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VIINE ozl Stliay,
OVERIEW.

o Eolliow-on terlihe Euture o Nuclear Power
= On welb at mit.edu/nuclearpewer

o EUll report to e released eardy 2007 (early:
IViareh?)

o AUtAErS
= John Deutch;, EmieVieniz (PIs)

= Jim| Katzer (Executive Director)

= Stephen Anselabenere; Janoes Beer, Denny. Ellermani
Julier Eredmann;, Howard Herzog, Jake: Jacehy, Paul
Joskow, LLesterr Richard, Greg Vickae, Edward
Steinfeld
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PURPOSE Gff the Stuay,

o Notivation

= Concenn that sk off adverse climate: change: fiom
glekal warming|is real

= Govennments areilikely toradopt canon mitigation
policies; tnatwill restrict €©), emissions
s Opjective
= [Descrie the technical eptions) that exist fior coal use: 1n

the generation| ofi electricity I carben constialnts are
adopied

= [Descrine the RID&D that shoulaihe Undenyvay: today: tio
ave tnese technoelogy. eptions availanle mnithe future
for rapid depleyment

= [DOES Not evalliate; ol adVocate canon mitigation
PolICIES

Howard Herzog / MIT Laboratory for Energy and the Environment




Coal loday

o Relatively: Cheaprand Abundant
= $1-2/GJ vs. $7-10/GJ for oIl and gas
= US; China, India; ...
o Signiificant Envieonmental Challenges

= Miningland Transpertation (erly mentioned in
study)

= Criteria polltutants and mercury.
= CO, emissions
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Carbon Capiure ana Sioage

o, CCS IS tne critical enabling|technoeloegy: tnat
Wwoula reduce; €O5 emissions significantly
whileralse allowing coal termeet e werlars

PressINg| eneray. neeads.
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APPreaches o COy Captuiertiom
Coal=Eied Power Plants

o Post-combustion
e Pre-compustion
o OxyfuellCombustion

Howard Herzog / MIT Laboratory for Energy and the Environment




Pllvenzed Coal (PC)
Power Plant

— Stack Gas

Gas . CO, CO,
Clean-up ’ Capture

Electricity

Boiler »| Steam Cycle

Howard Herzog / MIT Laboratory for Energy and the Environment




Schematic off AmIne Process 1o
€O, Capiure
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CO, Capture at a Coal-Fired Power Plant

Source: ABB Lummus

E.S. Rubin, Carnegie Mellon




Parasitic Enengy Reguirements for
PE PlantwithrAming Capiure

Efficiency Loss: Supercritical Capture
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Cliange Pewer Generaen Process te
Eacilitate €Oy Capture

PowWer Plant PC |GCEC

PA(@um) 1 40 1

Fract €Oy 0:15 . 019

PCO, (atm) 0.15 16 0.9
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Parasitic Enengy Reguirements for
|GCC With Capiure

Efficiency Loss: IGCC Capture
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Oxyiuel Combusuoen PowerPlant
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Parasitic Enengy Reguirements for
Oxyiuel Capitie

Efficiency Loss: Supercritical Oxyfired
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Capilre ana Compression Costs

o Output—hIgh puty supercrtical €Oy

o [Ihe numiers tnat fiellew are representative
and are used te sinmply compare apploaches

o [Fhere isimuch varaonity/ 1n the cost

= Process Vamhanility — plant location, coal tyee,
criteria emission: 1evels; precess; Integration, etc.

= Economic Vamanility — fuel costs, cost ofi
capital, material andiakner costs, Capacity
factor, etc.

Howard Herzog / MIT Laboratory for Energy and the Environment




Capiureranc Compression
Capitel €osts

Capture Capitall | Power
Technolegy: | InVestmentt Ouipul

Post-
Combustion
Oxyiluel-
Combustion
Pre-
Combustion

+23% -24%

+1494 2009

7% -19%
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RElatve Cost e EICCHACILY

WitheU Captire

WitnrCapiure

POSt-
Combustion

1,61

Oxyiluel-
Combustion

1.46

Pre-
Combustion

1.07

1.56
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Capiure EIinding
lechnolegy: Choice

o |[1S premature to select ene coal
comhustion technelogy: as tne preferniea
lloute for cost-effiective electiicity,
generation compined withf €S,
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RElatve Cost e EICCHACILY
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Retrofits

o MIFF Coal Study'—Coal plants willinot loe
cheapitoretrafit for €Oy, capture.™

o Limitations at existing| plants
= Space
= Sterage siite access
= Efficiency.

o Designi el eptimal “capture = plant differs
firen that i a “nercapture™ plant
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[DEsSIgNI CoSIderaons
Caplurenvs. nercapiure

o PC capture J IGCC capture
Capture Process Shiiit reactors
Compressor Capture process
Tighter SO Specs CoOmpressor
Integration with [P turioIme Quenchidesign

IHIgh parasitic power Tiurbine design
reguirement Gasifier pressure
ASU/gasifiier vs. turbine
Size
AGR sizing
ASU/TUrdIne Integration

Viederate panasitic pewer;
fequIrement
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VIINE ozl Stliay,
Capiure=Reaady

o Otier tham a fiew lew-cost measures suchras
PrOVIAING o) éxtra space: on|the plant site
and considerng e potentialifor geelegic
CO;, storage; Ini site: selection; the
eppertunIty. terreduce: theruncertain eventual
cost off CCS) retrofit by making preparateny,
Investment in plants without €O, captuire
dees not Ieek premising:
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CO) INansport

stretening nearly 2000 milesiinithe Unitea States
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Natienaif €O INEtWorK

@ Natural Sources  Val Verde

Basin
O Industrial Sources
Beaumont

— Pipeline
OO Proposed Pipelines

Fields
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Iianspoert Costs

s Restrict discussion! te pIpelines

o Process \ariannity,
= [Lengtn ofi the pIpe
= | gcation and terrain
= Scale
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Cost 01f €Oy PIpelineiicnsport
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"and Construction Costs offNattral Gas
PIpeline (1959-1996)\Versus RPipe: Diameter
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Injection; Costs
Process \/araniicy

o IIYpe off Resenvoir

. Resevolr Propenties
=10) f0)<] 1Y/

Deptn

Pressure
2ermeanility;

= Jhickness

= \/olume

o Seal Characteristics
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Cost oI CO ranspoeltand
Injection

Depleted Gas Depleted Ol Aquifer Ocean Pipeline ~ Ocean Tanker
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Mitigation Cesisifer CCS

IVpe el Capture: Plant Cost
($/tCO avoided)

Post-comustion Supercerical PC 45

Oxyiluel Supercrtical PC 35
Pre-Combustion IGCC 29

ASsUmptiens:

- Base case Is| Supercritical PC

- Uses technoelogy availakle teday

- Assumes an nt? plant (versus 15t of a kind)
- ransport/sterage cost Is $5/tCO;
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CCS ECOROMICS

o Successfuliimplementation off CCS will inevitanly
addfcost for coalicombustienand conversion. Ve
estiimate that fiorr new: plant construction; a €O,
EmIssion price: off approximately $30/tenne (akout
$110/tonne C)would make CCS cost cCompetitive
With' ceall combustion  and ConVersien systems
Without: €CS, This estimate off CCS Cost IS
URcertaim; It might e 1arger e Wit mew.
iechnelogy,, peiaps smaller:
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VIINF Coalf Study Eigure 2.4

Glohal Prmany/ Energy Consumptioniunder High €Oy PrCES

Energy Reduction from Reference
= Non-Biomass Renewables
m Commercial Biomass
Nuclear
# Coalw/ CCS
m Coalw/o CCS
“ Gasw/CCS
I Gasw/o CCS

m Oilw/o CCS
600

2000 2005 2010 2015 2020 2025 2030 2035 2040 2045 2050
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Prepesediitarge=scale: €CS Projects

Project

Country.

1RV

Preject

Country

IV/pE

Monash

Australia

Fuel

IViengstad

INeRway.

POWEF

ZeroGen

Australia

POWEY

Snovit

INeRway.

Gasi Prec

Gorngen

Australia

Gasi Proc

BP Peterihead

UK

POWEY

SaskPowWer;

Canada

POWEFr

=10

UK

POWEY

Greengen

China

POWEF

NZEC

China

POWEF

RWE npower

UK

POWEr
(retrofit)

\/attentall

Germany/

POWEF

Progressive

UK

POWEY

Powerfuel

UK

POWEN

RWE

Germany/

POWEF

FutureGen

POWEY

Draugen

INGRANaY

POWEF

BP Carnsen

POWEY
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Carbon Pricesi—= EUNEaIng Systent

Market Price of EU Allowances in €/t, 2006-07

R I I NN
NS AT T T T
Source: Point Carbon
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CCS OUtieok

o Untilfpelicy. creates a “prce™ fior €O,
emissions, Implementation limitea.

o EVen with a suiffiicient' €O, price, there ane
eutstanding guestions aveut CCS
Implementationat scale that neeaito e
addressed — we:shieuld start addressing
thoese guestions nmmediately,
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Contact Inrermation

o /el Site - seguestration.mit.edu

o Contact
= Hoeward Herzeg

= | ahoeraterny for Energy:and the Envirenment
(EE=5)

= Room E40-447
= 6517-253-0666
= [jherzog@mit.eau
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