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Objec&ve	
  and	
  Overview	
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n Objective 
　Inclusion of geoengineering and adaptation 
options to the integrated assessment model. 

n Geoengineering 
Ø Solar radiation management (SRM) and 

carbon dioxide 
Ø SRM -  aerosol scattering in stratosphere, etc. 
Ø CDR – BECCS, air capture, etc. 

n Adaptation 
Ø Information exchange with NIES	
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Geoengineering	
  Op&ons	
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Lenton and Vaughan (2009, Atmos. Chem. Phy)	
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n  Terminology  
      　‘SRM’ is not included in ‘Mitigation’ or ‘Adaptation’. 
　　　  There is no clear definition of difference between ‘CDR’  
         and ‘Mitigation’ 
n  Criteria 
　　　Effectiveness 
　　　Feasibility 
　　　Scalability 
　　　Environmental risks 
　　　Costs and affordability 
　　　Detection and attribution 
　　　Governance challenges 
　　　Ethical issues 
　　　Social acceptability 
  　　Uncertainty	


IPCC	
  Expert	
  Mee&ng	
  on	
  Geoengineering:	
  Mee&ng	
  Report	
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Geoengineering	
  Cost	
  Es&mates:	
  Survey	
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SRM cost CDR cost 

Order estimate. Environmental damage is 
not included in the estimate.	


Source：The Royal Society（2009）	
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Stratospheric	
  Aerosols:	
  Transporta&on	
  Cost	
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Source: Geoengineering Cost Analysis (Final report)(Aurora Flight Sciences Corp., 2011)	


Aerosol	
  transport	
  
by	
  airplanes:	
  	
  
0.6-­‐3	
  bil	
  USD/yr	
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How	
  Much	
  Aerosol	
  Needed?	
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Source:	
  Pierce	
  et	
  al.,	
  	
  
Geophys.	
  Res.	
  Le,.,	
  37,	
  （2010）	
  

About 2Mt-S/yr à1W/m2 
(6.1 Mt H2SO4/yr)	
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The	
  cost	
  of	
  stratospheric	
  aerosol	
  injec&on	
  	
  
depends	
  on	
  uncertain	
  factors	


Depends on engineering 
consideration 
 (e.g. vehicle, fuel, 
          material  injected,  
          injection device)	
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Aerosol injection 
cost($/yr)	


Unit cost of aerosol 
injection [$/kg]	
= 

x	


Sugiyama, et. al. (2012) and Moriyama, et.al. (2013)	


Cost uncertainty	


Radiative forcing 
required to counteract 
climate change [W/m2] 

Amount required for 
unit aerosol radiative 
forcing 
[kg/yr/(W/m2)]	


x 

(material cost + transport&injection)	


Depends on forcing 
stabilization scenarios.	
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Revised	
  Cost	
  Es&mates	
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•  In the Aurora (2011), only the aircraft and fuel cost is assessed.  
•  Sulphuric acid aerosol cooling effect is the same as that of Aurora(2011) 

 (i.e. 6.1Mt/yr/(W/m2)) 
•  Royal Society (2009) stratospheric aerosol injection cost differs. 
•  Inclusion of fuel and other factors and their fluctuations would widen the uncertainty 

range. 
•  Extension to materials other than H2SO4. 

Moriyama, et.al. (2013)	
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Works	
  in	
  Progress	
  (other	
  than	
  SRM)	
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n CDR – BECCS, Air capture 

n Adaptation 

n Integration to IAM 
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