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1. Phase 2 Report Key Findings

The purpose of thevo-phasdargepilot plant study is to evaluatenovativeoptions for
governments and industty fund projects that tefdssitbased power generatiamdcarbon
capture utilization, and storagéechnologies (hereaiter CCS or CCUS) at the largéot scale
The Study considers larglots to be generally in the range o030 MWe involving
technology that has not beéested beyond small scale tigatapable of significantly reducy
the cost of fossibased power integrated with CCS.

1.1.Phase 2, Task 2 Key Findings

Phase 2, Task 2 addres$mstors impacting pviate sector investment in largdot scale CCS
projectsfor projects funded by a single country, reviews barriers¢h puojects, andlentifies
potential approaches to overcome those barriers. The report also identifies and copsaless
for overcoming factors advergaimpacting investment in larggilot scale CCS projects.

TASK 2- KEY FINDINGS

1. Largepilot scale fossil fueled electric power technology projects with CCS are an essen
part of the CCS technology development chain. Such projects are typic&iy MV, in
capacity and cost $16800 million (U.S. $).

2. These largilot projects face significdrbarriers, including a perception of a limited rear
term market for the commercialized technologyirthelatively high cost, difficulties securing
financing and inadequate or courdgroductivegovernment policies.

3. A portfolio of policies and incentigewill be necessary to advance lamgt scale CCS
projects.

4. Measures to address market barriers would endorse the need for a diversified generatir
portfolio that included fossil fudbased generation with CCS to meet social goals related {
climate chage.

(continued)
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TASK 2- KEY FINDINGS (cont.)

5. Financial barriers could be overcome by a mix of financial incentives that recogniaagee
of differences in pilot projects. For example, "tdawn" projectsand projects that only
demonstrate capture ("catch and releas@l)ld benefit primarily from capital costlated
incentives, whereas projects continuing operation after completion ofgstoigand
permanently storing C{arealsoamenablédo incentivesbased on operation such asLO
storage credits The incentive mix could include tax credits, grants, and loan assistance.
Sources for funds could vary by country and include generatteenues, climate programs,
and fees levied on electricity usensd fossil producerdncentives should be viable across
the full range of electric generation business structuPeicymakers should seek financial
participation from notiraditional syporters of new technologissich agenvironmentally
purposed foundations, export credit agencies, and pub@ssal public finance institutions

6. Measures to reduce the cost of CCS technologies would reduce financial barriers to pilq
projects. These mea®scouldincludeincreasedenchscale R&D, pursuit of modular
technologies, and reusable lafgjot scale test platform

7. Needed policy initiatives center on a genuine commitment by governments to the
development of CC$ased technologies. Specific measures that might demonstrate sud
commitment includgrovidingfinancial incentives for largpilot scale projectsnactingy
regulatory incentives such as "bonus allowancesisorgallowance sales bicap&trade™
jurisdictionsto fund large pilot projectsevyingfees to support dedicated funds famge pilot
projects, anexercisingregulatory flexibility for environmentally beneficial pilot projects arj
commercial demonstration projects. A government program to storedp@ired at initial
pilot and demonstration projects would overcome barriers tos@@ageor those units.

1.2. Phase 2, Task 3 Key Findings

Phase 2, Task 3 draws on government and private sector expertise to explore significant barriers that may
hinder successful multinational collaboration, and evaluates collaborative models that may be most
effective for large pilots. The report identifies lessons learned, best practices and provides
recommendations that can facilitate collaboration.

TASK 3 KEY FINDINGS

1. Governmental collaboration on fosbiised power and CCS technology development is
widespread, ranging from laboratory research to demonstration scale across the power ger
and CCS value chain.

2. Largepilot projects present unique financing risks and challenges that could be mitigated by
multilateral financial collaboration.

(continued)
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TASK 3 KEY FINDINGS(cont.)

National interests must be considered in framework development. The needsfansab
domestic involvement in return for a cou
compelling, can complicate framework development, and will impact project structure.

Countries and regions have different viewpoints on fdessled power and CCS technology
development and deployment. A singular collaborative approach may not work. Targeted
collaboration and framework development by countries withrikeded viewpointsnay be
preferred.

Development of a collaborative framework is a complex undertaking, requiring time, human|
resources, and crosgissciplinary skills. Completion may take several or more years.
Compromises between the perfect and the achievable mashbielered

For collaboration to be successful, sustained and consistent political support is necessary.

Concurrent award of government support and flexibility in managing use of government fun
project expenditures will facilitate project developmamdl implementation.

Intellectual property rights are perceived as a potential barrier to collaboration. Early resoly
intergovernmental issues along with early agreement among project team members on inte
property rights would facilitate daborative projects

Page 13



2. Structure of the Study Effort and Phase 2Report

Figure2.1 below shows the role this report serves as a continuation of two efforts previously
undertaken by CURC. The first effort was a workshop convened by CURC in November 2014
andattended by utilitcompanyrepresentativesechnology developers, financialpects and
governmenpersonnel for the purpose of gaining perspectivevioat is needed to foster
advancedossilbased powetechnologiesand CCS technologidbkat are ready for pilot plant

scale demonstrationIn general, workshop participants conetdahat such projects were a
necessary and useful element in moving new technology concepts from bench scale to
commercialization. Participants also di@ number of barriers to largdot scale CCS projects,
including the challenge of financing sugtojects’> The major onclusions drawn from the
workshop include:

1. Largenpilot projects arén facta necessary step in technology development since
transition from bench scale to commerdamonstration involves unacceptable
technical and economic risk

2. Pilots in the range of 160 MWe are appropriate; howevarertainadvanced
technology componentsay be tested at a smaller size.

3. A number of advanced fosdibsed power and CCS technologies have been proven at
small scale and are ready for largedstasting® Transformational technologies
were of particular interest.

4. Largescale pilots present a financing challengéey may cost $100 $500
million,* which is beyond balance sheet financing for most technology developers.
And, they are unlikely to generate sufficient revenue to support typical pbajsetl
financinggiven that they are usually saommercial in scale

5. Due torisk and business casencernsthe private sector may be able to sharQ0
percent ofargepilot projectcoss. Substantial financial support must come from
governments.

6. Innovative financing mechanisms should be explanetliding international
collaboration

! SSeel.D. Carter,Technical Workshop Report: An Industry View: Advancind\iwet Generation of Coal
Conversion Technologi€sonvened by the Coal Utilization Research Council, with support from its members and
ghe USDOE) (Dec. 2014https://www.coal.org/2034ecmicalworkshopreport

Id.
 Workshop participants and participants in Phase 1 of this Study identified candidate techhmidaige pilot
testingincluding: supercritical C&power cycles, advanced ulsaipercritical systems, chemical looping
combustion, pressurized oxgombustion, oxygen transport membranes and ion transport membranes, fuel cell
systems, postombustion capture systems, Qdilization, and advanced gasification technologies
* All referencesn the report tébs means United StatB®llars unless noted otherwise.
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Figure 21 Continuum of CURC work related to large pilot projects

CURC activities related to large pilot
scale power projects using CCS

November 2014 Workshop

Purpose: Assess private sectorinterestand
support of large pilot scale projects using CCS.

Reports Receiving Support by NEDO and DOE

Phase 1: Identifying Barriers to large pilot scale
pl‘OjeCtS using CCS (March 2016).
Task 2 — Lessons learned from past projects
* Task 3 —General barriers to large pilot projects
* Task 4 — Barriers specific to multilateral large
pilot projects

Phase 2: Measures to Overcome Barriers to large

pilot scale projects (Current report).

* Task 2 — Overcoming general barriers

* Task 3 —Overcoming barriers specificto
multilateral large pilot projects

The other prior CURC project was Phase 1 of the current sidgh was completed in 206

The Phase 1 studyupports tb hypothesis that innovative approaches are needed to fund large
scale pilots. The Study also identified multinational collaboration as a pdiemtipbrtant
component of largeilot financing. The premise is that governments with overlapping R&D
missbns can find value in leveraging financial resources to support the various promising
technologies in the pipeline. Resources can be pooled, redundancies eliminated, and ultimately
more largescale projects may reach successful completion.

® SeeAnalysis of Options for Funding Large Pilot Scale Testing of Advanced fBessild Power Generation
Technologies with Carbon Capture and Storage: Pilot and Demonstr8tafe Projects- Lessons Learned,
Potential br Public and Private Sector Partnering, and Barriers and Opportunities for NNdtional Cooperative
Projects CURC (Mar. 21, 2016), https://www.coal.org/glolcakwhite-paper (the Phase 1 Study and the current
Phase 2 Study were partially supportedlog panés New Energy and I ndustrial Tec
Organization (NEDO) and the USDQ)E
Page 2



The Phase@ Studyis afollow-on effort to investigat®ptions to overome barriers to financing
largepilot projects (1660 MWe) for fossil fuebased power plants with CCS as well as barriers
to multinational collaboration as a funding approach for such projects.
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3. Introduction and Background to Phase 2 Study

This Phase 2 repomvestigate®options to oercome barriers to financing larg®lot projects
(10-50 MWe) for fossil fel-based power plants with CCS as welbasriers to multinational
collaboration as a funding approach for such projedtsvever, a brief discussion tifree
background issuesill aid understanding of the more substantive issues that constitute the

balance of the report:

1. The need for CCS technology

2. The purpose of largpilot scale projects in the larger scheme of technology development

3. The definition oflargepilot scale projets

3.1. The Need for CCSTechnology

The core thesis of this Study is that advanced technology development can achieve significantly
more costeffectiveand efficienffossil fuel-basedelectricpower systems with CCS aiad a
consequence enable and accelegibal decarbonizatioaf the fossil power sector. The thesis

is based on the assumption that fossil-hesded electricity will continue to be a part of the

energy mix in many countries for the foreseeable future.

Sources and distribution of electric power are expected to evolve as nations and regions continue
to address electricity needs, energy security, environmental issues, and Paris’pledges.
Nevertheless, fossil fuels are predicted to remain a major sduetectricity supply globally

Figure 31 World Net Electriciy Generation by fuel through
2040

Figure 5-3. World net electricity generation by fuel, 2012-40
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Source: U.S. Energy Information Administratiénternational Energy
Outlook 2016May 2016)

through 2040 and beyond.
Reference case for its 2016

In the

International Energy Outlook
(IEO2016), thdJnited States
Department of Energyo6s
Information Agency (DOE/EIA)
forecasts thataal will continue to be
the largest single fuel used for
electricity generation globally until
2040with renewable generation
(including hydroelectric power)
beginning to surpass cefated
generation in 2040Taken together,
coal and natural gasased power
production constitutes abo60% of
global generation throughout the

projection period.Coakfired

® Adoption of the Paris Agreemehinited Nations: Framework Convention on Climate Change, Dec. 12, 2015
http://unfccc.int/files/essential _background/convention/application/pdf/english_paris_agreeméht@dfaris

Agreement entered into force d November 2016.)
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generation decline® 29% of theglobaltotal in 2040; howevertotal global coatfired
generatiorincrease$rom 8.6 trillion kWh in 2012 to 10.6 trillion kWh in 204MWatural gas
fueledelectricity generatioincreasesrbm 22% of total world generation in 2012 to 28% in

2040 The IED2016 Reference case takes into consideration national and regional initiatives to
reducegreenhouse ga§&SHG) emissions and Nationally Determined Contributions (SPC

under the Paris Agreemeht. f EI| A6s projections hold true,
fueled power plants in operation through m&htury that require some measure o,L,CO
abatemento meet the goals set forth in the Paris Agreement

Thelntergovernmental Panel on Climate Change (IP@®Gjectsthat if atmospheric

concentrations of C4q are kept to 450 ppm by 2100s likely that global temperature rise

wi | | st @ypverhe 2fcenturg relative to preindustrial leveldnternational Energy
Agency (IEA) analysis foresees a significant role for CCS in achieving ghtrget taking into
consideration current NDCsSee Figure 3.2In describing model results relatedmeeting caps

on global temperature increases, stated in its Fifth Assessment Repés}: (MRny models

could notlimit likely warming to below 2° ®ver the 21 century relative to préndustrial

levels, if additional mitigation is considerably delayed, or if availability of key technologies, such
as bioenergy, CCS and their combination (BECCS) are limit€d'Note that many models

t

l

cannot reach concentration$ about 450ppmC&e q by 2100 in the absenc:

Moreover, for the four models that could limit temperature increases to 2 °C without CCS, the
IPCC concluded that mitigation costs would be 138% more expensive without CCS
technology*? "In the majoity of low-concentration stabilization scenarios (about 450 to about
500ppmC@eq) €é fossil fuel power generation wi
2100."® The International Energy Agency states that under its mod&@@S contributes one

sixth of total CQ emission reductions required in 2054

"Paul Holtberg et allnternational Energy Outlook 201&.S. Energy Information Administration, p.-89 (May
2016),https://www.eia.gov/outlooks/ieo/pdf/0484(201&ifp

8 The U.S. Clean Power Plan (CPP) is not included in the Reference case.

° 0. Edenhofer et alGlimate Change 2014 Synthesis Report Summary for Policymékersiovernmental Panel
on Climate Change, (2014)ttps://www.ipcc.ch/pdf/assessmeaeport/ars/syr/AR5_SYR_FINAL_SPM.pdf
(Contribution of Worling Group 11l to the Fifth Assessment Report of the Intergovernmental Bar@imate
%hange.Cambridge University Press, Cambridge, United Kingdand New York, NY, USA

g

21d.

2.

14 Carbon capture and storage website, International Energy Agency, retrieved May 13, 2017,
https://www.iea.org/topics/ccs/
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Note: The New Policies Scenario (NPS) is the central scenario of the World Energy Outlook and includes the energy-elated components of NDCs submitted by 1 October 2015.

Source: © OECD/IEA 2016 Energy, Climate Change and Environment Insights 2016, IEA Publishing, Licence:
www.iea.org/t&; sourced from © OECD/IEA 2015 Meditiferm Renewable Energy Market Report 2015 and World
Energy Outlook, IEA Publishing. Licencgww.iea.org/t&c

In its World Energy Outlook 2016, IEA notes tliaestepchange in the pace of decarbonisation
andefficiency improvement is requiredn t h e 4 5% In &ddigon @ acteteratéd
deployment of renewables, nuclear power (where acceptable), andeedficiency, IEA
supports accelerated deployment of CCS asasellean energy research and deypehent

efforts by governments and companiés

Deeper emission reductions will be required to achieve the Paris Agreement target ofthelding

gl obal aver age t e mpabavaprandustrialfewelandepursing éfferistow 2 e C
limitthetanper at ur e i n Greateademoynent of CCSH teaBnological

improvements to reduce carbon intensity in coal and gas power generation along with biofuel
cofiring and CCS, bigeneration with CCS, and increased use of CCS in industry, are cited by

IEA as potential measures to help achieve the reductions.

The need for technology advancemaettthelargepilot scale is not limitedo just CCSor the

role that CC$lays in addressing thgtobal climate challengeHistorically, we haveseen large
pilot scaletechnologiesupport the advancementrégw environmental control equipment and
coal generation technologiés combustion and gasificatioNew, highly efficient technologies
uselessfossil fuelresource formoreelectricoutputwith reduced emissions of both génd

other criteria pollutantsand will be necessary to support tiflebal increase in the use of coal

and fossil fuels Improved technology for the utilization of fossil fualscluding CCSwill

deliver significant kbnefits to societyincluding safeguards for energy security, improvements in

!5 International Energy Agency, World Energy Outlook 2016, Executive Summary at 3 (2016),
https://www.iea.org/publications/freepublications/publication/WorldEnergyOutlook2016ExecutiveSummaryEnglish.
pdf

1a.

" International Energy Agency, Energy, Climate 6@ & Environment 2016 Insigh(2016),
https://www.iea.org/publications/freepublications/publication/ECCE2016.pdf
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air quality, and a robust economy resulting froméoeapital and technology cost savings in
new and existing plants, fuel cost savings, &@ctricityprices,and jobs creatim. The Carbon
Utilization Research Council (CURC) and the Electric Power Research Institute (EPRI) have
published several Advanced Coal Technology Roadmaps that document these benefits from
improved technology'® The2015 Roadmagdentifies key research, development, and
demonstration (RD&D) priorities for developing ce@stective, efficient, and environmentally
acceptabléechnologies that convert coal to electricity and other useful forms of energy
including CCS technologiedmplementation of the 2015 Roadmap recommendatons
projectedo result in technologies that deliver significantly higher value in terms of cost,
efficiency, flexibility and environment al per
technologies. fie 2015 Roadmap also recommends implementiaggascale pilot program

that anticipate§/nited Statesederal supportor evaluating new technologies under real
operating conditions at a scale beyond laboratory and bsoale and before testing
technobgies in acommercialscale demonstration, which is also the subject of this study.

3.2. The Purpose ofLarge-Pilot Scale Projects in the Larger Scheme ofTechnology
Development

Almost all major engineering Figure 33 View of 30MWe Callide Oxyfuel Boiler equipment
innovations areleveloped through 3
progression of stages that increase
in scale. This approach to
technology development is based
partly on the process of scientific
discovery, and partly on desire to
manage technology risk. As noted
below, these progressive steps are| |
sometimes identified using the TRI y
system. Obijectives for largslot |
scale projects usually include:

1 Confirm that the technology|*
will function as expected on
real power plant fuel gas or
flue gas, rather than on a
simulated gas used for sma

Source: Figure 3, "Callide Oxyfuel Project Lessons Learned May
20140 Courtesy Oxyfuel Technologies Pty [(&d boiler house, B:
scalelaboratory tests. fabric filte r, C: flue gas exit duct, and D: recirculated flue gasiuct)

18 The CURGEPRI Advanced Coal Technology Roadmaluly 2015 UpdateCoal Utilization Research Council

and the Electric Power Research Institute, July 2@A%y.coal.org/roadmap

https://mediawix.com/ugd/80262f ada0552d0f0c47aa873df273154a4993.pdf

19.D. Carter,Technical Workshop Report, An Industry View: Advancing the Next Generation of Coal Conversion
TechnologiesCoal Utilization Research Council, (Nov.-18, 2014),

https://media.wix.com/ugd/80262f 0e0ffae694454287ad5a14998327d3f2.pdf

Page %4


http://www.coal.org/roadmap
https://media.wix.com/ugd/80262f_ada0552d0f0c47aa873df273154a4993.pdf
https://media.wix.com/ugd/80262f_0e0ffae694454287ad5a14998327d3f2.pdf

91 Develop data needed to improve estimates of the capital cost of a larger scale
demonstration unit, or ultimate commercial scale units.

1 Develop data to enable the design of the next step in technology development, normally a
commercial sda demonstration unit that can operate under varying conditions typical of
a fully commercial unit.

Successful largeilot scale projects enable technology developers to discover and resolve
problems with an emerging technology at a relatively small saatkat relatively small cost.
They also tolerate a greater level of risk acceptance than commercial saadéspsg inclusion
of the largepilot scale "step" can accelerate the development of large improvements in a
technology.

3.3. Defining Large Pilot Scale Projects

The National Aeronautics and Space Administration (NASA) adopted a concept called
"Technology Readiness Level" (TRL) to help standardize discussions of evolving space
technologies. TRL's are typically a numerical value between 1 and 9heithgher values
reflecting greater degrees of technology maturity (see FRjdy&° In theUnited States
government support for CCS research has been predicated on a degree of private sector
investment in a particular project. Tpercentagef required private sector contribution
increases with technology maturity (TRL value).

Figure 34 TRLs

RESEARCH, DEVELOPMENT, AND DEMONSTRATION >

TECHNOLOGY DEVELOPMENT DEMONSTRATION
5.
§§ Concepts Lab/Bench Scale Pilot Scale Pre-Commercial  Full Scale
Eg Paper Study  Component Level Prototype System Full Plant
£
g3 Simulated Actual Operational

TRL1 | TRL2 TRL3 | TRL4 | TRL5 | TRL6 TRL7 | TRL8 | TRL9

% Carbon Capture Technology ProgramPlan U. S. Depdét of Energy (Jan. 2013),
https://www.netl.doe.gov/File%20Library/Research/Coal/carbon%20capture/Prilam@arbonrCapture

2013.pdf
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Characteristics of the various TRLs can be viewed in Figebelow?

Figure 35 TRL Characteristics

Progress Over Time
< RESEARCH, DEVELOPMENT, AND DEMONSTRATION >

TRL5-6 TRL7-9

Pilot-Scale Field Testing Demonstration-Scale Testing
Short duration tests (hours/days) Longer duration (weeks/months) Extended duration (typically years)
Low to moderate cost Higher cost Major cost
Medium to high risk of failure Low to medium risk of failure Minimal risk of failure
Artificial and simulated Controlled operating conditions Variable operating conditions
operating conditions . .

Evaluation of performance and cost Demonstration at full-scale
Proof-of-concept and of technology in parametric tests commercial application
parametric testing to set up demonstration projects

For purposes of this report, "large" pHatale projects for power generation technologies will be
defined as TRL 6, ranging in capacity from approximatel{lf. to 50MW.. However, he

Study does not presume a particdanfiguration for largeilots and assumes that technologies
and components may be piloted as part of integrated or partially integrated systems or in stand
alone configurationglepending upon what makes the most technical and economic Seiche
projects include:

1 Fully integrated "stand alone" projects incorporating power gener&ioncapture, and
CO;, storage

§ Capture and storage projects us@@, taken from "slipstream&”at existing
commercial energy facilities

1 Designs intended to opeeafior a brief testing period of a year or two before being
dismantled, or designs intended to be operated in acoeamercial mode after pilot
testing is completed

1 Projects that captult@O,, but then release (vent) it to the atmosphere

This report assumehat largepilot scale power projects with CCS will have a capital cost in the
$100- 500 million range, although slipstream designs and designs that do not store ca@tured
could be lesd\ote that # references in the report to $s means United Staddlarsunless

noted otherwise

2.

2 A "slipstream" is typically a small portion of the flgas diverted to the capture facility instead of exiting the
power plant's emission stack. For example, a slipstream might be equivaléttofahe total flue gas produced
by the power plant. For pmmbustion capture systems, an analogous desigrepbwould be to divert a portion
of the fuel gas to the capture system.
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4. Task 2- Identification of Key Barriers and Discussion of Options for
Overcoming Barriers to Planning, Construction, and Operation of Large
Scale CCSRelated Pilots

4.1. Task 2 Executive Summary

As discussed in Chapter 3rbon capture and storage (CCS) technology is considered an
essential element of a global climate chengtigation program, and largelot scale projects

using CCS are an essential step needed for théogeewent of improved CCS technologies.
Largepilot scale electric power generating projects are defined as projects with a generating
capacity ranging from 280 MW,. Such projects can carry capital costs of $3200 million and
require several years foesign, construction and pilot operation. The nature of specific pilot
projects varies considerably based on the type of technology being evaluated and the goals of the
technology developer. For example, some projects are dismantled after completen of th
testing program, while others shift into a commertked mode of operation. Some projects use
fuel gas or flue gas from an existing power plant, while others include a new power generation
unit within their scope.

Largepilot scale projects using CCS face a range of challenges or barriers. These include 1)
market barriers such as the perception of a limited-teear market for CCS technologies; 2)
financial barriers which are based in part on the relatively high ctisé @irojects, risks

associated with the specific technology, and challenges to demonstrating a persuasive business
case folinvestment in a pilot projecénd 3) policy barriers, which include an insufficient
commitment to development and deployment oSG many governments.

It is unlikely that the private sector stakeholders that have traditionally supported technology
development in the electric power sector, acting alone, can martial the resources necessary to
take CCS technologies thugh demonstrain at the largegilot scale. Support will be necessary

from other sectors including government and possibly recent entrants in technology development
such as purposeriented foundations and lending institutions. Moreover, a portfolio of policy

and financial measures will likely be needed. For example, future markets for CCS technology
could be expanded by government policies that broaden renewable portfolio standards to extend
credits to CCS. Effective financial incentives appear to be well knownlittypnakers, but

their effectiveness is limited by the amount of funding governments are willing to spend and
these incentivesieed to be designed to accondate the unique nature of largéot scale

projects. Traditional sources of government fundimuide general tax revenues, low cost
financing, bonds or federal grants. Other sources that have been proposed specifically to
generate a revenue stream for CCS projects c@smitigation programs include targeted
assessments or fees on electricity consumers, or revenues generated by emission mitigation
regulatory programs. Possible sources ofgovernment funding include environmentally

oriented foundations and lending orgaations, and consortiums of energy intensive
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corporations. However, many if not most of the potential approaches needed to facilitate large
pilot scale CCS technologies ultimately depend on the existence of a genuine commitment by
governments to commeadize this technology.

4.2. Task 2Methodology

Phase 2Task2 employed the following general approach:

1 An organizational meeting for the overall Phase 2 effort was held in Washington, DC, on
December 12, 2016. Meeting participants included private seckehstders
representing technology developers and suppliers, electric power generating companies
(technology users), fossil fuel suppliers, and academia. At that meeting, the major
findings of the Phase 1 reqt regarding barriers to larg®lot scale CCSrojects were
reviewed. A conceptual approach for conducting the Phase 2, Task 2 effort was
presented and meeting participants were invited to offer suggestions for improving the
conceptual approach. Meeting participants were also invited to join angagkoup
being formed to discuss opti®io overcome barriers to largdot scale CCS projects
associated with power generation. Doug Carter was designated as the Coordinator and
principal author for the Task 2 section of this report.

1 The Working Group was formalized and designated "Working Group 2" (WG2) to
distinguish it from a similar working group formed to assist in Task 3. App@&ntlix
includes a list of WG2 membef3.

1 The Task 2 Coordinator prepared an informal white paper highlighting the firafitigs
barriers set forth in thehase 1 report and listing a range of possible options to overcome
bariers to largepilot scale power projects with CCS. The paper was distributed to WG2
members and those participants were asked to provide commeistdciinohal reference
material relevant to Task 2.

1 On February 7, 2017, a conference call was conducted among members of WG2 to
discuss the white paper and discuss ogtiorovercome barriers to largdot scale
power projects with CCS.

1 Using the input fIom the WG2 conference call and additional material from published
literature, the Task 2 Coordinator prepared a Draft Final Report for Task 2.

1 The Draft Final Report was distributed to WG2 members and CURC, and was the subject
of a second conference cadrfthe working group on April 18, 2017.

1 Using the input from the WG2 conference call and subsequent written comments, the
Task 2 Coordinator prepared a Final Report for Task 2 which is set forth herein.

Figure4.1 presents the schedule for Task 2.

% participation in WG2 does not signify endorsement of this report by any working group member.
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Figure4-1 Task 2 schedule

Dec Jan Feb Mar Apr May
Organizational White Paper Webinar / Draft Final Report
meeting Conf. Call Final Report
Initial input & WG Conf. Call
from WG

4.3. Potential Barriers to Large Pilot Scale Fossil FueBased Power Projects With CCS

Barriers to unilateral projects involving fosbsed electric power systems with CCS were
addressed in Section 3 of the March 21, 2016, CUGrt** Section 3 focused on the business

and regulatory environment in thinited Statesbut included a limited discussion of

international markets. This paper reflects and expands on the discussion of project barriers in the
2016 paper. In the discgisn below, barriers to larggcale pilot projects with CCS are

organized into three groups: market barriers, financial baraedspolicy barriers.

4.3.1. Market barriers

Perhaps the most vital prerequisive increasing interest in largelot scale poweprojects with
CCS is a conclusion by potential project participants (e.g., equipment suppliers, technology
developers, customers and fuel producers) that there is, or will be, a market and need for
commercial power systems with CCS. Currently, that péiame does not exist. Hence,
overcoming barriers to larealot scale projects requires measures designed to specifically
address market barriers to commercial deployment of these technologies.

Projected growth of coal and natural gaed geneation s presented in Figures 4.2, 4.3 and 4.4
as totals for the world, theuropean Unior28, and the Uited States respectively.

% Op. Cit., CURC, 2016.
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Figure4-2 Global power generation

Global Electricity Generation for Selected Fuels
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Figure4-3 Projected power generation in the EU

EU Reference Scenario for Selected Electricity Technologies
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Figured-4 Projected power generation in the U.S.

Projected U.S. Power Generation for Selected Fuels
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Data Source: Annual Energy Outlook - 2017, Reference Case, USDOE/EIA.

These projections are by different modeling groups, using different assumptions and
methodologies, but taken together they indicate:

1 Total electricity generation, and generation from natural gas are both exfertectase
globally, in theEuropean Unionand in the Wited States

91 Coal use is projected to be relatively constant globally, but decrease substantially in both
the European Uniomand UnitedStates

1 Projected use of CCS is expected to occur on aboutfiétal generating capacity in the
European Union Although not shown in Figu#3, projected maet penetration of
CCS in the Unitecbtatesis even less.

These scenarios for limitedarket penetratiofor CCS technologies are supported by the fact
that, currently, no new coal fueled power plsmirojectedn theUnited Stateshrough 2056°

A separate analysis tfnited Stategieneratiorwas made assuming repeal of recently
promulgated regulationgmiting CO, emissiondrom existingUnited Statesoalfired power
plants Under that scenaritynited Statesoalfired generationvas projected toncrease a
modest 4% by 205@Gnd again, no new coal fired plant wamjectedover the forecast peridd.
The situatiorfor coal may be even less optimisticthe LhitedKingdom whichis considering
policy to close all its existing codired power plants by 2025 unless they install CCS

% Annual Energy Outlook2 017, U. S. Dep62017)pf Energy (Jan. 5,
https://www.eia.gov/outlooks/aeo/pdf/0383(2017).pdf
%d, ("no Clean Power Plan" scenario).
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technology, which is not expected given the age of the powets@ad the cost of currently

available CCS technologié§2® Only minimal coalbased construction activity is reported for

Europe. Eurelectric, an association representing the broad interests of the electricity industry
across Europe, announced on April 5, 2017, that (with the exceptions of Greece and Poland) its
membership "does not intend to invest in ravilt coakfired power phnts after 2020%°

Conversely, while coal use is projected to diminish markedly in the North America and Europe,
asubstantial amount (350 GW) of new coal power plant construction is reported underway
globally, primarily innonOECD Asia (China, India, ¥etnam, Indonesia) and in Turk&ybut

these nations have not demonstrated strong interest in deploying CCS on power plants in the near
term.

The previous graphs portray significant growth for naturaifged power generation. Global
power productiorirom natural gas approximately doubles between 2020 and 2040. Projections
for growth in natural gafired power generation in tHeuropean Uniomand Lhited Statesare

robust, with a 48% and 56% increase in projected generation in 2050, compared 1b3015.

4.3.2. Financial Barriers

United Stateprivate sector stakeholders that have traditionally supported development of
advanced codbased technologies may have reduced resources or reduced willingness to invest
in future fossilbased CCS technology development unless a "persuasive businedscaaské

made for the technology project. For example, a significant fractibmitéd Statesoal

production is from mining companies that are now in or have recently emerged from bankruptcy
protection. A review of severglnited State®lectric utility Integrated Resource PI&AERPS)

found noneof these utilitiegrojected the construction of a new cbatled power plant within

the IRP's planning horizon (typically 20 yea?3)in addition, several of the larger electric power

%" Coal Generation in Great Britain The pathway to a lowarbon future: consultatiodocument UK Depdt f or
Business, Energy & Industrial Strategy (Nov. 2016),
https://www.gov.uk/govenment/uploads/system/uploads/attachment_data/file/577080/With_SIG_Unabated coal cl
osure_consultation FINAL__ v6.1 .pdf

2 UK aims to close codired power plants by 202Reuters (Nov. 18, 2015),
http://www.reuters.com/article/britai@nergypolicy-idUSL8N13D0UK20151118

29 European Electricity Sector gears up for the Energy TransitiérStatement by EURELECTRIEurelectric

(Apr. 5, 201 7http://www.eurelectric.m/media/318380/eurelectric_statement_on_the_energy_transiRii 2
030-025001-e.pdf

30 Christine Shearer et.alA Shrinking Coal Plant Pipeline: Mi@016 Results from the Global Coal TrackEnd

Coal, http://endcoal.org/resources/shrinkingcoal/

3L EU Reference Scenari®016 European Commission, (July 15, 20h&)p://ec.europa.eu/energy/en/data
analysis/energynodelling

% Op. Cit.,Annual Energy Outlook 2017.

3 A "persuasive business case" is an assessment that an investment in a CCS project can generate a return
commensurate with the risks associated withgroject and commercialization of the technology, and with the time
needed to realize that return, compared to other investment opportunities being considered by the organization.
% Integrated Resource Plans are formal documents prepared bggalate electric utilities that demonstrate that
utility's assumptions regarding future electricity demand, and how the utility will meet that demand, with
consideration of expected power plant retirements, new plant construction, power purchase plans, ahsidieman
management measures.

% Op. Cit., CURC, 208, Section 3.8.
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plant equipment supg@is in theUnited Statefiave undergone recent reorganizations, a trend
that continues with the recent acquisition of Alstom Power by General Efécffite challenge
for establishing a "persuasive business case" for new technology development is techbgrba
the time lag between "proof of concept" of a new technology at a 1 9d%le, and commercial
deployment at a 250500 MW, scale This time lag is perceived by many private sector
companies as too long for a return on the investment, particuladyg wombined with the
perceived lack of a market for CGS

Largepilot scale projects involving fossil fublased power production systems equipped with

CCS face uniqgue challenges, compared to smaller R&D projects or larger commercial
demonstration projest Systems in the size range of 10 Mi¢/50 MW, are likely to have

capital costs in the range of $100 million to $500 milldorsums that are beyond the means of
most technology developers. Pilot projects may also be operated on a parametric baisig, mean
that their primary purpose is to test a variety of operational conditions to generate data that is
necessary to estimate performance under various conditiander todesign larger,
commercialscale systems. Hence, unlike a commercial demonstratigrihese pilot plants

may not be designed to operate on a continuous basis, atdéastil after completion of pilot
testing. As a result, some revenue streams available to a comrseateproject are likelgot
available to a largeilot scaleproject. Sale of CQ for enhanced oil recovery (EOR), a cost
mitigating element of all existing demonstratiecale electric power/CCS systems to date, may

be encumbered or impractical for a project designed to operate intermittefagtyonly a few

years Also, the amount of C{provided by some larggcale pilots may be insufficient to be of
interest to EOR operatarg-or example, the Petra Nova CCS project was initially planned at a
scaleto capture375,000 tonnes per ye@,, but was expanded to 1.4 million TPY (2¥QV,)

to better match the needs of nearby commercial EOR opportufiitidgeliable revenue

stream, such as that provided by sale of electricity a@iblis usually essential for projects
requiring debt financig. "As a general (if not universal) rule, lenders will not forgo recourse to

a projectds Sponsor unless there is a revenue
purposes of ensuring repayment of the l0&Asin other words, "project financing'financing
secured by the assets of the project rather than the full assets of the parent company involved in
the project is generally not available unless the project's sponsor can identify revenues streams
from the project sufficient to repay the vegted debtMoreover, commercial financing may be
encumbered by the fact that these pilot projegtich are intended to address the immaturity of

% press Release, General ElectB& Completes Acquisition of Alstom Power and Grid Busing@es. 2, 2015),
https://www.genewsroom.com/pregdeases/geompletesacquisitionalstompowerandgrid-businesse£82159

3" For example, design, cstmuction, and limited operation of a larg#ot project, followed by a commercial scale
demonstration project can require-20 years. If the economic justification for the pilot plant investment is based
on subsequent commercial sales of a technokgsh a delay in realizing revenues may be economically
impractical. Moreover, during that period, markets, government policies, and competing technologies can change
significantly.

3 petra Nova W.A. Parish Fact Sheet: Carbon Dioxide Capture and Storagee®CCS Technologies at
Massachusetts Institute of Technology (Sept. 20h€@ps://sequestration.mit.edu/tools/projects/wa_parish.html

39 Wilson Sonsini Goodrich &.C.Rosati,Project Finance for Renewable Energy and Clean Technology Projects
WSGRPC, 4 Sept 2014, https://www.wsgr.com/publications/PDFSearch/renewalergyprimer0914.pdf
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a technology or integrated systemaye an inherently higher level of risk than commercial
demonstration nits and commercial unit¥hese factors prevent traditional commercial
financing from being considered a viable option.

Lastly, electric utilities that are rategulated may be denied cost recovery from their customers
for pilot-scaleprojects that aregyceived as "research” rather than "generation” assets. A recent
International Energy Agency (IEA) report compared the challenge for pilot projects (second
generation technologies) compared to current first generation demonstration projéduis: "

CCS echnology will experience significant technological advancement, cost reduction and
broader application as the CCS industry grows over time;d@iesteration technology is proven.
Bankable Engineering, Procurement, and Construction contracts can beddouthis

technology from equipment producers. The same is not true for sgenacation technologies
which have yet to be commercially provéh

These constraints on thwailability of conventional private sector financioigpilot projecs

would appear to place greattigpendencen othersources of revenue, a role traditionally played
by governments seeking to assist in the development of technologies needed to achieve
government policies and goalBor example, gvernment support has pked a significant role in
funding the three existing power plant commercial demonstration projects involvin§*CCS.

4.3.3. Policy barriers

Theprimaryobijective of a pilot project is to facilitate commercialization of the technology under
consideration.Policies that discourage commercial scale CCS projects indirectly deter large
pilot scale projects by undermining the overall business case for developing the technology.
Hence bothpolicies thadirectlyimpact alargepilot scale projectand polices that directly

impact commercial scale proje@re relevant to an investment decision related téatige-pilot

scale project.

Public views on climate change vary significantly by region of the world and by those within the
same region but having déffing social philosophies. For example, a Pew Center survey
published in 2016 found that Latin Americans and Europeans believed climate concerns were
immediate, whereas those in the Middle East and ibJthied Statebelieved that problems

were less immdiate?? The survey found that, in thénited States20% of responders

identifying themselves as Republicans thought climate change "is a very serious problem”, while
68% of those identifying themselves as Democrats thought that climate change iseaivasy s
problem. Moreover, public opinions on climate change vary over time. Gallup reported in 2016
on United Stategspinions on climate change since 1990 and showed concerns peaked in 1990,

%0 Coal Industry Advisory Board, An International Commitmen€CS:Policies and Incentives to Enable a Low
Carbon Energy Futurat 24 (Nov. 21, 2016https://www.iea.org/ciab/papers/CIAB_Report_ CCSReport.pdf

“I These are the Kemper County 582 MW IGCC project in Mississippi, the 110 MW Boundary Dam repowering
project in Saskatchewan, Canada, and the Petra Nova 240 MW "slip stream" project near Houston, Texas.

“2 Richard Wile, What the world thinks about climateasige in 7 chartsPew Research Center, (Apr. 18, 2016)
http://www.pewresearch.org/fatank/2016/04/18/whathe-world-thinks-aboutclimate-changein-7-charts/
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2000, 2008, and 2016, but hit lows in 1998, 2004, and-201® According to the survey, 41%

of Americans believe that climate change "will eventually pose a serious threat to them or their
way of life"; while 57% do not. Gallup reported in 2015 that 32% of Americans surveyed worry
about climate change "a great dealthe lowest concern expressed for the six environmental
issues cited by the survéy . These mixed and changing views on the seriousness anediacy

of climate change impacts are likely reflected in policies supported by elected officials.

Many OECD governments have expressed support for the development and deployment of CCS
technologies on fossfleled power plants. Nevertheless, some gawent policies serve to

impede such development and deployment. A recent report prepared for the International
Energy Agency concludedAh international commitment to CCS requires that governments

have the political will to put in place wellesigned CC@olicies that: (1) stimulate CCS market
uptake, (2) support CCS project development, (3) enable CCS project funding and (4) advance
nextgeneration CCS technologi#® Government measures fractingCCS include:

1 Uncertain or overly burdensome rules on,G®@raged These include procedural
requirements for reporting for projects using /& enhanced oil recovery in thénited
Statesre-permitting of CQ injection well plans ithe EOR injection patteris
changedf® protracted review periods for permit applications related tgijéction
wells, and liability exposure for injection well operators extending 50 years or longer

afterCO, injection cease¥*®

1 Lack of commitmend Some government CCS incentive programgehbeen initiated,
only to stall later. For example, tliiropean Uniotaunched grogram to demonstrate
12 commercial scale CCS projects by 262®owever, the one project awarded funding
in 2014° was refused development consent by tiétedl KingdomSecretary of State in

3 Lydia Saad and Jeffrey M. JonésS. Concern About Global Warming at Eigrear High Gallup(Mar. 16,
2016),http://www.gallup.com/poll/190010/concegiobatwarmingeightyear
high.aspx?g_source=CATEGORY_CLIMATE_CHANGE&g_medium=topic&g_campaign=tiles

4 Jeffrey M. Jonedn U.S., Concern About Environmental Threats EaSeslup (Mar. 25, 2015),
http://www.gallup.com/poll/182105/conceemvironmentathreatseases.aspx

“5 Coal Industry Advisory BoardAn International Commitment to CCBplicies and Incentives to Enable a L-ow
Carbon Energy FuturgNov. 21, 2016)https://www.iea.org/ciab/paperd&B_Report CCSReport.pdf
“Subpart RR Flaws Pre CIEOR ip theEPPopoSexi N&PS Riilanhucy e(undated),C O
guoted by Rep. Weber at hearing of House Environment Subcommittee, Committee on Science, Space, and
Technology, March 12, 2014.

*” German CCS LegislatigiGlobal CCS Institutehttps://hub.globalccsinstitute.com/publications/dedicates
legislationcurrentand-proposed/germancsleqislation(last visited May 18, 2017),.

“8 Federal Requirements Under the Underground Injection GldPtogram for Carbon Dioxide Geologic
Sequestration Well¥5 Fed. Reg. 77,230 (Dec. 10, 2010) (codified at 40 C.F.R. 88 124, 144, 145, 146, and 147).
“9 European financial strategies to incentivize GGbal CCS Institute,
https://hub.globalccsinstitute.com/publications/finaneiitg/europeafinanciatstrategiesncentiviseccs(last
visited May 18, 2017)

0 CCS Community hailER300 funding injection for White Rose Projéiobal CCS Institute (July 8, 2014),
https://www.globalccsinstitute.com/news/institutedates/cecsommunityhailsner300funding-injectionwhite-

roseproject
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2016°! In theUnited Statesgovernment support for certain commercial scale projects
selected for funding was withdrawn when stipulated deadlines for progress were not met.
Overall, fewer than a dozéargepilot scale power projects with CCS have received
government support globalf. In theUnited Statesrelatively little funding has been
provided forlargepilot scale or commercial scale denstration projects since 2008.

1 Absence of policy parity In boththe United Statesand in theEuropean Union
substantial operating subsidies have been provided to renewable energy technologies,
generally long after the renewable energy technology has established itself in the
marketplace. Comparable support has renprovided tdossil fueledtechnologies
equipped with CCS, even though the CCS technology is less mature.

4.4. Overcoming Barriers

A listing of possible mechanisms to overcome barrietartge pilot projects for fossil power
generation with CCS is presedteelow. The mechanisms are organized by the type of barrier
(market, financing, government policy), recognizing that these categories overlap to some
degree. The order of presentation is not an indication of preferenie bask 2 working group
or theauthor, and the inclusion of concept should not be considered an endorsement.

4.4.1. Overcoming market barriers

Approaches that expand the ultimatgmmerciaimarket for an emerging technology provide

"market pull" for conducting projects at tlerge pilot scale and commercial demonstration

scale. The expectation of a significant commercial market is considered necessary to establish a
persuasive business case for investini@igepilot projects.

Possible paths to overcoming market weakness for fossdduypower plants equipped with CCS
include:

1 Repowering or replacing the aging fleets of existing-fioadl power plants with power
cycles including CCS These CC&quipped power cycles could be coal or-fysded,
and reflect conventional steam or gabine-generators, or emerging power cycles such
as those employing supercritical €& a working fluid. However, for this approach to
be effective, either the cost of these repowering and replacement systems with CCS must
be dramatically reduced, or gemment intervention in markets (employing either carrots
or sticks) will be necessary.

1 Implementation of government policigsincorporateCCS technologwn all fossil fuel
fired power systemsNote that such policies will result in deployment of CCS

*1 National Infrastructure Planning: White Ro€arbon Capture and Storage Proje€apture Power Limited
(Apr. 13, 2016)https://infrastructure.planninginspectorate.gov.uk/projects/yorksimdehe-humber/whiterose
carboncaptureandstorageproject/

2 Author's interpretation of data presentedviassachusetts Institute B&chnology Carbon Capture &
Sequestration Technologies website, (Pilot CCS Projects),
https://sequestration.mit.edu/tools/projects/index_pilots.html
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technology only if the cost of power from C&fguipped units is competitive with
alternative sources of power generation.

1 Fostering échnology advances resulting in significantly lower cost®iew power
systems with CCS. These might take the form of teelhimprovements in thpower
system'shermodynamics (efficiency), physics, dremistry or development ofower
cost manufacturing of power systems via modularity and mass production of standard
designsor development of high value uses for captuzey.

4.4.2. Overcoming financial barriers

Commercialscale andargepilot scale lowcarbon fossil energpased systems tend to be much
larger, and therefore much more costly per installation, than alternative renewablelbased)y

low carbon technologies. Foxample, wind and solar projects can typically be evaluated at a 1
MW, scalé® instead of the 180 MW, scale assumed here for fossil power systems with CCS.
Hence, the relatively high cost flargepilot scale projects using CCS is a major barrier that is
central to most financial barriers to CCBhere is a broad range of possible approaches to
reduce financial barriers to pilot projects for foga#led generation technologies equipped with
CCSvia provision of monetary incentivesVost of these incentives have been used by
governments in the past for promoting environmental goals, either directly, or indirectly through
regulatory programs authorized by government$iese include:

f Taxincentived Investment tax incentivdsand production tax incentiv&have been
provided on a limited basis for projects involving CCS inUinied StatesAccelerated
depreciation is another approach for lowering the effective capital cost of a pidet.
that aproduction tax incentive could be of limited value for a pilot project if operation of
the project were structured around periodic parametric tests.

1 Private activity bond® This financing mechanispwhichis common in théJnited
Statesexcludes from fedal taxation the interest frolvonds to certain categories of
private sector projects such as airport construction and mass ti&nsit.an exclusion
effectively lowers the interest rate on the boricegislationhas beemproposed in the
United StateSenate to extend the applicability of such¢aempt financing to carbon
capture project®

%3 Coal Industry Advisory Board, An International Commitment to CP&icies and Incentives to Enable a L-ow
Carbon Energy Futur@Nov. 21, 20186, https://www.iea.org/ciab/papers/i&B_Report CCSReport.pdf

*E.g, 26 U.S.C. § 48A (2012) (Investment tax credit for qualifying advanced coal
projects)https://www.law.cornell.edu/uscode/text/26/48A

E.g, 26 U.S.C. § 45Q (2012 & Supp. Ill 2015) (Credit for carbon dioxide sequestration)
https://www.law.cornell.edu/uscode/text/26/45Q

% Carbon Capture Improvement Act of 2015, S. 2305 114th Cong. (1st Sess(iaB8)ced on November 19,
2015),https://www.congress.gov/bill/114dongress/senateill/2305/text Carbon Capture Improvement Act of
2017, S. 843, 115th Cong. (introduced on April 5, 20&i#jps://www.congress.gov/bill/115tongress/senate
bill/843?r=19
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M Loans and loan quarante®s

0 Government assured financing would directly address the challenge of obtaining
commercial financing for technology development projects with inherently high
risk. Moreover, such assured financing tends to support a greater portion of a
project's cost todfinanced with debt. ntreasing the debt/equity ratio for
projects would reduce the project cost, because debt requires a lower rate of return
than equity’’ Title 17 of the Energy Policy Act of 2005 created a loan guarantee
program within theJnited SatesDepartment of Energy for assisting certain
advanced technologies, including CCS; but to date no power system with CCS
has received a loan guarantee. The appdahtéd Stateoan guarantees would
be enhanced the currently requiredCredit Subgly Cost" feecharged in the
loan guarantee prograwerewaived for pilotscale projects® Note that for loan
guarantees to be practical for pikitale projects, the project developer would be
required to identify revenue streams sufficient to repayoiue.

o Financing for large scale energy projects has historically been providéd by:

A Commercial loans secured by the project. Generally, project financing
requires dow risk technology and securevenue streams to support loan
repayment. "Projedtnance lenders almost never want to be the first to
finance an untested technolod¥."

A Loans by Export Credit Agencies, tending to support sales from
companies in the Agency's country

A Public Finance Institutions and Multilateral Institutions that haveipali
or social objectives beyond commercial economics

A "Green Banks" focusing specifically on environmental gdals

However, these organizations generally expect the project to be an established
technology theborrower to have a history demonstrating thiitg to manage

the proposed project, and projected revenue streams from which the loan can be
repaid. Such characteristics are often absent frtargeapilot scale project.

2CO Energy LimitedMaking the business case for CQ%v. 2012,
http://hub.globalccsinstitute.com/sites/default/files/publications/85746/mdkistnessaseccs. pdf

%8 J. Price Effectiveness of Financial Incentives f8arbon Capture and StoragBec 19, 2014,
http://ieaghg.org/docs/General_Docs/Publications/Effectiveness%200f%20CCS%20Incentives.pdf

%9 Societe General&inancingLargeScalelntegrated CC®emonstratiorProjects(May 2014,
http://hub.globalccsinstitute.com/siteefault/files/publications/157868/targetesportfinancinglarge scale
integratedccsdemonstratiorprojects.pdf

9 Wilson Sonsini Goodrich & Rosati, P@€roject Finance for Renewable Energy and Clean Technology Prajects
5 (Sept 2014, https://www.wsgr.com/publications/PDFSearch/renewaiplergyprimer0914.pdf

1 The UN Green Climate Fund provides funding for low emission and clireatent pojects in developing
countries. http://www.greenclimate.fund/abegtf/globatcontext#mission A similar pooled fund could be
designed for larggilot scale projects usinGCS technology.
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f An innovative concept used by the World Btk promote emissions reduction sva
"reverse auction" for projects that mitigate methane emissions from landfills, animal
waste sites, and wastewater sites. Auction winners were assured a floor price for future
carbon credits after certifying the emission reductions. The approach workdvith
regulated projects that are economically viable at the emission mitigation floor price.

1 Grantsd TheUnited State®OE Clean Coal Technology program, initiated in 1985,
and successor programs also managedrted State®OE have funded largeale
advanced coabased technology projects in thaited State$*

1 Prizesd TheUnited State§sovernment has employed prizes to spur technology
development in nopower sector§? In addition, XPRIZE, a noprofit, is currently
executing the NRG COSIA @aon XPRIZE competition to develop conversion and
reuse applications for captured £5°°

1 Fundsd Approaches that generate funds to finance advanced energy projects having
abovemarket prices have been used for1@@®S technologies. These generally involve
charging a fee to a broad industry sector to generate a fund, and then using that fund to
support a limited number of projects for a specific technology. For example, a "Contract
for Difference" (CFD) approach has been employed bytiited Kingdomto support
deployment of low carbon technologies such as wind turbines and solar electric
systems. This subsidy has been competitively awarded using funds provided by a
statutory levy on alUnited Kingdom-based licensed electricity suppliers. Existing CFD
programs have been used to provide a subsidy for commercially demonstrated
technologies thaemain above market pricedNeverthelesssuch a pooled funding
approach could be combined with a reverse auttapproach to fund pilescale
projects®

%2 pilot Auction Facility websitehttp://www.pilotauctionfacility.org/content/abopaf

©See,e.g. U. S. De pQetn Codl TeEhnobogydsograms: Progtdpuate 2007DOE/FE0514,as of
September 200{@an. 2008)
https://www.netl.doe.gov/File%20Library/Research/Coal/Reference%20Shelf/2007_progdate.pdf

% J. Gustetic & T. Kalil Accelerating the Use of Prizes to Address Touch Challefdgdys 20, 2015)(describing a
range of Federal programs employing prize#fps://www.digitalgov.gov/2015/07/20/acceleratitig-use of-
prizesto-addresgoughchallenges/.

% M. Gruver,Cooking oil, graphene among @@apture prize entry idea&P News (July 27, 2016),
https://apnews.com/928a4ed44eb64ec3998cc3dfdObdc575/camkim@pheneamang-co2-captureprize-entry

ideas

% Reimagine C@ http://carbon.xprize.org/

7 UK Department for Business, Energy & Industrial Stratégjgctricity Market Reform: Contracts for Difference
(Feb. 8, 201 7)https://www.gov.uk/government/collections/electrieiharketreform-contractsfor-difference

%8 A "reverse auction" is one where the lowest bid by @sidIselected, in contrast to a normal auction, where the
highest bid buyer is selected.

% For example, a $/MWh fee applied to power generators or purchasers could be used to establish a CCS pilot plant
fund. Fund administrators could implement a "regesction” that awarded CCS projects that met basic eligibility
criteria and projected the lowest cost of capture and storageof CO
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1 Feedin tariffsd This approaclallows an electricity supplier to recover revenues that are
abovemarket prices These tariffs have been used to foster early deployment of
electricity conservation measures and renewable energy technologies such as wind and
solar in theUnited StatesCanada, Europe, Japan, China, India and other nafidreed
in taiiffs have not been applied targepilot scale projects, and are impractical for a
system conducting parametric testing or for slipstream projects. However, it is possible
that alargepilot scale unit that has completed its parametric testing could shift to a
commercial operating mode partially supported by an aboedket tariff.

1 Offsetting revenue streands Sale of electricity and C&rom a project is a potential
source of revenue to ofsthe cost of the project and to improve the economic prospects
of the project. However, pilot projects are generally operated to generate design data for
commercialscale demonstration units (or sometimes for fully commercial units), rather
than for makmizing sales. In addition, thepuantityof CO, generated in pilescale
projects may be too small to justify EOR or other uses. For example, a developer of one
proposed 50 MW (~25 MW;) project concluded that a GOfftake contract was
impractical’’ Similarly, a 20MW, slipstream project piloting preombustionCO,
capture near Buggenymetherlands, vented capturé,.”> Operation of a pilot unit as
a commercial generator (with revenue streams for electricity and&l€s) after
completion of parametric testing may be one way to enhance the economic appeal of
these projectand their access to debt financing

1 Stabilizing revenues fromale of CQfor EORJ In North America, EOR revenues have
been a key component of revente®ffsetCO, capture costior the three commercial
demonstrations of CCS technology on power plants. However, the price p@,ftor
use with EOR is contractually pegged to phiee of crude ojlwhich is highly variable
over time. This price uncertainty can negatively impact finandmmga CCSproject. An
innovative approach to ensure stable EOR revewiaes government hedge mechanism
was included in a legislative propo&al2015.”® The gist of this approach is that if oil
prices (andCO; prices) are above expected values,Glae seller pays money to the
government, and if oil prices are below expected values, the government pays money to
theCO;, seller.

O Feedin tariff, Wikipedia,https://en.wikipedia.org/wiki/€edin_tariff (last visited May 18, 2017).

" Development of the SCO2 Allam Cycl&0 MWth Demonstration Plant Update, J Fetvedt, 8 Rivers Capital,
Supercritical CO2 Power Cycles Symposium, March 28, 2016,
http://www.swri.org/4org/d18/sco2/papers2016/Keynote/JeremyFedvet.pdf

2 Carbon Capture & Sequestration TechnologBagygenum Fact Sheet: Carbon Dioxide Capture anc§or
Project MIT CCS Project Databashkttp://sequestration.mit.edu/tools/projects/buggenum.titist visited May 18,
2017)

3 SeeAdvanced Clean Coal Technology Investment in ation Act of 2015, S. 601 § 203 (introduced by U.S.
Senator Heitkamp on February 26, 2015).
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A 2015 report preared for the Brookings Instituti6hsuggested a combination of
policies to create a market for CCS technology and a portfolio of monetary incentives to
support early commercialization. In general, these approaches appear oriented toward
commercial scaldemonstrations or pesiemonstration deployment, rather tharge
pilot scale projects.

1 Unconventional sources

o Bill Gates, working with more than twenty other billionaires, established the
Breakthrough Energy Coalition to fund radical approachetetin energy. The
coalition pledged to invest at least $2 billion in new technoldgigghe coalition
is working with a parallel government structure, Mission Innovation, involving
the European Uniomand 22 countries committed to doubling governmentarese
in clean energy over a five year peri§dNote that the XPRIZE effort cited
above is funded entirely by the private sector, so it could also be considered
"unconventional”.

o An MIT report concluded that venture capital is an unlikely source of fuords f
advanced energy system¥/Cs look to invest in staitips that can quickly
achieve scale to address a hggowth market and provide large payoffs (ten to
one hundred times the invested capital) within a short time frdme."

A significant issue raised by stakeholders at the previously cited 2014 CURC workdhogeon

pilot scale CCS mjects was whether these langiots would be temporary in nature ("tear

downs"), or whether they would continue operation after the pilop&sd concluded. Views
among stakeholders varied, but many believed that the capital cost of units in the upper half of
the capacity range ddrgepilot scale units, perhaps those ofM%V. and larger, would be so

great that these pilot projects wdule designed to operate in a commercial mode after
completion of pilot testing protocol§. This is a key issue because a unit that continued to
operate, with revenue streams from the sale of electricity and possibly the G&lg obuld

identify income needed to repay the initial project construction loan. It is also possible that such
a unit could provide a continuing test facility for CCS technology innovations. An example of
such a hybrid "commercial/research" facility carfdaend in Sweden. The Chalmers University

of Technology constructed an innovative 75SMW fluidized bed combustion system as a prototype

4 John P. Banks & Tim BoersmBostering Low Carbon EnergyNext Generation Policy to Commercialize CCS
in the US Brookings Institution (Oct. 2015https://www.brookings.edu/research/fosterlow-carbonrenergy
nextgeneratiorpolicy-to-commercializeccsin-the-united states/

5 J. Condliffe, MIT Technology ReviewBill Gates's $1 Billion Fund Will Back Radical Clean Energy ld@ec.
12, 2016) https://www.technologyreview.com/s/603111 /jttess] -billion-fund-will -backradicalcleanrenergy
ideas/

S See generallWlission Innovationhttp://missiorinnovation.net(last visited May 18, 2017).

""B. Gaddy et al, Venture Capital and Cleantech: The Wrong Model for Clean Energy InnoyAtidd| T

Energy Initiative Working Paper, at(duly 201§.

8 Op. Cit.,Technical Workshop Repgr2014.
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for combined heat and power systems that could use a variety of biomass material€as fuel.
Most of the capital cost ohé facility was provided by the Swedish governmantit continues

to operate using wood chips for fuel. Operating, maintenance, and fuel costs are paid with
revenues from the sale of steam for district heating. Private sector entities that wish to tes
combustion of alternative forms of biomass pay to do so. Following completion of testing the
alternative biomass fuel, the unit reverts to commercial operation on woodtHifieough

this facility does not use CCS technology, it demonstrates how eaimoperate in both a
research mode and a commercial mode.

Projectspecific innovative financing, although difficult to generalize, could provide a path
forward for some larger scale CCS projects. For example, in Y&7@elebrator Frye built its

first United Statesvasteto-energy plant in Saugus, Massachusetts, with project financing based
on tipping fees (payments for taking ownership of municipal wastes) and sale of steam.
Following several years of pilot operation, the facility was refinancegdddd a steam turbine
generator, allowing more lucrative sales of electricity to the regional Independent (electricity
transmission) System Operafor.

4.4.3. Overcoming policy barriers

Several types of policy initiatives could foster financindeofepilot projects employing CCS
technology®® These include:

1 Funding commitmend "An international commitment to CCS requires that
governments have the political will to put in place vedsigned CCS policies that: (1)
stimulate CCS market uptake, (2) support CC$eptalevelopment, (3) enable CCS
project funding and (4) advance nayneration CCS technologi&3 "Businessas
usual implementation of government permitting, grants, guarantees, and other approvals
will not suffice"® Funding commitments can take the form of both providing the private
sectorwith resources needed to accomplish policy objectives, and allowing flexibility in
how the private sector conducts projects selected by the government for support.

Moreover, sme United Stategiovernment incentive programs have imposed strict
timetables on the design, permitting, and construction of CCS projects awarded federal
funding. The consequence of failure to meet a deallisebeenvithdrawal of federal

funding. Althaugh included as a laudable effort to accelerate the projects, such deadlines
were exceeded for some projects (most notably FutureGen 2), resulting in withdrawal of

9. Walsh,Researchers improve waste and biomass combutiats Waste & Bioenergy (Oct. 9, 2015),
http://www.endswasteandbioenergy.com/article/1367831/resealioh@meve wastebiomasscombustion

8 presentation by Klas Andersson, Chalmers University, to the CURC Technical Subcommittee (March 15, 2017).
8 personal communication from James Wood, Director,-Otna Clean Energy Research Center, Advanced Coal
Technology Consortium, to author (Feb. 2817) (on file with author).

8 nclusion of a measure in this section does not imply advocacy for or support of that approach by the author or
CURC. The order in which measures are presented is not indicative of priority.

8 Op. Cit., Policies and Incent to Enable a Lov€arbon Energy Future.

#1d. at 11.
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government financial support and project cancellation. A more tolerant policy regarding
theschedules of large, firgtf-a-kind projects may be more productive.

A policy commitment to use government resources to fargkpilots and to allow
flexibility in executing projects selected for funding is an obvious approach to foster
future pilot pojects.

Regulatory incentive8d It is tempting to suggest that aggressive regulatory policies
would prompt development and deployment of power generation technologies with CCS.
However, it is clear that governments would not adopt major new policatings

merely to promote a new technology. Decisions to adopt climate change mitigation
policies will properly rest on a balancing of the impacts of the social, economic, and
environmental impacts of such policies. The following thoughts are offered for
consideration:

o Regqulations requirin@CSon new fossifueled power plantsanprovide a
market for this technologyut only ifthe cost of CC®ased power, with
incentives, is competitive with alternative sources of power, with incentives
the absere of economically competitive CCS technologies, a mandate for CCS
use could actually be counterproductive to advancing CCS technology.

o Carbon taxes or feepuld provide a similar incentive, hatgain,only if the CCS
system were priceompetitive with dter sources of electricif®® "While there
is a recognied role for a price on carbon in some markets, a price on carbon is an
insufficient policyon its own and in many cases works against bringing CCS
forward to global market$” Note that most carbaiax programs are designed to
impose a tax sufficient to change behavior (e.g.,-858 per tonne C£. An
alternativetax approach would be to use a much smaller tax (e.g.$31per
tonne CQ) to create a fund to support improved GHG control teldgies,
including pilotscale CCS projects.

o Clean energy standardsmilar to renewable energy portfolio requirements
enacted by many state governments inldheed Statescould provide a pooled
financing approach for a limited number of commercial @@$ects. The state
of Michigan provides such a mechani¥nA federal Clean Energy Standard
(CES), including CCS, was proposed by Senator Bingaman in®012.
Commercial deployment of CCS under a CES might follow the example provided

8 Coal Industry Advisory Board, An International Commitment to CP&icies and Incentives to Enable a L-ow
Carbon Energy Futur@Nov. 21, 2016)https://www.iea.org/ciab/papers/CIAB_Report CCSReport.pdf

8 J. Price Effectiveness of Financial Incentives f8arbon Capture and Storadgeg 19, 2014,
http://ieaghg.org/docs/General_Docs/Publications/Effectiveness%200f%20CCS%20Incentives.pdf

87 0Op. Cit.,Policies and Incentives to Enable a l-G&rbonEnergy Future

8 J. Heeter & L. BirdNational Renewable Energy Laboratpimcluding Alternative Resources in State Renewable
Portfolio Standards: Current Design and Implementation Exper{@me 2012,
http://www.nrel.gov/docs/fy130sti/55979.pdf

8 Clean Energy Standard Act of 2012,2346,112th Cong. Ifitroduced by SerBingaman 3/1/2012
https://www.congressay/112/bills/s2146/BILLS112s2146is.pdf
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by many current statrenewable portfolio standards: implementation through a
competitive bidding process managed by a utffity.

o Allowancebased incentived8 For state or natial programs that mandate a

"cap&trade” approach to limiting CGemissions over time, a portion of the
compliance allowances distributed by the government could be set aside for
projects using CCS.

A

This type of program waget forthin theUnited Statescid rain
mitigation program in 1990 for control technologiedueing SQ
emissions”

Similarly, "bonus allowances" for G@eductions from use of CCS were
included in proposetdnited Stateslimate change mitigation legislation
in 2008 and 200%

Bellona has proposed use of emission unit allowances Burapea
Union's innovation fund to offset a portion of the cost of CCS projects,
and to make support available to "partial chain" projects (projects
involving either capture, transport, or storag€agh, but not necessarily
all three)?®

Shell is reported to have negotiated €021" carbon credit with Alberta,
Canada, fo€0, captured at the Quest @ihind upgrading projett.

California transfers a portion of revenues from its cap&trade program to
the state's "Greenhouse Gas Reductiomd' During fiscal year 20167,
the fund provided over $1.1 billion to various environrehated

projects®®

' Seee.g, PacificCorp2016 Renewable Resource Request for Proposal
http://network.bellona.org/content/uploads/sites/3/2015/09/Belkm®lbacko-EC-ETSrevisionproposal _Sept

2015.pdf

L Clean Air Act Amendments of 1990 § 404(d)(6), Pub. L. No-389, 104 Stat. 2399, 2596. Power plants using
qualifying SQ control technologies were also eligible for a delayed compliance date for the required emission

reductions.

92E.g, the American Clean Energy and Security Act of 2009, H.R. 2454 § 115 (passed by the U.S. House of
Representatives on June 26, 2009), prayigie to 72 GW of coal capacity with bonus allowances for use of CCS.
The bill failed to pass in the Senate and did not becomehldps://www.congress.gov/bill/114tpongress/house
bill/2454/text?q=%7B%22search%22%3A%5B%22hr2454%22%5D%7D&r=5

% Bellona Europa feedback to the European Commission's proposal for revision of the EU Esflissiany
SystemBellona Europa (Sept. 20) ®ittp://network.bellona.org/content/uploads/sites/3/2015/09/Bek@wiback

to-EC-ETSrevisionproposal Sep2015.pdf

% M. Mazzetti,Opportunities for CCS implementation in the Nordic Countied Technical Report D1.4.1201,
(Sept 2012, https://www.sintef.no/globalassets/singgiergi/nordiccs/d1.4.128dpportunitiesfor-ccs

implementatiorin-the-nordic-countries web.pdf Under a "2for-1" arrangement, the company is provided twice

the normal credit awarded for nernitting CO2. For example, if the current carbon fee is $30/tonne CO2, this
feature would be worth $60/t of CO2 permanently stored by the CCS project.
% California Air Resources Board, 2017 Annual RepBep-and Trade Auction Proceeds 6(Mar. 2017).
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o Requlatory flexibilityd

A The 1990 Amendments to thenited State€lean Air Act included
provisions that exempted the installation of certdean coal technologies
from otherwise applicable new source review procedir&uch
provisions thereby eliminated requirements that were time consuming and
created exposure to possible litigation during permitting. Although the
1990 incentives wergscific to SQ control technologies, a similar
concept could be applied to CCS (bothleagepilot projects and
commercial demonstration projects).

A Regulatory flexibility might also be appropriate for the more onerous
elements of regulations applicaliteCGO; storage. Designed for
commercial scale projects, these rules may be excessive for projects in the
10 MW, - 50 MW, size range.

A "Major CCS projects will likely take two to five years to permit absent
streamlined processes. FOAKirst of a Kind]|CCSprojects will often
face challenges in the permitting process unless there is operational
flexibility provided in the permits for the early years of operation when
plant performance is being optimiz&Y

4.4.4. Thinking outside the box

Concepts that might rededarriers tdargepilot scale CCS projects but do not fit well within
the structured framework presented above are discussed below.
1 Largepilot scale test platformd The concept for a reusable test platform for small

pilot- scaleCCS projects is well ¢ésblished. DOE created the National Carbon Capture
Center (NCCC) in 2009yhichis operated by Southern Company. The NCCC works
with both precombustion and postombustion CCS technology developers to evaluate
emerging technologie®. The attributes that make a test platform attractive include the
ability to reuse the basic power generation (or syngas generation) portion of the facility,
the availability of testing equipment, access to facility operators with expertise and
experiencen solving problems related to testing a new CCS technology, and established
protocols for ensuring safety and environmental protection. These features allow faster
and less costly technology evaluation if a technology is amenable to the design
limitations of the test platform. Moreover, working with an established operation
implicitly reduces project risk. It is difficult to imagine a universally adaptable facility at
thelargepilot scale that could be used as a basis for such varying technologies as
advanced sorbents, membrane separation, superc@i@alorking fluids, pressurized

% Clean Air Act Amendments of 1990 § 415, Pub. L. No.-5@9, 104 Stat. at 259€{ean coal technology
regulatory incentives

" Op. Cit.,Policies and Incentives to Enable a l-@arbon Energy Future

% National Carbon Capture Centéttps://www.nationalcarboncapturecenter.com/whetdo (last visited May 18,
2017)
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oxy-combustion processes, and chemical looping processes. Nevertheless, just as the
NCCC is bifurcated into preombustion and postombustion operati@it might be

feasible for a larger scale platform to address a subset of the full range of CCS
technologies. This "platform” strategy may be part of the design of a six year project
begun in 2016 to evaluate power plants u€i as a working fluid (instead of steart).

Segregated C{xstorage In general, power plant operators lack expertise in st@Qyg

in salinegeologicreservoirs, enhanced oil recovery, G, pipeline transport.

Moreover, potential revenues fro@O, sales for EOR are linked to the price of croie
decades into the future, and potential liability for staz€¥ may extend for fifty years

after a proposed power plant ceases to operdence, it is not surprisingpat some
pilot-scaleCCS projects are "catch and release" and do not actually&@reeparated

from flue gas or fuel gas. One approach to address the problem of unfamiliarity with
CO, storage mechanisms would be to promote the creation of either private sector or
public sctor entities that would manage the back half of the CCS acti®ids: storage.

With a larger infrastructure than would be possible for a singieoperation, such an

entity could pursue options like movi@fD, to natural reservoirs currently beingedsto
supplyCO, for EOR. This mode of operation might offer a practical endpoint

from intermittent pilot facility operation, or continuous operation of a pilot facility of
insufficient size to support completely an EOR operation. ItJtlieed Kingdom the

Crown Estate has reviewed these issues and others and conochaatydtatgeted
government investment in @&torage appraisal combined with mechanisms to provide
income supporffor CO, transport and storage infrastructuirethe face of amncertain
emerging market are critical prerequisites for generating future option value and
delivery of choices for private sector investment in industrial decarbonisation, low
carbon fuels, and power generatitifi® The Norwegian state, through its statened
enterprise Gassnova, has outlined an approach for demonstrating CCS at energy intensive
industrial applications, in which the Government takes the overall initiative for a first
CCS chain. This is done by supporting up to three industrial projeatapturingCO,

from their production process, and to support a storage provider willing to receive and
store theCO, captured. The storage site is an offshore saline formation already
identified. The support will be given in line with the state aid lsggan as set out by the
European Unionand, importantly, the state is prepared to share the overall risk with the
companies entitled for support. The purpose of the project is to demonstrate a full CCS
chain, to develop and disseminate learning fronptgect to internationally, and to
contribute to development of market players along the entire CCS chain. The ambition is

% The project team includes the Gas Technology InstifgethwesResearch Institute, and GE Global Research.
The10 MWe pilot project is funded in part by the U.S. Department of EndPggss Release, Southwest Research
Institute, SWRI TeamingWith GTI to Demonstrat&Supercritical COZPower Plant (Oct. 17, 2016),
http:/www.swri.org/node/8959

1% The Crown Estate provides leases for transportation and storage of CO2 in areas -shileenaRtical seabed
and continental shelf that is managed by the Crown Estate. The Crown Balatejng the Carbon Cychd 7,

https://www.thecrownestate.co.uk/media/50189bAtancingthe-carbonrcycle.pdf
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to have a full chain in operation by 2022. Fstatlies are soon to start up according to
plan, and final investment decisions axpected in 2019°* 102

1 Private sector technology furdd Energy intensive industries have a number of reasons
that extend beyond altruisto support development of CCS technologiar example,
industries like cement manufacture, refining, and steel production may be sulgjékt to
emissions mitigation requirements. Fossil fuel producers are already finding diminished
markets due to concerns regarding greenhouse gas emissions. In addgibenéogy
using and energy producing corporations are encountering increasing pressure from some
stockholders to take measures that those stockholders consider socially responsible or
protective of stockholder interesf§'%* Although some corporations nfigchoose to
conduct their own internally financed research on CCS, other firms might decide to form
a voluntary consortium to act collaboratively or contribute to a fund that would finance
CCS projects. The Oil and Gas Climate Initiative (OGCI) is am@iaof such a mukHi
firm collaborative. The OGCI is made up of ten oil and gas companies committed to
advancing technologies to reduce greenhouse gas emissions associated with the oil and
gas industry®® The organization has announced its intent to in$#diillion over the
next ten years to develop such technologies, with an initial focus on CCUS and
reductions of methane emissions from the global oil and gas indefstry.

4. 5. Discussionand recommendations

Successful programs for commercializing CCS technoWaig involve a combination of

measures to expand markets for fossil fueled electric power technologies with CSS, including
measures to facilitate financinglafgepilot projects and commercial demonstration projects

and public policies that provide amuring environment for the emerging CCS technologies.
Moreover, the varying situations in different countries, diffetarsiness structures for power
generation, and different characteristics of CCS technologies mean that the optimal "package" of
measues could vary greatly between countries, and for different types of CCS technology
projects.

191 press Releasdlorwegian Ministry of Petroleum and Energyn important stepowards full scale carbon capture
and storag€Apr. 19, 2017, https://www.regjeringen.no/en/aktueltfanportantsteptowardsfull -scalecarbon
captureandstorage/id2549719/

192 arge Scale CCS in Norwafresentation by Stale Aakenes, Cliebnomist, Gassnova.

1937, patel,Shareholder Pressure Increasing Over Climate Change Rsixemberg News, May 21, 2015,
http://www.bloomberg.com/news/articles/2005-21/shareholderpressurdéncreasingoverclimatechangerisks
1940, Davis,Exxon, Chevron Face Unpredented Investor Pressure Over Climate Change Disclpsure
International Business Times, May 24, 204#p://www.ibtimes.com/exon-chevronface unprecedentethvestor
pressureoverclimatechangedisclosure2373145

195 0jl and Gas Climate Initiative websitettp://www.oilandgasclimateinitiative.com/

1% press Releas@GCI announces $1 billion investment in low emissions technolog@ies. 4, 2016),
http://www.oilandgasclimateinitiative.com/news/announeiagi-climate-investments
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4.5.1. Expanding markets for CCS

The private sector will not likely exhibit enthusiasm for investmenlarge pilot scale power
projects with CCS unless it believes that a significant market opportunity exists for the
commercial versions of the pilot project technology. Hence, expanding commercial markets for
CCS will help overcome businesslated barriers ttargepilot scale projects. Specific measures

to expand markets might include:

1 Most fossil energybased power systems with CCS are envisioned as relatively large units
(e.g., 500 MW or more), whereas electricity market needs in advanced economies may
trend towads smaller units. Technology developers should consider prioritizing
development of systems that are modular in nature and amenable to smaller incremental
increases in electricity demand. Such units also offer potential savings via factory
manufacture md mass production.

Expanded focus of commercial CCS application to include retrofit and repowering of
existing fossil fueled power plants.

As in theEuropean Unioemissions Trading System and in local cap&trade jurisdictions
such as California's, incluasl fossil fueled power generation in the emissions reduction
programs.

Limit deployment incentives to technologies that have minimal market penetration.
Providing government subsidies to mature technologies creates a market barrier to
competing techologies like CCS that are not established in the marketplace.

4.5.2. Overcoming financial barriers
45.2.1. Categorical considerations

Developers ofargepilot projects involving CCS exhibit a broad range of business designs,
and different measures are appropriate for different types of projects within this range. The
most obvious mode of differentiation is the division between-tleam" pilot projects that

are dismantled after completion of pilot tests, and projects that could shift to a commercial
like operation for decades following completion of pilot testing. Units with a commercial
operationperiodare amenable to several types of incentives, incluaioduction tax

credits, CQ storage credits, "bonus" allowances such asftoe-2 credits provided to the
Quest project. Additionally, their revenue streams from sale of electric power and
(potentially) CQ enable a range of debased financing optiondn contrast, "teadown"
projects must rely on incentives that are related to capital costdwys, such as

investment tax credits and grants, and have little potential fordeletd project financing.
"Teardown" CCS projects face a strong finahciaallenge because they are both

expensive (e.g., over $100 million in capital cost), and have no direct revenue stream from
which to repay debt financing. Their most likely business case justification is based on
expectations of revenues from commerdigbloyment of a technology that generally must
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have several years l#rgepilot scale construction and operation, and several additional
years of commerciadcale project design, permitting, construction and operation.

Within the category of projects thaould experience commercikke operation, a second
segregating characteristic is whether the project would raise revenues from beneficial use
of captured CQ CCS projects in North America tend to be associated with EOR
operations, whereas projectsinrope are oriented toward g&torage in saline

formations. For oil prices projected in the timeframe of likely pilot project operation (e.qg.,
20252050), EORCO;, revenue could cover a significant fraction of the costlafgepilot
project. Thus, masures that encourage the use of capturedd OR would have a
favorable impact on such pilot projects.

A third factordifferentiatinglargepilot scale projects with CCS is whether they are
capable of integrating with an existing power plant. Fangxe, the capital cost of the
Petra Nova project was significantly reduced by its operation using a flue gas slipstream
from an existing coalired power plant. Many postombustion capture technologies are
amenable to slipstream configurations. Sinylasome precombustion technologies can
operate with fuel gas (syngas) streams associated with existing IGCC power plants, or
perhaps coalo-chemical or coato-methane facilities. However, technologies that reflect
a fully integrated design of the pewsystem and the capture system, such as chemical
looping, are less likely to be applied to an existing facility. "Full integration” technologies
will generally require more substantive incentives and a longer lead time for design,
permitting, and congiiction.

45.2.2. Financial incentives

A broad range of possible financial incentives for CCS projects is presented in Section
4.4.2and will not be repeated in this section. However, certain types of incentives appear
to merit further attention. First, it shoud@ noted that resources folaage pilot scale

CCS project must come from one or more of the following sources:

9 Traditional private sector technology developers such as equipment suppliers,
equipment users (electric utilities), or fuel suppli@rsf a persuasive business case can
be made for the project itself or the commercialized version of the technology, and the
project is consistent with the organization's resources and investment priorities.

1 Governmen® if support for the technology is congist with government policies,
budgets, and priorities, such as environmental improvement or promoting the business
interests of that country. Government funds could originate from traditional tax
revenues, a carbon tax, a fee levied on electricity conswonéuel producersor
redirection of climate allowances.

1 Nontraditional private sector entities, such as charitable foundations, jooiented
lending institutions, or other negovernment organizatiorss if the project is
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consistent with their orgaration's goals, resources, and priorities, such as
environmental improvement.

Given the time required for the commercialization of technologies currently lair ¢fegilot

scale stage of development, the uncertainty of future markets, and the relaghetpst of
largepilot scale CCS projects, it seems unlikely that the resources necessary for rapid
implementation of a global program involvitaygepilot scale CCS projects will proceed

with support only from traditional private sector stakeholddrspast programs for
development of technologies essential to providing a public good, governments have invested
not only in research and development, but algmlot-scaleand commerciascale

demonstration programs. For example, governments haviel@dosubstantial incentives for
R&D, demonstration and early commercial deployment for some renewable energy
technologies, such as wind and sddased electric power technologies. Proven government
funding mechanisms include tax incentives, grants, @al &ssistance (e.g., loans, loan
guarantees, and reduced interest mechanisms likesicbonds). The sources of these
government resources has varied in the past, and included general tax revenues; user fees
applied, for example, to electricity salesrbon tax revenues or revenues from the sale of
emission allowances in a cap&trade program.

Financial support may also be provided by-t@ditional private sector entities such as
foundations, export credit agencies, or purglmase public finance institions. Historically,

such entities have shown greater interest in supporting deployment of renewable energy
technologies, but these attitudes may change due to reports by the UNFCC that have
demonstrated the extreme difficulty of meeting policy goadslimate change mitigation

without affordable CCS technology. Foundations, organizations like the Breakthrough
Energy Coalition, and "green" banks could be approached by policy makers and encouraged
to support CCS projects. Additionally, energy inteasndustries that see CCS technology
development as a way to support their long term business interests, wish to respond
positively to shareholder pressure to reduce financial risk to climate change regulations, or
perceive environmental stewardship astf their corporate mission, could form coalitions

to fund CCS technology projects. Corporations should consider the example provided by the
Oil and Gas Climate InitiatiV8’ and consider forming similar collaboratives within their
respective industry seors. It should be noted that individual companies have also engaged
in such activities in announceduse research programs and programs offering financial
"prizes" for successful CCflated technologies.

Another approach to reduce the financiakieas tolargepilot scale CCS projects is to
reduce the cost of the technologies. Mechanisms to achieve this include:

197 Op. Cit., OGCI.

Page 424



1 More intensive research at the bench scale and pitalscale

1 Pursuit of modular technologies that may allow both, (1) a graateunt of plant
construction atthe CCSe c hno |l o gy ngitaand lesa at theipower plast
site, and (2) for some modular technologies, replacing the commercial demonstration
project with extended operation of tlaege pilot project- reducing csts and
accelerating deployment.

1 Replicating the approach used by the National Carbon Capture Center to establish a
test platform to be reused by multiple technology developers over time. Such a test
platform has not been proposed lngepilot scale pojects, and would be
impractical for some technologies, but for others it might offer more rapid
commercialization and cost savings for the pilot project.

Broader cost sharing is another mechanism to facilitate pilot project financing. Readers are
directed to Section 3 of this report for andepth discussion of multilateral approaches to
supportlargepilot scale power projects employing CCS.

4.5.3. Policy initiatives

As cited earlier in this paper, a commonly stated recommendation for advancing CCS
technologes is a genuine commitment to that technology by governments. Government
measures that extend beyond rhetoric include the financial incentives reviewed in Sedt®ns
and 4.5.2.1policy parity with other climate chandpased electric power technologies, and
expedited permits for environmentally benefidabepilot scale and commerciacale CCS
projects.

Policy initiatives that provide an alternative to funding such inceatikom general tax revenues
include line charges paid by electricity providers, revenues from cap&trade programs (similar to
the California program cited earlier), "bonus" allowances provided under cap&trade programs,
and small (e.g., $2/tonne CQ) carlon taxeplaced on energy consumers or producers

Most of the barriers associated with ABOR CQ storage could be overcome by a government
infrastructure program that would store captured @@eologic (saline) formations until CCS
technology is established in the marketplace, e.g., from projects initiating storage over the next
few years. The cost of such a storage program could either be paid by a user fee, a general fee
placed on electrity transmission, or could be part of the government's financial support of this
evolving technology.

Government regulatory policies also could assist in providing a market for CCS technology, and
for assisting in cost recovery for CCS projects in-raetgilated sectors of the power generation
sector. As observed in Sectié@.3, however, command and control regulations will only
promote technology deployment if it is otherwise economically competitive.
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The most important pgicy-related recommendatiori ®ask 2 is that a successful program to
fosterlargepilot scale power projects using CCS will require a portfolio of policies, financial
incentives, and regulatory incentives. The best mix of policies and incentives will almost
certainly vary by type ofechnology and by country.
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5. Task 3- Potential Mechanisms or Models lirough Which Multilateral
Projects Might be Undertaken

5.1. Task 3 Executive Summary

By multilateral collaboration, the Studyears two or more governments providing financial
support to an individudargepilot project or group of projects. Phase 2, Task 3 used a-multi
nation working group structure to further explore significant barriers that may hinder multilateral
collaboratiorand evaluate possible models that may be effective for collabot&tion.

Largescale pilots are a necessary step in technology progression, but they present unique
challenges. They may cost in the range $800 million, which isbeyond balance sheet
financing for most technology develope®snd, given that they are not usually commercial
operations, they ananlikely to generate sufficient revenue to support typical prdjased
financing!®® The Phase 1 Study and earlier work identified a numbearmdidate technologies
for largepilot scale testing including potentially transformational technologies. Assuming, for
example, that 2@rgepilot projects are warranted, thatal portfolio value could b&2-10

billion. These levels can stress or bréaikresearch budgeof individual countries.Hence,

Task 3 focuses on multilateral collaboration as a componéatgefpilot project financing in
order to leverage the common interests and financial resources of governments.

Multilateral cooperation on fossil energy research and development activities is widely practiced.
However, owing to the size and nature of lasgale pilots, potential barrier issuesummarized
below and discussed more fully in the Repartay substantially hindexollaboration if they

cannot be mitigated when countries develop their collaborative framework(s).

Domesticsource policies and practicest is not uncommon for countries to link their financial
support for research and development activities to t@vament of domestic entities. With
largepilots costing $100 million or more, countries may require substantial domestic
involvement in return for their contributions. Domestic source requirements will likely
complicate development of a collaborativarhework and the process for selecting projects.
Furthermore, projects must be designed to satisfy individual country requirements which may
not result in the optimal project structure.

Differentnational or regional CCS goals and strategi@¢ationaland regional viewpoints differ
concerning the type of technology development that may best contribute to global
decarbonization efforts. Also, various governments view their role in supporting technology

198 Other innovative financing mechanisms explored in Phase 2, Task 2 are addressed in Section 2 of this Report.
“Balance sheet financing is typically debt financing t
sheet, and which impacts dedgjuity ratios and perceived corporate strength. An alternative to balance sheet
financing for projects generating revenues might be fP]
sheet . 0
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development differently and from vastly differdimancial situations. This suggests that
attempts to develop a common, global collaborative structure may not be productive. Targeted
collaboration among likeninded countries could be an effective alternative.

Differences in planning, selection and @limg proceses Development of a multilateral

collaborative framework for large pilot project financing is a complex undertdkaigvill

require reconciliation of individual country process@&fe progression of advanced fodsilsed

power and CCS tedologies fromargepilot scale to commercial deployment can take a

number of years bulimatetargets dictate urgency in tdevelopmenand deployment of CCS
technologies. Accordingly, for multilateral collaboration to be most meaningful to national and
global objectives, issues must be resolved and frameworks developed expeditiously. This will be
a challenge for countries and require compromise and flexibility.

Changing national priorities.Changing national priorities have the potential to adversely impact
long-term projects anchulti-national funding may magnify project risk from changing priorities.
Sustained and consistent support is necessary.

Management of intellectual property righ{IPR). Management and allocation iotellectual

property rights among countries and among project participants has been cited as a problem area
that may hinder odelay large scale projedihe Study identifies similarities in the way that

countries pproachownership and exploitation t#R. Nevertheless, multilateral IPR protocols

and agreements take time. Early resolutions of issues can facilitate collaboration.

Task 3 also examined past and current collaborative foaséd power and CCS teclhogy
projects and initiatives for lessons learned that can inform collaboration going forward. Five
potentially effective collaborative models were reviewed, each having advantages and
disadvantages that must be considered in structuring a framework.

A possible next step for governments considgformal collaboration on larggilot projects
may be to test the thesis of this Study by engaging each other, technology developers and
technology users to assess whether:

1. There is sufficient common interest ang country groups in fosdilased power and
CCS technologies to warrant collabtive initiatives at the largpilot scale;

2. There is a pathway to resolve potential framework barrier issues in a reasonable
timeframe that will allow such projects ¢tontribute to desired deployment timeframes;
and,

3. Technology developers and users have an interest in participating in collaboratively
funded projects.
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5.2. Task 3Background and Methodology
5.2.1. Task 3 Background

Phase 2, Task 3 is a folle@n to Phase 1 expandithe scope beyond the original Study
countries andirawing on government and pie sector expertise &xplore significant barriers
that may hinder successful multinational collaboraéinod evaluate collaborative models that
may be most effective foatgepilots.**°

Assumingmultinational collaborationsiworthwhile, the questidmecomes how to make

collaboration most effective fdargepilots. Governments must work within their own legal,
regulatory and policy regimes and must consider ithoevn rational interests. Industry

perspectives mustisobe considered since largdots will be based primarily on piexisting

privately owned technology Consequentlythe potential for conflicts and disagreement is great
Conflict resolution ausesielay, which is detrimentaio large projectsas it drives up costs (e.g.
inflationary costs, project team expenses during delay, interest on financing, etc.), can negatively
affectsponsorandhost siteparticipation andcan compromiséchnology deploymenimelines.

During the course of Task 3 discussions, some participants questioned the pursuit of advanced
technology R&D to achieve more cesffective power generation and CCS technology versus
supporting commercial demonstrations using current technadogrove the viability of CCS,

learn by doing, and build a business case for deployment. The discussion revealed regional and
national differences that suggest a singular approach to multilateral collaboration may not work.
These differences are discadsn this document. It is noted that pilot testing and commercial
demonstration are both viewed as essential steps in the technology development and deployment
progression and t hpildasis$adt mtdnged s diminish the valoeof | ar g e
commercial demonstratiort$! In fact, much of the Task 3 discussion is also applicable to
multilateral collaboration on demonstrations. Commercial demonstrations have suffered from
similar business case isss facing larggilots: (1) Insufficient projectavenue streams; (2) Non
existent or inadequate carbon pricing; (3) Absence of a clear regulatory framework supportive of
CCS development and deployment; and, (4) risk and liabtfity.

Motivations for supporting advanced fossdsed power technology a@€S technology
development vary by country and region. Various reasons are identified in Thble 5

10The Phase 1 Study countriesre Japan, Canada, the Republic of Korea, and the US.

11n the Technology Readiness Level (TRL) hierarchy used by governments and research organizations, large

pilots precede commercial demonstrations, which precede commercial reéddimesisal TRL bvel.

Yrhe Studyés Phase 1, Task 2 Report, prepared by Howar
learned from CCS demonstration and lapjjet projects.
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Table5-1 Reasons for Supporting Fossil Power Technology and CCS Technology Development

A belief that global climate objectives may not be achievablkout CCS but timely and more ce
effective fossibased systems (and bliased systems) with CCS are needed to achieve sddie
decarbonization and CCS deploymeparticularly in the developing countries.

National and regional decarbonizatiefforts may be less costly through technology developme
programs tailored for the specific needs of the country or region.

Technology advancement may help a country or region preserve fossil fuels as reliable and
environmentally acceptable energy reseoas that contribute to energy diversity and security.

Technology advancement may preserve export markets for countries or regions with substal
fossil fuel reserves.

Advanced technology may create markets for domestic power and CCS techaeledypers and
markets for services including storage of,CO

More efficient and coseffective technology can lower GHG emissions per unit of energy, and
improve other environmental attributes.

CCS may increase opportunities for enhanced oil recovery moducing countries thereby
O2yGNROdziAYy3 (2 | ylrGA2yQa SySNHe | yR S0O2

The reasons are not mutually exclusive, but it is unrealistic to presume country and regional
viewpoints on fossil power and CCS technology development and deployment are identical.
Therefore, a framework for multilateral collaboration must respect tfezatices and
accommodate areas wheeehnology interests, development timelines, project size, and
budgetary priorities align

5.2.2. Task 3 Methodology

Task 3involvedamulti-national, crosslisciplinary working group with participants from
governments, tectology developers, projects, utilities, academia, andprofit research
organizations.Task 3 did not seek consensus but raseightto obtain and report the
individual and collective wisdom of the participants.

Over the course of Task Barticipants with knowledge of collaborative initiatives shared
information about the programs. The Task 3 coordinator also held discussions with individuals
familiar with largescale collaborative projects® A cross section of small and large scale
projects and initiatives (listed in Talbie2) were examined to gain insight into such matters as
the structure of collaborative projects, potential barrier issues, and approaches and lessons

"3Thanks are extended to the Task 3 Participants and to Chris Spero (ProjeitrD@allide Oxyfuel Project),
Norm Sacuda (Communications Manager, Petroleum Technology Research Centre), Andy Read (ROAD Project
Capture Manager), and Joseph Giove (US Department of Energy) for their assistance in this Study.
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learned that may inform development of a multilateral collaboré&t@reework for largepilot

projects™*

Table5-2 Projects, Test Facilities and Initiatives Reviewed

Pilot and Demonstration | Description Location
Projects
Callide Oxy Fuel Project Australian and Japanese collaboration demonstrating oxyl Australia
technologywith carbon capture at a 3MWe pilot plant and
75t/day CQ capture plant.
FutureGen Public private partnership to build and operate a nearo us
emission commercial scale cdakled power plant with CCS
Gas Technology Institutexy United States and Canadian collaborative R&D project to | US, Canada
PFBC Pilot validate the oxypressurized fluidized bed combustion
process and mature the technology in a new 1 MWth test
facility.
IEAGHG WeyburMidale CQ | Fifteen year, multcountry, public private collaboration to | Canada

Monitoring and Storage Projed

investigate the longerm fate and security of injected Géx
the Weyburn and Midale oil fields in Canada., §fdirced
from Great Plains Gasification Plant iartth Dakota.

Rotterdam Capture and
Storage Demonstration Projec
(ROAD)

Full chain CCS project with financial support from the
Government of the Netherlands and the European
Commission. Once constructed and operating, ROAD ex|
to capture 1.1million tonnes of Ceper year from a fossil
fueled power plant with storage under the North Sea.

Netherlands

Test Facilities Description Location
National Carbon Capture US Department of Energy sponsored facility for testing-po| US
Center (NCCC) combustion capture technologies and ptembustion

technologies at bench and small pilot scale. Capability to t

on coalderived fluegas and syngas.
Technology Center Mongstad | Largescale postombustion capture test facility owned by { Norway

(TCM)

joint venture ofGassnova (on behalf of the Norwegian stat
Statoil, Shell and Sasol. Flexible facility with two units
(approximately 12 MWe each in size) designed to test
different solvent basedechnologies and capable of
capturing a total of 100,000 tonnes gear.

“4Many other projects, fadiles and initiatives exist throughout the world that involve raugtiion support and/or

may help inform the development of a collaborative framework for pilgé projects. The number is too great for

all to have been considered within the scope akTa Omission here is not a judgment of their value.
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Initiatives Description Location

Australian National Low Not-for-profit organization funded by Australian Governme| Australia
Emission Coal Research and | and! dza G N} £ Al Qa4 / h! [ Hm CdzyR
Development (ANLECR&D) | knowledge and skills needed to reduce the investment risk
low emission coal technology. Project portfolio exceeds A
$100 million covering over 25 institutions throughout
Australia.

CLMIT b2NBl &Qa ylFdiAz2ylrf LINRINFY | Norway
demonstration of CCS technology. Collaboration betweer
Gassnova and the Research Council of Norway.

USChina Clean Energy United States and China collaboration to facilitate a portfo| US, China
Research Centey Advanced of joint R&D projects on fosdilased technologies including
Coal Technology Consortium | clean power generation, clean fuels, anG\TS.

(CER@CTC)

ERANET ACT (European Join{ Multi-country cefunding scheme under the European Unig Europe
CCS Program) Horizon 2020 and ERMET frameworks to support
transnational CCS projects.

European Carbon Capture and Multi-country collaboration to implement and operate a Europe

Storage Laboratory European distributed, integrated research infrastructure fo
Infrastructure (ECCSEL) CQcapture, storage and transport research.
Horizons 2020 European Union Framework Programme for Research an{ Europe

Innovaion (20142020).

Mission Innovation Global initiative of 22 countries and the European Union t¢ Multinational
accelerate global clean energy innovation. The objective
aladaaizy Lyy2@FiAa2yQa /I Nb2
to enable neaizero C@emissons from power plants and
carbon intensive industries.

Norway Grants Grant mechanism through which Norway contributes fund| Norway and
to reduce economic and social disparities in the European EU Member
Economic Area (EEA). Grants are available teut8pean Countries

Member Countries. Support areas include ¢€S.

Participantsliscussedssues viaonference calls and om#-one conversations with the Task 3
coordinator The coordinator compiled Task 3 information and produced a draft Task 3 report
that was submitted to the participant group for comment.

The Task 3 Report is the coordinatords summat
the Study.Participationin the Task 3 Working Group does not signify endorsement of this
report by anyWorking Group member

"5Norway along with Iceland and Liechtenstein also provide funttimgduce economic and social disparities
the EAAundertheEEA Grantgprogramme.
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5.3. Potential Barriers to Multilateral Collaboration and Lessons Learned

Table5-3 lists potentially significant barriers to multilateral coltaation on lage-pilot projects
identified and evaluated during Task 3.

Table5-3 Potential Barriers to Collaboration

BARRIERS
Domestic source policies and practices
Different national or regional CCS goals and strategies
Differences in planning, selection and funding processes
Impact of changing national policies and priorities on long term projects
Management of intellectual property rights

gk wINE

Eachbarrier is explained below. Lessons learned from collaborative projects and initiatives are
discussed alongith potential mechanisms to mitigate the effects of the barrier.

5.3.1. Domestic source policies and practices.

The domestic source barrier relatesnividual country policies and practices that link their

financial support for RD&D initiatives to involvement of domestic entities in project

performance. This iseommon theme seerrass collaborativRD&D projects The nature

and degree of involvemédepends on country specific policies and the programs or projects. In

some cases, payment of funds is restricted to domestic entities and/or to activities conducted
within-county. In others, the use of furisl more flexible provided there is a domegntity

involved in the project. The theme istrabsolute. There are instancdésollaborative activities

where the consideration for a countryds contri
involvement in project performance. Examples inetud

1 The IEAGHG WeyburaMidale CG, Monitoring and Storage Project (Weyburn Project),
where contributions from the governments of Canada, JapdrtheUnited Statesvere
pooled in the project. The participants obtained access to project knowledge.

1 FutueGen, where contributions from collaborating countries were provided tanitedU
Statesto be pooled with USDOE funds for use on the project in return for membership on
a government steerirmmittee and accessiooject knowledgé™®

1 Norway Grantswhere a stated purposetasstrengthen bilateral relations between the
donor and beneficiary countrieBuring 20092014 grants were made available to 13

18 DOE Media Release, U.S. and India Sign Histéjreement on FutureGen Projéiftar. 2,2006),
https://energy.gov/articlesihandindia-reachhistoricagreemenfuturegenproject DOE Media Release, U.S. and
South Korea Sign Agr e eJuee2é, 2006httpsH/energyrgevi@rdctesstihdsoythdare 0
sign-agreemenfuturegenproject The FutureGen Project evolved over time and ultimately was cancelled.
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European Uniomeneficiary countries that became members in 2004, 2007 and 2013.
Supported technoby areas included carbon capture and stotHge.

With largepilots potentiallycostinghundreds of millions of dollarshe need for substantial
domestic involvement in consideratioMdafor a
consequence, domeassource policies and practices may be one of the more challenging barriers
facing multilateral collaboration. Reconciliation of different country policies can substantially
complicate framework development. Furthermore, individual country restrictiordiciate a

teaming and organizational structure that may be relatively easy to accommodate on small R&D
projects, but can be complex and difficult at thesDOMWe scale. Project work must be divided
among team members to satifiinding country requireentsresulting in arallocation of

country fundshot necessarily best suitedgmject need Task 3 participants made the

following observationand recommendations related to domestic source polices and project

structure'*®

1. Collaboration without domeist contents difficult to justify - requiring strong reasons.
2. Flexibility helps project development
3. Sometimeshe benefits warrant changes in the law to accommodate the project.

4. The program value must be large enough to be meaningful. Sufficient government
resources can mitigate the challenges of dealingfwittling countryrequirements

5. Integration of multiple technologies into a single project may make it easier to divide the
project among team members in order to satisfy funding country requirements.

6. The decision on how to allocate work to satisfy funding country requirements must be
done by the project team members.

7. Proposapreparation whethere are funding country prefees can be complex and
involve considerable effort among project team members to allocate work.

Lessondrom past and ongoing proje@sd programs are discussed below
Callide OxyfueProject

The Callide Oxyfuel Project at the Callide A Power StatioQireensland, Australia involved
the repowering of the 3MWe Unit No. 4 with oxyfuel technology, installation of two air
separation units, and installation of atfday CQ capture plant treating a side stream from the
oxyfuel boiler. The project was cduacted through an unincorporated joint venture (JV)

17 SeeNorway Grants, Who We Aréitp://eeagrants.org/Whee-are/NorwayGrants For information about the
20142021 programmeseeEEA and Norway Grants 2012021 ,http://eeagrants.org/Whate-do/EEA-and
Norway-Grants20142021

118 Related comments have been combined into a consolidated observation. Participants also nuiédlgtatal
supportcan trigger other issues suchcagss border issues with G@ansport
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managed by a steering committee of the project participants. FEdudepicts the project
structure.

Figure5-1 Callide Oxyfuel Project Structure

Joint Venture
CSE; Glencore (formerly Xstrata); Schlumberger ; IHI ; JPower; Mitsui

Joint Venture Agreement

Queensland JCoal
Government : -
OTPL
Oxyfuel Technologies Pty Ltd f T T
Commonwealth CSEnergy 1 (Agent for the Joint Venture) [ IHI | JPower | Mitsui
Funding
Agreement Project Agreement
Members Agreement, Constitution
Japanese Government
(METI) Funding Agreement
CSEnergy
ACALET Funding [ p 1 =
Agreement ; Sncore J COSPL
Schlumberger Callide Oxyfuel Services Pty Ltd

(Operations Management Company)

Members Agreement, Constitution

Source: Figure 1'Callide OxyfuelProject- Lessond.earnedi May 2014." Courtesy Oxyfuel Technologies Pty Ltd

A 2004 Memorandum of Understanding (MOU) betweenGbexmonwealth of Australiand

Japan set out the overall joint venture structure and basic principles of cost sBetiaits of

the JV relanship includingcost shang, shareholding, revenue, and intellectual property rights
were negotiated by the participants taking into consideration the terms of the government
funding agreements. Negotiation of project funding and JV agreements tohk2hgears.

The total project budget was AU $240 million and included substantial funding from the
CommonwealttGovernment, Japan, and the Australian Coal Association (ACALET).
SchlumbergerGlencoreand the Queensland Government also provided support. Project
revenue from electricity generation went back to the project. Funding from the Japanese
Government flowed through the Japanese companies into the JV. Australian government and
ACALET funds fowed into the JV through the Australian Participants. Funds were pooled in the
JV for use on the project.

A feasibility study was completed in 2006. The frend engineering design was completed and
the financial investment decision made in 2008pef@tions began in 2012. Over-g&ar

period, the project demonstrateapture rates from the Oxyfuel flue gas stream to thg CO
capture plant in excess of 85%g ability to produce a highuality CQ product for geological
storageincreased boiler enbustion efficiencygreater than 50% reduction in statgitogen

WACALETO6s $82.8 million in support ceunethefutum valuhad COAL 21
Austral i ads b.lThedrundsdtmmsell onma eotumtaryrlewyeos coal productiaibout COAL 21
http://www.minerals.org.au/resources/coal21/about_coal2l
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oxides NOx) mass emission rates; arainost complete removal of all toxic gaseous emissions
from the flue gas stream in the €€apture plant.

By any standard, the Project was succesdfaksons learned from the Project include:

1. Multi-nation financial collaboration can be an effective mechanism to supporsizalpe
fossikbased pilot projects with CCS.

2. The combinedubstantiatontributions fronthe Australian Commonwealth, Japanese,
and Queensland Governments along withAGALET contributionmadean otherwise
nortcommercial projectinancialy viable.

3. Although government funds flowed into the Project through the Australian and Japanese
companies, the funds were pooled in the JV diwgrproviding the JV flexibility in
managing the Project expenditures. The JV participants were also provided flexibility to
organize the Project’

Pilot-scaleTest Centers

Pilot-scale test centers (or platforms) have proven to be an effective approach to technology
development while largely avoiding the complexities of domestic source policies. Examples
include Technology Centre Morgsl (TCM) in Norway, the National Carbon Capture Center
(NCCQC) in the United States, and Canadtl E R G Y 6 scalp fadilitees in Canada. Only
TCM at 12 MWe has the
capability to test technologies a
the scale contemplated by this
Study. Neverthelesshére are
similarities in how the facilities
were conceived and are operatg

Figure 52 Technology Centre Magstad

Facility construction was funded
largely by the governments of
the host countries along with
industry contributions in some
cases. The centers entertain a
encourage collaborative project{sis
including projects from outside |
of the host countries. Examples
of multinational projects include

1 TCM, wherelON urce: Hege Hanse/CM

Engineering from the

120 Although unrelated to domestic source policies, it was also noted that the Callide Project benefited from its small
size and retrofit application which made permitting easier; from the fadt thas a discrete package with a

planned starand finish; and from the fact that teanembers were mostly known from the outzed that the

project was able to use a smaller implementation team than teams used on larger demonstration projects.
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United Statess testing its solvent capture system with financial support from the
USDOE™**

1 NRCan/CanmetENERGY, where The Gas Technology Institute (GTI), with support
fromthe United Sites, is working wittCanmetENERSY to validate the oxy
pressurized fluidized bed combustion process and mature the technology in a new 1
MWt h test facility |located &t Canmet ENERGY

1 NCCC, wherelirough March 2017, fortfive tests wee either conpleted or are
underway involvingechnology developers from the United States and six other
countries-?3

Country funds are not pooled. TCM covers its own cost of test programs for items such as

electricity and labor; technology developers cover their cost for equipment, solvents, and labor.

I n GTl &6ds case, funds farewused ftrthtest faclity anRtermdur ces C
R&D and test operation®d)SDOE funds are used by GTI for work within the scope of their

DOE-funded project?* At the NCCC, technology developers do not pay for existing facilities or

for normal NCCC operations, but do pay for their test unit costs and operating costs beyond

normal operationsAt all of the test centersg¢hnology developers generally retaighis to

background intellectual property rights (IPR) and the right to exploit newly developed project

IPR?®> Nonproprietary project information is disseminated through published reports, the
International CCS Test Centre Network, and other means.

Pilot-scale test platforms work because countries have been willing to invest substantial funds in
research infrastructure and then make it available at reasonable cost to the technology
developers. Itis uncertain how far the model can be extended to newgercltotscale test
platforms.

The current test center model has managed to avoid domestic source concerns that may challenge
large collaborative pilots. Flexibility has helped. To illustrdte, W SDOENcludes a policy

provision in its financial assiance agreements requiring a percentage of the direct labor element

of project cost to be performed in tbiaited Statesinless the recipient can demonstiatéeheir

121 See Press Release, TCM, US Technology Developer Headed for TCM Mongstad (June 30, 2016),
http://www.tcmda.com/en/Presenter/News/2016/U&chnologydevelopetheadeefor-TechnologyCentre

Mongstad/

125ee Press Release, GTU,S. and Canada Unveil ProcessGenerate Electricity and Heat with Zero Emissions

(Oct 18, 2016 http://www.gastechnology.org/news/Pages/ProtessenerateElectricity-andHeatwith-Zero-

Emissions.aspx

ZHENCCC Project Status Presentat i onReethgWarkehop¥hdarchc an Ene
28-30, 2017.

124 canmetENERGY is a subrecipient to GTI under the DOE agreement. DOE has authorized GTI to expend up to
25% of project cost on foreign |l abor for performance of
125 The USDOE retains certain rights in pgofj IPR as required by statute and regulations, but technology

developers nonetheless receive, or are able to receive, exclusive rights to exploit project IPR. See Phase 1, Task 4
Report for a discussion of USDOE reserved rights. At TCM, the ownersvfiyp6tatoil, and Shell) receive full

exposure to test data (but not company IPR) for use in their core business. Firewalls are put in place and disclosure
terms negotiated as appropriate.
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proposalo the satisfaction of the USDOE that the economic intefdasie United Statewill be
better served through a greater percentage of the work being performed outsidieetitie U
States. Waiver or reduction of the percentage is at the discretion of the USDOE contracting
officer. Traditionallythe USDOH-ossil EnergyR&D Program setheUnited Statesabor
percentage at5%."2° The provision has been cited@®blematicfor pilot projectsocated
outsideof the United States since project operations may involve a large amount of labor.
Although waivers are available, the appropaicess can be time consuming. In a recent
Funding Opportunity Announcement (FOA) seeking proposals for pilot testing afadp@ire
technologies, and allowing for use of existing test facilities outside dfriited Statesthe
USDOE reduced the percage to 50942’ Task 3 Participants noted that the reduction
facilitated a capture project at TCM. It was also noted that the USDOE was able to recognize
financial support provided by the host country t@auntry project participants as eligible cost
shaing under the USDOE agreement with the technology devetéper.

Lessons learned from tipdot-scaletest centers include:

1. Extraterritorial test facilities can be a winning proposition for governments and
technology developers if countries are willing teest in projects conducted outside of
their borders. They avoid the time and expense of building duplicate facilities and
building up staff and operational expertise. And, they leverage country contributions
thereby improving project financial viability

2. The currentest centefinancial modekan mitigate issues caused by the national interest
barrier.

3. Flexibility in domestidundingrequirements can help achieve government program
objectives. Assessment and adjustment of domesticcerequirementsn advance,
when consistent with policy and program objectives, can facilitate project development.

ERANET ACT

ERA-NET ACT (Accelerating CCS TechnEutogeany ) i
Uniond ERA-NET frameworkwhich isdesigned to support publmublic partnerships and joint
programming initiatives betwedfuropean UnioiMember States and othgarticipants in the
European Economic Area (EEA}?

16 5ee e.gFOA #: DEFOA-0001459, Préroject Planning for AdvandeCombustion Pilot Plan{gssued Jan 21,
20189.

127EOA #: DEFOA-0001190, Small and Large Scale Pilots for Reducing the Cost of CO2 Capture and
Compression(issued Fehl1, 2015.

128The USDOE typically requires at least 20% esisaring on R&D projectsOther US government financial
support provided to project participants generally cannot be consideresheoisty unless authorized by law. Other
country funds provided to the project participants can be considereshzosig.

129 ERA Coordination of Research Programmes, Bk schemehttp://ec.europa.eu/research/erafeea_en.html
(last visited May 17, 2017)
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The ACT Cofund involves nine countriaad the European Commission (EgOhtributing funds

for a joint call for proposals relatede to CCS
ACT Call, issued in June 2016ought proposals foatge transnational projects asmaller

transnational research and innovation projeBtsject proposals could only be submitted by a

project consortium consisting of at least three eligible applicants from at least two participating
countries eligible for cdunding from the EC. National contributions are paid by the national
fundingbodyd t hat nati ono6s p rnulji-eatonh invioleement amdenatibnalr s .
funding limitation necessitated a tailored evaluatsglectionand contract awarprocess.

ACT is discussed in detail in Sectibr8.3 but it is noted here because isfermulated an
approach to suppocbllaborative CCS research in a competitive environment with the overlay of
domestic source policies and practices.

5.3.2. Different national or regional CCSgoalsand strategies

Here, the challenge is in finding common ground among countries and regions with different
technology development viewpoints and then incorporating that common ground into a
collaborative mutually beneficial framework.

The Phase 1 Study identified overlia research objectives among the four Study countries in
bothcoal power generation and capture technologies. Howeweniryobjectives were not
identical. The Report notes that successful collaboragiquiresan alignment of technology
interests, dvelopment timelines, project size, and budgetary prioritiesesudirces. During

Phase 2 it became further apparent that material differences exist in national and regional fossil
power generation and CCS technology development goals and strategidsabf#s-1 for

possible reasons why countries may choose to supportliesst power and/or CCS

technology development.

Technology development approachesiafermedby goals and strategies. At the risk of over
simplification, viewpoints and approachean be summarideas shown in Tablb-4.

Table5-4 Different Technology Development Perspectives

Viewpoint Technology Development Approach

CCS is deployment ready T Commercial demonstrations with state of the art technology
establish business case

9 Cost reduction through learning by doing and development ¢
common transportation and storage infrastructure

1 Targeted R&D on capture and storage technologies

CCS costffectiveness must | § Small and piloscale R&D on advanced and transformationa
be improved power generation technologies and capture technologies thg
can substantially improve the combined ceftectiveness of
fossitbased power generation with CCS

i Subsequent demonstration at commercial scale
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Viewpoint Technology Development Approach

Coal is falling out of favor RD&D on capture anstorage technologies for the coal fleet

RD&D on gas power technologies and capture from gas poVv|
generation
Little or no interest in R&D or new coal power technologies

= —A

=

Coal and gas will comprise a| 1 RD&D on coal power technologies for new and existing plan
substantial part of energy mix q
through midcentury and
beyond

RD&D on new gas power technologies and capture from gaj
power generation

To illustrate the differences, cepbwer interest is waning in Europe largely because of climate
implications, andeurope is currently more interested in neEam demonstration of deployable
decarbonization solutions for the power and industrial setfbiccordingly, theEuropean
Uniond mtegrated Strategic Energy Technology (SET) Rddacused on renewable andclear
technologiesn the power sector but not development of new coal power technofggidhe

SET Plan includes CCU&argetingcommercialscalewhole chain projects in the power and
industrial sector; Cetransport infrastructure developmeaitd,pilots on new capture
technologies, storagandproduction of fuels, chemicals, and other products from captured CO
By contrast, the United States, Japan, and Canada, and other countries still remain interested in
developing advanced, more ceftective coalbased power technologies as well as capture and
storage technologi€§?

Technology development viewpoints are not likely to be changed through discaisgians

most likely unproductive to try. Instead, the preferred approach may be to dettgewvihe fact

that countries can reasonably differ and look for alignment of priorities and common technology
areas for collaboration. eEhnology funding countries have roadmagegram plangandother
guidance documents that set thectionfor RD&D activitiesand which can serve as the

starting point in the search for common ground. And, countries have been sharing plans and
objectives through international forums, such as the IEA and the Carbon Sequestration
Leadership Forum for many years. Moeeently, 22 countries and the European Union
established the Mission Innovation (MI) Initiative with the goalr@matically accelerate global

130 Fyll chain CCS projects in Europe include Betterdam Capture and Storage Demonstration Project (RGAD)

the Nethernds which will capture Cdrom a new fossil fueled power plant with €8orage under the North Sea,
http://road2020.nl/fer{ | ast vi sited May 18, 2017); and, Norwayo6s pl
CO, from industrial sites and transfthe CQ by ship to a storage facility on the Norwegian continental stgdg

Press Release, Ministry of Petroleum and Energy, Good potential for succeeding with CCS in Norway,
https://www.regjeringen.no/en/aktuelt/gepdtentialfor-succeedingnith-ccsin-norway/id2506973(Apr. 7,

2016).

131 The EU plans on a regional basis through the developmer§BTalan. Information about the SET Plamd

CCS targetsan be found dtttps://ec.europa.eu/energy/en/topics/technolgyinnovation/strategienergy

technologyplan andhttps://setis.ec.europa.eu/system/files/integrateeplaatsetplan_doi_cctfinal.pdf (last

visited May 17, 2017).

132 Assessment of US, Japanese, and Canadian interests are based on questionnaire results from the Phase 1 Study.
See Hble 4.1 Part A Interest in LargeScale Pilot Projects.
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