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Curtailment	  and	  SyntheAc	  Natural	  Gas:	  	  
A	  recipe	  for	  a	  high	  renewables	  Minnesota?	  

	  
	  
	  

Josh	  Quinnell	  
Center	  for	  Energy	  and	  Environment	  
SOLAR2019	  
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MN  Solar  Pathways  is  a  3-‐year  award  from  US  DOE
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Key  Model  Components

•  ElectrificaBon	  
•  75%	  residenBal	  heaBng	  &	  DHW	  
•  95%	  light	  vehicle	  	  

• Meets	  hourly	  load	  
•  Fully-‐dispatchable	  

• Geographic	  diversity	  
• Wind	  /	  Solar	  distributed	  
throughout	  the	  state	  
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•  Economic	  curtailment	  of	  surplus	  renewables	  is	  cheaper	  than	  long-‐term	  baRery	  
storage	  

Overbuilt	  by	  2x	  (AddiAonal	  Capacity)	  
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• Doubling	  renewable	  capacity	  reduces	  storage	  requirements	  by	  6x	  

Addi@onal  Capacity  Decreases  Storage  Needs
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• Who	  curtails	  what	  now?	  
•  30%	  to	  70%	  of	  solar	  is	  behind	  the	  meter	  
•  Curtailment	  may	  disproporBonately	  fall	  on	  large	  (uBlity	  scale)	  systems	  

• How	  to	  transiBon	  from	  current	  energy	  market	  to	  one	  that	  supports	  
addiBonal	  capacity	  and	  economic	  curtailment?	  
•  Lowest	  system	  costs	  are	  not	  an	  incenBve	  for	  individual	  systems	  
•  Uncertainty	  on	  future	  curtailment	  is	  large	  risk	  

Challenges  of  Economic  Curtailment
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•  The	  incremental	  cost	  of	  the	  last	  10%	  of	  renewable	  kWhs	  are	  equal	  to	  those	  of	  the	  
first	  90%	  
•  Using	  other	  generaBon	  resources	  during	  brief	  periods	  of	  low-‐solar	  and	  low-‐wind	  
producBon	  cuts	  net	  generaBon	  cost	  by	  nearly	  half	  

63%	  to	  67%	  
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Cost  Effects  of  Using  Other  Genera@on  During  Periods  of  Low  
Renewables  Produc@on
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Curtailment:  Unprecedented  Opportunity?
•  40,000	  GWh	  (	  ~60%	  of	  current	  electricity)	  

•  Large	  amounts	  of	  excess	  capacity	  to	  provide	  grid	  services	  
•  Capacity,	  frequency,	  conBngency,	  voltage	  control	  

• Hydrogen	  and	  syntheBc	  natural	  gas	  from	  Power-‐to-‐Gas	  (P2G)	  process	  
•  Supply	  zero-‐emissions	  materials	  to	  hard	  to	  reach	  chemical	  industry	  
•  P2G	  to	  use	  exisBng	  infrastructure	  into	  flexible	  long	  term	  energy	  storage	  
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Conclusions
•  Incremental	  cost	  of	  the	  last	  renewable	  kWhs	  are	  very	  high	  

• AddiBonal	  capacity	  with	  large	  amounts	  of	  economical	  curtailment	  is	  a	  
viable	  least	  cost	  pathway	  

•  Economic	  curtailment	  is	  an	  unrecognized	  opportunity	  and	  may	  be	  a	  
pathway	  to	  decarbonizaBon	  beyond	  the	  electric	  sector	  
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Josh	  Quinnell	  
Center	  for	  Energy	  and	  Environment	  
jquinnell@mncee.org	  

Thank	  You!	  
hRp://mnsolarpathways.org/	  


