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•  Comparison	  Results	  
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	  World	  Gas	  Model	  (WGM)	  

•  Produc;on/Consump;on	  Nodes:	  41	  (Groups	  of	  countries,	  countries,	  regions)	  
•  Covers	  over	  95%	  of	  worldwide	  consump;on	  (2005)	  	  
•  12	  periods:	  2005-‐2060	  (report	  to	  2050)	  
•  Typical	  decision	  variables	  

–  Opera;ng	  levels	  (e.g.,	  produc;on,	  storage	  injec;on)	  
–  Investment	  levels	  (e.g.,	  pipeline,	  liquefac;on	  capacity)	  	  

•  Other	  
–  Market	  power	  aspects	  (traders	  in	  pipeline	  and	  LNG	  markets)	  
–  LNG	  contracts	  database	  
–  Seasonality	  of	  demand:	  each	  year	  a	  low	  and	  high	  demand	  period	  
–  Environmental	  policy	  considera;on:	  Carbon	  costs	  	  for	  supply	  chains	  

•  Computa;onal	  aspects	  
–  Large-‐scale	  complementarity	  problem	  (op;miza;on	  condi;ons	  for	  all	  players	  +	  

market-‐clearing	  condi;ons)	  
–  ~66,000	  vars.	  Solves	  in	  ~95	  mins	  (2GB,	  1.2	  GHz)	  
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JGCRI	  Scenarios	  and	  Data	  Used	  	  
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JGCRI	  provided	  five	  scenarios:	  
•  450	  CO2wDelay	  Case	  
•  650	  Case	  
•  650	  NoCCS	  
•  650	  NoCCSNoNuclear	  
•  20-‐20-‐20	  

•  JGCRI	  also	  provided:	  
•  List	  of	  countries	  that	  fall	  in	  specific	  regions	  defined	  for	  GCAM	  analysis	  
•  Produc;on	  data	  
•  Consump;on	  data	  
•  Prices	  for	  natural	  gas	  
•  Conversion	  factors	  
•  Infla;on	  rates	  	  
•  Carbon	  prices	  



GCAM450ppm	  with	  Delay	  Scenario	  

Assump;ons	  

•  Ac;on	  by	  the	  developed	  world	  in	  the	  first	  ;me	  
period.	  

•  Brazil,	  Russia,	  India,	  and	  China	  enter	  in	  2035	  and	  see	  
approximately	  50%	  of	  the	  market	  CO2	  price	  in	  their	  
first	  year	  of	  par;cipa;on.	  

•  The	  remainder	  of	  non-‐Annex	  one	  (developing	  world)	  
enters	  in	  2050	  and	  see	  approximately	  50%	  of	  market	  
CO2	  price	  in	  their	  first	  year	  of	  par;cipa;on. 
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GCAM-‐Based	  CO2	  Prices	  ($2005/ton	  )	  for	  
GCAM450ppm	  with	  Delay	  Scenario	  
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• 	  GCAM	  provided	  CO2	  prices	  from	  2005-‐2095	  in	  15-‐year	  intervals	  
• We	  used	  GCAM	  data	  from	  2005-‐2065	  
• 	  We	  used	  linear	  interpola;on	  to	  get	  data	  for	  5-‐year	  increments	  	  



EU	  20/20/20Policies	  

•  Based	  on	  the	  EU	  20/20/20	  policy	  
– Adapted	  to	  cover	  all	  regions	  and	  all	  periods	  

•  Component	  Policies:	  
– GHG	  emissions	  reduc;on	  target	  (GHG)	  

•  Rela;ve	  to	  30	  years	  prior	  
– Energy	  efficiency	  increase	  (EE)	  

•  Rela;ve	  to	  baseline	  
– Renewable	  energy	  target	  (RES)	  

•  Frac;on	  of	  total	  final	  energy	  
– Renewable	  transporta;on	  energy	  target	  (TE)	  

•  Frac;on	  of	  total	  transporta;on	  final	  energy	  
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Assump;ons	  for	  20-‐20-‐20	  Cases	  
2020	   2035	   2050	   2065	   2080	   2095	  

E.	  Europe	  
W.	  Europe	  

GHG	  (20%)	  
EE	  (20%)	  
RES	  (20%)	  
TE	  (10%)	  

GHG	  (50%)	  
EE	  (50%)	  
RES	  (50%)	  
TE	  (25%)	  

GHG	  (80%)	  
EE	  (80%)	  
RES	  (80%)	  
TE	  (50%)	  

GHG	  (80%)	  
EE	  (80%)	  
RES	  (80%)	  
TE	  (50%)	  

GHG	  (80%)	  
EE	  (80%)	  
RES	  (80%)	  
TE	  (50%)	  

GHG	  (80%)	  
EE	  (80%)	  
RES	  (80%)	  
TE	  (50%)	  

Australia/NZ	  
Canada	  
China	  
Japan	  
USA	  

GHG	  (20%)	  
EE	  (20%)	  
RES	  (20%)	  
TE	  (10%)	  

GHG	  (50%)	  
EE	  (50%)	  
RES	  (50%)	  
TE	  (25%)	  

GHG	  (80%)	  
EE	  (80%)	  
RES	  (80%)	  
TE	  (50%)	  

GHG	  (80%)	  
EE	  (80%)	  
RES	  (80%)	  
TE	  (50%)	  

GHG	  (80%)	  
EE	  (80%)	  
RES	  (80%)	  
TE	  (50%)	  

FSU	  
India	  
L.	  America	  

GHG	  (20%)	  
EE	  (20%)	  
RES	  (20%)	  
TE	  (10%)	  

GHG	  (50%)	  
EE	  (50%)	  
RES	  (50%)	  
TE	  (25%)	  

GHG	  (80%)	  
EE	  (80%)	  
RES	  (80%)	  
TE	  (50%)	  

GHG	  (80%)	  
EE	  (80%)	  
RES	  (80%)	  
TE	  (50%)	  

Africa	  
Mid.	  East	  
Korea	  
S.E.	  Asia	  

GHG	  (20%)	  
EE	  (20%)	  
RES	  (20%)	  
TE	  (10%)	  

GHG	  (50%)	  
EE	  (50%)	  
RES	  (50%)	  
TE	  (25%)	  

GHG	  (80%)	  
EE	  (80%)	  
RES	  (80%)	  
TE	  (50%)	  
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GCAM-‐Based	  CO2	  Prices	  ($2005/ton	  )	  for	  20-‐20-‐20	  
Cases	  
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• 	  GCAM	  provided	  CO2	  prices	  from	  2005-‐2095	  in	  15-‐year	  intervals	  
• We	  used	  GCAM	  data	  from	  2005-‐2065	  
• 	  We	  used	  linear	  interpola;on	  to	  get	  data	  for	  5-‐year	  increments	  	  



Cases	  and	  Descrip;on	  
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CASE	  NAME	   ABBREVIATION	   DESCRIPTION	  

Base	  Case	   Reference	  WGM	   Reference	  Case	  from	  WGM	  

20-‐20-‐20	   20-‐20-‐20	  
Incorpora;ng	  GCAM	  data	  

intoWGM	  	  

650WGM	   650WGM	  
Incorpora;ng	  GCAM	  data	  into	  

WGM	  	  

650noCCSWGM	   650noCCS	  
Incorpora;ng	  GCAM	  data	  into	  

WGM	  	  

650noCCSnoNuclearWGM	   650noCCSnoNuclearWGM	  
Incorpora;ng	  GCAM	  data	  into	  

WGM	  	  

450	  CO2wDelay	  case	  	   450CO2wDelayWGM	  	  
Incorpora;ng	  GCAM	  data	  into	  

WGM	  	  



CO2	  Pricing	  Scenarios	  
Comparisons	  Used	  in	  the	  Study	  
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WGM	  Produc;on	  Comparison	  
Results	  
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WGM	  Produc;on	  in	  2010(BCM/Y)	  
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WGM	  Produc;on	  in	  2040(BCM/Y)	  
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WGM	  Produc;on	  in	  2050(BCM/Y)	  
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North	  America	  Total	  Produc;on	  VS	  CO2	  Prices	  
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Middle	  East	  Total	  Produc;on	  VS	  CO2	  Prices	  	  

21	  

0	   0	   0	   0	   0	  

0.1	  

0.2	  

0.3	  

0.4	  

0.5	  

0.6	  

0.7	  

0.8	  

0.9	  

1	  

0	  

100	  

200	  

300	  

400	  

500	  

600	  

700	  

800	  

2010	   2020	   2030	   2040	  

CO
2	  
pr
ic
es
	  ($

/t
on

sC
O
2/
Y)
	  

To
ta
l	  P
ro
du

cD
on

	  (B
CM

/Y
)	  

Middle	  East	  Total	  ProducDon	  (BCM/Y)	  VS	  CO2	  Prices	  ($/tonsCO2/Y)	  

base	  

20_20_20	  

450CO2wdelayWGM	  

20_20_20	  

450CO2wdelayWGM	  



22	  

WGM	  Consump;on	  Comparison	  
Results	  



WGM	  Consump;on	  in	  2010(BCM/Y)	  
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WGM	  Consump;on	  in	  2040(BCM/Y)	  

0	  

100	  

200	  

300	  

400	  

500	  

600	  

700	  

800	  

900	  

AFRICA	  	  	   ASPACIF	  	   CHINA	  	  	  	   EUROPE	  	  	   FRSVTUN	  	   MIDEAST	  	   NRTH_AM	  	   STH_AM	  	  	  

WGM	  ConsumpDon	  in	  2040	  (BCM/Y)	  

base	  

20_20_20	  

650WGM	  

650noccsWGM	  

650noccsnonucWGM	  

450CO2wdelayWGM	  



WGM	  Consump;on	  in	  2050(BCM/Y)	  
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WGM	  Prices	  Comparison	  Results	  



WGM	  Prices	  in	  2010($/MMBtu)	  
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WGM	  Prices	  in	  2040($/MMBtu)	  
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WGM	  Prices	  in	  2050($/MMBtu)	  
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Conclusion	  

•  Level	  of	  natural	  gas	  produc;ons	  in	  most	  regions	  
reduce	  	  due	  to	  carbon	  prices.	  Except,	  in	  Middle	  East	  
and	  Africa	  (no	  carbon	  tax	  policy	  applied).	  

•  The	  price	  of	  natural	  gas	  is	  influenced	  by	  carbon	  
prices.	  

	   	   -‐Natural	  Gas	  prices	  increase	  10-‐20%	  in	  region	  that	  carbon	  prices	  
policy	  applied.	  

•  Climate	  policy	  have	  effects	  in	  term	  of	  produc;on,	  
consump;on,	  and	  prices	  over	  all	  global	  natural	  gas	  
markets.	  
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CO2	  pricing	  scenarios	  used	  in	  the	  study	  
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