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111(d)	  Building	  Blocks	  

Increase coal boiler heat 
rate efficiency 

Re-dispatch to lower 
CO2 emitting sources 

Create low/zero carbon 
generating sources 

Improve electricity 
efficiency 

Block	  1	  

Block	  2	  

Block	  3	  

Block	  4	  



CE EPA	  State	  2030	  CO2	  emission	  "goal"	  
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CE Decision	  tool	  task	  structure	  
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Public	  Databases	  

Working	  
Database	  

Boiler	  
Categories	  

Boiler	  
Compliance	  

IECM*	   Reduced	  
Form	  Model	  

“On-‐site”	  Decision	  
Tool	  

Costs,	  	  
Emission	  Levels,	  

MiSgaSon	  Measures	  
MiSgaSon	  
Measures	  

External	  
CalculaSons	  

User	  
Scenarios	  

State-‐level	  
ProjecSons	  

*Integrated	  Environmental	  Control	  Model	  



CE Boiler	  upgrade	  calculaSon	  
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SubcriScal	  to	  Ultra-‐supercriScal	  (LCOE	  %	  change)	  



CE Overview	  of	  interacSve	  tool	  

•  Tool	  is	  built	  using	  "vanilla"	  Excel	  
•  Completely	  interacSve:	  output	  reflects	  changes	  
immediately	  	  

•  All	  data	  is	  visible	  and	  modifiable	  	  
•  Boiler-‐level	  analysis	  for	  each	  state	  

•  Detailed	  engineering	  model	  of	  emission	  compliance	  and	  
CO2	  miSgaSon	  

•  Users	  have	  many	  opportuniSes	  to	  explore	  future	  
scenarios	  of	  their	  design	  

•  Provides	  historical	  context	  in	  which	  to	  understand	  
future	  scenarios	  

•  User-‐specified,	  state-‐level	  policies	  can	  be	  compared	  
and	  evaluated	  
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CE User	  interface	  

Historical	  	  
Context	  

2030	  	  
Forecast	  

State-‐level	  
details	  

Boiler-‐specific	  	  
details	  
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CE Historical	  data	  &	  trends	  

8	  

2005-‐2012	  comparison	  

State	  specific	  

Genera:on	  &	  Demand	  

Renewables	  

Fossil	  &	  Nuclear	  

CO2	  Intensity	  



CE 2030	  Forecast	  
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EPA	  values	   User-‐defined	  values	  

PopulaSon	  

GeneraSon	  and	  demand	  

GeneraSon	  mix	  



CE Available	  opSons	  

Intensity	  goal	  	  
selecSon	  

Capacity	  	  
factors	  

Prices	  

User-‐controlled	  parameters	  

Model	  details	  (e.g.,	  CCS,	  reSrement	  age,	  line	  loss)	  
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CE

•  Coal	  rank	  change	  
•  Boiler	  upgrade	  

•  SupercriScal	  boiler	  
•  Ultra-‐supercriScal	  boiler	  

•  Cofire	  with	  natural	  gas	  (5%	  to	  50%)	  
•  Pipeline	  
•  Boiler	  modificaSon	  

•  Conversion	  to	  100%	  gas-‐fired	  boiler	  
•  Pipeline	  
•  Retrofit	  

•  Replace	  with	  NGCC	  
•  Carbon	  Capture	  System	  (CCS)	  from	  10%	  to	  90%	  

•  Power	  source	  
•  Pipeline	  
•  Retrofit	  

Engineering	  assessment	  miSgaSon	  measures	  
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CE State-‐level	  summary	  
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ReSred	  boilers	  



CE Boiler-‐level	  details	  
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CO2	  mi:ga:on-‐LCOE	  fron:er	  	  
for	  any	  two	  boilers	  in	  	  
the	  state	  	  

Details	  of	  mi:ga:on	  	  
alterna:ves	  	  



CE Details	  with	  transparency	  

Each	  row	  a	  different	  boiler	  

Heat	  rate	  impact	  of	  geTng	  plant	  compliant	   LCOE	  impact	  of	  improved	  heat	  rate	  
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CE Model	  evaluaSon	  of	  policy	  quesSons	  

•  What	  happens	  to	  coal	  generaSon	  if	  …	  
•  EPA	  forecasts	  are	  not	  accurate?	  

•  Heat	  rate	  improvement	  (6%	  at	  $100/kW)	  cannot	  be	  achieved	  (Block	  1)	  
•  Re-‐dispatch	  because	  of	  NGCC	  increased	  capacity	  factor	  (Block	  2)	  
•  Increase	  in	  renewables	  (Block	  3)	  
•  Decrease	  in	  demand	  because	  of	  efficiency	  improvements	  (Block	  4)	  
•  Nuclear	  generaSon	  (economic	  reSrement,	  not	  renewed,	  major	  
maintenance)	  

•  The	  price	  of	  fuel	  higher	  or	  lower?	  
•  Which	  CO2	  miSgaSon	  strategies	  are	  needed	  to	  meet	  
EPA	  goal	  under	  different	  scenarios	  and	  at	  what	  cost?	  
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CE What	  would	  Pennsylvania	  do	  to	  meet	  different	  
carbon	  limits?	  
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<=	  Less	  carbon	  from	  coal	  

Cost	  

Technologies	  



CE
What	  would	  Pennsylvania	  do	  to	  meet	  different	  	  
carbon	  limits?	  
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<=	  Less	  carbon	  from	  coal	  

Cost	  

Technologies	  



CE Insights	  
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•  The	  EPA	  “Building	  Blocks”	  approach	  is	  potenSally	  problemaSc	  
•  Over-‐power-‐producSon	  

•  EPA	  intensity	  definiSon	  not	  standard.	  	  Comparisons	  between	  
states	  and	  over	  Sme	  impossible	  

•  Applying	  6%	  efficiency	  improvement	  maybe	  too	  simplisSc	  to	  be	  
of	  use	  

•  Decreased	  capacity	  factor	  for	  all	  coal	  boilers	  from	  re-‐dispatch	  
may	  not	  be	  the	  most	  economic	  soluSon	  for	  lowering	  CO2	  
intensiSes	  



CE Insights	  (cont.)	  
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•  If	  over	  generaSon	  from	  the	  building	  blocks	  is	  accounted	  for,	  
inefficient	  coal	  plants	  can	  be	  reSred	  resulSng	  in	  …	  
•  Good	  plants	  running	  more,	  bad	  plants	  reSring	  
•  Plants	  that	  would	  benefit	  the	  most	  from	  heat-‐rate	  
improvement	  would	  most	  likely	  be	  reSred	  

•  MiSgaSon	  opSons	  likely	  not	  required	  
•  Effect	  on	  reserve	  margin	  

•  Opportunity	  for	  coal	  CO2	  miSgaSon	  technologies	  when	  renewables	  
or	  energy	  efficiency	  goals	  are	  not	  reached,	  or	  resource	  mix	  is	  
changed	  
•  Possible	  soluSons	  that	  lead	  to	  greater	  CO2	  reducSon	  
for	  less	  cost	  



CE Plans	  for	  future	  work	  

Given	  a	  carbon-‐constrained	  power	  generaSon	  system,	  what	  
would	  happen?	  
•  How	  would	  assumpSons/forecasts	  change?	  

•  ForecasSng	  uncertainSes	  
•  The	  more	  believable	  a	  forecast,	  the	  more	  likely	  it	  is	  to	  be	  wrong	  
•  Impact	  on	  other	  models/research	  (very	  different	  generaSon	  mix)	  

•  How	  would	  plants	  dispatch?	  
•  States	  may	  group	  resources	  and	  trade	  CO2	  
•  A	  significant	  role	  for	  affordable	  carbon-‐miSgated	  coal?	  
•  CompeSSveness	  of	  NGCC	  in	  a	  high-‐price	  NG	  world	  
•  MeeSng	  peak	  demand	  during	  renewable	  droughts	  
•  Back-‐up	  plans	  for	  loss	  of	  nuclear	  generaSon	  
•  Effect	  on	  reserve-‐margin	  calculaSons	  

•  Can	  states	  meet	  their	  renewable	  goals?	  
•  State-‐level	  wind	  farm	  analysis	  
•  EvaluaSon	  of	  1,500	  potenSal	  sites	  
•  Over	  200	  variables	  for	  each	  site	  including	  probability	  of	  opposiSon,	  

land	  use/change,	  and	  economic	  impact	  on	  local	  communiSes	  
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