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GOVERNORS

Statecof the CCUS Market

MODERATOR

Jeff Erikson Samantha McCulloch TrudeSundset Sarah Forbes John Harju Robert Niven
General Manage® Head, CCUS Unit CEO Scientist Vice President for Strategic CEO
Client Engagement International Energy Gassnova Office of Fossil Partnerships CarbonCure
Global CCS Institute Agency Energy, U.S. University of North D

Department of Energy Energy and Environmental
Research Center (EERC)
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2018 0 a remarkable year for energy iea

Annual change in global primary energy demand, 2011 -18
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Global energy demand last year grew by 2.3%, the fastest pace this decade, an exceptional performance
driven by a robust global economy, weather conditions and moderate energy prices.

IEA 2019. All rights reserved.



Energy-related CO ,emi ssi ons hit a record hiig

Annual change in global energy  -related CO , emissions, 2014-2018
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Higher demand for fossil fuels drove up global CO , emissions for a second year after a brief hiatus.
Increases in efficiency, renewables, coal -to-gas switching and nuclear avoided 640 Mt of CO , emissions.

IEA 2019. All rights reserved.



..led by coal in power generation in Asia iea

Global energy -related CO , emissions, 1990-2018
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Emissions from coal continue to rise, driven by increasing coal use mostly for power generation in Asia.
CCUS is a critical solution and is showing signs of a revival.

IEA 2019. All rights reserved.
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CCS Infrastructure
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CCUS Projects Map
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Thank You to Our Sponsors!

NGA

NATIONAL GOVERNORS ASSOCIATION

Join UsOn Join Us On
Twitter! Twitter!
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Case-Studyon Boundary:Dam Projéct

Beth Hardy
Vice President, Strategy & Stakeholder Relations
International CCS Knowledge Centre
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Knowledge Transfer from Commercial Scale Projects —
Boundary Dam CCS Facility

C. Beth Hardy, VP Strategy & Stakeholder Relations
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ccsknowledge.com

Our Organization

THE INTERNATIONAL
CCS KNOWLEDGE
CENTRE

Facilitates in an
advisory role

Based on expertise
and lessons learned

Mandate:
Advance the understanding and use of CCS as a
YSFEya 2F Yryl3Ay3 IANBSY!

Sponsored jointly by global resource leader, BHP
and CCS pioneer, SaskPower

Sharing lessons learned from harnuos
operations ensures for experiencdé@dsed
decision making
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Our Story for CCS

Large Scale Deplciment (Boundary Dam 3)

Operational & Policy Understandings

A 4

Second Generation Application

Trends & Gaps for Largeale Deployment

\ 4

Driving Future Opportunities
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Large Scale Deployment (Boundary Dam 3)

A Postcombustion chosen from several studies

A CCS on codired power operating since 2014

A Projected 90% capture rate & 30@life extension

A Initial investment = approximately CDN$1.5 billion
A CQis used for EOR or sequesteredigjuistore
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CCS at Boundary Dam Power Station
allowed for longterm production of
over 110 MW of clean, baskad electricity
in a fully integrated and full chain process
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Overview of BD3 Project

The project consisted of two major parts: A Design deficiencies and construction quality
iIssues had to be managed, as well as amine

Refurbishmentincluded a complete :
issues.

replacement of the steam turbine and

generator, which were at their end of life. A Trend of higher capture rate and reduced

Captureinvolves taking out other components outages over time

before the amine removes the GO
A Has captured & stored over 2Mt
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Comparing Costs

Baseload Natural Gas BD3 Carbon Capture
Cost of Electricity Cost of Electricity

Capital Investment
Fuel Expense

O&M
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Operational Understandings: Exceeding Federal Regulations

1100t/GWh = Lignite Coal Plant

550-500 = CurrentNatural Gas Plant

nmemmmnnm 420= Canadian Regulations QalPlant ===========a==
375400 = New Natural Gas Plant
300-325= Wind (with peakers)

120-140= CCS on Boundary Dam 3
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Performance: Reliability

CO2 Capture Rate

First 12 months of operation —— After Nov 2015 Outage

After August 2017 Outage

INITIAL OPERATION 2500
Eeee——>

Learning about amines

¥

h] M ! I{u.«! '1"|r"f 'ﬂl ‘,‘r , 1‘.‘1'

Tonnes/Da

a28/14 4/1//15 11/2/15 5/20/16 12/6/16
Date

MAXIMUM CAPACITY HIT: 3240 t/day
Better operations.

6/24/17

A

1/10/18

Capture plant has
been reliable

Power plant maintenance
resulted in no C¢production

NOT CAPTURE PLANT RELATI

Improve efficiency and reliability

A Reduce operation & maintenance costs »

A

Increase capacity
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Operational Understandings: Sharing Lessons Learned

awSlkt $2NIR: O2y&aARSNIGAZ2YA 1

Policy &
Economics

We must COLLABORATE
Not just talk about collaborating.

CCs .
Projects A Stimulate development
A Bring down costs

Capacity
A Promote greater knowledge exchange



SECOND GENERATION DES

SASKPOWER SHAND POWER STAT

HIGHLIGHTS OF FEASIBILITY STUDY:

A Designed to capture 2Mt
A 67% cost reduction (per tonne CQ
A Can capture up to 97% and integrates well with renewables
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About the Shand Feasibility Study

Feasibility Study evaluates the economics
of a CCS retrofit & life extension on 300MW
coal fired power plant in Saskatchewan

A Projected capture capacity @it/ yr HOW DID COSTS COME DOWN?

A Capital cost to b&7% lesper tonne

of CQ captured A Lessons learned from building and operating BD3

A Cost of capture a$45US/t CQ A Construction at a larger scale using extensive

A Capture rate can reaalp to 97%with modularization

reduced load (i.e. renewables on grid) ALyGSINIGA2Y s fRE 5=

A Fly ash sales can further reduce,CO
(potential 125,000t CQyr reduced)
Carbon neutral?
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Second Generation Application to Coal and Other Sources

A Lt/ M@Assesgment Report: median increase in mitigation cost is 138% without CCS

A Almost all IPCC PG pathway scenarios include CCS

CCS technology is proven;
so derisked deployment can occur

A Reliableand affordableenergy with reduced emissions are
imperative for energy security.

A Implementation of CCS can:

o allow existing generating assets to operate cleanly and
o aid to decarbonize industrial emissions.




A INTERNATIONAL
ya CCS KNOWLEDGE

CENTRE

Second Generation Application to Industrial Emissions

ccsknowledge.com

Direct industrial C®emissions (2014)

Iron & Steel

Other Industry oy
(0]

26%

Pulp & Pape(
3%

Aluminium
3%

Chemicals and
petrochemicals
13%

Information on this slide is sourced from International Energy Agency, Energy Technology
Perspectives 2017

Industrial CO2 emissions represent 24% of global
CO2 emissions at 8.3 Gt £Q014)

A Lessons learns from operational experience at
Boundary Dam CCS Facility and findings from
the Shand CCS Feasibility Study can be applied
to other industrial sources of emissions

A Size and layout considerations / integration are
key considerations

A Costs can be saved with g@frastructure hubs,
cost recovery with EOR, modularization and
byproduct sales decisions

A Optimization is still required for particular flue
gas characteristics to save operating costs
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Driving Future Opportunities

Cooperative Approaches:

A Multi-stakeholder initiatives are important to drive development

A Government funding goes farther when leveraged with private funding
A 52y0Qi0 NBAYOSYl GKS gKSStH

Business Case:

A Account for economic considerations and energy security issues

A Find value in byroducts
A Use enhanced oil recovery & align with oil companies where possible

Reduce Administrative Burden:
A Build on existing regulations as much as possible
A Create flexible enforcement regulations

Incentives & Financing:

A Enable support for firstnovers

A Create a variety of financial incentives for projects

A Drive policy parity with other clean energy technology (ex. subsidies)
A Multilateral Development Bank involvement is critical for Asia



A INTERNATIONAL
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s For more information please
@ Vvisit our website at:

ccsknowledge.com

Th an k YO u M Contact us by email:

52y Qd FT2NHSU 42 7F2f
@ccsknowledge
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Trivia & Transition

Thank You to Our Sponsors!
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| Training ‘Session:\Warkforce Development forn EmergingrEnergy Technolqrgie

CCS

Bridge to a Cleaner Energy Future

CCS Bridge to a Cleaner Future
International Brotherhood of Boilermakers
https://vimeo.com/278701159
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Opportunities‘& Next: Steps: State | & international
Perspectives on CCUS

MODERATOR

2 S I |
JeffBobeck ShannonAngielski Adam Schafer Brad Crabtree JasonLanclos Chris Romans
Director of Energy Executive Director Policy Director Vice President, Carbon Director, Technology Executive Director
Policy Engagement Carbon Utilization Office of Montana Management Assessment Division Energy Advance
Center for Climate and Research Council Governor Steve Great Plains Institute Louisiana State Energy Center
Energy Solutions Bullock

Office




ACo-convened by former Governor STATE
Matt Mead (R-WY) and Governor CARBON
Steve Bullock (D-MT). Staffed by CAPTURE
Great Plains Institute. A@ W ORK

ALaunched in 2015: J GROUP

A Officials from 15 states*

A Leading industry and NGO
stakeholders and experts

AObjectives:

A Help policymakers better understand a\
statesd potential f o
CO,-EOR and other storage and utilization;

A Recommend state and federal strategies and
policies; *State participation varies and includes

A Support implementation of policy governorso staff, cabine
recommendations and project deployment. commissioners and agency and commission staff.

C a .6ar¥':cipatli'tig Slt’atese

caar b on




Growing State Support for Carbon Capture

Year

Organization

Resolution Highlights

2015

2015

2016

Commissioners

STATE
CARBON
CAPTURE
WORK
GROUP

etters

\TEGORIES

onomic Development

ivironmental
anagement

rest & Rangeland
anagement

2 SaA0SNYy D2OSNY2NXQ& ! & & Recognizesconomic and environmental benefits of carbon

capture and COEOR,; called on Congress to extend and
strengthenthe federal Sec. 45Q tax credit.

Southern States Energy Board Emphasizes need for federal incentives and state policy
measures.
National Association of Regulatory Utility Highlights economiegnergy production and carbon mitigatio

benefits, and the importance of state and federal action.

LETTER: WGA promotes development of carbon

capture, utilization and storage before Senate hearing

02/21/19 CATEGORY: Energy

The Western Governors’ Association shared its policy work promoting carbon capture, utilization and
storage research and technology development with the Senate Committee on Environment & Public
Works in advance of the Feb. 27, 2019 hearing on S. 383, the Utilizing Significant Emissions with
Innovative Technologies Act, and the State of Current Technologies that Reduce, Capture, and Use
Carbon Dioxide. The Feb. 21, 2019 outreach to Chairman John Barrasso and Ranking Member Thomas
Carper included WGA Policy Resolution 2018-07, Enhanced Oil Recovery, WGA Policy Resolution 2018-
04, Energy in the West, and the Governors’ Energy Vision for the West, and noted Governors’
previous support of S. 2602, the Utilizing Significant Emissions with Innovative Technologies Act.
Read, download the letter.




Four Major Work Group Deliverables To Date
o

A Putting the Puzzle Together: State and
Federal Policy Drivers for Growing
Ameri cadts Carbon EORt
|n d u Strv Electricity Market Design

' > and Carbon Capture Technology:
* “ A let Centurv Enerqv Infrastructure- PO“CV ThtleOpportunltlesandtheChallenges
Recom mendatlons for Development Of State CO,-EOR Deployment Work Group
AMERICA’S CARBON CAPTURE & CO,-EOR INDUSTRY A m er I C an CO? P I D eI i n e N etWO r kS

A Electricity Market Design and Carbon
Capture Technology: The Opportunities and
the Challenges

A Capturing and Utilizing CO2 from Ethanol:

Adding Economic Value and Jobs to
Rural E ies and Ci

Adding Economic Value and Jobs to Rural Whia Reducing Emsions

White paper prepared by the

Economies and Communities While B ST o
Reducing Emissions

q
Putting the Puzzle Together ‘

21st Century Energy Infrastructure:

Policy ions for D
of American CO, Pipeline Networks

White paper prepared by the
State CO,-EOR Deployment Work Group

December 2017

STATE
CARBON
CAPTURE

WORK

GROUP



http://www.betterenergy.org/blog/state-federal-policy-drivers-growing-americas-carbon-capture-co2-%C2%ADeor-industry/
http://www.betterenergy.org/wp-content/uploads/2018/01/White_Paper_21st_Century_Infrastructure_CO2_Pipelines_0.pdf
http://www.betterenergy.org/wp-content/uploads/2018/01/Electric_Markets_and_CCS_White_Paper.pdf
http://www.betterenergy.org/blog/capturing-utilizing-co2-ethanol-adding-economic-value-jobs-rural-economies-communities-reducing-emissions/

Regional Cooperation to Support Carbon Capture &
CO, Pipeline Infrastructure Deployment

ADevelopment of two cooperative regional efforts to ?AT R’ETUE
harness the federal 45Q tax credit for deployment: CAPTURE
oWestern and Midwestern regions. EVR%I?Jlé
oFormer Governor Mead invited 17 governors to have
their states participate. REGIONAL
oGovernors Mead and Bullock announced Regional CARBON
Deployment Initiative in Jackson Hole, WY in June b
2018, together with officials from other states. INITIATIVE

o State Carbon Capture Work Group coordinating effort.




Three-Phased Approach to Fostering Project Deployment

Phase {complete)

w Baseline mapping of sources and sinks;
w Preliminary cost analysis; and
w Pipeline modeling.

Phase l{complete)

w Convened state officials and stakeholders to launch Initiative in
Midwestern and Western regions.

STATE
CARBON

CAPTURE
WORK
GROUP

Phase lljunderway)

A Modeling and planning to support project deployment.

w ldentification of additional state and federal policies to close
remaining cost gaps for projects.

REGIONAL
CARBON
CAPTURE
DEPLOYMENT
INITIATIVE




Objectives in 2019

APrioritize key carbon capture and CO, pipeline
project opportunities revealed in the modeling.

L e aror actaiming o ot 450 ok v
C ARB 0 N Aldentify state policies to help close cost gaps.
CAPTURE

AEngage stakeholders, policymakers and media to
DEPLUYMENT marshal support for projects to meet 45Q timeline

| N | T | AT | VE of beginning construction by end of 2023.
APrepare for 2020 state legislative sessions.




2016

Regional Deployment Corridors



