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Two	
  Studies,	
  Two	
  Methods	
  

•  More	
  frequent	
  “abnormal”	
  weather	
  condi3ons	
  will	
  likely	
  increase	
  
the	
  vulnerability	
  of	
  California’s	
  electricity	
  system.	
  	
  	
  

•  Two	
  studies,	
  which	
  focused	
  on	
  supply	
  and	
  distribu3on	
  of	
  
electricity,	
  were	
  recently	
  conducted	
  by	
  LBNL:	
  

	
  

(1)	
  	
  “Exploring	
  reliability	
  of	
  U.S.	
  power	
  system”	
  (historical	
  
evalua4on;	
  preliminary	
  findings)	
  

	
  

(2)	
  	
  “Es3ma3ng	
  risk	
  to	
  California	
  energy	
  infrastructure	
  from	
  
projected	
  climate	
  change”	
  (simulated	
  future;	
  peer-­‐reviewed	
  
report)	
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Study	
  #1:	
  	
  What	
  causes	
  power	
  
outages?	
  

What	
  causes	
  increase	
  
the	
  dura3on	
  of	
  
reliability	
  events?	
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What	
  causes	
  increase	
  the	
  
frequency	
  of	
  reliability	
  

events?	
  



U.S.	
  Power	
  Outage	
  Frequency:	
  
Without	
  Major	
  Events	
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•  150+	
  
U3li3es	
  

•  2000-­‐2012	
  
•  ~1.4	
  

outages	
  
per	
  
customer-­‐
year	
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U.S.	
  Power	
  Outage	
  Frequency:	
  	
  	
  	
  
With	
  Major	
  Events	
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•  ~1.8	
  
outages	
  
per	
  
customer-­‐
year	
  

•  Increasing	
  
trend	
  of	
  
~2%	
  per	
  
year	
  

	
  



U.S.	
  Power	
  Outage	
  Dura3on:	
  
Without	
  Major	
  Events	
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•  150+	
  U3li3es	
  
•  2000-­‐2012	
  
•  ~140	
  minutes	
  per	
  

customer-­‐year	
  

	
  



U.S.	
  Power	
  Outage	
  Dura3on:	
  	
  
With	
  Major	
  Events	
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•  ~370	
  
minutes	
  
per	
  
customer-­‐
year	
  

•  Increasing	
  
trend	
  of	
  
~8%	
  per	
  
year	
  

	
  



Outage	
  Frequency	
  and	
  
Abnormal	
  Weather	
  

•	
  +10%	
  increase	
  in	
  
lightning	
  correlated	
  
with	
  a	
  +1%	
  
increase	
  in	
  the	
  
frequency	
  outages	
  

•	
  +5%	
  increase	
  in	
  
annual	
  average	
  
wind	
  speed	
  is	
  
correlated	
  with	
  a	
  
+14%	
  increase	
  in	
  
outages	
  (+10%	
  
wind	
  =	
  +18%	
  
outages)	
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Outage	
  Dura3on	
  and	
  
Abnormal	
  Weather	
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•	
  +10%	
  increase	
  in	
  
annual	
  precipita3on	
  is	
  
correlated	
  with	
  a	
  +17%	
  
increase	
  in	
  the	
  event	
  
dura3on	
  

•	
  +5%	
  increase	
  in	
  
average	
  wind	
  speed	
  is	
  
correlated	
  with	
  a	
  +49%	
  
increase	
  in	
  event	
  
dura3on	
  (+10%	
  wind	
  =	
  
+69%	
  event	
  dura3on)	
  

	
  



Study	
  #2:	
  	
  How	
  might	
  climate	
  change	
  
affect	
  CA	
  electricity	
  infrastructure?	
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III. Identification of relevant 
energy Infrastructure

II. Identification of relevant 
climatic impacts and
relevant studies

I. Climate Change Impact

IV. Determine type of impact

(prevention costs, replacement
costs, outage costs, energy 
loss)

AOGCMs; Emission Scenarios

Precipitation Sea Level Temperature (air and water)

(A) Inland Floods
(Scripps)

(B) Coastal Innundation
(Pacific Institute)

(C) Warmer Air 
(Scripps)

(D) Wildfire
(Westerling)

(1) Fuel Storage Tanks, 
Terminals and Refineries (3) Fuel Pipelines(2) Thermal Power 

Plants (4) Transmission Lines (5) Substations

Gather information from different 
Institutions (italic)

Overlay climatic and infrastructure
GIS infromation

(A1, B1) Water 
Damage

(D3) Fire Damage, 
Outage

(A2, B2) Water 
Damage, Outage

(C2) Loss in Efficiency 
and Capacity

(C4) Transmission Loss
(D4) Downed lines, 

Outage

(A5) Downed Substations,  
Outage

Experts interviews, literature 
review, data analysis

Possible Indirect 
Effect (Outage)

Experts interviews, literature 
review, data analysis

V. Summary of impacts

(A1, B1) 
Depreciated 

Replacement Costs, 
Adaptation Costs

(A2; B2) Depreciated 
Replacement Costs, 
Adaptation Costs, 
Outage Severity

(B3) Depreciated 
Replacement Costs, 

Adaptation Costs 
(C3) Extra Installed 

Capacity

(C4) Extra Installed 
Capacity

(D4) Depreciated 
Replacement Costs, 

Outage Severity

(A5, D5) Depreciated 
Replacement Costs, 

Outage Severity

Stages
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Projec3ng	
  Long-­‐term	
  Impacts	
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Projected Change in Peak Capacity of 
CA Gas-Fired Power Plants 

Projected Risk to CA Transmission 
Lines 



Uncertain	
  Climate	
  Change	
  Impacts	
  
≠	
  Climate	
  Change	
  Uncertainty	
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1961-1990 August Daily Max Temps (C) 

2035-2064 August Daily Max Temps (C) 

Projected Change in Peak Capacity of 
CA Gas-Fired Power Plants 



Importance	
  of	
  “Ground-­‐truthing”	
  
Model	
  Results	
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Site	
  visit	
  to	
  Humboldt	
  
Bay	
  revealed	
  that	
  this	
  
power	
  plant	
  might	
  not	
  
be	
  impacted	
  by	
  SLR…	
  

	
  

	
  But	
  other	
  loca3ons	
  may	
  
be	
  more	
  at	
  risk	
  than	
  
originally	
  believed…?	
  



Policy	
  Considera3ons	
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•  Support	
  local	
  climate/weather-­‐related	
  vulnerability	
  studies	
  

•  Encourage	
  ground-­‐truthing	
  of	
  model	
  results	
  

•  Promote	
  policies	
  that	
  encourage	
  local	
  energy	
  infrastructure	
  
adapta3on	
  
–  Bury	
  distribu3on	
  lines?	
  
–  Next-­‐genera3on	
  cooling	
  systems	
  at	
  gas-­‐fired	
  power	
  plants	
  

–  Increase	
  reservoir	
  heights	
  
–  Energy	
  efficiency	
  and	
  demand	
  response	
  programs	
  

–  Increase	
  budgets	
  for	
  vegeta3on	
  management	
  

	
  



Thank	
  You	
  

Peter	
  Larsen	
  
Email:	
  phlarsen@LBL.gov	
  	
  

	
  	
  

For	
  more	
  informa3on,	
  
including	
  reports	
  and	
  
cita3ons,	
  please	
  feel	
  
free	
  to	
  contact	
  me.	
  

	
  

	
  


