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The National Coal Council (NCC) was chartered in 1984 based @nthetion that an industry

I ROAA2NE O2dzy OAf 2y 021t O2dzZ R Y|l 1Sbt/ adadart O
founders believed that providing expert information could help shape policies relevant to the

use of coal in an environmentally soundhnner. It was expected that this could, in turn, lead

to decreased dependence oither less abundant, more costlfgss secure sources of energy.

These principles continue to guide and inform the activities of the Council. Coal has a vital role
toplayA Y (G KS Fdzii dzNB 2 T 2 ideNdtridl ) maduigtufingnd eriegyonéedd O L2 ¢
hdzNJ yIFGA2y Q& LINAYFNER SySNHe OKFftSyasS aAa Gz 7
environmentalobjectives

Throughout its 36/ear history, the NCC hawintained its focus on providing guidance to the
Secretary of Energy on various aspects of the coal industry. NCC has retained its original charge
to represent a diversity of perspectives through its varied membership and continues to

welcome members wit extensive experience and expertise related to coal.

The NCC sengas an advisory group to the Secretary of Energy, chartered under the Federal
Advisory Committee Act (FACA)ovidingadvice and recommendations to the Secretary of
Energy on generalglicy matters relating to coal and the coal industAs a FACA organization,
the NCC does not engage in lobbying activities.

The principal activity of the NCC is to prepare reports for the Secretary of Eatdrigyher

request During its 3&ear history, the NCC has prepared more than 30 studies for the
Secretary, at no cost to the Department of Energy. All NCC studies are publicly available on the
NCC website.

Members of the NCC are appointed by the Secretary of Enedyyegimesent all segments of

coal interests and geographic distribution. The NCC is headed by a Chair and Vice Chair who are
elected by its members. The Council is supported entirely by voluntary contributions from NCC
members and receives no funds frotretfederal government. Studies are conducted solely at

the expensive of the NCC and at no cost to the government.

The National Coal Council values the opportunity to represent the power, the pride and the
LINEYAAS 2F 2dz2NJ yIF A2y Qa O2Ff AYyRdzZA(INEO®

National Coal Council
1101 Pennsylvania Ave. NW, Ste. 60fashington, DC 20004
(202) 7564524¢ info@NCC1.org
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February 26, 2015

The Honorable Dr. Ernest Moniz
U.S. Secretary of Energy

U.S. Department of Energy
1000Independence Ave., SW
Washington, DC 20585

Dear Mr. Secretary:

On behalf of the members of the National Coal Council (NCC), we are pleased to submit to you
pursuant to your letter datedvlay 183'>  H nmn X Eo&sibFomMEd Bevitiizing CCS:

Bringing Scale and Speed to CCS Deploymént ¢ KS a G dzRé Qa LIN@eYl NB F20
GFfdzS 2F GKS 5SLINIYSYyld 2F 9ySNHeQa /FNb2y {S
jdzSaiAzyy 2 KIG A& AYRdAzZAGNE QA | A atBedsdeyasdingl 2 i
O02aidz &l FSies YR GSOKYAOlIt 2LISNIGAZ2Y 2F |/ K
perspective on major technical findings from the CCS/CCUS community and how they relate to
DOE programs and investments.

{

¢ KS LINAYOA LI f FRodsiSrgrvardsttidy is kn&t whilé the @apartment of Energy
(DOE) is indisputably a world leader in the development of CCS technology, the DOE CCS/CCUS
program has not yet achieved critical mass. While there have been some successes, there is a
need fora substantial increase in the number of lasgEale demonstration projects for both

capture and storage technologies before either system approaches commercialization. Without
adequate demonstration, there can be no commercialization.

The KeyRecommendations from the Fossil Forward assessment are:

1 In order to achieve CCS deployment at commercial scale, policy parity for CCS with other

low carbon technologies and options is required.

Technology and funding incentives must be significantly beterdinated to be effective.

DOE program goals need far greater clarity and alignment with commercial technology and

financing approaches used by industry.

Funding for CCS RD&D is limited and must be enhanced and focused.

Public acceptance continues to banajor hurdle and efforts to address public concerns

must be accelerated.

1 Control of greenhouse gas (GHG) emissions is an international issue in need of international
initiatives.

= =
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Today, deploying CCS/CCUS technology is costly. Tompaotodeployng CCS technology will
exert an even greater cost, significantly increasing the cost of meeting of CO2 emission
reduction goals and greatly hampering our efforts to do so. Without CCS, it is highly
improbable that CO2 emissions reduction goals will be. niggually important, without CCS
projected costs of achieving these goals will be much higher.

¢2 RIFIGSY KS 5h9 KFa o06SSy | g2NIR fSIFIRSNIAY |
annual budget is insufficient to fund all the first mover projectsttare needed, there is no

guestion that the dollars spent thus far have advanced and will continue to advance CCS. An
international effort led by the U.S. is needed, but it must be supported financially and

technically by the rest of the world.

CCS aabe an enabling technology to protect the natural world while also placing the necessary
@t dzS 2y KdzYty ¢St Tl NB® ¢CKS blraArAzytrt /2t [ 2
leadership to date and encourages a continued commitment to the commeaiebyment of
CCS/CCUS.

Thank you for the opportunity to conduct this study and produce this report. The Council
stands ready to address any questions you may have on the recommendations it contains.

Sincerely,

%/ Vloee

Jeff Wallace
NCC Chair
(May 2014December 2015)
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The Secretary of Energy
Washington, DC 0585

May 15,2014

Mr. JohnEaves

Chairman
TheNationalCoalCouncil
1730M StreetNW, Suite907
Washington, DQ0036Dear

ChairmarEaves:

I amwriting to requestthe National CoalCouncilNCCyonductastudythat assesseshe valueof
the Departmentof EnergysCarbonSequestratiorProgran. Thecaptureof carbondioxide(C®)
emissiondrom the combustionof fossilfuelsusedin electrical power generationiscriticalto the
future of fossilfuels particularly coal usedin this country.

Theassessmenwould addresghe following questionwhat isthe industrysassessmenbfthe
progressmadebythe DOEandothersregardingcost,safety,andtechnicaloperationof CCS/CCUS?
In other words,how doesindustryseeandacceptmajor technicalfindingsfrom the CCBCCUS
community,andhow dothoserelateto DOEprogramsandinvestments

Inorderto meet U.Seconomic.energyandenvironmentalgoalspower generators arebeing
calleduponto enhancethe environmentalperformanceof fossilfueled plants. For coalthat
enhancedenvironmentalperformancerequiresthe applicationof CC8CCUSechnology.
Therefore anassessmenbasedontechnicd soundnesandresultsto date wouldprovidea
welcomeperspectivefrom leadingcompanieswith experiencein CCBCCUS$echnology.

Uponreceivingthis requestandestablishing/ourinternal studyworkinggroups, pleaseadviseme
of your schedulefor completionof this study.

Sincerely,

S

Ernest J. Moniz
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June 9, 2014

The Honorable Dr. Ernest Moniz
U.S. Secretary of Energy

U.S. Department of Energy
1000 Independence Ave., SW
Washington, DC 20585

Dear Mr. Secretary:

On behalf of the members of the National Coal Council (NCC), | am pleased to accept
your request that the NCC conduct the study you requested in your letter dated May 15",
2014. Activity has begun on preparing this study which will provide an industry
assessment of the progress made by the DOE and others regarding cost, safety and
technical operation of CCS/CCUS.

NCC member, Amy Ericson, US Country President of ALSTOM Inc. will serve asthe
Council Chair for this study. We will provide you with a projected completion date as
soon as our Technical Work Group for this study has had a chance taneet and outline
the scope of work involved.

Thank you for your support of the National Coal Council. We look forward to completing
the requested study in a timely manner for use in the continuing dialogue on issues
related to our nationds energy future.

Sincerely,

%; Holbace —

Jeff Wallace
NCC Chair
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Bringing Scale and Speed to CCS Deployment
Executive Summary

Charge to the Council

This report was preparey the National Coal Council (N@TC)lirect response to a request
from the US Secretary of Energy regarding the CCS program of the Department of Energy. The
heart of that request was as follows:

ol am writing to request the National Coal Council (N€©@Gyuct a study that
assesses the value of the Department of Energy's Carbon Sequestration Program.
The capture of carbon dioxide@g) emissions from the combustion of fossil fuels
used in electrical power generation is critical to the future of fossil fuels,
particularly coal, used in this country.

The assessment would address the following question: what is the industry's
assessmenof the progress made by the DOE and others regarding cost, safety,
and technical operation of CCS/CCU&®ther words, how does industry see and
accept major technical findings from the CCS/CCUS community, and how do those
relate to DOE programs and astments

In order to meet U.S. economic, energy and environmental goals, power
generators are being called upon to enhance the environmental performance of
fossil fueled plants. For coal, that enhanced environmental performance requires
the applicationof CCS/CCUS technology. Therefore, an assessment based on
technical soundness and results to date would provide a welcome perspective
from leading companies with experience in CCS/CCUS techrivlogy.

The May 2014 NCC report on the value of the existing teat explained the importance of
retaining coal as a fuel resource option for electric power generatédime existing fleet of cda

fired power plants underpins economic prosperity in the U.S. Baséd generation has

dominated U.S. electricity suppfor nearly a centuryln 2013, coal again led U.S. generation,

at 39%. Low cost coal keeps U.S. electricity prices below those of other free market nations.
For example, in 2013 the average price of residential and industrial electricity in the Q.S. wa
one half to onethird the price of electricity in Germany, Denmark, Italy, Spain, tkedund

France These price differentials translate into more disposable income for U.S. consumers, and
a competitive edge for U.S. industry in global markets. ltkisting coal fleet were replaced

with the next cheapest alternative generating source, natural gas combined cycle power plants,
a conservative estimate of the impact on the U.S. economy would be a 1.5% drop in Gross
Domestic Product (GDP) and a los2 ofillion jobs per yeaé.!

1¢KS bltidA2ylt [ 2Ff [/ 2dzyOAf S Ga¢KS +1fdzS 2F hdzNJ 9EA&GAY 3
FYR 9FFAOASYOe 2KAfS wSRdzOA2Yy 9YAaarzyaés al &3 wnamni
http://www.nationalcoalcouncil.org/NEWS/NCCValueEXxistingCoalFleet.pdf



http://www.nationalcoalcouncil.org/NEWS/NCCValueExistingCoalFleet.pdf

National Coal CoundjlFossil Forward

That report also pointed out the need for CCS/CCUS technology in order tpropesed CQ
emission reduction goals in the future.

Overview of Approach

This report assesses the status of the current DOE program through a serielsaptérs as
follows:
- Chapter AThe CCS/CCUS Imperative
Chapter BGlobal Status of CCS/CCUS
Chapter C: Overview of the Current DOE CCS/CCUS Programs
Chapter D: CCS/CCUS Dwgplent Challenges
Chapter E: Gap Analysis

The basic theme of this report is thahile the DOE is indisputably a world leader in the
development of CCS technologlye DOE C@SCUS$rogram has noyet achieved critical mass.
While there have been some stgsses, there is a need for a substantial increase in the number
of large scale demonstration projects for both capture and storage technologies before either
system even approaches commercializatidine current number of demonstration projects

that arein operation or under construction globally is 22. The projected need by 2050 is 3400.
The current global GQtorage rate is 40 million tons/year. The projected need is 10 billion
tons/year. There are not enough demonstration projects to meet the n&¥dhout adequate
demonstration, there can beo commercializationThis fact applies to all aspects of CCS
includingcapture,transportation, utilization, and storage. There is no point in capturingifCO
there is no place to use it @toreit. The key considerations supporting this analysis are as
follows:

In order to achieve CQeploymentat commercial scale, policy parity for CCS with other
low carbon technologies and options is required.

- Technology anfundingincentivesmust besignificantly better coordinatetb be
effective.

- DOBEprogramgoalsneed far greater clarity and alignmewith commercialtechnology
andfundingapproachesused byindustry.

- Funding forCCRD&Dis limited and must be enhandeand focused
- Publicacceptancecontinues to be anajor hurdle.

- Control ofCQ emissions is amternationalissue imeed ofinternational Initiatives.
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Key Recommendations

In order to achieve CCS deployment at commercial scale, policy parity for CCS with other low
carbontechnologies and options is required.

Policy parity for CCS8 funding, extending tax creditsd other subsidies provided to
renewable energy soursgwill facilitate creation o robust CCS industry in theS,
benefiting the American peoplend leadngto the development of the lowest cost, near
zero emission energy technology. Such technology would be available for electric
generation as well as all fossil fuel dependent industrial applicatidhe. NCC
recommends that DOE take a stronger positiontloe need for policy parity with respect
to funding allocations.

Technology andundingincentivesmust be significantly better coordinated to be effective

The NCC recommends that DOE develop a plan to have a totdl @3N of CCS/CCUS
demonstration projects in operation in tHg.S by 2025.

The NCC recommends that all federal incentives provided by the DOE and other federal
agencies for CCS demonstratiamjectsundergo a coordinated revietor their combined
adequacy and effectiveness in supporting CCS deployment. If necessary, combinations of
incentives or new incentivemuld be utilizedto achieve the desired level of demonstration
projects. Example®f such incentives include feed in tariffs, tax credits, production credits,
f21y 3dzZ N} yiSSasz | yR Thistditatedrediénwneedsaodd RA T T SNE
completed in time to achieve the installation af ) GW of CCS demonstration projects by
2025.

The NCC recommends that DOE expand its Regional Carbon Sequestration Partnership
(RCSP) program to identify and certify at least one reservoir in each region that is capable
of storing a minimum of 100 million tons of £& a cost of less than $10/toby 2025.

DOEprogramgoalsneed far greater clarity and alignmentith commercialtechnology and
finandng approachesused byindustry.

The NCC recommends that D@fttlindustryconvene a task forct® clearly definghe role
and objective®f individual projectsn achieving broad program goal§ he aim iso better
understand industry technology goals and needs and to understand industry criteria for
investment in CCS technologies throughout the entire development pipefnieritizatian

of projects is critical to achieving overall goals with limited budgets, consistent with the
need to bring CCS technologies up to Technology Readiness Leveb). (TRL
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Funding for CCRRD&Dis limited and must be enhanced and focused

The NC@ecommends that DOE continue its strategy of fostering a portfolio of
G§SOKy2ft23ASa FT2NI AYLIX SYSyidAy3a //{o LG A& A
0KS LdzYL¥ gAGK SFENIe aidl3aS FdzyRAy3I F2N LINRY.
condraints and the need to move more quickly in getting larger scale CCS projects

operating, the NCC recommends that after technologies reach TRL 4, DOE cull its support

G2 2yfteé GK2asS (GSOKy2ft23ASa gKAOK akKz2g¢g | Of S|
performance goals.

The NCC recommends that DOE develop a plan for demonstrating second generation and
transformational CCS technologies at a scale Q6@3VW by 2020 and make subsequent

budget requests to Congress to carry out the plan. However, thesengnations should

only move forward for technologies which have a clear advantage in cost and performance
comparedto first generation CCS technologies.

Publicacceptancecontinues to be amajor hurdle.

The NCC recommends that D&teeleratets current efforts inCCS/CCUS public

engagement, education, and training activities. Outreach efforts should target counties
and states with demonstration projects and regions that have potential infrastructure
developments (e.g., G@ipelines and storagsites). Training activity should build

workforce capacity across the CCS/CCUS chain and build U.S. leadership and knowhow to
meet potential national and international demand.

Control of GH@missions is annternational issue inneed ofinternational initiatives.

The NCC recommends that DOE maintain its existing CCS/CCUS international collaboration
efforts including theCarbon Sequestration Leadership For@Ss(Fand the US-China

Clean Energy Research CerfRERYL

International partnerships in@nmerce should also be pursue@he NCC recommends

that the DOE explore ways to foster CCS/CCUS demonstrations in developing nations which
are rapidly increasing their G@&missions, such as China and Intigparticular, conducting

CQ utilization and sorage projects using G&om new and existing coal gasification

projects in these countries, could be a low cost means to increase global knowledge and
acceptance of commercial scale (3rage.
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Chapter A: The CCS/CCUS Imperative
Chapter Lead: Holly Krutka
Chapter Authors:CarlBozzuto

Desmond Chan
DawnSantoianni
Steve Winberg

1. Key Findings

1 CCSisthe only largeale technology that can mitiga@Q emissions from fossil fuel
use for electricitygenerationand key industrial sectoiigacluding cement production,
iron and steel making, oil refiningnd chemicals manufacturing.

1 Notincluding CCS as a key mitigation technology is projected to increase the overall
costs of meetingCQ emissiongyoals by 70% to B3o.

1 U.S.CQ emissions repesent less than@% of world emissionsThus, global and wide
scale implementation of CCS is necessary to r@éégemissiongoals.

1 DOE hasakenon a leadership role in advancing CCS technology by supporting first
mover CCS projects and fostering international collaborative efforts to deploy CCS, but
this role must be strengthened if CCS is to be commercialized.

G2 A0K O2Ff | yR &ningd®Nihafthiha fudl mig tedd isino didare friendly
AO0SYIFNA2 Ay (KS 2t 2y3 NYzy sAlGKz2dzi [/ { ®¢
Mariavander Hoeven
Executive Director
International Energy Agency
2. The Need for CCS

Globally the vast majority of energy is supplied through fossil$uén fact, fossil fuel use
continues toexpand rapidlywhich in turnfosters economic growth In 2013, 87% ajlobal
primary energy consumption was supplied by fossil féidlse three most widely consumed
energy sourcewere fossil fuels (idescending order)petroleum, coal, and natural g&<oal
produces about 40% of electricity around the world amthe fastest growing fossil fuel today,
whichcan be largely attributed to growth ieveloping countries, whereoalis enabling
affordable, reliable electricitthat is needed tdift men, women, and children out of poverty.
For the 1.2 billion people that live without any access to electricity and @bilion that do

not have access to clean cooking facilitiescticity offers a chance to liveteealthier, more
productive life C2 3 aAf FdzSta gAff NBYFIAY G§KS g2NI RQa
come. If the worlds to address climate change by reducing €@issions, the key approach
will not be replaing fossil fuels, but addressing the &missions from them.

2]EA, 2013, Technology Roadmap: Carbon CapiuiieStorage, OECD/IEA, France.
www.iea.org/publications/freepublications/publication/TechnologyRoadmapCarbonCaptureandStorage.pdf
3BP, 2014, BP Statistical Reviamyw.bp.com/en/global/corporate/aboutp/energy-economics/statistical
review-of-world-energy.html?cigx=d.kac,stid.57543,sid.37075,lid.11,mid.49400

41bid

5World Bank, 2013, Global Tracking Framewasky.worldbank.org/en/topic/energy/publication/Global
TrackingFrameworkReport
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In 2013, coalprovided nearlyl,600TWh(nearly 40%pf i K S  plaefich@n@r® Further, by
both International Energy AgenchleE@ andU.S. Energy Information Agen&IA projections,
coal will continue to be the mainstay of the electric power sector for decades to chimee.
energy security, reliability, and affordability offered by caedthe fundamental reasasit will
continue to play an important role in the U&hdabroadinto the foreseeable future.

While increased fossil fuebnsumptionis pivotal forglobalpoverty alleviatioras well agor
competitiveenergy priingin the U.S.it also results in the release of greenhouse @&HG)
emissions, which amacreasingn magnitude. Makingemissions reduction even more
challengngis the fact thatcarbondioxide (C@ emissionsare spread across virtually every
sector critical to modern life, as is shown in Figure’A.1.

N.O
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0.9% Agriculture 2%
[direct)
3T
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) 29%
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Livestock MEFEY sectar
% 29.7%
Fuel production and
use 6%

CO;
76%

Peat decay***t
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postburn
7.9%

Building sector

Figure Al. Global GHG Emissiofy Sector (2010)

6 EIA, 2014www.eia.gov/totalenergy/data/monthly/pdf/sec7 5.pdf
7 United Nations Environmental Program, 2012, The Emissions Gap Report 2012,
www.unep.org/pdf/2012gapreport.pdf
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In the energy sectooal remaingl K S ¢ 2 NI resQuice forpdli@r$eoductioandis the

fuel of choice for developing countriegenerating 8% of electricity.For example, @al

supplied 69%2 F / KAyl Qa Sy S Nihied ty BoSdiaendwgblesintivding O 2 Y
hydropower Coal also plays an important role in construction as an essential energy source for

the manufacture of cement and steel. Todayx> 2 F (KS ¢2NI RQa aidaSSt A3
Global coal consumption grew 60% from 2000 through 2012, and IEA projects that coal will

surpasil as the top energy source worldwide by 2G1Figure A.2 shows historic and

projected coal consumption (hdaking into account any GHG control strategis).

History 2010 Projections
250
l
200 Tota
150
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100
50
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0 T T T T T 1
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Figure A2. Projected Coal Consumption Through 20#0Quadrillion BTU/ear
(EIA Reference Case)

The bottom line is that ge to an increasing global population and expanded energy access,
total world energy consumptiois projected togrow by 586through 2040, with fossil fuels
providing nearly 8% ofthat demand*! The effect of these trends on futu@Q emissions
could be substantiaMitigating potential impactswhile enabling emerging economies to
benefit fromareliable energy supplwvill require commerciallavailable and costompetitive
carbon capture and storag€C¥technology.

8EIA, Energy Information Admimniation, International Energy Outlook 2013,
www.eia.gov/forecasts/archive/ieo13/

9IEA, 2044, http://www.iea.org/topics/ccs/

10 Energy Information Administration, International Energy Outlook 2013,
http://www.eia.gov/forecasts/archive/ieo13/

11Energy Information Administration, International Energy Outlook 2013,
http://www.eia.gov/forecasts/archive/ieo13/
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The international communityas not yet formed a consensus on howbelancedevelopment
efforts and climate change objective¥et many countries are advancing their own solutions
CCSwhich includes utilization for the purposes of this chapisthe onlytechnology

mitigation option that will allow for deep cuts i6Q emissions from fossil fuelsGiven the

ongoing global growth in fossil fuel consumption, CCS deployment is critical and necessary to
achieve meaningful reductions in global£&0Oncentrations.The concept o€CS is typically
associated with codlieledelectricity generationbut has an equally important application for

oil and natural gas combustion in both the electricity and industrial sectbingrefore, CCiS a
substantialmitigation option forboth industnal and utility applications be they cobor natural

gas fueled

Economical, commercial scale applicatiolfC&3s the most importantcomponentof a
portfolio of technologieghat will be necessarto successfullyeduceGHGemissiong 2131415
Without CCSt is highly improbable tha€Q emission reductiomgoals will be met More
importantly, without CC8e projected costs ohchieving these goalsill be much highemwith
some estimates forecastinggreater than 70% increase in cakte to the higher estimated
cost of alternatives, icluding renewables?

The U.S. &partment of Energy (DO partnership with U.S. industngthe leaderin the

advancement of CCHloweverthe U.Saccounts foronly 16% of annual glob&Q emissions

and is projected to account for virtually zero incremer@& emissions through 2048 From

this viewpoint,it will makelittle difference if the U.S. is the sole implementer of commercial
CCSDOEand industrymust continue its effdis to commercializ&CCSbut more importantly

develop strong international support for global CCS commercializafian.9 Qa A Y G0 SNY I A 2
leadership is crucial faZCSo fulfill its required role irreducing globaCQ emissions

3. Understanding International Climat®©bjectives

TheCopenhagemccord drafted by the Conference of Parties (COP) under the United Nations
Framework Convention on Climate Change in December 208t@sthat climate mitigation

&G NI GS3AS an nvinkénhéat sozi& andléconaniicddevelopnt and poverty eradication

FNE GKS FANRG FyR 2@SNNARXYThus didate dolutiorthda 2F RS
hampereconomic growth, especially in developing countries, are not acceptable.

12 National Coal Council, 2007, Technologies to Reduce or Capture and Store Carbon Dioxide Emissions,
www.nationalcoalcouncil.org/Documents/NCCRB_June2007.pdf

13 National Coal Council, 2009, L@arbon Coal: Meeting U.S. Energy, Employment, andE®@@sions Goals with

215t Century Technologiesvww.nationalcoalcouncil.org/reports/Executive_Summary.pdf

1 National Coal Council, 2009, L&@arbon Coal: Meeting U.S. Energy, Employment, an&E®@sions Goals with

215t Century Technologiesvww.nationalcoalcouncil.org/reports/ExecutiveurSmary.pdf

15 National Coal Council, Expedited CCS Development: Challenges & Opportunities, 2011

8 1EA, 2009, Technology Roadmap: Carbon Capture and Storage, International Energy Agency, OECD/IEA, Paris
17US DOE Carbon Dioxide Information Analysis Center, Fossil E&ehiS§lons 2010 Data

B UNFCCC (United Nations Framework Convention on Climate Change), COP, 2009, Report of the Conference of
the Parties on its fifteenth session, held in Copenhagen framI® December 2009. Addendum. Part Two: Action

8
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To date, nore than 100 countries have endorstdte Copenhagen Accomgbak supporting

deep cuts in globabHGemissions The purpose of tisegoak wasto limit the increase in

averageglobal temperature tdess than 2C1° ThelEAhasdevelopedscenarios under which

global GHG emissiorsuldbe reducedThe450parts per million (ppm$cenariqwhich is

associated with a 2°C change in average global temperature (alsalasilie two degree
scenario or 2DSis intendedtod K2 ¢ OKIl y3Sa GKFG ¢g2dzZ R 06S ySSRS
2y (NI O1 G2 KI @hstinggloal/€@conceéhifatioisxG45@pm.E

To meet thisgoalthe IEA found thaa diverse sebf technologies would beequired?° IEA

estimated that CCS woufitovideabout 14% of theumulativeneededemissions reductions

by 2050 or 17% of the yearly reductions in 20&®shown irFigureA.3.2* Therefore, ot only

is CCS critical, but its relative importans@rojected togrow over time. It is also important to

NBE O2 3y Al Yoaiadsums vety Sidnificant efficiency improvements and renewables
growth. If either of these desnot occur at the rate shown below, it is most certain that fossil
fuels will fill the remaining gap, thus further increasing the need for wlead global

deployment of CCSCCS is the scalable hedge against failure to achieve renewable or efficiency
goals.

60 7 Nuclear 8% (8%)
| Power generation efficiency and fuel switching 3% (19%)

— 7 Renewables 21% (23%)
g 50 _
é ] End-use fuel switching 12% (12%)
5 4 CCS 14% (17%)
= -
=
E End-use fuel and electncity efficiency 42% (39%)
5 30
E 20

10

0 T T T 1
2009 2020 2030 2040 2050

MNote: numbers in brackets are shares in 2050. For example, 14% is the share of CCS in cumulative emission reductions through 2050, and
17% is the share of CCS in emission reductions in 2050, compared with the 6D5.

Figure A3. IEA Technology Road Map

taken by the Conference of the Parties at its fifteenth session, FCCC/CP/2009/11/Add.1, United Nations Office at
Geneva, Switzerland.

1bid

201EA, 2008, Energy Technology Perspectives 2008: Scenariosatadi&€s to 2050, International Energy Agency,
OECDI/IEA, Paris.

2L1EA, 2013, Technology Roadmap: Carbon Capture and Storage, OECD/IEA, France.
http://www.iea.org/publications/freepublications/publication/TechnologyRoadmapCarbonCaptureandStorage.pdf
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4. SectorsWhere CCS Must Play a Role

CCS is a critical part of any plan to redG¢g emissionsn the global electric power sector
because iis the only largescale technology availabtkat can achieveleep cuts irCQ
emissions Indeed, the 2050 Energy Road Map calls for 190 GW of CCS k3¢ Z6&dsecond
areain whichCCS isriticalis in theindustrial sectorsincludingcement,chemicals, refining,
andiron and steel. There is no suitablgidelyavailablemitigation alternative br coal use in
these industries in a carbaronstrained world?

CAIdz2NE ! odn aK2ga L9! QacamuB INpteRiBapthe lagydst 4 2 dzNDSa ¥
contribution is from coalueled power plants but CQ capture forgas pocessing and gdseled

power plantsis also necessary and must contribute a significant amouatre$sions

reductions. In fact, to meet climate goals CCS must be applied to all fossil fuels used for energy
production to the greatest extent possibl&uclear and renewabldsave an important role to

play as we]lbut this role isn addition to, not irstead of CCS
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Figure A4. IEATargetsfor CCS Deployment Through 2050

2§/ 2YYdzy A Ol G A 2sfioniicxhe Eopean PaNiarment, the Council, the European Economic and Social

/I 2YYAGGSST yR GKS [/ 2YYAGGSS 2F GKS wS3aAizya 2y GKS Cdzi
March, 2013

Z3|EA, 2013, Technology Roadmap: Carbon Capture ancy8t@&CD/IEA, France.
http://www.iea.org/publications/freepublications/publication/TechnologyRoadmapCarbonCaptureandStorage.pdf

2 lbid
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To meet international goal$EAestimated that CQ would need tobe capturedat a rate of
approximatelyl0 billion tons per yeaglobally through the implementation &00CCS

projects by 2050Qumulative worldwide Cé&storage through 2050 would be 145 billion tons of
CQ.?°> Based on these end goals the |iflished aoadmap forCCSutliningwhat would be
necessay.?®

Notably, the IEA showed that in order to meet this target:
1 65% of the cumulative captured €@eeds to be achieveith nonOECHOrganzation
for Economic Cooperation and Developmerdlntries More recently thidigure was
revised to 70%’
f In order for global CQfeploymentli 2 06 S & 2 ycoinMdro@aBcale integrated
/1 { LINR2SOGad aKz2dzZ R 0S dadzLdJ ' yR NUzyyAy3aé o8&

In a 2013 update of its roadmap, IEA reduced the number of projects needed®8yradt 100

to 3028 The reduced number of CCS projestinderscores the reality that the global CCS

industry will not be ready for deployment unless project development is drastically accelerated
and scaled Achieving the level of C@8ededin the futureisstill possible but it will not be
achieved without the leadership of DQO&s well agonsiderabldinancial support

5. The CosReductionBenefits of CCS

Meeting CQ emissionreductiongoals may be technicalfgasiblewithout CCS, but this would
increasethe netcost | f 1 K2dzZaK G 2RI @ Qa [/ / { enéry@ddyciohcdsisA S& Y
(e.g., estimatesard KI § (2RlI&Qa GSOKy2f23ASa m™WPIuit A yONB I
is substantiallyess expensivi include CCS as part of th@tigation portfolio?® For example

the IEA has estimated that the exclusion of CCS as a technology fapttbe power sector

alonewould increase mitigation costs by aroundt$ilion USDby 2050%°

The strategic importance of C@as well demonstrateavhen the International Panel on
Climate Change (IPGnsideedthe impact ofthe absenceof CC&s a carbon mitigation
option. FigureA5 presents a sensitivity analysis from tHRCG™" Assessment Repoft.

25|EA, 2008, Energy Technology Perspectives 2008: Scenarios and Strategies to 2050, International Energy Agency,
OECDI/IEA, Paris.

261EA, 2009, Technology Roadmap: Carbon Capture and Storage, International Energy Agency, OECD/IEA, Paris
2T1EA, 2013Technology Roadmap: Carbon Capture and Storage, OECD/IEA, France.
www.iea.org/publications/freepublications/publicatidhechnologyRoadmapCarbonCaptureandStorage. pdf

28 |bid

2 Testimony of Dr. S. Julio Friedmann, Deputy Assistant Secretary for Clean Coall

Before the House Energy and Commerce Subcommittee on Oversight and Investigations,
www.energy.gov/congressional/downloads/houseergyand-commercesubcommitteeoversightand-

investigations0

301EA, 2012, Energy Technology Perspectives 2012wBgsto a Clean Energy System, International Energy
Agency, Paris

311PCC, Working Group llI, Climate Change 2014: Mitigation of Climate Change,
http://mitigation2014.org/report/publication/

11


http://www.iea.org/publications/freepublications/publication/TechnologyRoadmapCarbonCaptureandStorage.pdf
http://www.energy.gov/congressional/downloads/house-energy-and-commerce-subcommittee-oversight-and-investigations-0
http://www.energy.gov/congressional/downloads/house-energy-and-commerce-subcommittee-oversight-and-investigations-0
http://mitigation2014.org/report/publication/

National Coal CoundjlFossil Forward

300 O

250

200

530'- 580 ppm CO,eq Max -

Mitigation Cost Increase Relative to Default Technology Assumptions [%)

_50 I 430- 480 ppm COeq 5% -
O Senario Median - l
%% -
Min -
-100
No CCS Nuclear Limited Limited
Phase Out Solar/Wind Bioenergy

Figure A.5. Climate Change Mitigati&@osts Without CCS and Other Technologies

FigureA5 shows thatthe mitigation coswithout CCSvould increaserelative to a global energy

scenario with defaultechnologyassumptionsThe increase in cost estimatbg the IPCC was

about 138% (mediarestimatel & A Iy AFAOF yif & 3INBFGSNI GKFIy GKS
increase By comparisona nuclear phase owvould increaseéhe median cosby only ~7%

Similarly, if wind and solar expansion was limited, the increase in global mitigation costs would
alsoincreaseby only ~6%. While these figures are only estimates, the relative magnitudes are
significant®?

The IPCGnalysigevealsthat the inclusion of CCS in the portfolio of mitigation options
substantiallydecrease®verallmitigation costs. This was well explained by the IP@Ca | y &

models cannot reach concentrations of about 450 ppmegiy 2100 in the absence of CES

The importance of CCS relates not only to its use for fossil fuels but also via biomass energy

with carbon capture and stage(BECO® Il OO2NRAY3 G2 GKS Lt/ /3 aal
likely warming to below 2°C if bioenergy, CCS, and their combination (BECCS) are limited (high
confidencek

321PCC, Working Group llI, Climate Change 2014: Mitigation of Climate Change,
http://mitigation2014.org/report/publication/
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Althoughcostestimates vary, there is no question thakeeting climate goalwill be
significantly more expensive without CClis pointraises additional uncertainty about the
viability ofsolelyrelying onother methods of C&emission reductions to achiethesegoals®?
Lookingspecificallyat GHGmitigation in the U.SDOEestimates the cost of G@apture in coal
fueledpower phnts using current technologyXgcombustionor amine scrubbing) starsct
$58/ton of CQ captured or $72/ton of C@avoided3* These are cost projections for & of a
kind (NOAKDplant. This costshigh compared to the current market price§ CQ in various
trading systems in the 8 and EU (ranging from3%; 30/ton).3°

However, theprojected CC8osts are lower thathe estimated costs afomecurrent policy

approaches such &Sorporate Average Fuel Economy (CAFEdf)dards and Renewable

Portfolio Standard$RPS)For instancethe cost of using a hybrid vehicle to meet EAF

standardshas been estimated to b$100;140/ton CQ.3¢ Other studies haveeported that

such standards ipose a cost of @14 times the cost of a gasoline tax for the same level of
emissiongeductions?’ Preliminary results from moreecent studies at MIT on CBEnd RPS

standards indicate that the cost péon of CQ avoided would be much high&#*° Should

technology development ultimately reach the goal of cost parity with conventional technology,

/1 { O2dzZ R 06S02YS (KS aiSOKyz2fz23& 2F OK2A0S¢ ¢

33 Williams, R.H., Li, Z., September 2014, Toward Getting the GlobEh®@Sise Back on Track, Submitted with

the report: Tackling the Challenge of Climate Change: A-Nexan Mitigation Agenda, Commissioned by the

Republic of Nauru, Chair of the Alliance of Small Island States (AOSIS), Presented at the 2014 ClimatéeBummit,

York, NY, 1%, A Contribution to Tackling the Challenge of Climate Change: A Near Term Actionable Mitigation

Agenda Commissioned by the Republic of Nauru, FORMER chair of the Alliance of Small Island States (AOSIS).

BOTH PAPERS AVAILABLEt#T/aosis.org/

34U.S. DOE, National Energy Technology Laboratory, ROEINETR007/1281, Cost and Performance Baseline

for Fossil Energy Plants, Volume 1, Bituminous Coal and Natural Gas to Electricity, Revision 4

35 Murray, J., April 2, 2014, EU carbon price rides the "rollercoaster" as emissions fall, Green Business,
www.businessgreen.com/bg/analysig37543/eucarbonpriceridesthe-rollercoasterasemissiondfall and
www.businessgreen.com/bg/analygesccessed April 4, 2014).

3¢ Holzman, D., Environmental Health Perspectives, Volume 117, Isduly 2009, Climate Change Abatement

Strategies Which Way is the Wind Blowing?, National Institute of Environmental Health Sciences, Lexington, MA
YFNLIX dzax o3 S FfX G{K2dzZ R I *SKAOf S WddzGreeno@e y 2 Ye {
DF&a 9YAdaAirzya /2yaidNrAyikK LYLX AOF (A 2 yEdergy Bcbidorgigs, 3B & I Yy R
pp 322-333, 2013, Elsevie

3¥paltsevS. et al., 2014, Regulatory Control of Vehicle and Power Plant Emissions: How Effective and at What

Cosi K ¢ T wwww.tardloifline.com/doi/full/10.1080/14693062.2014.937386#.U_TiFRDLJ3v

3% Private Communication, MIT CEEPR with C. Bozzuto
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National Energy Technology Laboratdife(T).researchers found it CC2leploymentcanlimit
increasesn electricity prices, allow for the same levels of electricity generatod provide
more CQreductionsthan aclean energy standarat levelssimilar in scale to a tax @apand
trade®° In a separate studyhe Energy Modeling Forum rane different models in a 50%
reduction scenario and found that most models could not converge on a solution @G&n
deployment wadimited.*

Finally,a previous National Coal Coun@lCC¥tudylooked indepth at the economic benefits
to the U.S. economgf the deployment of enhanced oil recoveffORYusing anthropogenic
CQ (CQEOR}Y?Today most C£EOR operations utilize natural £@presenting a missed
opportunity to capture emissiagifrom CCU$caibon capture utilization, andstorage)projects.
The revenue stream from suchilization canpartially offset the increased costs of the capture
system

Whilethere are several promising CCUS projects on the horieday CCUS with EOR
represents a major underutilized opportunity theduldbenefit the U.S. economyreate jobs,
increase U.S. oil productioreduce oil importsandhelp expedite the advancement GiICUS
demonstration projects.However, these projects are nget able toproduce CQ@as cheaply as
natural (noranthropogenic) sourcesAs tere is a strong need to reduce the costs associated
with CCS througbiearning by doing the CQ EOR opportunities in North Ameri¢and
elsewhere in the worldlepresent a major opportunityo provide additionatevenue for CCS
demonstrations Other potential uses include enhanced coal bed methane recovery and the
substitution of C@for water in fracking operations where water is scard@éiese examples
indicate that coal carcontinue toplay a major role in U.S. energy if CCS is kept in the mix of
clean energy technologies used to mitigate \C&.emissions'?

6. The Role ofDther Nations

The developed worldlonecannot reduce emissions enough to meet internatioga}

emission reductiormgoals. Growth in energy utilizationespecially in no@ECD countriess

fundamental to improve living conditions globallyimiting access to energy is not a realistic

nor a lumanitarian approach to climate change mitigatioD.2 NJ (i KS ¢ gaNdqi@a LJ2 2 NI
electriaty supplesexacerbate unhealthy living conditions because clean drinking water,

sanitation, nonpolluting cooking facilitiesand modern healthcare rely on depéable energy.

Even in OECD countries, policies that hamper economic growth will ultimately fail.

40Nichols, C., 201The Role of CCS Under a Clean Energy Stand&rtS8EE/IAEE Conference,
www.usaee.org/usaee2011/submissions/Presentations/Nichols.pptx

4 Clarke, L., et al., 2014, Technology and U.S. Emissions Reductions Goals: Results of the EMF 24 Modeling

Exercise. The Energy Journal, Volume 35, Special Issue 1

Pl OGA2YEE [/ 2FF [/ 2dzyOAf X wnamuXE | I NYySadaAyInnedtladdQa /| ND2Yy
Energy Securithttp://www.nationalcoalcouncil.org/reports/NCEultReportJune2012.pdf

4 Williams, R., 2014, Capture Technology Cost Buydowni&EGR Mrket Applications under an Alternative

Energy Portfolio Standard, Presented at Greenhouse Gas Technologies Conference, Austin, TX.
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Developing countries are building ndassilfueled power plants and placing them into service
to meet their energy need$EA projects that 90% of energgmand growth through 2035 will
be from developingauntries led by China and Indi&China is bringing online an average of
500 MW of newcoalcapacity per week through 203®Without CCS hese power plants will
continue to operateover theirprojectedlifetimes of 4@60 years

Another important global phenomem that should be considered the widespread

acceleration ofurbanization largely occurring in non @B nations Urbanization is a means to
improve quality of life by significantly reducing the physarad environmental impacts of

energy poverty in rural areagspecially for the women and children who walk for hours each
day collecting biomass for heating and cakiBy 2050about 70% of humanitywhich could

be equivalent to nearlyhe entire current global populationwill live in cities’> Vast amounts

of electricity, steeland associated materials will be needed to support these urban
concentrations Although rapid urbanization can strain infrastructure, it provides the
opportunity to provide electricity to more homes, which are more difficult to service in rural
areas. Centralized electricity generatigmeeded by urban centerkgnds itself to the

applicdion of CCS in the futur@lthoughmost developing countries will need international
support to advance CCS projecssfirst step in advancing CCS is to provide financial incentives
for investment in statef the art, highefficiency, low enssion coalfueled, electricity

generating stations instead of older, less efficient technologidgese statef the art units are
reliable and well suited to meet growing urban electricity requirements. In addition, when the
time comes, these unitsould bepotential optionsfor CCS retrofit.

As a final consideration regarding the international situation,'tng A G SR bl A2y aQ o! d
projections on population growth continue to show increases beyond 2050 up to 2100. Figure

A.6 shows the reference case data freme U.N. analysi€ Figure A.7 shows the high case

projections, indicating that world population could conceivably double in the next two

generations. These additional people will still need power, food, drinking water, and other

basic requirements that will only make @@ductions that much more difficult.

4 Energy Information Administration, International Energy Outlook 2013,

http://www.eia.gov/forecasts/archive/ieo13/

B ARFIETYS WO ovHnmMnsE HH al NOKO® !'b wSWENAZYZAZ NI RS DA INRA
www.theguardian.can/world/2010/mar/22/un-citiesmegaregions

46" World Population Prospects'United Nations,New York,2013- pages 96 and 9graphs by Frank Clemente
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Figure A.7. United Nations Global Population Projects: High Case

It would seem prudent to develop technologies that could continue to provide such power at
reasonable costs well into the future. These developing economies will want and need to use
the natural resources that are available to thefhe successful devgdment and deployment

of CCS technology can only help bring about the needed improvements in living conditions that
these countries are striving for.
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7. Building on U.S. Goals

The ObamaAdministrationhasrecognizedhe need to reducelomesticCQ emissions.In
November of 2009, President Obama offered a U.S. target for reducing ersibgi®i@% below
2005 levels by 2020n addition, the President set a goal of reduc®@ emissions by 83%
below 2005 levels by 2050n late 2014, during a trigo China, the President agreed to a-26
28% reduction below 2005 levels by 2025.

In 2013,U.S.CQ emissions were 10% lower than 2005 levels and apgubtar be decreasing’

This trend isin part,due to improvedenergyefficiency in the residential ancommercial

sectors, better fuel economy in the transportation sector, lower natural gas prices (resulting in
natural gas displacing some coal in the electricity generation seetot)reduced energy
consumption in the manufacturing sectdargelydue tothe recession.

The overallprogress in reducinger capita energgonsumptionhas beersupported by DO& a
technology developmentdHowever, when viewed from the perspective of reduced CO
emissions, the reduction is only 2% of 2012 U.S.e@tssionsusing the 2005 baseline year.
When compared to global G@missions, these efficiency improvements represent less than
0.5%o0f global emissions

Another example that helpdlustrate the limited impact of domestic polion global emissions
isthat retiring theU.S. coalueled generationfleet and replacing this fleet withatural gas

based power generation, an unrealistic scenario, would only reduce global canbigsiongy

2% and this assumes zero growth in electricity consumptibalectricity growth is factored

into this scenario, there is no net decrease in emissions. When viewed globally, the challenge
becomes even greaterAccording to IEA, @verycountry around the world fully enacted all of

the GHG reduction measuresreently being considere@which do not include significant CCS
deployment) global C@emissions would still rise 20% by 20'35.

8. Leading the Charge

Fossilfuelswill continue to play a significantroley G KS 62 NX R@@al Sy SNH& YAE
consumption specificallyjs projected togrow. CCS deployment is critical to achieving

reductions in C&emissions from fossil fuel us€o date the DOE has been a principal world

leader in advancing CCS technologiegure A8 summarizes the status of the largeale,

ongoing CCS projects globalindreveals thata majority of these plants & located in the

u.s#

4TEIA, 2014http://www.eia.gov/environment/emissions/carbon/

48EA, 2008, Energy Technology Perspectives 2008: Scenarios and Strategies to 2050, International Energy Agency,
OECDI/IEA, Paris.

49 Global CCS Institut&he Global Status of CCS 204dvember 204.
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Figure A8. LargeScale C@Capture Projectsn Operation or Under Construction

DOEhas beerinstrumental inmovingseveral othese projectdorward. Although the DOE
annual budget is insufficient to fund all the firsbverprojects that areneeded, there is no
guestion that the dollars spent to date have advanced, and will continue to adyaQ®.

While the DOmBas supported efforts tadvance CCS technology, full commercialization and
deployment isunquestionablya global challenge, especially as @BCD countri€Q
emissions eclipse those of the OECD countrdgsinternational effort led by the U.%.
needed,but it must be supported financially and technically by the rest of the wolslwas
stated in the 1972 Stockholm Declaratith

G. 20K FaLlsoda 2F Yryda SY@ANRYYSyYy(dzZ (GKS yI {dzN
wellbeing and to the enjoyment of basic huyha NA 3K a> GKS NAIKG G2 AT

CCS can be an enabling technology to protect the natural world while also placing the necessary
value on human welfarédut CCS is at a crossroads and nesamnginternationalleadership
with extensive financial commitmend fulfill this potential role.

50 United Nations, 1972, Stockholm Declaration
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Chapter B Global Status of C@SCUS
Chapter Lead®am Tomski

1.

Key Findings

Capital and operating costs for projects with CCS are more expensive than
conventional technologies and carry greater technology and commercial risk. The bulk
of the capital expenditure is associated withe additionof the captureplantand
compressiorunits, as well as the modifications the power or industrial planin the

case of retrofits Project risks include financing, permitting, public acceptance, cost
overruns,schedule delaygperformance, environmental compliance, operational
flexibility, storage, and long term liability

Funding remains a major challeng@ll large scale projects have a combination of

public and private funding to helminimize risk exposure Significant investments in

time and resources are required even before it@ag a final investment decision

(e.g., storage site characterization for saline which can take fears, detailed plant

and capture integration design, off take agreemaefotiations etc.). Projects

generally include a basket of federal and state or provincial incentives (e.g., grants, tax
credits, loan guarantees, etc.).

Projects with CCS are more complex than conventional projects (from a project
managementoperationsand tednical perspective), which can significantly impact
overall project timelines and, thereby, increase costs. The regulatory approval process
(especially associated withir andstoragesite permitting) is a key issue for many
projects, which must typicalfiactor in an additional 1-36 months into overall project
timelines. Power plants or polygeneration facilities operating in competitive
electricity marketsmust account for the additional time and complexity of negotiating
power purchase agreements anther offtake contracts (e.g., GQurea, etc.). Finally,
many of these pioneer projects typically include a more rigorous investment due
diligence process that is conducted during frent end engineering and design
(FEEDstudyand final investment desion stages, which can significantly add time and
complexity to project schedules.

The portfolio of large scale CCS projects is the result of public and private investments
that were initiated 510 years ago. They were intended to advance technologies t

the point of achieving commercial readinesgheCQ capture capacity of all projects

in the operate, construction, analdvanced planningtages totalling nearly 65 million
ton/year) is something less than the current{OY A aaA 2y a FNBY 2Sali
fired power sector (77.6 million ton/year), which is multiples below the CCS levels
called for by the IEA and other organizations. A substantial increase in new projects
nearing the construction phase is needed.
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Thepath of CCS/CCUS technologies toward commercialization and deployment is shown
graphically in Figure B.T hecurrent, largescale CCS project activity is largely a function of
policies and funding programs established toward the end of the last @ecadditional policy
action is required now to improve the investment climate for CCS and ensure that CCS is not
disadvantaged relative to other low carbon technology solutions.

New horizons Realising the Widespread
portfolio deployment
Decisions made at start Ensure conditions are
of decade are now supportive for projects
bearing fruit in advanced planning

Decisions and actions
required now to lay policy,
legal and infrastructure
foundations for post-2020
project portfolio

2014 and 2015 are
watershed years for CCS

2010 - 2015 2016 — 2020 2020 —

Figure Bl. Pathway to CCS Deploymeht

2. Global CCS Status: Large Scale Project Overview

Thedevelopment of carbon capture and storagedptechnologiedor power sector
applicationsbegan in earnest only two decades ago, but themaase than60 years of
operational experience from projecis the oil and natural gas industries that are similar to
CCS. Examples include undergroundi@@ction for enhanced oil recover¢(@ EOR) and GO
separationfrom natural gas production. In the case@® EOR, once the field is produced,
substantially all of the GQ@hat isleft in the formation is stored underground. The success of
theseoperationsprovides considerable confidence in the potential to safely store large
volumes of Ceunderground

51 Global CCS Institute, The Global Status of CCS 2014, November, 2014
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Accordingo the Global Carbo@apture and Storage Institute (GCCSIgry region of the world
has CCS project activity from research and development (R&D) to pilot anddaitge
demonstration. While CCS can be cost competitive with other low carbon options (e.g. solar,
wind, nuclea) on an unsubsidized basisosts and risks f&EC$rojects remain high compared
to conventional technologiesithout CCS? In order for CCS to become commercialxilable
beyond EOR and other niche markets, continued investments in second and third generation
capturesystems that reduce costs, maintain operational flexibility, and build confidence are
critical. These investmentgeed to be accompanied bgustainedpolicyaction thatprovides
certainty and incentivesenablingCCS to be recognized within the low carbon technology
portfolio. Furthermore, there must beommitments to knowledge sharing through
international collaboration.

As of November, 2014, there ai@largescale CCS projects in operation around the world,
with another9 under constructior?® There arealso19 projects in the early planning stage and
14 in advanced plannin§lorth America and the |3 dominate in terms of project numbers and
investment levels, followed by Chiaa shown infableB.1.54

Early Planning Advanced Planning  Construction Operation Total
North America 5 6 6 9 26
China 8 4 - - 12
Europe 2 4 - 2 8
Gulf Cooperation Counci - - 2 - 2
Rest of World 4 - 1 2 7
Total 19 14 9 13 55

TableB.1. LargeScale CCS Projects by Region or Country

All of the 22 projects in operatioor underconstruction utilize first generation capture
technologies and are pione@rojectsin demonstrating CCS integrationrabdestscale. Most

of the projects separate G@s part of normal operations (@, natural gas processing or
production of synthetic fuels, hydrogen, and fertilizer) with the power sector accounting for
only 3 projects. CQ EOR is the dominant storage option (11 out of 13 in operation and 6 out of
9 under construction) The WeyburaMidale Project in Canada is the ot EOR operation

that included a dedicated monitoring program to demonstrate storage permanerg&aine
reservoir storage accounts for 4 of the 22 projettso(in operation andwo under

construction). More information on these projectis includedn AppendixA.

By 2017, all of the projects currently under construction are expected to bperation,

bringing the total C&capture and storage capacity of operational projects to around 40 million
ton/yearas seen ifFigureB.2% As a point otomparison, codired power plants in the U.S.
emit about 2.2 billion tong/ear. While these projects represent a good start, many more
projectswill be needed.

52 Alstom CCS Cost Analysis, 2011, Power Gen Europe

53 Global CCS InstitutéThe Global Status of CCS 2§)Movember 2014.
5 Ibid

55 |bid
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Thee are an additional4 projects in the most advanced stage of development, which includes
projectsthat vary byregion, storage optiopand capture technolog These prjgcts are
expected to reach final investment decisions by 2@036. Should all of these projects
proceed to construction and operation, there would be an additidtamillion ton/yearof CQ
captured to bring the potential totdby the 2020time frame to approximately5 million

ton/year. While not insignificant, this level of deployment remainsll below what the
International Energy AgenchE@ projectsas needed for CCS ¢ontributeto globalCQ
emissions reductionsas pointed out ilChapter A By 2050, 10 billion tons/year will need to be
captured and stored. Further, 3,4@0CS plants will be needet.shouldalsobe noted that in
the last year, 10 projects have been cancellathely because of high costs and project
complexities (e.g. technicakgulatory, and permittingissue$.>® It would be instructive to
review the main reasonshy so many plantsvere cancelled or withdrawn in this one year time
period.

80

60

40

CO2 capture capacity (Mtpa)

20

2011 2012 2013 2014 2015 2016 2017 2018 2019 2020+

= Projects in 'Define’ m Projects in 'Operate’ or 'Execute’

Figure B2. CQ Capture Capacity by Project Lifecycle

In addition, the total number of projects in the pipelihasbeen decreasing over the last 3
years, as shown in Figure B.3. This trend needs to be reve¥aty more demonstration
projects are needed, but theumber of projects being plannadbeing reduced, especially in
the power sector.

56 Global CCS InstitutéThe Global Status of CCS @¢INovember 203.
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Figure B3. Large Scale CCS Projects for 2291457
3. Power SectolCC3rojectSuccesses

CCS in the power sector hasgperiencedsome significant developments recenti@ne large

scale project has begun operati(Roundary Dam, 110 MVénd two others will startip in
2016(Kemper County680 MW and Petra Noy240 MW) However, implementatiorn the

power sectothas progressedore slowly over the past two decades compared to projects in

the industrial sector that include G@eparation as aermalpart of operations (e.gnatural

gas processing, fertilizer production, etc.). The main challenges for power generation with CCS
include high cost (capital and operatindpich influences project financijgargescale
AYGSaANIrGA2y> O00Saa G2 adzaidGrofS ad2N)r3IS aAirdsSa
to run the capture unitincluding C&@compression The addition of CCS to a power plant will
inevitably increase the complexity of the plant. The need is to manage the increased
complexity in order to minimize or avoid the extra cogthile there is often a perception that

CCS is a technolofyr coal fred power plantsa large natural gas combined cycle (NGCC) plant
produces nearlytwo million ton/yearof CQ and willalsorequire CC8nder international C®
reduction goals NGCICS demonsttian projects currently in the@dvanced planningtage

(Sargasn Texas, U.S. and Peterhead in the L&k critical to advancin@CS for NGCC

57 GCCSI: Global Status of CCS, 2figt//decarboni.se/sites/default/files/publications/180933/globatatusccs
2014supplementaryinformation-presentationpackage.pdf
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applicatiors. The size, status, and accomplishments of key electricity generating projects with
CCS are highlighted in the following sub sections.

Plant Barry CO®oject (Status: Operatioty)

In June 2011, the Plant Barry CCS Pr¢ieét S ¢ 2 NI Rfit2d powek plaativithO@ | f

capture, pipeline transporiandsaline storaggbegan capturing Crom a 25MW slipstream

FO !'EFolYlE t2¢S N atdeolAyalK A. 1 ENED) BMEEDRREIZESSANA S & Q
(amine absorption) at a rate of approximately 5504q@er day. (Prior to the Barry PlaBCS

Project AES Shady Poif®00 MW)and AES Warrior Rf240 MW)captured C@from a slip

stream for the production of dry ice and food grade-Q@spectively, using the Lumm#srr

McGee MEA procesd the level of about 30 MW eadghThe demo plants capable o€aptuiing

up t0 0.15 million tons/year of CO Over the life of tle project, approximatel®.5 million tons

of CQwill be transported viaa 1 A £ S LIA LISt Ay S (G2 5Syodz2NE wSa2dzN
injection about 9,400 feet into the Paluxy Formation (salinegonjunction with the Southeast

Regional Carbon Sequestration Partnership (SECARB) AnthropogenirTestensive CO

monitoring, verification, and accounting program was implemented that includes a yle@e

postinjection phase.The Plant Barrgemonstrationhas enabled improvements in system
AYGSANIGA2Y YR LINRPOS&aa 2LIWAYATILIGAZ2Y YR NBRdz
Initially in 2009DOE awarded $295 millido Alabama Poweior an 11 year contract under the

Clean Coal Power Iidtive (CCPHor a larger, 160 MW demonstratioil This project was

withdrawn, citing cost commitments for the overall program. No cost estimates were given for

the current25 MW demonstration project.

Integrated CCS Demonstration Project (Sta@seration§®

In October 2014, SaskPowszgan operation othe CAN51.35 billion Boundary Dam Project,
0KS ¢ 2 NI Rsdle CCS pidjedith integiai@post combustion capture technology
(amines) on a rebuilt coéifed power generation unit.The cost breakdown was $600 million

for the capture plant and $750 million for plant modernizatfdnThe plant generates 110 MW

of electricity and approximately 90of the CQ emissions (Inillion ton/year are captured for
pipeline transport to Saskatewan oil fields foCQ EOR.AnyCQ from the project that is not
usedfor CQ EOR will be injected into a nearby saline formation through the Aquistore project.
TheCanadiarGovernment contributed CAN $240 million to the project and the Saskatchewan
government provided funds through the SaskPowerwn Corporation.

58 Global CCS InstitutéThe Global Status of CCS 2§ IMovember 2014.

59 MIT CCS Databadattp://sequestration.mit.edu/tools/projects/plant_barry.html
60 Global CCS InstitutéThe Global Status of CCS 2§ IMovember 2014.

51 www.zeroco2.no/projects/saskpowetsoundarydam-power-station-pilot-plant
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Kemper County Energy Facility (Status: Construéfion)

aAdairadaArlIIA t2gSNRAa Y SIVKES NG 2 NEdR/Ia  @ayENGECET NOS O/AT
project on a cobbased power plant. Tifdfirst of its kinc facility will useTransport Integrated
DFaAFAOIGA2Y 0 ¢ wgdilicationimetBod gedignedIcd lone rankoddls)
RSOSt21LISR 08 aAadaaraaillA t2gSNDa LI NByid {2dziK
U.S. DOEThe582 MW minemouth facility will capture 6%of total CQ emissions

(approximately 3nillion ton/yearmaking it nominally equivalent in GEmissions to darge

bD// LI LFydo dzaAy3 { Ste&@wlltbetradshdkedl sidal®Binile a2t ISy (0
LIALISEtAYS G2 9hw FTASERaO® 2 KAf S Sf@a0sitaddiOA G & A A
other byproducts including ammonia and sulphuric acighen possible to help offset costs

Startup is expected in 2016. The $6.1 billion project is the recipient of several federal, state, and

local incentives including$270 million grant from the U.S. D@kean Coal Power Initiative

(CCPIand $133 million in investment tax credits approved by the U.S3IR8th the delays to

the project, some of the tax credits will be logdver the life of the project, the company

calculates the cost savings assoaciangth various incentives to be over $1 billiorThe

combined cycle portion of the plant has commenced operabomatural gas

Petra Nova Carbon Capture Projed/.A. Parish (Status: Constructiéh)

The Petra Nova CCS Project is an examplé€Caigaroject with a novel business modelhe

joint venture (Petra Nova Parish Holdings, LLC) between NRG Energy and JX Nippon Oil & Gas
Exploration will capture approximately 1rdillion ton/yearof CQ (amine absorption) from the

W.A. Parish Generating Stani, a3,565 MWcoalfired powerstationnear Houston, TexasA

second joint venture (Texas Coastal Ventures) between Petra Nova Parish Holdings and Hilcorp
Energy Company will manage thex@@nsport via an 8@nile pipeline forCQ EOR.In
cooperationwith the Texas Bureau of Economic Geology, Texas Coastal Ventures will develop a
CQ monitoring plan designed to satisfy requirements of the Railroad Commission of Texas
certification program for tax exemptions related to use of anthropogenief@CCQ EOR. A

250MW slipstream for the 610 MW unit 8 will be sent to the capture plant for 90% CO2
capture®® The capture unit will be run with power from a cogeneration plant, which is

expected to reduce overall capture costs and increase system flexibilitgfioi@ncy.

Anticipated startup is the end of 201®IRG received $167 million from the DOE Clean Coal
Project Initiative (CCRin March 1Q 2010. Japan Bank for International Cooperation and

Mizuho Bank (backed by Nipp&xport and Investment Insura@care providing loantotaling

$250 million®®

62 Global CCS InstitutéThe Global Status of CCS 2§ IMovember 2014.

83 MIT CCS Databagsfp://sequestration.mit.edu/tools/projects/kemper.html

64 Global CCS InstitutéThe Global Status of CCS 2§ Movember 2014.

85MIT CCS Databagefp://sequestration.mit.edu/tools/projects/wa_parish.html

66 hitp://www.bizjournals.com/houston/morning_call/2014/09/nkgk-nippon-hilcorp-breakgroundon-
worlds.html
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Sargas Texas Point Comfort Project (Statdsanced Planning

The most advanced CCS project on naturafiged power, the Sargas Texas Point Comfort
Project, is in late stage development. The project plans to capture aroundilliéch ton/year

of CQ (hot potassium carbonate absorption) from a greenfi@d0 MW NGCC power plant.

The site is at the locatioof the retired ES Joslin power plarithe interconnect and

infrastructure needed to support the project, including cooling water diversion and discharge, is
currently available and permittedThe C@Qwould be transported via pipeline approximately 50
miles for injection into EOR fields in South Texas. Construction is expected to commence in
early 2015.Discussions are underway with DOE for a loan guarantee.

FutureGen 2.0 (Statu€onstruction®®

FutureGen 2.0 involves the expmbustion repoweringof a unit at the Meredosia Energy

Center in lllinois.The repowered unit is designed to have 1M®/e gross output.In steady

state operationsit will have nearzero SOx, NOx, mercury, and particulate emissiamsvell as
capturing approximately 1.1 rlidn tons of C@year. Oxycombustion and C&rapture

technology is being provided by the Babcock & Wilcox Company and Air LiQagtured Ce

will be transported from the power plant via pipeline to a deep geologic storage Hite.
projectwasissu@ U KS vy I (A 2y Qidjectior fédnilis in/late lsndmier 2@14. Initiah
construction activities began in August 20142 6 SGSNE | OAGAT Sy Qa adail :
PPA litigation, as well as a landowner challenge to the Class Wfj€&fion permits remain as

OKI tfSyasa T2 NJ-conbstioyf poiver plaftDOE iF corittibuling $1Ebélion of

the total $1.8 billion project costThe project owner is the FutureGen Alliance, a consortium of
global coal mining and equipment coammies. Operations are slated to begin in 2098.

However, a lawsuit by the Sierra Club over the lack of a Prevention of Significant Deterioration
(PSD) permit has jeopardized the projétt.

The Peterhead CCS Project (Stafidszanced Planning

ShellU.K. Ltd, with strategic support from SSE Generatitdh is developing a CCS project at the
Peterhead Power Station,385 MWnatural gadired power plant in Aberdeenshiia the U.K.

The project plans to capture aboutniillion ton/yearof CQ for transport offshore via a 62 mile

pipeline (most of it existing) to the depleted Goldeneye gas reservoir located about 2.5 km

beneath the North Sea. In March 2013, the project was chosen as one of two CCS
RSY2YAGNI A2y LINRP2SOUGa dodrRpBtNon.(THRSnexXt shaseinthe JS Ny Y
competition is FronEnd Engineering Design (FEED) after which time Shell and the U.K.

Government should make a final investment decision.

57 Global CCS InstitutéThe Global Status of CCS 2§ IMovember 2014.

88 MIT CCS Databagsp://sequestration.mit.edu/tools/projects/futuregen.html

69 Joseph Divoky, B&W, email communication.

M¢2YAOKI WosS aARgSad 9ySNHeE bSégazx aCdzidzZNBEDSYy hFFAOALT &
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White Rose (Statugsdvanced Planning

The White Rose CCS Project in thi€ 13 plannedasthe first largescale oxycombustionproject

in the world thatis planning to be equipped to doe biomass with coal, whiglwith CCS,

could lead to zero or negative emissiorihe White Rose project also includes the

development of theYorkshire Humber CCS Trunk line, which will havg{péline capacity to
enabletransport ofadditionalCQ from other potential CCBrojects in the area, which hosts
approximately ondifth of the UKQ & O dzN&nksyians. Thehproject is receiving funding
support from the WK government and design studies are underway. The next decision point is
expected tooccurin 2015. The 448VIW project was awarded a muttillion pound FEED study

in July, 2014. Alstom is designing the boiler for the project. Construction is planned to start in
2016 with operation commencing in 2020. The project has been awardedag®@million

fromiG KS 9dzNB LIS Yy [/ 2Y Y@ dMcangoflidm dordistiogiax, ARG,

and Bitish OxygenGCorp. will carry out the project.

GreenGen (Statugsdvanced Planning®

China base®GreenGen, managed by China Huaneng Group, is a joint venture between seven
Chinese enterprises and oheS. company (Peabody Energy). In December 2005, GreenGen

/20 gla 2FFAOAIfEe SaldloftAaKSR gAGK GKS YI yRI
of China (PRC) to lead the research, development, and demonstration of clean coal

technologies leadingp a nearzero emission coddased power plant by 201D NBE Sy DSy Qa y S
GSNY 202SOGAGS A& (2 RSaA3IYyI o0dzAf R YR 2LISNI
The 250 MW IGCC plant went into operation at the end of 2012. As part of an R&Bnprog

some CQis expected to be sent f&Q EOR. The next phase will be a 400 MW IGCC with

capture and storageGreenGen is expected to produce a total of 650 MW and 3,500 tons of

syngas per day and complete the R&D of key technologies, includingstzigehydrogen

production from coal, power generation from fuel cells, the hydrogen and gas combyoéal

power generation, and CCEQ storage is plannetb begin aound 2020.

2 |bid
3 Global CCS InstitutéThe Global Status of CCS 26™Movember 2014.
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4. Polygeneration Project Highlights

With regulatory challenges in the power sector, a number of project developers are looking to
polygeneration configurations that have a lower emissions profile than conventional coal plants
and, in addition to power, produce a range of producdspolygereration plant schematic is

shown inFigureB 4.7

FigureB 4. PolygenerationPlant Schematic

Various feedstocks (e,g.0al, petcoke, biomass, etc.) can be gasified to produce syngas (a mix
of carbon monoxide and hydrogen) that can in turn be used to produce fertilizer, methanol,
various liquid fuelsspecialty chemical®tc.

Theperceivedadvantags of polygeneratiorareits product flexibility andts ability to meet
tight emissions standards. However, there are also a number of challeGges.gasification
and CQcapture technology haveeryhigh capital and operating costBolygeneration

fadlities areevenmore complex than conventional plants (essentially blending a power and
chemical plant). Althougmtegrated Gasification Combined Cydle@¢technology has been
under developmentor several decades, there are only three &ifle plais operating in the
U.S. the 260 MWPolk Power Station, th260 MWWabash River Plarand the 618 MW
EdwardsportPlan). None of these plants include CCSosts have been high for all of these
plants.

4 Ibid
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