	  Asia;	  North	  America’s	  
emergence	  as	  a	  net	  exporter	  accelerates	  the	  eastward	  shiW	  in	  trade	  

7	  

United	  States	  Japan	  &	  Korea	   Europe	  China	   India	  

mb/d	   2000	  

2011	  

2035	  

1	  

2	  

3	  

4	  

5	  

6	  

IEA WEO2012	

6	  



Blockage	  of	  the	  Strait	  of	  Hormuz	  may	  push	  Japan	  into	  
the	  Economic	  Death	  Spiral.	 
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Economic	  Death	  Spiral	  may	  hit	  Japan	 

•  Blockage	  of	  the	  Strait	  of	  Hormuz	  
–  Oil	  Price	  may	  double	  to	  $160	  /	  barrel	  
–  Japan’s	  current	  account	  surplus	  (	  9	  trillion	  yen	  in	  2011	  )	  

may	  turn	  to	  deficit	  of	  6	  trillion	  yen.	  
– Without	  further	  restarting	  of	  nuclear	  power	  plants,	  

deficits	  may	  reach	  12	  trillion	  yen.	  
•  Confidence	  on	  Japan’s	  public	  finance	  may	  be	  lost.	  

–  Current	  Account	  surplus	  is	  the	  basis	  for	  confidence	  
–  Persisting	  Deficit	  may	  lead	  to	  capital	  flight	  from	  Japan	  
–  Power	  crisis	  enhances	  flight	  of	  manufacturing	  industries	  

•  Loss	  of	  Confidence	  in	  JGB	  and	  Yen.	  	  Capital	  move	  into	  
commodities	  means	  higher	  prices	  of	  oil.	  

•  Total	  Economic	  Melt	  Down	  may	  happen.	  
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Figure 2: China’s Import Transit Routes 
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Should	  China	  and	  India	  join	  the	  IEA?	
Net	  oil	  imports	  of	  selected	  countries	  in	  the	  New	  Policies	  Scenario	  2013	  (mb/d)	  

	  
Asia	  becomes	  the	  unrivalled	  centre	  of	  the	  global	  oil	  trade	  as	  the	  region	  draws	  in	  a	  

rising	  share	  of	  the	  available	  crude	  
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Two	  chapters	  to	  the	  oil	  producSon	  story	  

ContribuEons	  to	  global	  oil	  producEon	  growth	  

The	  United	  States	  (light	  +ght	  oil)	  &	  Brazil	  (deepwater)	  step	  up	  un+l	  the	  mid-‐2020s,	  
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but	  the	  Middle	  East	  is	  cri+cal	  to	  the	  longer-‐term	  oil	  outlook	  
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Shale	  Gas	  revoluSon	  ?	

110 World Energy Outlook 2013 | Global Energy Trends

is one of conƟnued decline, miƟgated, in part only, by a modest rise in unconvenƟonal 

output. The decline in United <ingdom producƟon of convenƟonal gas has been parƟcularly 

steep, although this is now levelling oī into an extended late-life producƟon tail. On the 

other side of the North Sea, the giant Groningen Įeld in the Netherlands is expected to 

come oī plateau and decline aŌer 2020.

Figure 3.4 ٲ  Change in annual natural gas production in selected countries 
in the New Policies Scenario
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Australia’s gas producƟon growth is linked directly to plans to expand exports, which, if 

realised in full, would see the naƟon rival Qatar as the world’s largest LNG exporter by 

2020. More than two-thirds of current global investment in LNG is in Australia, where there 

are already three LNG export projects operaƟng and a further seven under construcƟon. 

Of the faciliƟes under construcƟon, three in Queensland are based on coalbed methane 

(the Įrst LNG projects of this kind), while one uses ŇoaƟng LNG technology.3 However, 

cost increases have been announced in several of the projects that are underway, with 

the biggest overruns occurring in the Gorgon and the Australia PaciĮc projects (the 

unprecedented appreciaƟon of the Australian dollar has been a major contribuƟng factor). 

Such increases threaten to hold back plans for addiƟonal export projects – especially as 

there are large investment needs elsewhere in the mining and energy sector. Commitments 

to new resource developments in Australia have slowed markedly over the last year or so, 

and the prospects for another round of major Australian LNG projects will depend heavily 

on how costs evolve, on the deployment of new, potenƟally less costly technologies, such 

as ŇoaƟng LNG, and on compeƟƟon from other regions, notably North America. We project 

producƟon to rise to 150ථbcm by 2035, at a slightly slower pace than in last year’s Outlook. 

3.ഩ Floating LNG technology uses a purpose-built barge to produce LNG from offshore gas. There would 

otherwise be technical problems or high capital costs to bring gas to land for liquefaction.
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� PART �2: � �GAS � ���INVESTMENTS �IN �PRODUCTION �

MEDIUMͲTERM �OIL �AND �GAS �MARKETS �2010� 229�

Russian�Gas�Infrastructure�

 
Source:  IEA 

The�Eastern�Siberia�Program�

Developments� in� the� Eastern� and� Far� East� regions� have� become� the� second� priority� of�Gazprom�
under� the�name� ‘Eastern� Siberia� Program’.� The�project� appeared� firmly�on�Gazprom’s� strategy� in�
June�2009,�after�years�of�discussions�and� the�September�2007�Order.�This�order�calls� for�a�parallel�
development�of�production,�transmission,�gas�processing�and�chemical� industries� in�Eastern�Siberia�
and� the� Far� East,� with� potential� gas� exports� to� China� and� other� Asian� countries.� Gazprom� was�
appointed�as� the�Program�execution�coordinator.�These�projects�are�even�more�challenging�as� the�
region�is�largely�undeveloped�and�poorly�explored,�apart�from�Sakhalin�2.�One�should�distinguish�the�
fields�located�in�the�Far�East�(Sakhalin,�Kamchatka)�from�the�other�fields�in�Eastern�Siberia.�

The�Eastern�Siberia�program�would�develop� fields�such�as�Kovykta�and�Chayandinorskoye�both� for�
local�consumption�and�export.�These�fields�could�either�be�linked�to�the�Eastern�pipeline�system�and�
possibly�then�to�China�or�to�the�Western�system�entering�the�NorthͲwest�of�China.�The�Kovykta�field�
is�owned�by�RUSIA�Petroleum,�in�which�TNKͲBP�holds�63%.�In�2007,�TNKͲBP�agreed�to�cede�its�share�
to� Gazprom� after� failing� to� fulfil� the� license� terms:� TNKͲBP� could� not� bring� output� to� the� levels�
stipulated�due�to� low� local�demand�and�because�Gazprom�has�a�monopoly�on�Russian�gas�exports.�
However,� the�deal�was�never�completed:� talks�between�TNKͲBP�and�Gazprom�over� the�sale�of� the�
assets�had�previously�broken�down�as�the�companies�were�unable�to�agree�on�a�price.�The�fact�that�
Gazprom�may�not�have�sufficient�financing�to�develop�all�projects�(on�top�of�Yamal�and�Shtokman)�
may�well�play�in�the�favour�of�a�positive�decision�being�taken�for�a�strong�IOC�partner�to�develop�the�
Eastern�fields,�given�the�geopolitical�interest�to�develop�this�region�sooner�rather�than�later.�

Production� from� Sakhalin�2� started� in�early�2009,�and�production� from� Sakhalin�3� is�expected� for�
2014.�The�ES�2030� is�rather�optimistic�regarding�this�region�with�production�reaching�35Ͳ40�bcm�by�
the�end�of� the� first�stage�and�rising�progressively� to�around�85�bcm�by�2030.�Gazprom� is�currently�
developing� the�gas� transmission� system� from�Sakhalin� to�Khabarovsk�and�Vladivostok,�and� started�
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Natural Gas Pipeline from Russia to Japan 
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LNG	  pricing	  :	  a	  compeSSveness	  
burden	  on	  Asian	  economies	  
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ǁŚĞƚŚĞƌ�ƚŚĞ�ǀĂůƵĞ�ŽĨ�ƚŚĞ�ŐĂƐ�ƌĞĐŽǀĞƌĞĚ�ƉĞƌ�ǁĞůů�ĞǆĐĞĞĚƐ�ƚŚĞ�ǁĞůů�ĐŽŶƐƚƌƵĐƟŽŶ�ĐŽƐƚƐ͘�/Ĩ�
we take a well cost of $5 million and 1 bcf recovery per well, then a dry gas well clearly 
ƌĞƋƵŝƌĞƐ�ƉƌŝĐĞƐ�ŝŶ�ĞǆĐĞƐƐ�ŽĨ�ΨϱͬD�ƚƵ͘6 

�Ƶƚ� ŝĨ� ƚŚĞ� ŐĂƐ� ĐŽŶƚĂŝŶƐ� E'>Ɛ͕� ǁŚŽƐĞ� ǀĂůƵĞ� ŝƐ� ůĂƌŐĞůǇ� ŝŶĚĞǆĞĚ� ƚŽ� Žŝů� ƉƌŝĐĞƐ7 (with, for 
example, a value of $40 per barrel for a mix of ethane, butane, propane and condensate), 
ĨŽƌ�ƚŚĞ�ƐĂŵĞ�ǁĞůů�ƚŚĞ�ƌĞƋƵŝƌĞĚ�ŐĂƐ�ƉƌŝĐĞ�ŐŽĞƐ�ĚŽǁŶ�ƚŽ�ΨϭͬD�ƚƵ�ĨŽƌ�ŐĂƐ�ǁŝƚŚ�Ă�ϰϬй�ůŝƋƵŝĚ�
ĐŽŶƚĞŶƚ� ;ĐĂůĐƵůĂƚĞĚ� ŽŶ� ĂŶ� ĞŶĞƌŐǇͲĞƋƵŝǀĂůĞŶƚ� ďĂƐŝƐͿ� ;&ŝŐƵƌĞ� ϰ͘ϳͿ͘� ^Ž�ǁĞƚ� ŐĂƐ� ƉůĂǇƐ�ǁŝƚŚ�
ůŝƋƵŝĚ�ĐŽŶƚĞŶƚ�ŝŶ�ĞǆĐĞƐƐ�ŽĨ�Ϯϱй�ĂƌĞ�ƉƌŽĮƚĂďůĞ�ĞǀĞŶ�Ăƚ�ĐƵƌƌĞŶƚ�,ĞŶƌǇ�,Ƶď�ŐĂƐ�ƉƌŝĐĞƐ͘�dŚĞ�
ƌĞƐƵůƟŶŐ�ďŝĂƐ�ƚŽǁĂƌĚƐ�ĞǆƉůŽŝƚĂƟŽŶ�ŽĨ�ůŝƋƵŝĚͲƌŝĐŚ�ƐŚĂůĞ�ŐĂƐ�ƉůĂǇƐ�ďŽŽƐƚƐ�E'>Ɛ�ƉƌŽĚƵĐƟŽŶ�
ŝŶ�ƚŚĞ�hŶŝƚĞĚ�^ƚĂƚĞƐ͕�ǁŝƚŚ�ŽƵƌ�ƉƌŽũĞĐƟŽŶ�ƉĞĂŬŝŶŐ�Ăƚ�ϯ�ŵďͬĚ�ŝŶ�ϮϬϮϬ͘�/Ŷ�ƚŚĞ�ůĂƩĞƌ�ƉĂƌƚ�ŽĨ�
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Figure 4.7 ٲ  Relationship between break-even price (gas price needed 
to recover well costs) and the liquid content of the gas 
produced

 

0

1

2

3

4

5

6

0% 10% 20% 30% 40% 50%
Liquid content (energy basis) 

Br
ea

k-
ev

en
 g

as
 p

ric
e 

($
/M

Bt
u,

 2
01

1)
 

$30/b
$40/b
$50/b

Liquids value:

dŚĞ�ĞǆƚƌĞŵĞ�ĐĂƐĞ�ŝƐ�ƚŚĂƚ�ŽĨ�ĂƐƐŽĐŝĂƚĞĚ�ŐĂƐ�ƉƌŽĚƵĐĞĚ�ĨƌŽŵ�Žŝů�ǁĞůůƐ͕�ƐƵĐŚ�ĂƐ�ůŝŐŚƚ�ƟŐŚƚ�
Žŝů�;ŝĨ�ŵŽƌĞ�ƚŚĂŶ�ϱϬй�ŽĨ�ƚŚĞ�ĞŶĞƌŐǇ�ĐŽŶƚĞŶƚ�ŝƐ�ŝŶ�ƚŚĞ�ůŝƋƵŝĚ͕�Ă�ǁĞůů�ŝƐ�ĐŽŶƐŝĚĞƌĞĚ�ƚŽ�ďĞ�ĂŶ�
Žŝů�ǁĞůůͿ͘�/Ŷ�ƚŚĞƐĞ�ĐĂƐĞƐ͕�ŐĂƐ�ŝƐ�ĞƐƐĞŶƟĂůůǇ�Ă�ĨƌĞĞ�ďǇͲƉƌŽĚƵĐƚ�;ĂƉĂƌƚ�ĨƌŽŵ�ƐĞƉĂƌĂƟŽŶ�ĂŶĚ�
ƉƌŽĐĞƐƐŝŶŐ�ĐŽƐƚƐͿ͘��ƐƐƵŵŝŶŐ�ĂŶ�ĂǀĞƌĂŐĞ�ŐĂƐ�ĐŽŶƚĞŶƚ�ŽĨ�Ϯϱй�ĨŽƌ�ůŝŐŚƚ�ƟŐŚƚ�Žŝů�ǁĞůůƐ͕�ŽƵƌ�
ůŝŐŚƚ�ƟŐŚƚ�Žŝů�ƉƌŽũĞĐƟŽŶƐ�ĂĐĐŽƵŶƚ�ĨŽƌ�ĂŶ�ĂĚĚŝƟŽŶĂů�Ϯϱ�ďĐŵ�ŽĨ�ŐĂƐ�ƚŽ�ƚŚĞ�h^�ŵĂƌŬĞƚ�ŝŶ�
ϮϬϭϱ͕�ƌŝƐŝŶŐ�ƚŽ�ϯϱ�ďĐŵ�ŝŶ�ϮϬϮϱ͕�ŽŶ�ƚŚĞ�ĂƐƐƵŵƉƟŽŶ�ƚŚĂƚ�ƚŚĞ�ŝŶĨƌĂƐƚƌƵĐƚƵƌĞ�ŝƐ�ĚĞǀĞůŽƉĞĚ�
ƚŽ�ŵĂƌŬĞƚ�ƚŚĞ�ĂƐƐŽĐŝĂƚĞĚ�ŐĂƐ�ƌĂƚŚĞƌ�ƚŚĂŶ�ũƵƐƚ�ŇĂƌĞ�ŝƚ͘

ϲ͘ഩϭ�D�ƚƵ�ĐŽƌƌĞƐƉŽŶĚƐ�ƚŽ�ĂďŽƵƚ�ϭ�ϬϬϬ�ĐƵďŝĐ�ĨĞĞƚ�ĨŽƌ�ĚƌǇ�ŐĂƐ͘
ϳ͘ഩZĂƉŝĚ� ŐƌŽǁƚŚ� ŝŶ�E'>Ɛ� ŝŶ�EŽƌƚŚ��ŵĞƌŝĐĂ�ŚĂƐ�ĚĞͲůŝŶŬĞĚ�E'>Ɛ� ĂŶĚ�Žŝů� ƉƌŝĐĞƐ� ĨŽƌ� ƚŚĞ�ŵŽŵĞŶƚ͕� ďƵƚ� ƚŚĞƐĞ�ŵĂǇ�
reconnect when investment in petrochemical plants and refineries to use more NGL feedstock materialises.

125-154_Chapitre 4_weo_12.indd   144 18/10/2012   15:49:01

The higher the oil price goes, the lower the gas price becomes. 
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LNG	  from	  the	  United	  States	  
can	  shake	  up	  gas	  markets	  	  

	  

IndicaEve	  economics	  of	  LNG	  export	  from	  the	  US	  Gulf	  Coast	  (at	  current	  prices)	  

New	  LNG	  supplies	  accelerate	  movement	  towards	  a	  more	  interconnected	  global	  
market,	  but	  high	  costs	  of	  transport	  between	  regions	  mean	  no	  single	  global	  gas	  price	  

Average	  import	  price	  

LiquefacSon,	  shipping	  
&	  regasificaSon	  
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but	  high	  costs	  of	  transport	  between	  regions	  mean	  no	  single	  global	  gas	  price	  

WEO 2013	
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DesSnaSon	  clauses	  and	  inefficient	  trade	  with	  
Europe	  is	  a	  USD	  10	  billion	  burden	  on	  Japan	  

18	  



	Impacts of US LNG and Nuclear restarting to 
the LNG prices to Japan	
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Two	  Price	  Zones	  may	  appear.	

134 World Energy Outlook 2013 | Global Energy Trends

A global price signal could emerge based on the spot market for LNG, but in the Gas Price 
Convergence Case we consider that it comes instead from Henry Hub, which becomes a 
reference point for global pricing that is transmiƩed to the various regional gas markets 
via LNG trade. Convergence in prices is assumed to be largely complete by the mid-2020s, 
i.e. over the next ten years (although it takes longer to complete fully in the case of prices 
in the Asia-PaciĮc region). Because of higher levels of LNG exports from the United States, 
the Henry Hub price is higher than it is in the New Policies Scenario (the price impact here 
is consistent with the Įndings of the study commissioned by the US Department of Energy 
on the eīect of increased natural gas exports on domesƟc energy markets EIA, 2012). The 
average price of gas imported to Europe falls to $11ͬMBtu in the mid-2020s, before rising 
in line with changes in the Henry Hub price, while the Japanese import price falls to around 
$12ͬMBtu over the same Ɵmeframe, remaining around this level before edging slightly 
higher aŌer 2030 (Figure 3.11).

Figure 3.11 ٲ  Regional gas prices in the New Policies Scenario and in the 
Gas Price Convergence Case
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The prospect of a signiĮcant wave of supplies from new LNG capacity coming onstream 
in the early to mid-2020s is assumed to strengthen the hand of buyers during contract 
negoƟaƟons, precipitaƟng a shiŌ in the pricing paradigm in favour of greater Ňexibility and 
of indices beyond (or in addiƟon to) oil indexaƟon. This provides a boost to inter-regional 
trade, which, in the Gas Convergence Case, is 30ථbcm higher than in the New Policies 
Scenario by the mid-2020s and 60ථbcm higher by 2035, all in the form of LNG. A greater 
share of this LNG arriving on the market (including not only North American, but also East 
African volumes) is not bound by contract to a speciĮc market. Market and regulatory 
policies are assumed to be in place, including in the premium Asia-PaciĮc market, to 
allow for the growth of short-term gas trading and the emergence of transparent regional 
prices based on gas-to-gas compeƟƟon. This would replicate, to a degree, the gradual 
transformaƟon of conƟnental European systems of gas price formaƟon which started in 
the late 2000s͖ but – in this case – it would contribute to a wider process of interconnecƟon 
between all the major regional gas markets.
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Introduction - Chiyoda’s Hydrogen Supply Chain Outlook	

•  Chiyoda established a complete system which enables economic H2 storage and transportation. 
•  MCH, an H2 carrier, stays in a liquid state under ambient conditions anywhere. 
	

• 　H2	  Supply	  of	  a	  0.1-‐0.2mmtpa	  LNG	  equivalent	  scale	  (M.E.	  to	  Japan)	  could	  be	  feasible.	  
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Methane	  Hydrate,	  Next	  unconvenSonal	  ?	  

Photo by JOGMEC	

Resource estimates vary by several orders of magnitudes, with many falling between 
1000 and 5000 tcm, or between 300 and 1500 years of production at current rates.  The 
USGS estimates that gas hydrates worldwide are more than 10 to 100 times as plentiful 
as US shale gas reserves. The Japanese government aims to achieve commercial 
production in ten to fifeen years, i.e. by the mid- to late-2020s.   (IEA WEO2013)  (IEA)	 22	  
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Figure 5.3 ٲ  Electricity generation by source in the New Policies Scenario
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RelaƟve costs, which are partly inŇuenced by government policies, are one of the main 
drivers of the projected changes in the types of fuels and technologies used to generate 
power. For fossil-fuelled generaƟon, especially natural gas, the cost of generaƟon is very 
sensiƟve to fuel prices, while for nuclear power and renewables the capital cost of the plant 
is far more important. GeneraƟng costs for each technology vary widely across regions and 
countries, according to local fuel prices, regulaƟons and other cost factors (IEAͬNEA, 2010). 
Water scarcity, which can pose reliability risks for coal-Įred and nuclear plants that use 
large amounts of water for cooling, can inŇuence the generaƟon mix and generaƟng costs 
(IEA, 2012). In some regions, including parƟcular areas in Europe and the United States, 
public opposiƟon to building power infrastructure of almost all types – coal-Įred plants 
as well as wind turbines and transmission lines – is becoming a more important factor in 
determining the pace at which new projects can be completed.

�ĂƉĂĐŝƚǇ�ƌĞƟƌĞŵĞŶƚƐ�ĂŶĚ�ĂĚĚŝƟŽŶƐ
In the New Policies Scenario, generaƟon capacity increases by almost three-quarters from 
5ථ649 gigawaƩs (GW) in 2012 to 9ථ760ථGW in 2035 in order to saƟsfy growing demand 
needs and aŌer allowing for capacity closures over the period (Figureථ5.4).3 Over the 
projecƟon period, gross capacity addiƟons total 6ථ050ථGW, with about one-third replacing 
the reƟrement of 1ථ940ථGW (34% of current installed capacity). The majority of new plants 
are powered by gas (1ථ370ථGW), wind (1ථ250ථGW) and coal (1ථ180ථGW).

In the Outlook, generaƟng capacity is reƟred once it reaches the end of its technical lifeƟme.4 
The technical lifeƟmes of hydropower, coal and nuclear plants are longest (assumed to be 
70 years for hydropower, 50ථyears for coal, and 40-60ථyears for nuclear depending on the 
country), followed by gas plants (40ථyears) and, wind turbines and solar PV installaƟons 
(20ථyears). Where the economic case is sound, owners may choose to invest in upgrades or 

3.ഩ All electrical capacities presented in this Outlook are expressed in gross capacity terms.
4.ഩ Power plant lifetimes are expressed in both technical and economic terms. The technical lifetime corresponds 
to the design life of the plant. The economic lifetime is the time taken to recover the investment in the plant and 
is usually shorter than the technical lifetime (Tableථ5.5).
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World	  Electricity	  GeneraSon	  grows	  by	  70%	  	  led	  by	  
renewables	  in	  OECD	  and	  by	  coal	  in	  non-‐OECD	  countries.	
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Renewables	  needs	  $4.7	  trillion	  of	  subsidies	  by	  2035.	
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Subsidies to biofuels declined by almost 20% in 2012 from the previous year. This is partly 
due to reform of taxaƟon levels (or tax incenƟves) in some of the main subsidising regions, 
notably the United States and Brazil. In the United States, the US Congress did not extend 
the ethanol import tariī nor the producƟon tax credit for ethanol, which had been in place 
for decades. In Brazil, subsidies to biofuels fell by more than half due to lower ethanol 
supply, following a reducƟon in the blending mandate, and a decrease in the tax preference 
provided to ethanol, when gasoline taxes were reduced in the middle of the year. China, 
too, drasƟcally lowered subsidies for ethanol from $155ͬtonne to $80ͬtonne and, although 
biofuels use increased, the total subsidy level declined. 

Figure 6.15 ٲ  Global renewable energy subsidies by source in the New 
Policies Scenario
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The New Policies Scenario projects an almost six-fold increase in electricity generaƟon from 
non-hydro renewables and a tripling of the use of biofuels. Subsidies to renewable energy 
amount to over $220ථbillion per year in 2035, aŌer peaking just above $240ථbillion around 
2030 (Figureථ6.15). From 2013 to 2035, cumulaƟve subsidies to renewables amount to 
$4.7ථtrillion, or around 0.15% of cumulaƟve global GDP. These esƟmates are calculated by 
taking the diīerence between the levelised cost of electricity generated by the renewable 
energy technology and the regional wholesale electricity price, mulƟplied by the amount 
of generaƟon. For biofuels, they are calculated by mulƟplying the volumes consumed by 
the diīerence between their cost and the reference price of the comparable oil-based 
products. 

In total, annual subsidies for renewables for power generaƟon reach $177ථbillion in 2035. 
They peak around 2030 and then decline, thanks to increasing wholesale power prices, 
the decreasing unit costs of most renewable energy technologies, and because older 
installaƟons are gradually reƟred, meaning that newer and cheaper units  make up a larger 
share of the installed capacity. Subsidies for onshore wind power peak just aŌer 2020, 
earlier than those for any other technology, reŇecƟng the increasing compeƟƟveness 
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Figure 6.13 ٲ  Japan electricity generation by source in the New Policies 
Scenario

 
0 

200 

400 

600 

800 

1 000

1 200

1990 1995 2000 2005 2010 2015 2020 2025 2030 2035

TW
h Renewables

Oil

Nuclear

Gas

Coal

�ƵƌŽƉĞĂŶ�hŶŝŽŶ

dŚĞ��ƵƌŽƉĞĂŶ�hŶŝŽŶ�ŚĂƐ�ďĞĞŶ�Ăƚ� ƚŚĞ� ĨŽƌĞĨƌŽŶƚ�ŽĨ� ƚŚĞ�ĚĞƉůŽǇŵĞŶƚ�ŽĨ� ƌĞŶĞǁĂďůĞ�ĞŶĞƌŐǇ�
ƚĞĐŚŶŽůŽŐŝĞƐ� ŝŶ� ƚŚĞ� ƉŽǁĞƌ� ƐĞĐƚŽƌ͕ � ĞƐƉĞĐŝĂůůǇ� ĚƵƌŝŶŐ� ƚŚĞ� ůĂƐƚ� ĚĞĐĂĚĞ͕� ƚŚĂŶŬƐ� ƚŽ� ƐƚƌŽŶŐ�
ŐŽǀĞƌŶŵĞŶƚ�ƉƌŽŐƌĂŵŵĞƐ�ĂŶĚ� ŝŶĐĞŶƟǀĞƐ�ʹ�ƉƌŝŵĂƌŝůǇ� ĨŽƌ� ƐŽůĂƌ�ĂŶĚ�ǁŝŶĚ� ;ƐĞĞ��ŚĂƉƚĞƌ�ϳͿ͘�
^ƵƉƉŽƌƚ� ĨŽƌ� ƐŽůĂƌ� Ws� ŝŶ� 'ĞƌŵĂŶǇ� ĂŶĚ� /ƚĂůǇ� ŚĂƐ� ďĞĞŶ� ƉĂƌƟĐƵůĂƌůǇ� ƌŽďƵƐƚ͕� ǁŝƚŚ� ƚŚĞ� ƚǁŽ�
ĐŽƵŶƚƌŝĞƐ�ĐŽŵďŝŶĞĚ�ĂĐĐŽƵŶƟŶŐ�ĨŽƌ�ĂďŽƵƚ�ϲϬй�ŽĨ�ǁŽƌůĚ�Ws�ĐĂƉĂĐŝƚǇ�ĂĚĚŝƟŽŶƐ�ŝŶ�ϮϬϭϭ͘�/Ŷ�
ƚŚĞ�ĐĂƐĞ�ŽĨ�ǁŝŶĚ�ƉŽǁĞƌ͕ ��ƵƌŽƉĞĂŶ�hŶŝŽŶ�ĐŽƵŶƚƌŝĞƐ�ǁĞƌĞ�ƌĞƐƉŽŶƐŝďůĞ�ĨŽƌ�Ϯϯй�ŽĨ�ĐĂƉĂĐŝƚǇ�
ĂĚĚŝƟŽŶƐ�ǁŽƌůĚǁŝĚĞ�ŝŶ�ϮϬϭϭ͘�

dŚĞ�ƉĂĐĞ�ŽĨ� ƌĞŶĞǁĂďůĞƐ� ĐĂƉĂĐŝƚǇ�ĞǆƉĂŶƐŝŽŶ� ƐůŽǁƐ� ŝŶ� ƚŚĞ�EĞǁ�WŽůŝĐŝĞƐ� ^ĐĞŶĂƌŝŽ͕�ďƵƚ� ƐƟůů�
ŵŽƌĞ� ƚŚĂŶ� ĚŽƵďůĞƐ� ŽǀĞƌ� ƚŚĞ�Outlook� ƉĞƌŝŽĚ͕� ŝŶĐƌĞĂƐŝŶŐ� ĨƌŽŵ� ϯϮϱ� 't� ŝŶ� ϮϬϭϭ� ƚŽ� ŽǀĞƌ�
ϲϳϬ�'t�ďǇ�ϮϬϯϱ͘� /Ŷ� ĨĂĐƚ͕� ƌĞŶĞǁĂďůĞƐ�ŵĂŬĞ�ƵƉ�ƚŚĞ�ďƵůŬ�ŽĨ�ŐĞŶĞƌĂƟŶŐ�ĐĂƉĂĐŝƚǇ�ĂĚĚŝƟŽŶƐ�
ĚƵƌŝŶŐ�ƚŚĞ�Outlook ƉĞƌŝŽĚ͕�ǁŝƚŚ�ǁŝŶĚ�ĂĐĐŽƵŶƟŶŐ�ĨŽƌ�ϯϴй�ĂŶĚ�Ws�ĨŽƌ�ϮϬй͘�ZĞŶĞǁĂďůĞƐ�ŝŶ�
ƚŽƚĂů�ĐĂƉƚƵƌĞ�ƚŚƌĞĞͲƋƵĂƌƚĞƌƐ�ŽĨ�ƚŚĞ�ƚŽƚĂů�ŝŶǀĞƐƚŵĞŶƚ�ŝŶ�ƉŽǁĞƌ�ŐĞŶĞƌĂƟŽŶ͕�ĂŶĚ�ďŽŽƐƚ�ƚŚĞŝƌ�
ƐŚĂƌĞ�ŽĨ�ƚŽƚĂů�ŐĞŶĞƌĂƟŽŶ�ĨƌŽŵ�Ϯϭй�ŝŶ�ϮϬϭϬ�ƚŽ�ϰϯй�ŝŶ�ϮϬϯϱ�;&ŝŐƵƌĞ�ϲ͘ϭϰͿ͘�tŝŶĚ�ƉŽǁĞƌ�ŝƐ�ƚŚĞ�
ĚŽŵŝŶĂŶƚ�ƐŽƵƌĐĞ�ŽĨ�ŶĞǁ�ŐĞŶĞƌĂƟŽŶ͕�ƉƌŽǀŝĚŝŶŐ�ϲϬй�ŽĨ�ƚŚĞ�ŝŶĐƌĞĂƐĞ�ĨƌŽŵ�ƌĞŶĞǁĂďůĞƐ�ĂŶĚ�
ŵŽƌĞ�ƚŚĂŶ�ƚŚĞ�ƚŽƚĂů�ŶĞƚ�ŝŶĐƌĞŵĞŶƚĂů�ŐĞŶĞƌĂƟŽŶ�ƚŽ�ϮϬϯϱ͘

/Ŷ�ϮϬϭϭ͕�ƉŽǁĞƌ�ŐĞŶĞƌĂƟŽŶ�ŝŶ�ƚŚĞ��ƵƌŽƉĞĂŶ�hŶŝŽŶ�ƐŚŝŌĞĚ�ĂǁĂǇ�ĨƌŽŵ�ŐĂƐ�ĂŶĚ�ƚŽǁĂƌĚƐ�ĐŽĂů͕�
ĂƐ�Ă�ƌĞƐƵůƚ�ŽĨ�ŚŝŐŚĞƌ�ŐĂƐ�ƉƌŝĐĞƐ�ĂŶĚ�ůŽǁ�ĐĂƌďŽŶ�ƉƌŝĐĞƐ�ŝŶ�ƚŚĞ��h��ŵŝƐƐŝŽŶƐ�dƌĂĚŝŶŐ�^ǇƐƚĞŵ�;�h�
�d^Ϳ͘�'ĂƐͲĮƌĞĚ�ŐĞŶĞƌĂƟŽŶ�ĨĞůů�ďǇ�ϭϳй͕�ǁŚŝůĞ�ĐŽĂůͲĮƌĞĚ�ŐĞŶĞƌĂƟŽŶ�ŝŶĐƌĞĂƐĞĚ�ďǇ�ϭϭй͕�ĚĞƐƉŝƚĞ�
Ă� ĚĞĐůŝŶĞ� ŝŶ� ŽǀĞƌĂůů� ĞůĞĐƚƌŝĐŝƚǇ� ĚĞŵĂŶĚ� ĐĂƵƐĞĚ� ďǇ� ƚŚĞ� ĞĐŽŶŽŵŝĐ� ĚŽǁŶƚƵƌŶ͘� dŚŝƐ� ƚƌĞŶĚ� ŝƐ�
ĞǆƉĞĐƚĞĚ�ƚŽ�ĐŽŶƟŶƵĞ�ŝŶ�ƚŚĞ�ƐŚŽƌƚ�ƚĞƌŵ͕�ĞǀĞŶ�ŝĨ�ĐĂƌďŽŶ�ƉƌŝĐĞƐ�ŝŶĐƌĞĂƐĞ�ĚƵƌŝŶŐ�ƚŚĞ�ƚŚŝƌĚ�ƉŚĂƐĞ�
ŽĨ� ƚŚĞ��h��d^�;ĐŽǀĞƌŝŶŐ�ƚŚĞ�ƉĞƌŝŽĚ�ϮϬϭϯͲϮϬϮϬͿ�ǁŚĞŶ�ĂƵĐƟŽŶƐ�ĨŽƌ�ĂůůŽǁĂŶĐĞƐ�ĂŶĚ�ƟŐŚƚĞƌ�
ůŝŵŝƚƐ�ŽŶ�ƚŚĞ�ƵƐĞ�ŽĨ�ŽīƐĞƚƐ�ĂŶĚ�ďĂŶŬŝŶŐ�ŽĨ�ĂůůŽǁĂŶĐĞƐ�ĨƌŽŵ�ƚŚĞ�ĐƵƌƌĞŶƚ�ƉŚĂƐĞ�ĂƌĞ�ŝŶƚƌŽĚƵĐĞĚ͘�
,ŽǁĞǀĞƌ͕ �ŝŶ�ƚŚĞ�ůŽŶŐĞƌ�ƚĞƌŵ͕�ĐŽĂůͲĮƌĞĚ�ŐĞŶĞƌĂƟŽŶ�ŝƐ�ƉƌŽũĞĐƚĞĚ�ƚŽ�ĚƌŽƉ�ĚƌĂŵĂƟĐĂůůǇ͕�ĨƌŽŵ�
Ϯϲй�ŽĨ�ƚŽƚĂů�ŐĞŶĞƌĂƟŽŶ�ŝŶ�ϮϬϭϬ�ĚŽǁŶ�ƚŽ�ũƵƐƚ�ϵй�ŽĨ�ŐĞŶĞƌĂƟŽŶ�ŝŶ�ϮϬϯϱ͘��dŚŝƐ�ŝƐ�ĚƵĞ�ƚŽ�ŚŝŐŚĞƌ�
ĐĂƌďŽŶ�ƉƌŝĐĞƐ͕�ǁŚŝĐŚ�ŵĂŬĞ�ĐŽĂůͲĮƌĞĚ�ƉŽǁĞƌ� ůĞƐƐ� ĐŽŵƉĞƟƟǀĞ͕�ĂŶĚ�ŐƌĞĂƚĞƌ�ƉĞŶĞƚƌĂƟŽŶ�ŽĨ�
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A	  decline	  in	  nuclear	  is	  compensated	  by	  a	  3-‐fold	  increase	  in	  electricity	  from	  
renewables,	  a	  con+nued	  high	  reliance	  on	  LNG	  imports	  &	  improvements	  in	  efficiency	  

Japan’s	  Power	  Sector:	  Renewables,	  gas	  and	  
energy	  efficiency	  leading	  the	  charge	  
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Regional	  differences	  in	  natural	  gas	  prices	  narrow	  from	  today’s	  very	  high	  levels	  	  
but	  remain	  large	  through	  to	  2035;	  electricity	  price	  differen+als	  also	  persist	  electricity	  price	  differen+als	  also	  persist	  

2013	  2035	  

ReducSon	  
from	  2013	  

Who	  has	  the	  energy	  to	  compete?	  
RaEo	  of	  industrial	  energy	  prices	  relaEve	  to	  the	  United	  States	  

United	  States	  

2×	  

Japan	   European	  
Union	  

China	  

Electricity	  Natural	  gas	  

2003	  

Japan	   European	  
Union	  

China	  

WEO 2013	
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Box 8.4 ٲ� �7KH�UHPDUNDEOH�UHQDLVVDQFH of US petrochemicals 

The slump in gas, ethane and LPG prices in the United States due to the boom in 
shale gas has given US petrochemical producers a major advantage over many 
compeƟtors in Europe and other parts of the world that rely primarily on naphtha, 
an oil-based alternaƟve feedstock. This sharp improvement in the proĮtability of bulk 
petrochemicals producƟon has boosted uƟlisaƟon rates at exisƟng US plants and led 
to a surge in plans for new producƟon faciliƟes (Figureථ8.15). Between 2010 and the 
end of March 2013, almost 100ථchemical industry projects valued at around $72ථbillion 
were announced (ACC,ථ2013). According to the American Chemistry Council, these 
investments, were they all to proceed, would boost producƟon capacity by 40% in 
2020; provide 1.2ථmillion jobs during the construcƟon phase (to 2020); create over half 
a million permanent jobs; and give rise to total output worth $200ථbillion per year in 
the longer term. The majority of the planned projects, many of them for export, involve 
expansions of capacity for ethylene, ethylene derivaƟves (such as polyethylene and 
polyvinyl chloride), ammonia, methanol, chlorine, and to some extent for propylene. 
Roughly half of the announced investments to date are by Įrms based outside the 
United States. Much of the investment is aimed at making use of the rapidly growing 
volume of ethane coming onto the US market. However, using solely ethane as 
feedstock in steam crackers produces just ethylene and almost no other by-products, 
such as propylene, which may lead to local imbalances in derivaƟve product markets.

Figure 8.15 ٲ� �+LVWRULFDO�DQG�SODQQHG�HWK\OHQH�FDSDFLW\�DGGLWLRQV�E\�UHJLRQ
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Sources: ICIS (2013); IHS (2013); METI (2013); PlaƩs (2013); US EIA (2013); and IEA analysis.

&ŽĐƵƐ�ŽŶ�ŝƌŽŶ�ĂŶĚ�ƐƚĞĞů

Iron and steel producƟon requires large amounts of energy and in 2011 the sector 
accounted globally for 20% of industrial energy use and 8% of total Įnal energy use. Energy 
typically makes up 10% to 40% of total producƟon costs and therefore the economics of 
iron and steel producƟon are highly sensiƟve to local energy prices (see EU example in 
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An	  energy	  boost	  to	  the	  economy?	  
Share	  of	  global	  export	  market	  for	  energy-‐intensive	  goods	  

The	  US,	  together	  with	  key	  emerging	  economies,	  increases	  its	  export	  market	  share	  	  
for	  energy-‐intensive	  goods,	  while	  the	  EU	  and	  Japan	  see	  a	  sharp	  decline	  

Today	   36%	   10%	   7%	   7%	   3%	   2%	  

European	  Union	  

United	  States	  
China	   India	  Middle	  East	  

Japan	  

-‐3%	  

-‐10%	  

+3%	  
+2%	   +2%	  +1%	  

while	  the	  EU	  and	  Japan	  see	  a	  sharp	  decline	  

WEO 2013	
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‘Carbon	  budget’	  for	  2	  °C	  1750-‐2011	  

Non-‐OECD	  
OECD	  

Emissions	  off	  track	  in	  the	  run-‐up	  	  
to	  the	  2015	  climate	  summit	  in	  France	  

CumulaEve	  energy-‐related	  CO2	  emissions	  

Non-‐OECD	  countries	  account	  for	  a	  rising	  share	  of	  emissions,	  although	  2035	  per	  capita	  
levels	  are	  only	  half	  of	  OECD;	  	  	  the	  2	  °C	  carbon	  budget	  is	  being	  spent	  much	  too	  quickly	  
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‘Carbon	  budget’	  for	  2	  °C	  

Remaining	  	  
budget	  

OECD	  

Non-‐OECD	  

Total	  emissions	  
1900-‐2035	  

51%	  

49%	  

the	  2	  °C	  ‘carbon	  budget’	  is	  being	  spent	  much	  too	  quickly	  

WEO 2013	
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450ppm	  Scenario:	  reducing	  CO2	  by	  half	  by	  2050	  and	  
containing	  temperature	  increase	  to	  2	  degrees	  C.	  

20	  

22	  

24	  

26	  

28	  

30	  

32	  

34	  

36	  

38	  

2010	   2015	   2020	   2025	   2030	   2035	  

Gt
	  

450	  Scenario	  

New	  Policies	  Scenario	   CO2	  abatement	   2020	   2035	  
AcSvity	   2%	   2%	  
End-‐use	  efficiency	   18%	   13%	  
Power	  plant	  efficiency	   3%	   2%	  
Electricity	  savings	   50%	   27%	  
Fuel	  and	  technology	  
switching	  in	  end-‐uses	  

2%	   3%	  

Renewables	   15%	   23%	  
Biofuels	   2%	   4%	  
Nuclear	   5%	   8%	  
CCS	   4%	   17%	  

Total	  (Gt	  CO2)	   3.1	   15.0	  

Energy	  efficiency	  reduces	  CO2	  emissions	  by	  2.2	  Gt	  in	  2020	  &	  6.4	  Gt	  in	  2035,	  but	  
efficiency’s	  share	  in	  CO2	  abatement	  falls	  by	  2035	  as	  renewables	  &	  CCS	  are	  used	  more	  

WEO 2012	
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Figure 8.6 ٲ  Electricity generation from low-carbon technologies and share 
by scenario, 2010 and 2035
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Note: 450 = 450 Scenario; NPS = New Policies Scenario.

�ůĞĐƚƌŝĐŝƚǇ� ŐĞŶĞƌĂƚĞĚ� ĨƌŽŵ� ůŽǁͲĐĂƌďŽŶ� ƐŽƵƌĐĞƐ� ĂůƌĞĂĚǇ� ŝŶĐƌĞĂƐĞƐ� Ϯ͘ϯ� ƟŵĞƐ� ĨƌŽŵ� ĂůŵŽƐƚ�
ϳ�ϬϬϬ�dtŚ� ŝŶ�ϮϬϭϭ� ƚŽ�ϭϲ�ϮϬϬ�dtŚ� ŝŶ�ϮϬϯϱ� ŝŶ� ƚŚĞ�EĞǁ�WŽůŝĐŝĞƐ�^ĐĞŶĂƌŝŽ͕�ŵĂŝŶůǇ�ĚƵĞ� ƚŽ�
ŚŝŐŚĞƌ�ŐĞŶĞƌĂƟŽŶ�ĨƌŽŵ�ǁŝŶĚ͕�ŚǇĚƌŽƉŽǁĞƌ�ĂŶĚ�ŶƵĐůĞĂƌ͘ �/Ŷ�ƚŚĞ�ϰϱϬ�^ĐĞŶĂƌŝŽ͕�ƚŚĞ�ĂŵŽƵŶƚ�ŽĨ�
ĞůĞĐƚƌŝĐŝƚǇ�ŐĞŶĞƌĂƚĞĚ�ĨƌŽŵ�ůŽǁͲĐĂƌďŽŶ�ƐŽƵƌĐĞƐ�ƌŝƐĞƐ�ĨƵƌƚŚĞƌ͕ �ƚŽ�Ă�ƚŽƚĂů�ŽĨ�ŽǀĞƌ�Ϯϰ�ϵϬϬ�dtŚ͕�
ǁŚŝĐŚ�ŝƐ�ϯ͘ϲ�ƟŵĞƐ�ŚŝŐŚĞƌ�ƚŚĂŶ�ϮϬϭϬ�ůĞǀĞůƐ͘��ůĞĐƚƌŝĐŝƚǇ�ŐĞŶĞƌĂƚĞĚ�ĨƌŽŵ�ĨŽƐƐŝůͲĨƵĞů�ƉůĂŶƚƐ�ǁŝƚŚ�
carbon capture and storage (CCS), nuclear and wind see the largest incremental gains in the 
ϰϱϬ�^ĐĞŶĂƌŝŽ�ƌĞůĂƟǀĞ�ƚŽ�ƚŚĞ�EĞǁ�WŽůŝĐŝĞƐ�^ĐĞŶĂƌŝŽ͘��ŵŽŶŐ�ƚŚĞƐĞ͕���^�ĂĐŚŝĞǀĞƐ�ƚŚĞ�ůĂƌŐĞƐƚ�
ŐƌŽǁƚŚ�ŝŶ�ĞůĞĐƚƌŝĐŝƚǇ�ŐĞŶĞƌĂƟŽŶ�ŝŶ�ĂďƐŽůƵƚĞ�ƚĞƌŵƐ͕�ĐŽŵƉĂƌĞĚ�ƚŽ�ƚŚĞ�EĞǁ�WŽůŝĐŝĞƐ�^ĐĞŶĂƌŝŽ͕�
since it relies the most on carbon pricing. The growth in nuclear power in the 450 Scenario 
is, to a large extent, driven by the rapid growth in the number of nuclear power plants in 
�ŚŝŶĂ͘�KǀĞƌĂůů͕�ŶƵĐůĞĂƌ͛Ɛ�ƐŚĂƌĞ�ŝŶ�ŐůŽďĂů�ĞůĞĐƚƌŝĐŝƚǇ�ŐĞŶĞƌĂƟŽŶ�ŝŶĐƌĞĂƐĞƐ�ĨƌŽŵ�ϭϯй�ŝŶ�ϮϬϭϬ�
ƚŽ� ϭϵй� ŝŶ� ϮϬϯϱ� ŝŶ� ƚŚĞ� ϰϱϬ� ^ĐĞŶĂƌŝŽ͘� dǁŽͲƚŚŝƌĚƐ� ŽĨ� ƚŚĞ� ĂĚĚŝƟŽŶĂů� ĞůĞĐƚƌŝĐŝƚǇ� ŐĞŶĞƌĂƟŽŶ�
from wind is in China, the European Union and the United States. Policy support and cost 
ƌĞĚƵĐƟŽŶƐ�ĞŶĐŽƵƌĂŐĞ�ŐƌĞĂƚĞƌ�ĚĞƉůŽǇŵĞŶƚ�ŽĨ�ŽīƐŚŽƌĞ�ǁŝŶĚ͕�ƌĞƐƵůƟŶŐ�ŝŶ�ŝƚ�ƉƌŽǀŝĚŝŶŐ�Ϯϵй�
ŽĨ� Ăůů�ǁŝŶĚ�ƉŽǁĞƌ�ďǇ�ϮϬϯϱ͘� ^ŝŶĐĞ� ůĂƌŐĞ�ǁŝŶĚ� ƚƵƌďŝŶĞƐ͕� ĞƐƉĞĐŝĂůůǇ� ƚŚŽƐĞ�ƵƐĞĚ� ŝŶ�ŽīƐŚŽƌĞ�
ǁŝŶĚ�ŝŶƐƚĂůůĂƟŽŶƐ͕�ĐƵƌƌĞŶƚůǇ�ĚĞƉĞŶĚ�ŽŶ�ƌĂƌĞ�ĞĂƌƚŚ�ƉĞƌŵĂŶĞŶƚ�ŵĂŐŶĞƚƐ�ƚŽ�ƌĞĚƵĐĞ�ƚŚĞ�ƐŝǌĞ�
and weight of the generators, the limited availability of these minerals may constrain this 
growth (Spotlight). 
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Can we build 16 GW of nuclear power plants a year? 
+ Can we build 60 GW of wind power plants a year?   ( 2010 = 198 GW) 
+ Can we build 50 GW of Solar PV capacities a year?   (2010 = 38GW) 
And CO2 price will be more than $120 per ton.	

IEA WEO2012	
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In the New Policies Scenario, the absolute growth in primary demand for natural gas 
outpaces that of any other individual fuel (see Chapterථ3), and increases by more than 
the growth in demand for oil and coal combined from 2011 to 2035. Demand grows 
strongly throughout the Outlook period, and ends up nearly 50% higher, at 5ථtrillion cubic 
metresථ(tcm). Despite this strong growth, demand for natural gas remains below that for 
both oil and coal in 2035. Regional market dynamics conƟnue to be important, with gas 
prices reŇecƟng diīering gas supply and demand fundamentals, the nature of prevailing 
coal-to-gas compeƟƟon (see Chapterථ5) and the diīerent contract structures adopted. In 
the United States, gas demand increases relaƟvely slowly over the period – by 13% (over 
90ථbillion cubic metres bcm) – but it conƟnues to be the world’s largest gas market inථ2035. 
Demand in the European Union is also 13% higher in 2035, leaving it around 65ථbcmථ(10%) 
lower than projected in t�KͲϮϬϭϮ͘�This is, in part, due to a lower starƟng point, but also to 
a combinaƟon of factors that include more modest economic growth, increased eĸciency 
in buildings and the faster growth of renewables in power generaƟon. 

Figure 2.5 ٲ  World primary energy demand by fuel in the New Policies Scenario
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Non-OECD countries account for more than 80% of global gas demand growth over the 
period to 2035. Demand for gas in developing Asia grows by around 680ථbcm, equivalent 
to the total amount of gas traded inter-regionally today. Demand grows quickly in 
Chinaථ(nearly 400ථbcm), but also briskly in Indiaථ(over 110ථbcm), Indonesiaථ(40 bcm) and 
other parts of the region. In absolute terms, demand for gas in the Middle East increases 
by more than the growth of the enƟre OECD – around 300ථbcm – between 2011 and 2035, 
driven by new power generaƟon (where demand for gas nearly doubles to reach 275ථbcm), 
desalinaƟon and higher industrial acƟvity. OŌen thought of primarily as an energy exporter, 
the Middle East increases its own natural gas use so rapidly that it overtakes the European 
Union before 2020 and consumes 26% more than the European Union by 2035. Russia, 
the world’s second-largest gas consumer, sees demand grow slowly (0.6% per year) as 
improved eĸciency and a move towards more market-based pricing help restrain demand 
growth. Gas demand in LaƟn America increases by around 85%, led by a 60ථbcm increase in 
Brazil as a result of the increased availability of domesƟc supplies (see Chapterථ10). 
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Chapter 8 | Climate change mitigation and the 450 Scenario

WƌŝŵĂƌǇ�ĞŶĞƌŐǇ�ĚĞŵĂŶĚ�ĂŶĚ�ĞůĞĐƚƌŝĐŝƚǇ�ŐĞŶĞƌĂƟŽŶ�ŝŶ�ƚŚĞ�ϰϱϬ�^ĐĞŶĂƌŝŽ

In the 450 Scenario, global demand for primary energy increases by 16% from 2010 to 
ƌĞĂĐŚ�ϭϰ�ϴϬϬ�ŵŝůůŝŽŶ�ƚŽŶŶĞƐ�ŽĨ�Žŝů�ĞƋƵŝǀĂůĞŶƚ�;DƚŽĞͿ�ŝŶ�ϮϬϯϱ͘�dŚŝƐ�ŽǀĞƌĂůů�ĮŐƵƌĞ�ŵĂƐŬƐ�Ă�
ƐŝŐŶŝĮĐĂŶƚ�ƐůŽǁĚŽǁŶ�ŝŶ�ĞŶĞƌŐǇ�ĚĞŵĂŶĚ�ŐƌŽǁƚŚ�ĚƵƌŝŶŐ�ƚŚĞ�Outlook�ƉĞƌŝŽĚ͗�ǁŚŝůĞ�ĞŶĞƌŐǇ�
ĚĞŵĂŶĚ�ŐƌŽǁƐ�Ăƚ�ϭ͘ϭй�ĂŶŶƵĂůůǇ�ƚŚƌŽƵŐŚ�ϮϬϮϬ͕�ŐƌŽǁƚŚ�ƐůŽǁƐ�ƚŽ�Ϭ͘ϯй�ĂŶŶƵĂůůǇ�ĨƌŽŵ�ϮϬϮϬ�
ƚŽ�ϮϬϯϱ͘�dŚŝƐ�ŝƐ�ůĂƌŐĞůǇ�Ă�ƌĞƐƵůƚ�ŽĨ�ĞŶĞƌŐǇ�ĚĞŵĂŶĚ�ĚĞĐŽƵƉůŝŶŐ�ĨƌŽŵ�ĞĐŽŶŽŵŝĐ�ŐƌŽǁƚŚ͕�ĚƵĞ�
ƚŽ�ůĂƌŐĞͲƐĐĂůĞ�ŝŵƉƌŽǀĞŵĞŶƚƐ�ŝŶ�ĞŶĞƌŐǇ�ĞĸĐŝĞŶĐǇ�ĂŶĚ�ƐƚƌƵĐƚƵƌĂů�ĐŚĂŶŐĞƐ�ŝŶ�ƚŚĞ�ĞĐŽŶŽŵǇ͘

dŚĞ� ĐŽŵƉŽƐŝƟŽŶ� ŽĨ� ĞŶĞƌŐǇ� ĚĞŵĂŶĚ� ĐŚĂŶŐĞƐ� ƐŝŐŶŝĮĐĂŶƚůǇ� ŽǀĞƌ� ƚŚĞ� ŶĞǆƚ� Ϯϱ� ǇĞĂƌƐ� ŝŶ� ƚŚĞ�
ϰϱϬ� ^ĐĞŶĂƌŝŽ� ;&ŝŐƵƌĞ� ϴ͘ϱͿ͘� �ŽĂů� ĐŽŶƐƵŵƉƟŽŶ� ƉĞĂŬƐ� ďĞĨŽƌĞ� ϮϬϮϬ� ĂŶĚ� ĚĞĐůŝŶĞƐ� ƚŽ� ƵŶĚĞƌ�
ϯ�ϰϬϬ�ŵŝůůŝŽŶ� ƚŽŶŶĞƐ�ŽĨ�ĐŽĂů�ĞƋƵŝǀĂůĞŶƚ� ;DƚĐĞͿ� ŝŶ�ϮϬϯϱ͕�ϯϯй� ůŽǁĞƌ� ƚŚĂŶ� ŝŶ�ϮϬϭϬ͘�'ůŽďĂů�
ĚĞŵĂŶĚ�ĨŽƌ�Žŝů�ƉĞĂŬƐ�ďĞĨŽƌĞ�ϮϬϮϬ�ĂŶĚ�ĚĞĐůŝŶĞƐ�ƚŽ�ƵŶĚĞƌ�ϴϬ�ŵŝůůŝŽŶ�ďĂƌƌĞůƐ�Ă�ĚĂǇ�;ŵďͬĚͿ�
ŝŶ�ϮϬϯϱ͕�Žƌ�ϭϬй�ůĞƐƐ�ƚŚĂŶ�ŝŶ�ϮϬϭϭ͘�dŚĂŶŬƐ�ƚŽ�ŝƚƐ�ĂǀĂŝůĂďŝůŝƚǇ�ĂŶĚ�ƚŚĞ�ĨĂĐƚ�ƚŚĂƚ�ŝƚ�ŝƐ�ƚŚĞ�ůĞĂƐƚ�
ĐĂƌďŽŶͲŝŶƚĞŶƐŝǀĞ� ĨŽƐƐŝů� ĨƵĞů͕� ŶĂƚƵƌĂů� ŐĂƐ� ŝŶ� ƚŚĞ� ϰϱϬ� ^ĐĞŶĂƌŝŽ� ĞǆƉĞƌŝĞŶĐĞƐ� ĂŶ� ŝŶĐƌĞĂƐĞ� ŝŶ�
demand from about 3 300 billion cubic metres (bcm) in 2010 to almost 4 000 bcm in 2035.

Figure 8.5 ٲ  Primary energy demand in the 450 Scenario by fuel
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2010 to 42% in 2035. Demand for bioenergy increases by 75% over 2010-2035, both because 
ŽĨ� ƐƚƌŽŶŐ� ŐƌŽǁƚŚ� ŝŶ� ƚŚĞ� ƵƐĞ� ŽĨ� ďŝŽĞŶĞƌŐǇ� ĨŽƌ� ĞůĞĐƚƌŝĐŝƚǇ� ŐĞŶĞƌĂƟŽŶ� ĂŶĚ� ƌŝƐŝŶŐ� ďŝŽĨƵĞůƐ�
ƉƌŽĚƵĐƟŽŶ͘�dŚĞ�ŐƌŽǁƚŚ�ŽĨ� ůŽǁͲĐĂƌďŽŶ�ĞŶĞƌŐǇ�ƐŽƵƌĐĞƐ� ŝƐ�ƉĂƌƟĐƵůĂƌůǇ�ƐƚƌŽŶŐ� ŝŶ�ĞůĞĐƚƌŝĐŝƚǇ�
ŐĞŶĞƌĂƟŽŶ͘�KŶ� Ă� ŐůŽďĂů� ƐĐĂůĞ͕� ƚŽƚĂů� ĞůĞĐƚƌŝĐŝƚǇ� ŐĞŶĞƌĂƟŽŶ� ŝŶĐƌĞĂƐĞƐ� ŝŶ� ƚŚĞ� ϰϱϬ� ^ĐĞŶĂƌŝŽ�
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Chapter 8 | Climate change mitigation and the 450 Scenario

WƌŝŵĂƌǇ�ĞŶĞƌŐǇ�ĚĞŵĂŶĚ�ĂŶĚ�ĞůĞĐƚƌŝĐŝƚǇ�ŐĞŶĞƌĂƟŽŶ�ŝŶ�ƚŚĞ�ϰϱϬ�^ĐĞŶĂƌŝŽ

In the 450 Scenario, global demand for primary energy increases by 16% from 2010 to 
ƌĞĂĐŚ�ϭϰ�ϴϬϬ�ŵŝůůŝŽŶ�ƚŽŶŶĞƐ�ŽĨ�Žŝů�ĞƋƵŝǀĂůĞŶƚ�;DƚŽĞͿ�ŝŶ�ϮϬϯϱ͘�dŚŝƐ�ŽǀĞƌĂůů�ĮŐƵƌĞ�ŵĂƐŬƐ�Ă�
ƐŝŐŶŝĮĐĂŶƚ�ƐůŽǁĚŽǁŶ�ŝŶ�ĞŶĞƌŐǇ�ĚĞŵĂŶĚ�ŐƌŽǁƚŚ�ĚƵƌŝŶŐ�ƚŚĞ�Outlook�ƉĞƌŝŽĚ͗�ǁŚŝůĞ�ĞŶĞƌŐǇ�
ĚĞŵĂŶĚ�ŐƌŽǁƐ�Ăƚ�ϭ͘ϭй�ĂŶŶƵĂůůǇ�ƚŚƌŽƵŐŚ�ϮϬϮϬ͕�ŐƌŽǁƚŚ�ƐůŽǁƐ�ƚŽ�Ϭ͘ϯй�ĂŶŶƵĂůůǇ�ĨƌŽŵ�ϮϬϮϬ�
ƚŽ�ϮϬϯϱ͘�dŚŝƐ�ŝƐ�ůĂƌŐĞůǇ�Ă�ƌĞƐƵůƚ�ŽĨ�ĞŶĞƌŐǇ�ĚĞŵĂŶĚ�ĚĞĐŽƵƉůŝŶŐ�ĨƌŽŵ�ĞĐŽŶŽŵŝĐ�ŐƌŽǁƚŚ͕�ĚƵĞ�
ƚŽ�ůĂƌŐĞͲƐĐĂůĞ�ŝŵƉƌŽǀĞŵĞŶƚƐ�ŝŶ�ĞŶĞƌŐǇ�ĞĸĐŝĞŶĐǇ�ĂŶĚ�ƐƚƌƵĐƚƵƌĂů�ĐŚĂŶŐĞƐ�ŝŶ�ƚŚĞ�ĞĐŽŶŽŵǇ͘

dŚĞ� ĐŽŵƉŽƐŝƟŽŶ� ŽĨ� ĞŶĞƌŐǇ� ĚĞŵĂŶĚ� ĐŚĂŶŐĞƐ� ƐŝŐŶŝĮĐĂŶƚůǇ� ŽǀĞƌ� ƚŚĞ� ŶĞǆƚ� Ϯϱ� ǇĞĂƌƐ� ŝŶ� ƚŚĞ�
ϰϱϬ� ^ĐĞŶĂƌŝŽ� ;&ŝŐƵƌĞ� ϴ͘ϱͿ͘� �ŽĂů� ĐŽŶƐƵŵƉƟŽŶ� ƉĞĂŬƐ� ďĞĨŽƌĞ� ϮϬϮϬ� ĂŶĚ� ĚĞĐůŝŶĞƐ� ƚŽ� ƵŶĚĞƌ�
ϯ�ϰϬϬ�ŵŝůůŝŽŶ� ƚŽŶŶĞƐ�ŽĨ�ĐŽĂů�ĞƋƵŝǀĂůĞŶƚ� ;DƚĐĞͿ� ŝŶ�ϮϬϯϱ͕�ϯϯй� ůŽǁĞƌ� ƚŚĂŶ� ŝŶ�ϮϬϭϬ͘�'ůŽďĂů�
ĚĞŵĂŶĚ�ĨŽƌ�Žŝů�ƉĞĂŬƐ�ďĞĨŽƌĞ�ϮϬϮϬ�ĂŶĚ�ĚĞĐůŝŶĞƐ�ƚŽ�ƵŶĚĞƌ�ϴϬ�ŵŝůůŝŽŶ�ďĂƌƌĞůƐ�Ă�ĚĂǇ�;ŵďͬĚͿ�
ŝŶ�ϮϬϯϱ͕�Žƌ�ϭϬй�ůĞƐƐ�ƚŚĂŶ�ŝŶ�ϮϬϭϭ͘�dŚĂŶŬƐ�ƚŽ�ŝƚƐ�ĂǀĂŝůĂďŝůŝƚǇ�ĂŶĚ�ƚŚĞ�ĨĂĐƚ�ƚŚĂƚ�ŝƚ�ŝƐ�ƚŚĞ�ůĞĂƐƚ�
ĐĂƌďŽŶͲŝŶƚĞŶƐŝǀĞ� ĨŽƐƐŝů� ĨƵĞů͕� ŶĂƚƵƌĂů� ŐĂƐ� ŝŶ� ƚŚĞ� ϰϱϬ� ^ĐĞŶĂƌŝŽ� ĞǆƉĞƌŝĞŶĐĞƐ� ĂŶ� ŝŶĐƌĞĂƐĞ� ŝŶ�
demand from about 3 300 billion cubic metres (bcm) in 2010 to almost 4 000 bcm in 2035.
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2010 to 42% in 2035. Demand for bioenergy increases by 75% over 2010-2035, both because 
ŽĨ� ƐƚƌŽŶŐ� ŐƌŽǁƚŚ� ŝŶ� ƚŚĞ� ƵƐĞ� ŽĨ� ďŝŽĞŶĞƌŐǇ� ĨŽƌ� ĞůĞĐƚƌŝĐŝƚǇ� ŐĞŶĞƌĂƟŽŶ� ĂŶĚ� ƌŝƐŝŶŐ� ďŝŽĨƵĞůƐ�
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The Stone Age didn’t end because we ran out of stones. 
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In the New Policies Scenario global nuclear generaƟon grows from 2ථ584ථTWh in 2011 to 
4ථ300ථTWh in 2035, its share of total generaƟon remaining constant at 12%. Growth in 
generaƟon is underpinned by a corresponding expansion of capacity, which rises from 
394ථGW in 2012 to 578ථGW in 2035. This is the net result of 117ථGW of reƟrements and 
302ථGW of capacity addiƟons during the projecƟon period. The rate of expansion of 
nuclear power conƟnues to be mainly policy driven. It expands in markets where there is a 
supporƟve policy framework, which in some cases acƟvely targets a larger role for nuclear 
in the mix in order to achieve energy security aims. But policy frameworks can also hinder 
or eliminate nuclear power, oŌen as a result of public opposiƟon: even where there is no 
explicit ban, long permiƫng processes, such as in the United States, can signiĮcantly hinder 
development by increasing uncertainty about project compleƟon and increasing costs.

Figure 5.12 ٲ  Nuclear power installed capacity by region in the New  
Policies Scenario
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The largest nuclear gross capacity addiƟons are in China, which adds 114ථGW during 
the projecƟon period (or 38% of global nuclear addiƟons before taking into account 
reƟrements). Of the total projected to be added, 28% is already under construcƟon, 
with building expected to begin on several other plants by 2015. Russia adds 33ථGW, 
the second-largest total globally (though around 60% is needed to replace units that 
are reƟred). Among OECD countries, <orea sees the biggest growth in installed capacity 
during the projecƟon period, with gross capacity addiƟons of 27ථGW (Figureථ5.12). If <orea 
is excluded, the OECD’s capacity declines from present levels, with reƟrements of about 
80ථGW outweighing addiƟons of 60ථGW over 2013-2035. Capacity increases in the United 
States, which builds new units but also uprates exisƟng plants (through the modiĮcaƟon 
or replacement of certain plant components). SigniĮcant nuclear capacity is added in India 
(26ථGW) to meet rapid growth in electricity demand. Moreover, several countries that 
aim to develop a nuclear power programme are projected to add their Įrst units over the 
projecƟon period, notably the United Arab Emirates, Turkey and Vietnam.
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Share	  the	  Lessons	  of	  the	  Fukushima	
•  Lessons to be Shared 

–  Think about the unthinkable; Tsunami and Station Black Out. Large scale Blackout. Change total 
mind set for “Safety”. 

–  Prepare for the severe accidents by defense in depth, common cause failure & compound 
disasters. NRC’s B-5-b clause was not accepted despite its suggestion. 

–  Clarify why it happened only to Fukushima Daiichi and NOT to other sites like Fukushima Daini, 
Onagawa, Tokai-daini. 

•  Safety Principles 
–  Fukushima accident was caused by human error and should have been avoided. (Parliament 

Investigation Commission report　) 
–  International Cooperation : A nuclear accident anywhere is an accident everywhere. 
–  Independent Regulatory authority ; Transparency and Trust, “Back Fitting” of regulation 

•  Secured supply of Electricity 
–  Power station location 
–  Strengthened interconnection of grid lines 

•  Once disaster has happened, Recovery from disaster is at least as important as preparing 
for it. 

–  FEMA like organization and training of the nuclear emergency staff including the self defense 
force ; integration of safety and security. 

–  New Technology.  New type of Reactors such as Integral Fast Reactor. 
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○There	  are	  48	  nuclear	  power	  plant	  units	  in	  Japan.	  　All	  of	  them	  (in	  red)	  is	  in	  temporary	  
shutdown	  as	  of	  February	  17	  2014.	  
○17	  units	  (in	  blue	  squares)	  are	  	  under	  review	  for	  restart	  by	  the	  Nuclear	  RegulaSon	  Authority	  
in	  accordance	  with	  its	  new	  safety	  standard.	
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New Basic Energy Plan : A proposal to the government - by an advisory 
committee of METI  (Dec. 17, 2013)  

(1)  Nuclear	  Power	  
Ø  Nuclear	  power	  is	  an	  important	  base	  load	  power	  source	  to	  be	  uSlized	  from	  the	  viewpoint	  of	  stable	  

supply,	  cost	  reducSon,	  and	  global	  	  warming	  on	  the	  major	  premise	  of	  safety	  assurance.	  	  

Ø  The	   dependency	   on	   nuclear	   power	   generaSon	  will	   be	   lowered	   as	  much	   as	   possible	   by	   energy	  
saving	  and	   introducing	   renewable	  energy	  as	  well	   as	   improving	   the	  efficiency	  of	   thermal	  power	  
generaSon,	  etc.	  	  

	   	   	   	   	   	  Under	  this	  policy,	  the	  necessary	  scale	  of	  nuclear	  power	  will	  be	  idenSfied	  and	  maintained	  taking	  
Japan’s	  energy	  situaSons	   into	  account	  such	  viewpoint	  as	  energy	  security,	  cost	  reducSon,	  global	  
warming	  and	  maintaining	  nuclear	  technologies	  and	  human	  resources.	  	  

Ø  Put	  the	  highest	  priority	  to	  safety	  and	  on	  the	  premise	  that	  the	  government	  makes	  the	  best	  efforts	  
to	   sweep	   away	   concerns	   among	   public,	   and	   the	   nuclear	   power	   plants	   whose	   safety	   has	   been	  
confirmed	  by	  the	  Nuclear	  RegulaSon	  Authority	  are	  proceeded	  to	  restart.	  	  

(2)  Petroleum	  :	  important	  energy	  source	  conSnued	  to	  be	  uSlized	  
(3)  Natural	  Gas	  :	  important	  energy	  source	  expanding	  the	  role	  in	  the	  future	  
(4)  Coal	  :	  base	  load	  power	  source	  excellent	  in	  stability	  and	  economic	  efficiency	  
(5)  Renewable	  Energy	  :	  promising	  domesSc	  energy	  source	  free	  from	  GHG	  emissions	  

EvaluaEon	  of	  each	  energy	  source	
Feasible energy mix will be promptly proposed, considering the situation of restart of 
NPPs and introduction of renewable energy, etc. 
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History	  of	  Nuclear	  Reactors	

450 World Energy Outlook 2011 - SPECIAL TOPICS

nuclear industry then entered amajor downturn in the late 1970s, triggered by soaring costs
and delays, coupledwith safety concerns following the ThreeMile Island accident in 1979 in
the United States. This accident sparked public protest, slowed the regulatory process and
led many planned projects to be cancelled or suspended. In 1986, the Chernobyl nuclear
power plant accident in Ukraine � the most serious in the history of the industry � further
depressed activity and prompted several countries to impose restrictions on existing or new
nuclear power plants.

Figure 12.1 ! Nuclear reactor construction starts, 1951-2011
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Outside Japan and Korea, there was little growth in nuclear capacity in the 1990s due to
concerns about public acceptance and safety, construction delays, higher than expected
construction costs at some nuclear plants and a return to lower fossil-fuel prices. However,
since the mid-2000s, global nuclear capacity had been on an upward trend, largely because
of rapid development in China, but also power uprates (a process which enables the power
output of a reactor to be increased) and life extensions at existing sites in OECD countries.
Construction began on 16 new plants in 2010, the largest number since 1980; all but one
were in non-OECD countries. This renewed interest in nuclear power stemmed from
the need to cost-effectively satisfy rapidly growing electricity demand in the emerging
economies, as well as efforts to achieve energy and environmental policy objectives,
including mitigating greenhouse-gas emissions and providing a secure, diversified and low-
cost electricity supply.

In 2010, nuclear power plants supplied 13% of the world�s electricity, down from a peak
of 18% in 1996. At the start of 2011, a total of 30 countries around the world operated
441 nuclear reactors, with a gross installed capacity of 393 gigawatts (GW) (374 GW net)
� 83% being in OECD countries. Another 17 countries have announced their intention to
build reactors. New construction is now overwhelmingly centred in non-OECD countries,
where 55 of 67 new reactors are being built (Table 12.1). China alone accounts for 63%
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Time	  for	  Safer,	  Proliferation	  resistant	  and	  
Easier	  Waste	  Management	  Paradigm:	  

	  Integral	  Fast	  Reactor	  and	  Pyroprocessing	  

IFR has features as Inexhaustible Energy Supply ,Inherent Passive Safety ,Long-term Waste 
Management Solution , Proliferation-Resistance , Economic Fuel Cycle Closure. 
High level waste reduces radioactivity in 300 years while LWR spent fuel takes 100,000 years. 
	

Dr. YOON IL CHANG 
 Argonne National Laboratory  
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Loss-of-Flow without Scram Test in EBR-II 

Dr. YOON IL CHANG 
 Argonne National Laboratory  
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Technical Rationale for the IFR 
ü  Revolutionary improvements as a next 
generation nuclear concept: 

– Inexhaustible Energy Supply 
– Inherent Passive Safety 
– Long-term Waste Management Solution 
– Proliferation-Resistance 
– Economic Fuel Cycle Closure 

ü Metal fuel and pyroprocessing are key to 
achieving these revolutionary improvements. 
ü Implications on LWR spent fuel management	

Dr. YOON IL CHANG 
 Argonne National Laboratory  
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concept in the next decade.) In still another controversy with the Midwestern 
universities—this time over the appropriate site for a large accelerator—and with 
the accumulation of other aggravations, Zinn resigned in 1955. Staying on for a 
grace period, in 1956 he left the directorship and the lab and established his own 
firm, the General Nuclear Engineering Company (GNEC). (It was later acquired by 
Combustion Engineering Company, with Zinn as the head of its growing Nuclear 
Division.) With him went a number of key laboratory people. 

 
 

 
 

Figure 1-8. Reactors developed by Argonne  
 
He had had a commanding effect on U.S. reactor development. In the choices to 

be  made   among   the   dozens   of   possible   power   reactor   concepts,   Zinn’s   view  was  
decisive. The paths followed were those suggested by Zinn: there were to be two 
basically different paths. Both came to be accepted worldwide, the PWR and BWR 
on one hand, and the fast breeder on the other. And Zinn was largely responsible for 
the establishment of the NRTS in Idaho and influential in the formation of the 
American Nuclear Society as well as being its first president. 

 
Zinn’s   ten   year   experience   as   Argonne   director had been a constant battle to 

establish a laboratory meeting his expectations, and at the same time to rapidly 
develop the most promising reactor type for each important application of the day. 
His   deputy,   Norm   Hilberry,   succeeded   him   and   continued   Zinn’s   policies.   The  
laboratory ran according to principles that Hilberry described in this way: 
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Legend of Admiral Rickover	
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Joint Program on Pyroprocessing with 
Japan 
ü Central Research Institute of Electric Power industry 
(CRIEPI): $20 million cost sharing signed in July 1989. 
ü CRIEPI and Japan Atomic Power Company jointly 
representing Federation of Electric Power Companies 
(FEPC): Additional $20 million added in October 1992. 
ü Tokyo, Kansai, and Chubu Electric Power Companies: 
$6 million for LWR feasibility study signed in July 1992. 
ü Power Reactor and Nuclear Fuel Development 
Corporation (PNC): $60 million cost sharing program 
agreed to in February 1994, but canceled by DOE. 

ü These joint programs ended when the IFR Program was 
terminated in October 1994.	

Dr. YOON IL CHANG 
 Argonne National Laboratory  48	  



Importance of LWR Pyroprocessing Demonstration 
 
ü  The public views adequate nuclear waste management as a 
critical linchpin in further development of nuclear energy. 
ü The backend of the nuclear fuel cycle cannot be addressed 
independent of the next-generation reactor options. A systems 
approach is required. 
ü Basically, three options exist: 

– LWR once-through only and direct disposal of spent fuel 
– PUREX reprocessing and MOX recycle in LWRs in interim 
– LWR once-through, followed by pyroprocessing and full recycle 
in fast reactors 

ü A key missing link for decision making is a pilot-scale 
demonstration of pyroprocessing for LWR spent fuel.	

Dr. YOON IL CHANG 
 Argonne National Laboratory  
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A Plausible Path forward Option 
 
ü As an immediate step, develop a detailed conceptual design and 
cost/schedule estimates for a pilot-scale (100 ton/yr) 
pyroprocessing facility to treat LWR spent fuel. 

– This will provide data for industry to evaluate viability. 

ü Follow with a construction project for 100 ton/yr LWR 
pyroprocessing facility to validate economics and commercial 
viability. 

ü In parallel, initiate an IFR demonstration project based on GEH’s 
PRISM Mod-B (311 MWe). 

– Licensing preparations 

– Negotiations with the U.S. industry and international partners 

ü A modest sized prototype demonstration project on a DOE site 
can be done at a fraction of the cost. 

– A vital project to preserve the technology base and develop next-
generation engineers for the future. 

Dr. YOON IL CHANG 
 Argonne National Laboratory  50	  
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Copyright 2013 GE Hitachi Nuclear Energy - International, LLC - All rights reserved 

Extending PRISM… recycling used LWR fuel 
closes the nuclear fuel cycle with two technologies . . . 

19 

NFRC - Electrometallurgical 

Advanced Recycle Reactor - PRISM  

Benefits include: 
•Waste half-life ... 300-500 years  
•Uranium energy … extracts 90%  
•Non-proliferation … no plutonium separation  
•Environmentally responsible … dry process  
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Removal of uranium, plutonium, and transuranics makes a 
300,000 year problem a 300 year problem 

Year 

Transuranic disposal issues 
The 1% transuranic (TRU) content of nuclear fuel is responsible for 99.9% 
of the disposal  time requirement and policy issues 

Copyright 2011 GE Hitachi Nuclear Energy Americas LLC 
All rights reserved 53	  



Korea	  seeks	  to	  change	  the	  1-‐2-‐3	  Agreement	  
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For such an alliance to exist, the United States and Japan will need to 
come to it from the perspective, and as the embodiment, of tier-one 
nations. In our view, tier-one nations have significant economic weight, 
capable military forces, global vision, and demonstrated leadership on 
international concerns. Although there are areas in which the United States 
can better support the alliance, we have no doubt of the United States’ 
continuing tier-one status. For Japan, however, there is a decision to be 
made. Does Japan desire to continue to be a tier-one nation, or is she 
content to drift into tier-two status?  
	
Energy Security	
（Nuclear）	
Understandably, the Fukushima nuclear disaster dealt a major setback to 
nuclear power. The setback reverberated not only throughout Japan, but 
also around the world. Japan has made tremendous progress in boosting 
energy efficiency and is a world leader in energy research and 
development. While the people of Japan have demonstrated remarkable 
national unity in reducing energy consumption and setting the world’s 
highest standards for energy efficiency, a lack of nuclear energy in the near 
term will have serious repercussions for Japan.  
 
 
確保日本に深刻な反作用が生ずる。	
国家エネルギー政策の策定が延びると、日本にとって重要でエネルギー消費型
の産業が国外に去り、国家の生産性を危うくする。中国が、世界的な民生原子
力発電国家となってロシア、韓国、さらにはフランスの仲間に入るつもりなので、
日本にはその動きに遅れる余裕など無いはずだ。　福島からの教訓を立って、
安全な炉設計やキチンとした規制実践で世界をリードしなければならない。	
	

U.S.-Japan Alliance  Report by Nye & Armitage　(2012/8/10）	
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Finland Model:	
Olkiluotp Nuclear Power 
Plant and Onkalo nuclear 
spent fuel repository	

HQ of Teollisuuden Voima 
Oyj　Utility which owns 
Olkiluoto Nuclear Power 
Plant exists in the Plant site.	

Issue of High-level Waste Disposal	
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Energy	  self-‐sufficiency*	  by	  fuel	  in	  2011	  

Source:	  Energy	  Data	  Center,	  IEA.	  

*	  Self-‐sufficiency	  =	  
domesSc	  producSon	  /	  
total	  primary	  energy	  supply	  

Note:	  Does	  not	  include	  fuels	  not	  in	  the	  fossil	  fuels,	  renewables	  and	  nuclear	  categories.	  
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Natural Gas Import Infrastructure in Europe	

IEA Medium Term Oil and Gas Markets 2010 
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ASEAN	  is	  working	  on	  Gas	  Pipeline	  System.	

Chapter 15 - O
verview

 of energy trends in Southeast Asia
5

7
5

15

Figure 15.16�z� The Trans-ASEAN Gas Pipeline (TAGP)
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Blue Print for North East Asia Gas & Pipeline Infrastructure	
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Power	  Grid	  Connection	  in	  Europe	  
Physical	  energy	  flows	  between	  European	  countries,	  2008	  (GWh)	  

Source: ENTSO-E 
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ConnecSng	  MENA	  and	  Europe:	  "	  Desertec"	  as	  	  
visionary	  “Energy	  for	  Peace"	  

Source:	  DESRETEC	  FoundaSon	   62	  



 ASEAN power grid connection 
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“Energy	  for	  Peace	  in	  Asia”	 	 　New	  
Vision?	 



 
111

 Figure 20

Map of the Japanese Gas Grid
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Power	  grid	  in	  Japan	 
 	

Source:　Agency	  for	  Natural	  Resources	  and	  Energy,	  The	  Federation	  of	  Electric	  Power	  Companies	  
of	  Japan,　Electric	  Power	  System	  Council	  of	  Japan,	  The	  International	  Energy	  Agency	  	
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Comprehensive Energy Security and Sustainability	

•  Urgent need for restarting nuclear power plants.  Prepare scenarios for Iranian Crisis.  
•  Nuclear Power will continue to play a major role in the world.  Japan’s role after Fukushima is 

to share the lessons learned for safer Nuclear Power deployment in Asia and elsewhere. ( ex. 
rejection of B5b implementation ) International collaboration on Integral Fast Reactor, Fuel 
cycle technology development at Fukushima. 

•  Energy Security for the 21st Century must be Collective and Comprehensive Electricity Supply  
Security under sustainability constraints.  EU`s connectivity approach can be a model 
especially for Asia. Domestic reform issues of power market: 50-60 hrz problem, FIT reform, 
unbundling of utilities, international grid connection with Korea and Russia. 

•  Golden Age of Natural Gas will come with golden rules including sustainability requirements 
and a new pricing formula. Russia remains as a key player with pipelines and LNG facilities.  
LNG exports from North America including Alaska may be a game-changer.  

•  New technologies help; Hydrogen economy,  Methane-hydrate , Super-conductivity grid., EVs, 
Smart Grids, Storage, CCS, Solar PV etc. .  

•  China and India should join the IEA.  Need for the North East Asian Energy Security Forum  

	

Conclusions	
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Thank you for your attention	

エネルギーフォーラム社	
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