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Future	  Energy	  Systems	  are	  Emerging	  …	  

Source:	  	  “Revolu*on	  Now:	  The	  Future	  Arrives	  for	  Four	  Clean	  Energy	  Technologies”,	  DOE,	  2013	  	  
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The	  system	  is	  becoming	  more	  complex	  
“Modernizing	  the	  grid	  requires	  advances	  on	  many	  fronts	  ranging	  from	  policy	  
to	  informa8on	  and	  security	  to	  physical	  infrastructure”	  	  

	   	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  	  DOE	  Quadrennial	  Technology	  Review,	  2011	  

Source: Avi Gopstein, DOE, EIA 
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New	  dimensions	  in	  the	  power	  sector:	  
Increasing	  wind	  and	  solar	  can	  create	  a	  greater	  need	  for	  flexibility	  
Flexibility: The ability of a power system to 
respond to change in demand and supply 

hSp://www.nrel.gov/docs/fy14os*/61721.pdf	  Source:	  	  Cochran	  (2015)	  

There	  are	  a	  wide	  range	  of	  op8ons	  to	  
increase	  flexibility…each	  with	  different	  
benefits	  and	  costs	  

Ongoing	  studies	  explore	  different	  op-ons,	  
applied	  under	  different	  sets	  of	  condi-ons	  
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Where	  do	  we	  see	  things	  going?	  
Internet	  of	  things	  

Smart	  grid	  

Smart	  homes	  

Smart	  appliances	  

Smart	  devices	  

Energy	  internet	  of	  things	  
•  Always	  On	  -‐	  Always	  Connected	  
•  Systems	  intelligence,	  interac-on	  and	  automa-on	  	  
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Integrated	  energy	  system	  model	  
(IESM)	  simulates	  the	  effects	  of	  retail	  
market	  structures,	  coordina*on,	  and	  
scheduling	  on	  energy	  use	  and	  
produc*on	  at	  buildings	  and	  campuses	  	  

Prices	  to	  devic
es	  



6	  

Where	  do	  we	  see	  things	  going?	  
Internet	  of	  things	  

New	  and	  evolving	  business	  models	  
•  	  	  Transi*on	  from	  products	  to	  services	  	  
•  	  	  Public	  vs.	  private	  sector	  	  
•  	  	  Partners	  &	  collaborators	  
•  	  	  Increasing	  consumer	  involvement	  	  
	  

Business	  as	  usual	  
Low-‐carbon,	  centralized	  genera8on	  
Rapid	  growth	  of	  DER	  
Interac8vity:	  grid	  and	  demand	  
Grid	  defec8on	  

Exploring	  different	  
energy	  futures	  

Scalable	  Energy	  Sources	  and	  Storage	  –	  
from	  central	  plant	  to	  distributed	  and	  mobile	  to	  personal	  
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Where	  do	  we	  see	  things	  going?	  

Alterna8ve	  fuels	  op8ons	   Biomass	  Scenario	  Model	  
(BSM)

Dynamics	  of	  biofuels	  market	  
transition,	  from	  farm	  to	  tank

Biomass	  Demand	  Atlas
Visualization	  and	  analysis	  of	  
biomass	  demand	  scenarios	  in	  
terms	  of	  energy,	  cost,	  and	  
environmental	  metrics

BSM-‐ReEDS
Dynamics	  of	  interaction	  

between	  biofuel	  and	  biopower	  
industries

Biomass	  Allocation	  &	  Supply	  
Equilibrium	  (BASE)

Optimal	  allocation	  of	  biomass	  
resource	  when	  targets	  are	  met	  

and	  	  markets	  are	  mature

Global	  Land-‐Use-‐Change	  
Model

Direct	  and	  indirect	  effects	  of	  
biomass	  production	  and	  trade

integrated	  modeling	  and	  
analysis	  of	  biomass	  supply	  
chains,	  systems,	  resources,	  

and	  industries

Biomass,	  Biofuel,	  and	  Biopower	  System	  Analysis	  
Electrifica*on	  

Adop*on	  
Impacts	  	  	  
	  	  -‐	  on	  power	  system	  
	  	  -‐	  on	  emissions	  
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Where	  do	  we	  see	  things	  going?	  

Alterna8ve	  fuels	  op8ons	  
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Production	  incentives

Credit	  card	  fees

Sales	  taxes

Income	  taxes

Depreciation	  expense

Retail	  markup	  (return	  on	  equity)

Interest

Selling	  and	  administrative

Licensing	  &	  permitting

Rent

Property	  tax	  and	  insurance

Maintenance

Labor

Feedstock	  &	  utilities

Sales	  revenue

Infrastructure	  
requirements	  
and	  financials	  

Construct	  local	  scenarios	  for	  
early	  market	  infrastructure	  
clustering	  and	  vehicle	  rollout.

Tune	  nationwide	  scenarios	  to	  
observations	  and	  lessons	  
learned	  in	  local	  early	  market	  
evolution	  and	  planning.

Refine	  methodology	  for	  
locating	  and	  sizing	  stations	  
within	  urban	  areas.

Develop	  methodology	  for	  
locating	  FCEVs	  at	  households	  
within	  urban	  areas.

Refine	  methodology	  for	  
optimizing	  the	  choice	  of	  
hydrogen	  production	  and	  
delivery	  infrastructure.

Compute	  cash	  flows	  and	  
delivered	  costs	  for	  hydrogen.

New	  FCEVs

Hydrogen	  Demand

Refueling	  Stations

FCEV	  Garagings

Hydrogen	  Transmission

Cash	  Flow	  Components
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Where	  do	  we	  see	  things	  going?	  

Automated	  and	  connected	  vehicles	   New	  and	  evolving	  business	  models	  
•  	  Consumer	  choice	  is	  key	  

ü  	  Demographics	  have	  an	  influence	  
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Where	  do	  we	  see	  things	  going?	  

Urbaniza8on:	  the	  ul:mate	  systems	  integra:on	  opportunity?	  

Ci8es	  Leading	  through	  Energy	  Analysis	  and	  Planning	  
(C-‐LEAP):	  

Helping	  ci*es	  transi*on	  to	  a	  Clean	  Energy	  Economy	  
	  

Urban	  Systems	  Science	  &	  Engineering	  
Toward	  zero	  emissions,	  zero	  energy	  waste,	  
resilient	  ci:es	  	  

CO	  Resiliency	  Pilot	  Project:	  focus	  on	  Energy	  and	  
Water	  Security	  

White	  House	  State,	  Local	  and	  Tribal	  Leaders	  Task	  
Force	  on	  Climate	  Preparedness	  and	  Resiliency	  
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Energy	  systems	  integra8on:	  	  
seeking	  efficiencies,	  increasing	  resilience	  

Systems	  thinking:	  
ü  	  	  Technologies	  
ü  	  	  Policies	  
ü  	  	  Ins8tu8ons	  
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Source:	  	  The	  Water-‐Energy	  Nexus:	  Challenges	  and	  
Opportuni*es,	  DOE,	  July,	  2014	  

Energy	  systems	  integra8on:	  	  
seeking	  efficiencies,	  increasing	  resilience	  

Energy-‐Water	  Land	  (or	  Food)	  Nexus	  

Water	  Case	   Climate	  
Change	  
Case	  

CWA	  Case	  

Linked	  models	  demonstrate	  water-‐
related	  vulnerabili*es	  and	  costs	  

Source:	  	  Macknick	  et	  al.,	  2014	  

Transi*on:	  zero	  freshwater	  withdrawal	  for	  
thermoelectric	  genera*on:	  retrofit	  ∆LCOE	  

Source:	  Newmark	  et	  al.,	  2013	  
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Difference	  in	  2050:	  HoLer,	  dryer	  climate	  
(Hot-‐Dry	  climate	  -‐	  no	  Constraints)	  

Source:	  Newmark	  et	  al.,	  2014	  

Systems	  thinking:	  
ü  	  	  Technologies	  
ü  	  	  Policies	  
ü  	  	  Ins8tu8ons	  
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Clean	  Energy	  Manufacturing	  Analysis	  	  
	  	  	  	  	  	  	  	  	  	  	  -‐	  insights	  to	  inform	  

Technoeconomic	  Analysis	  –	  Detailed	  
Cost	  Models:	  LIB	  Cell	  Produc*on	  Process	  

Global	  supply	  chain	  assessment	  

Chung,	  D.;	  Elgqvist,	  E.	  (2015).	  Automo*ve	  Lithium-‐ion	  BaSery	  (LIB)	  Supply	  Chain	  and	  U.S.	  Compe**veness	  Considera*ons.	  NREL	  Report	  in-‐press.	  

Compara8ve	  cost	  analysis	  

James,	  T.;	  Goodrich,	  A.	  (2013).	  Supply	  Chain	  and	  Blade	  
Manufacturing	  Considera*ons	  in	  the	  Global	  Wind	  
Industry	  (Presenta*on).	  NREL	  (Na*onal	  Renewable	  
Energy	  Laboratory).	  36	  pp.;	  NREL	  Report	  No.	  
PR-‐6A20-‐60063.	  
	  

Sensi8vity	  analysis	  

James,	  T.;	  Goodrich,	  A.	  (2013).	  Supply	  Chain	  and	  Blade	  
Manufacturing	  Considera*ons	  in	  the	  Global	  Wind	  
Industry.	  NREL	  (Na*onal	  Renewable	  Energy	  
Laboratory).	  36	  pp.;	  NREL	  Report	  No.	  PR-‐6A20-‐60063.	  

Analysis	  of	  the	  impact	  of	  
qualita8ve	  factors	  

Goodrich,	  A.	  C.;	  Powell,	  D.	  M.;	  James,	  T.	  L.;	  Woodhouse,	  M.;	  Buonassisi,	  
T.	  (2013).	  Assessing	  the	  Drivers	  of	  Regional	  Trends	  in	  Solar	  Photovoltaic	  
Manufacturing.	  Energy	  and	  Environmental	  Science.	  Vol.	  6(10),	  1	  October	  
2013;	  pp.	  2811-‐2821;	  NREL	  Report	  No.	  JA-‐6A20-‐58652	  




