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OUTLINE	

  1.  Introduction  to  Geoengineering	

  2.  Looking  closer:	
•   Atmospheric  Aerosol  Injection	
•   Cloud  Albedo  Enhancement	
•   Engineered  CO2  Capture  &  Biochar  (DAC/BECCS)	
•   Ocean  Fertilization	

  3.  The  Future  &  Politics  of  Geoengineering:	
•   Existing  &  Applicable  Policies	



WHAT  IS  “GEO/CLIMATE  
ENGINEERING”?  

	

Solar  Radiation  
Management  (SRM)	

Carbon  Dioxide  
Removal  (CDR)	



SOLAR  RADIATION  MANAGEMENT	

•  Atmospheric  aerosol  
injection	

•  Cloud  albedo  
enhancement	

	
•  Ocean  bubbling	
•  Albedo  enhancement  
via  surfaces	

•  Space-‐‑based  methods	



CARBON  DIOXIDE  REMOVAL  
	

•  Direct  Air  Capture,  
Bioenergy  with  
Carbon  Capture  and  
Storage  &  Biochar	
•  Ocean/Iron  
fertilization	

	
•  Reforestation	
•  No-‐‑till  agriculture	



LOOKING  CLOSER:  Aerosol  Injection	



LOOKING  CLOSER:  Aerosol  Injection	

	
	

•  Hydrologic  cycle.	
•  Sulfuric  acid  
deposition.	

•  Acid  rain.	
•  O-‐‑zone  hole  formation.	
•  Whitening  of  sky.	
•  Astronomical  
observations.	

•  Solar  impediment.	
	

•  Sulfate  aerosol  properties.	
•  Long  stratospheric  
lifetime.	

•  Inexpensive  
comparatively.	

•  Lowering  of  temperatures	
à  à  à	

•  Increased  light  to  canopy  
(productivity).	

	

Potential  Detriments	Potential  Benefits	



40mm  glass  balls	
Albedo  =  .6	

40  nanometer  glass  balls	
Albedo  =  .95	



LOOKING  CLOSER:    
Cloud  Albedo  Enhancement	

Potential  Detriments	Potential  Benefits	

•  Albedo  increase	
•  Tropical  cyclone  intensity.	
•  Increased  upwelling.	
•  Primary  productivity.	
	

•  Reduction  of  sunlight.	
•  Increased  outgassing  of  
CO2.	

•  More  man  made  structures.	
•  Sea  spray  to  land.	
	

Unknown  Changes  	
•  Distribution  of  surface  ocean  

species	
•  Stratification  of  water  column	
•  El  Nino/  La  Nina	



LOOKING  CLOSER:      
Direct  Air  Capture,  Bioenergy  w/  CO2  Capture  &  Storage  &  Biochar	

  	
Chemical  solvent  
removes  CO2  

from  ambient  air,  
compresses  &  
sequesters.	

Thermally-‐‑
decomposed  
biomass  in  low  
O2,  added  to  soil  

to  increase  
storage.	

  	
CO2  capture  +  
deep  geologic  

storage  w/  large-‐‑
scale  biofuel  
production.  	



LOOKING  
CLOSER:  	

(DAC,  BECCS  &  
Biochar  continued…)	

•  Impacts  on  water  use.	
•  DAC  energy  consumers.	
•  Large  scale  issues.	

•  Cheap  &  feasible.	
•  Land  &  ocean  impacts.	
•  Small  unpopulated  areas.	
•  DAC:  1  bill.  tCO2/year.	
•  BECCS:  byproducts	
•  Biochar  +  BECCS:  up  to  
14  GtC/yr  to  CO2  sink  by  
2100.	

	

Potential  Benefits	

Potential  Detriments	
	



LOOKING  CLOSER:    
Ocean/Iron  Fertilization	



LOOKING  CLOSER:    
Ocean/Iron  Fertilization	

Potential  Detriments	

Potential  Benefits	

•  Deep  water  pH	
•  Deep  water  O2	
•  Ocean    heat  budget.	
•  Nutrient  robbing	
•  Dead  zones	

•  Primary  productivity.	
•  CO2  uptake.	
•  Up  to  30Tg/100yrs  of  CO2.	
•  Biogeochemical  cycling.	



•  UN’s  Framework  
Convention  on  
Climate  Change.	

•  London  Protocol.	

THE  FUTURE  OF  GEOENGINEERING:    
Existing  &  Applicable  Policies	

•  IPCC  à  	
	
•  Law  of  the  Sea	
•  National  Ambient  Air  Quality  Standards  (NAAQS)	
•  UN’s  Treaty  (1967):	
	Principles  Governing  the  Activities  of  States  in  the  Exploration  and  
	Use  of  Outer  Space,  including  the  Moon  and  Other  Celestial  Bodies.	
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Write  down  or  tweet  questions  #lcenvs,    
thank  you!	

	
Now:  Ben  Kravi`	


