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Executive Summary

The expert meeting provided an opportunity for discussion on the issues that are
restricting the development of carbon capture and storage (CCS) in North America from
a financial perspective. The meeting enabled a discussion of the possible options to
overcome hurdles as well as ways to facilitate and encourage more CCS projects.
Numerous unresolved issues and potential difficulties in the use of CCS still exist,
including insurance, viable financial incentives and the need for the establishment of a
robust policy and regulatory framework.

An important outcome is that many of the speakers thought the difficulties and issues
surrounding CCS can be resolved. However, from a private investment viewpoint CCS in
North America was an unattractive financial option without Government incentives and a
legal framework in place. There was also a general consensus that if the USA
implemented an emission trading systems that the revenue would need to be targeted at
CCS and relying on a market derived carbon price would still not be enough to make
CCS a financially viable option in the near to medium term. The conference discussion
provided the following points of note:

e The view from the investment banks was that there would be no major private
investment in CCS in the USA until they can be offered a secure return on their
investment, such as loan guarantees or tax credits.

e Development of CCS regulatory frameworks is well underway internationally in a
number of regions. The speed of development may be enhanced with the launch
of the IEA CCS International Regulatory Network.

e The Interstate Oil and Gas Compact Commission (I0OGCC) recommends that in
the USA that CO, storage should be regulated as a commodity to allow the
application of oil and gas conservation laws to facilitate development of storage
projects. The IOGCC has a Task Force that also produced a set of guidelines on
permitting CCS projects.

e There are a number of CCS projects underway in North America and future
possibilities through the restructuring of FutureGen. In Canada, the Government
intends to have new coal fired plants capture ready by 2018.

e There is a perception that an emissions trading scheme will not be enough to
accelerate deployment of commercial CCS projects in the future and that other
incentives will be required.

e There are several proposals in the USA investigating how to facilitate the
deployment of CCS. For instance the proposed bill by Lieberman-Warner has use
of some of the revenues from sale of allowances to fund low carbon technology
projects including CCS. Further proposals discussed at the meeting were the use
of the Bond market and setting up a Trust Fund for CCS.

e There is a clear gap in the USA about information on CCS with the general public
and within the financial sector and hence an urgent need to provide further
information and educate people about the risk and benefits of CCS in an informed
manner.



Legal and environmental liability is seen as an issue. Insurance companies do
currently have the business models to insure CCS projects during the operational
phase but there is a lack of data to provide coverage for the long term liability that
would exist post-injection. Development work in this area is critical.

Quantifying the potential long term liability of CCS projects in dollar terms would
allow insurance companies to assess the underwriting that is needed. Otherwise
until more information is available for long term liability in CO, storage there is
likely to be only limited insurance on a 1-2 year revolving contract.

If financing of CCS is to occur from the private sector then the 30 trillion dollar
bond market must be utilized. This is unlikely to occur until there is greater
regulatory certainty from the US government and the States, and greater certainty
of cost recovery approval and permitting allowed by the local public utilities
commissions. Ultimately, the willingness of ratepayers to pay higher electricity
bills to pay for CCS, as reflected in decisions by local public utilities, will be
critical to the financing of such projects.



Introduction

The CCS Expert Meeting on Finance took place over two days in New York. This
meeting was a follow up to one that was held in London during 2007. The Meeting was
by invitation and limited to 80 people that included representatives from Governments,
industry, insurance, financial institutions, academia and research organizations.

The main purpose of the conference was to provide a clearer picture of the options
available to finance CCS projects in North America and to increase the involvement of
experts from the financial sector in discussion about possible financial instrument options
for CCS. The ultimate outcome of this work will be to identify, encourage and develop
world-wide collaboration and practical development of financial mechanisms to
accelerate the progression of CCS projects from R&D to commercial reality.

The objectives of the meeting were to explore the options of:

e Identifying key drivers on financing CCS projects in North America by the
financial sector.

e Contributing to building financial mechanisms for deployment of CCS projects

e (Gaining access to financial information relevant for all major stakeholders such as
industry, insurance companies, Government and investors in CCS projects

e Use of futures, derivatives and insurance markets to reduce financial risks of CCS
deployment

e Improving the awareness of the status of CCS technology for the financial
community.

e Use of insurance to address the financial risks of CCS demonstration plants

The IEA Clean Coal Centre (IEA CCC), IEA Greenhouse Gas R&D Programme (IEA
GHG) and the World Coal Institute (WCI) have extensive global links and are in an
excellent position to facilitate co-operation between leading research groups and industry
on greenhouse gas (GHG) mitigation. IEA GHG already has experience in coordinating a
number of international research networks. One option under consideration is the
establishment of a new network to bring together existing expertise and experience of
organizations at the forefront of research, development and demonstration into GHG
mitigation technologies as well as financial institutions. To date, financial institutions
have limited experience with CCS which was highlighted at the meeting with one speaker
from the financial sector stating that his institution was not being asked to include CCS in
the assessment of new coal fired plant in the USA. The objectives of this report are:

1. To pass on information about the CCS Expert Meeting on Finance;

2. Give an overview of each of the presentations, and

3. To outline the main outcomes of the meeting.



Day One Sessions

The meeting opened with a welcome by Barbara McKee of the US Department of
Energy. Ms McKee highlighted the importance of CCS as a major contributor to
mitigation of CO, emissions and pointed out that in many countries there were other
issues to consider. These issues included electricity deprivation, scarcity of clean water
and food and legitimate aspirations for economic improvement in the lives of those with
low per capita incomes.

The meeting was divided into six parts. Session One was on the worldwide status of CCS
given the importance of fossil fuels which currently supply 80% of the global energy
demand with a further 60% growth in energy demand expected by 2030. CCS after
energy efficiency is the second biggest potential mitigation option and will be a key
transformational technology. There are many barriers to CCS deployment including
technology development, cost, legal and regulatory, public acceptance, international
mechanisms and making it commercial. If the barriers are removed CCS could change the
way the energy industry operates with opportunities for innovators. However, if this is to
be achieved it is important to recognize that it is vital to develop and deploy CCS to use
fossil fuel resources sustainably.

Kelly Thambimuthu the Chairman of the IEA GHG said that CO, emissions are expected
to grow an additional 14.3 Gt by 2030 with more than half of the growth coming from
power stations in India and China. This presents a dilemma with energy demand growing
and being met more and more by fossil fuels. The Intergovernmental Panel on Climate
Change Fourth Assessment (IPCC AR4) also discusses how mitigation efforts over the
next 2-3 decades will have a large impact on the potential to achieve lower stabilization
levels. There is also the risk of “carbon lock” in with new and replacement fossil fuelled
power plants 2003-2030 expected to be 1,391 GW for coal, 1,883 GW for gas and
237GW for oil. This means the next 10 years will be very critical as this technology will
be locked in and producing CO, emissions for 30-40 years at least.

The status of CCS in terms of maturity differs with injection, storage and transport. Some
parts of the cycle are well established in the oil and gas industry, for example CO,
transport as part of enhanced oil recovery (EOR) operations. International policy
developments have seen CCS being increasingly accepted with it now being considered
for inclusion within the EU ETS from 2013. However, there are still barriers preventing
the inclusion of CCS within the Clean Development Mechanism (CDM).

There is currently no large scale coal fired demonstration projects to accelerate
deployment of CCS technologies. However, there are several proposed integrated CCS
projects in Europe, USA, Canada, Australia and plans for a project in China. Lastly, the
amount of money to be invested in the power sector including transmission and
distribution networks up to 2030 is estimated to be over US$11 trillion according to the
IEA WEO 2007.



Jonathan Pershing from the WRI outlined four key points. Climate science is robust and
the urgency to undertake large scale change is strong. There is no silver bullet, so we
need to undertake all options. CCS is challenging in cost and public acceptability.
Scaling up globally will be critical. Finally the policy needed to make all this work needs
to be in place. In the USA, coal makes up over 30 % of the energy mix and it would be
impossible to shut the existing coal fired stations down as they are critical to meet energy
demand.

Session two examined national and regional initiatives with many countries building and
moving forward on existing legal/regulatory frameworks taking into account onshore and
offshore CO; injection including:

Australia: based on Offshore Petroleum Act of 2006: ETS in 2010
Canada: action at both Federal and Provincial level (Alberta and BC)
United Kingdom: storage offshore; government taking long term liability
Japan: storage offshore with Environmental Ministry responsibility
Norway: building on existing offshore oil and gas regulations

Tom Wilson, a Senior Technical Leader at the Electrical Power Research Institute (EPRI)
discussed CCS activities in the USA asking the key question of who is going to pay for
early deployment of new CCS technology? Is it going to be Government, industry, or a
combination? CCS is a critically important technology to the USA with both its large coal
reserves and large potential for geological storage. However, in the USA the cost of coal
along with other generation technologies has doubled since 2000. CCS retrofit is being
considered and the Lieberman-Warner bill, if enacted, could produce CO, price and
incentives sufficient to spur CCS deployment. To make CCS commercial by 2020 will
require investment in the technology to start immediately.

Eric Beynon from the ICO2N Group discussed several CCS initiatives in Canada. ICO2N
is made up of 18 companies representing many of the major potential CCS players. The
companies in his group produce over 100Mt of CO, emissions annually or 15% of
Canada’s emissions. This includes 95% of oil tar sands emissions and greater than 60%
of Alberta’s energy emissions. In Canada, there is potential for 3,762 MtCO, to be stored
in oil and gas reservoirs alone.

Initially, it is expected that CCS will begin in Western Canada. ICO2N has completed
several economic analyses identifying CCS as a critical component of Canada’s GHG
reduction strategy in coal and the oil tar sands in the long term. There is currently 150
billion Canadian dollars earmarked for investment to utilize tar sands up to 2015. From a
regional perspective, Alberta views CCS as a means to reduce its emissions by 60%.

Lawrence Bengal is from the Interstate Oil and Gas Compact Commission (I0GCC)
presented his work with the IOGCC Task Force. The IOGCC is made up of 30 members,
associate states and several international affiliates and a Task Force has produced a set of



guidelines on permitting CCS projects. The IOGCC Resource Management philosophy
on CCSis:

» Given the regulatory complexities of CO, storage. The Task Force strongly
believes that geologically stored CO, should be treated under resource
management frameworks as opposed to waste disposal frameworks. These
regulatory complexities include environmental protection, ownership and
management of the pore space, maximization of storage capacity and long term
liability.

» Regulating the storage of CO, under a waste management framework sidesteps
the public role in both the creation of CO, and the mitigation of its release into the
atmosphere and places the burden solely on industry to rid the "waste™ from
which an "innocent” public must be "protected".

» Such an approach lacking citizen buy-in with respect to responsibility for the
problem as well as the solution could well doom geological storage to failure and
diminish significantly the potential of geologic carbon storage to meaningfully
mitigate the impact of CO, emissions on the global climate.

Kai Tullius from the European Commission (EC) gave an overview of CCS policy
developments in Europe. The aim in Europe is to build 10-12 coal and gas CCS plants by
2015 which is estimated to cost between 10-20 billion euros. The long term policy goal is
to make CCS commercially feasible by 2020. The current CCS directive is proposing an
enabling framework with Member States determining whether and where CCS will
happen and companies deciding whether to use CCS on the basis of conditions in the
carbon market. At the moment CCS is not mandatory. The overall strategy from the
European Union (EU) includes in the third phase from 2013 to have full auctioning of
CO, certificates for the power sector and to include CCS.

Marc Levinson from JP Morgan Chase spoke on CCS and investment. His first comment
was that this meeting and the discussions on financing CCS are premature from a private
sector perspective. He pointed out that none of their clients had approached JP Morgan
Chase about CCS and that in his view that this is unlikely to change in the next five
years. If there are going to be any projects in the USA it is likely that the coal and gas
companies will go first to the Government for funding, such as FutureGen. He went on to
point out that any government subsidies would not be necessarily be positive for
facilitating CCS. This could artificially allow CCS to sell low cost electricity and
discourage renewables and other low carbon technologies. He then went on to outline
what an investor would need to know before lending:

e How will lenders and investors get their money back? The state has to decide that
the utility can recover the costs from the rate payer. It needs to be determined that
the additional expenditure is “prudent”.

e No lending or investing in CCS until the legal and regulatory uncertainty is sorted
out such as pore ownership and liability of leakage.



e They will want to see financial engagement from suppliers to overcome
technology risk. There needs to be more suppliers involved in CCS as this will
increase investor confidence that these technologies will work.

The discussion and questions on this session focused on the JP Morgan Chase
presentation. Several questions were asked on how JP Morgan Chase viewed the future
for CCS. Mr Levinson made it clear that if the Government was going to rely on private
funding without loan guarantees then CCS projects were unlikely to proceed. A question
was asked about what a deal on CCS would have to look like for investors to come to the
table. A suggestion was made — “would it assist if the commodity risk was taken out with
a 20 year rate price on fuel in a rate regulated environment”. Mr Levinson responded that
a rate regulated market is one way to approach it and the other is to put a meaningful cost
on carbon as in Europe. Basically CCS has no positive purpose, it only has a negative
purpose to avoid another cost (putting CO, into the air) and currently this does not have a
cost in the USA.

Session three discussed the financial industry and CCS. The session began with Mark
Trexler from Ecosecurities Global Consulting Services presenting on the relationship
between CCS and carbon markets and how they could assist in getting CCS off the
ground. Several possible scenarios exist but the carbon market is complicated and not a
typical commodity market with many variables including science, media and public
opinion all influencing carbon credit price forecasting. Demand is based largely on policy
decisions, on how strict the market is, and on how credits are defined. All of which are
different from other commodity markets.

In order for CCS projects to proceed, it will need several elements in place including
public acceptance, financial incentives, clarification of the permitting issues and
demonstration projects to get underway as soon as possible. In order for CCS finance to
be secured it will require subsidies and risk offloading. In the end, CCS is reliant on
policy, expectations about policy and market demand. It is clear that the carbon market
will not be a launch pad for CCS, more likely the carbon market will supply a cash flow.

Professor Edward Rubin argued that in an increasingly carbon constrained world, large
reductions of CO, emissions from coal plants will be urgently needed and only CCS
offers that reduction option. Deployment is needed to establish reliability and true cost of
CCS in utility applications at commercial scale across different technologies, different
types of coal (bituminous, sub-bit, lignite) and in different geological settings. To reduce
costs, learning by doing and R&D is needed.

Professor Rubin then outlined a CCS Trust Fund option he is proposing funded by fees
from the use of coal for power generation to pay the full additional cost of CCS for new
coal fired plants. This option can raise large amounts of money via small fees. It also
decouples the regulatory requirement to reduce CO; and can rapidly start deployment
with well defined revenues. There are two reports on the Pew Centre website at
www.pewclimate.org that give more details about the Trust Fund and further options to
accelerate deployment of CCS.




Robert Sussman presented on proposals that could assist CCS. Until legislation in the
USA is put in place clarifying the status of CCS there will remain uncertainty about the
drivers and incentives amongst plant developers with it currently not in their economic
interest to deploy CCS plants. One recently proposed climate change bill in the USA was
the Lieberman-Warner Climate Security Act (S.2191) which could achieve emission
reductions below 2005 levels of 17-19% by 2020, and 57-63% by 2050. It is a cap and
trade program where sources that fall within the terms of the Act must hold allowances
equal to their emissions. A key point is that US $16 billion from auction revenues in the
current Lieberman-Warner Bill would be made available for CCS projects. However, in
the long term, cap and trade this is not enough to finance the wide scale deployment of
CCS; additional incentives would be needed. One alternative approach that examined
emissions trading could be linked to a performance standard requiring CCS for new
plants plus a subsidy to close the cost gap from the revenues of auctioning allowances.
The Bill was rejected but likely to be resubmitted at a later date.

Paul Zakkour presented on Financing CO, Infrastructure examining financial aspects of
building CO, pipeline networks including backbone systems. His key messages were
that:

* Integrated backbone pipeline networks may be most efficient long-term option but
will need "guaranteed™” capacity utilisation in order to be economically viable.
Point-to-point pipelines on the other hand will be funded on a project-by-
project basis by individual developers because of certainty over capacity
utilisation.

*Public policy such as Government incentives, and loan guarantees will be needed
to encourage development of optimised networks. In particular, Government
support in first years when capacity is ramping up will be important for
commercial viability

CO;, pipeline projects, if they can be reduced in terms of carbon price risks, will become
the same in terms of risks as any other oil & gas pipeline project. However, currently
banks and financial institutions view such projects as having greater regulatory and
market (carbon price) risks than oil and gas pipeline projects.

The audience asked several questions concerning the Trust Fund option, the Lieberman-
Warner Bill that was being put forward and the political feasibility of the proposals. The
panel responded that leadership has to come from countries that can implement CCS. The
sooner CCS can be deployed and come down the learning curve it is likely the costs will
come down as did with other technologies such as SO, control and NOx control.

Tom Kerr from the International Energy Agency (IEA) discussed the recently launched
CCS International Regulatory Network on 13-14 May, 2008 and outlined what the IEA
was doing in other areas of CCS including high-level recommendations for consideration
at the G8 summit in Tokyo in June 2008.



Day Two Sessions and Discussion

Session four began with Preston Chiaro from Rio Tinto Energy present on the Hydrogen
Energy Abu Dhabi project and Carson project. He explained that the Hydrogen Energy
Company is jointly owned by BP and Rio Tinto and was established to supply low carbon
hydrogen fuel to the power sector by using fossil fuels and carbon capture and storage.
The Abu Dhabi project could be operational by 2012 and will sequester 1.7Mt CO, with
EOR as the main economic driver. The Carson project has actually been relocated to
Bakersfield in California. Both projects aim to generate hydrogen for power and other
uses and to use the CO, for EOR.

Anthony Tarr, the CEO from the Zerogen project in Australia, stated that with their
ratification of the Kyoto Protocol, the Australian government also created a large clean
coal technology fund. He went on to describe the Zerogen project in Queensland that
will use IGCC and CCS with aims to complete the feasibility study in 2009 and have an
82MW plant operational by 2012 and a 400MW plant operational by 2017. The storage
component will be in a saline aquifer with a goal of 75% - 90% CO, capture.

Bruce Braine from American Electric Power (AEP) discussed their activities on CCS
including a project in New Haven, West Virginia which will be the first CCS
demonstration plant for AEP using chilled ammonia for CO, capture. AEP sees
technology development and deployment as a critical issue. AEP is focusing on IGCC
and ultra supercritical (USC) technologies with AEP first to announce two 600MW IGCC
commercial scale plants. A new generation plant using ultra supercritical steam
conditions is being built in Arkansas for the first time in the USA with a temperature
above 1100F. AEP is looking at all capture techniques.

Gary Loop from Dakota Gas discussed the Dakota Gasification plant that his company
operates and which supplies CO, to the Weyburn CO,EOR project. These projects
combine to form the largest capture and storage project in the world. 14 gasifiers operate
to produce synthetic natural gas (SNG) or methane capturing 4.5 million tonnes of CO,
and deliver 3 million tonnes of CO, per year for EOR operations in the Northern USA
and Canada. To date, in Weyburn, Saskatchewan 13 million tonnes have been injected.
The capture process costs in US$8 per tonne of CO, (capital US$4, O&M US$4). To
provide incentives for CCS a tax credit of $15/ton CO, can stimulate sites to prove
evolving technologies. A 30% investment tax credit for demonstration plant can stimulate
sites as well.

Several questions were asked about the use of EOR. EOR can improve the amount of oil
that can be recovered and with oil at $130 barrel it makes EOR even more economically
viable. EOR has positive revenue but other options need US$20-30. Preston Chiaro
pointed out these projects are long term investments and no one knows whether the price
of oil will remain high. In addition, if CCS takes off then there will be a lot of CO, and
thus high demand and a high CO, price may not be sustained for a long period.
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Session five was a panel discussion on insurance and liability concerning CCS projects.
The panel was moderated by Arthur Lee, Principal Advisor, Environment and Climate
Change, Chevron Corporation. A presentation on risk and liability was given by Chiara
Trabucchi a Principal at Industrial Economics. The Panel also included: Lindene Patton,
Chief Climate Product Officer, Zurich Financial Services, Rick Hawkinberry, Senior
Vice President, Willis Environmental Practice and Adrienne Atwell, Senior Vice
President, Swiss Reinsurance America Corporation. Several questions were addressed in
the session and they were:

What are the risks? What risks are insurable?

Adrienne Atwell discussed this from a life cycle viewpoint starting at the site selection
then went on to the different phases such as operation, contamination by leakage, local
environment damage and raised the link between surface leakage and removal of carbon
credits and who is liable to make up any shortfall from a loss of containment. At the
other end of the life-cycle is the post-closure phase and the risk of quantification or how
much has been stored and who is liable in the long term. All the risks are insurable up to
the post closure stage. Rick Hawkinberry added that there are several types of existing
insurance to cover many aspects of the life cycle. However, the post-closure phase is the
complicated issue as there is little actuarial data available currently to assess this risk.
Adrienne Atwell said that the insurance industry needs to understand what you are
insuring and what the risks are to be able to determine what is then insurable?

What does the insurance industry need in order to formulate insurance products for
CCS projects?

Lindene Patton said that companies need to determine what business model is in play and
whether it will be the utilities responsible for most of the project or whether parts will be
sub contracted. The business model determines who bears the risk and what sort of risk
is being structured. So every time a new party is inserted there is further contractual risk.
It is insurable, but there are public policy decisions that will decide on how this will be
managed. In terms of the Lieberman-Warner bill the insurance sector will send a price
signals when the final structure is in place. The question to address is how to get projects
off the ground and once completed what happens with the future liability?

What kind of policy environment is needed to develop these insurance products?

There is currently a lack of regulatory framework in the USA and this will influence the
development and design of insurance products. Because of a lack of actuarial data, this
type of insurance for CCS technology is specialty coverage. This could in the USA create
anti-trust issues as there may only be a limited number of insurance companies willing to
cover the risk. There is also the issue that company will not provide insurance, is it worth
proceeding? A further issue is that if the Government meets any long term liability issues
price it would send the wrong investment signals to companies investing in CCS as there
would be no risk to them. The Panel pointed out this is the wrong message to send to
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companies as it creates a false sense of security and courts may overturn this at a future
date.

The final session of the day covered investment in CCS. Ross Willims, Chairman of the
Australian Coal Association Low Emissions Technology Ltd (ACALET) spoke about the
CCS activities that the Australian Coal Association undertakes in Australia. This work
programme is called the Coal21 action plan with support from a voluntary fund provide
from a levy on Australian coal production. It is estimated that the levy will over 10 years
raise around A$1 billion.

There are several projects being supported by the fund involving oxy-fuel research, IGCC
Zerogen, PCC-CSIRO post combustion capture project and the Otway project by
CO2CRC as well as regional storage assessments in Queensland and New South Wales.
There are several key elements for success that include a robust political framework with
support, effective collaboration, clear goal to aim for a commercial plant, financial
incentives including emissions trading and supporting regulation. In Australia CCS is
moving forward on clean coal technologies but it is just the beginning and decades of
work will be needed.

Mark Taylor from New Energy Finance started by highlighting that there are 65 CCS
projects announced worldwide with total costs exceeding $42 billion and they could, by
2016, cumulatively inject around 67 MtCO,/yr. This figure represents a 0.25% reduction
in annual CO, emissions from global fossil fuel usage.

Due to the need to build investor confidence, the first commercial scale plant is likely to
be the catalyst to get several built. One commercial scale project would determine the
actual cost for a project, contribute to public acceptance, help refine regulatory
definitions, help prove technical feasibility and lastly contribute to investor confidence.

Andrew Paterson from Econergy said to finance large scale projects will need more than
the carbon market and that the bond market is needed to make progress. In the USA,
15GW of coal plant is under construction, none of which include CCS. There are several
challenges still to overcome for CCS in the USA and they are:
1. Retail electricity competition and merchant power mostly failed in the USA,
with major bankruptcies and many states remain committed to rate regulation.
2. Consumers do not buy electricity based on price, anyway; it is an essential
good — and many utilities mask the signals.
3. New electricity supply is heavily constrained due to natural resource limits
(wind, sunlight) and regulations no matter the option.
4. Energy efficiency and demand side management can help, but are not sufficient
with growth and cannot replace a lot of “old coal” units.
5. USA regional differences in electricity fuel mix, prices, and access to
renewable resources are severe.
6. “Urgent” cap and trade (2012, 2020) in the EU is a mixed bag: emissions are
not lower, and other measures (feed-in tariffs, regulations, direct subsidies,
local tax policy) are in the mix.
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7. Because of a huge USA budget deficit and national debt, federal fiscal options
are limited and need risk-based incentives.

The key financial market for CCS is the bond market in the USA which is around US$30
trillion and which annually issues US$6-7 trillion in new bonds of which US$80-100
billion is for power providers. With dependence in the USA on coal-based electricity
(50% of supply), CCS is vital to reducing carbon emissions. It is also clear that CCS is
not economic and subsidies will be needed for the first plants. Finally, financing is the
key and ultimately without financing there will be no CCS deployment.

A question was asked on what length of time would there needed for bond markets to
fund CCS projects? Andrew Paterson responded that it will depend on how much it will
cost the consumers. A longer term cap up to 2040 would engage the bond market but also
have a very long term pathway.
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Conclusions

Preston Chiaro the Chairman thanked the speakers and the World Coal Institute, IEA
CCC and IEA GHG for organizing the meeting and Chevron for sponsoring. He said it
was interesting to see how the discussion had matured since the meeting in London last
year. It is important to recognize that there has been progress, but a lot is still needed to
establish CCS projects built in terms of regulations, insurance and practical experience in
stakeholders operating CCS plants.

It is also important to note that while there has been considerable work and interest in
CCS. There are also a lot of players ready to move forward but there is a need for
urgency and direction from Governments. Policy and regulatory regimes are still
uncertain and CCS is largely unknown to policy analysts, planners, politicians, the
general public and this is something that will need to be addressed. In particular,
Governments will need to provide financial support for the first CCS projects.

In order to move forward Governments will also need to have robust CCS policies that
provide certainty to investors and allow for the deployment of CCS projects. We need to
keep our options open and not to select a winner as we do not know what will be the final
answer.
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28t May 2008 Day 1

08.30 Registration opens

Session 1:The Worldwide Status of CCS: Chair Preston Chiaro, Chief Executive Energy and Minerals,
Rio Tinto Energy and Chairman, World Coal Institute

09.00 to 09.15 Welcome by Barbara McKee, Director, Office of Clean Energy Collaboration, US DOE

09.15 to 09.35 Opening Address: The Status of CCS Internationally and Issues surrounding CCS Projects:
Kelly Thambimuthu, Chairman of IEA GHG R&D Programme

09.35 to 09.55 WRI Perspectives on CCS: Jonathan Pershing, World Resource Institute

09.55 t0 10.10 Question and Answer: Chaired by Preston Chiaro

10.10 to 10.30 Break

Session 2:National and Regional Initiatives: Chair Barbara McKee, Director of Clean Energy, US DOE
Questions to address: What is driving National Governments with CCS? Are there lessons to apply from Europe to North
America and vice versa

10.30 to 10.50 The Role, Status and Financing of CCS as a Mitigation Option in the United States: Tom Wilson, Senior
Technical Leader, Electric Power Research Institute

10.50 to 11.10 Canadian Perspective on Financing CCS: Eric Beynon, ICO2N Group

11.10to 11.30 The IOGCC Guidelines on Permitting CCS: Lawrence Bengal, IOGCC

11.30to 11.50 CCS Projects in Europe and the Issue of Finance: Kai Tullius, Project Officer, European Commission
11.50 to 12.30 Panel Discussion by Speakers: Chaired by Barbara McKee

12.30 to 14.00 Lunch Sponsored by Chevron

Session 3: Financial Industry and CCS: Chair Milton Catelin, Chief Executive, World Coal Institute
Questions to Address: What financial options are available for CCS projects? Have any banks provided finance for CCS
projects?

14.00 to 14.20 How Investors Look at CCS: Marc Levinson, JP Morgan Chase

14.20 to 14.40 Will Future Carbon Prices Make CCS a Viable Mitigation Option, and what are the Key Factors Going into
Answering this Question?: Mark Trexler, Director, Ecosecurities Global Consulting Services.

14.40 to 15.00 A Trust Fund Approach for Accelerating the Demonstration and Adoption of CCS: Edward Rubin, Director,
Center for Energy and Environmental Studies, Carnegie Mellon

15.00 to 15.20 Break

15.20 to 15.40 Treatment of CCS in emissions trading schemes - methodological issues Robert Sussman, Senior Fellow,
Centre for American Progress

15.40 to 16.00 Financing COz Infrastructure: Paul Zakkour, Principal Consultant, ERM
16.00 to 17.20 Panel Discussion: Chair Milton Catelin

17.20to 17.30 CCS Regulatory Issues: Tom Kerr, IEA

Close Day 1
18.30 Reception and Dinner in the Gramercy Park room of the New Yorker Sponsored by WCI



29t May 2007 Day 2

Session 4: Project Developers and CCS: Chair John Topper, Managing Director, EPL
Questions to address: What Financial Incentives do Project Developers Need to Accelerate CCS projects? How is the US
Developing CCS Projects? What Lessons have been Learnt from CCS project Developing thus far?

08.30 to 08.50 Abu Dhabi and Carson and the Commercial Aspects of Making it Work and What is Needed from
Governments: Preston Chiaro, Chief Executive Energy and Minerals, Rio Tinto Energy and Chairman, WCI

08.50 t0 09.10 Challenges for Early Movers - The ZeroGen Experience: Anthony Tarr, CEO, ZeroGen
09.10t0 09.30 AEP and CCS: Bruce Braine, AEP
09.30 to 09.50 Ongoing CO2 Capital and Transport Costs: Gary Loop, Senior VP and Chief Operating Officer, Dakota Gas

09.50 to 10.20 Panel discussion by Speakers: Chair John Topper

10.20 to 10.40 Break

Session 5: Insurance and Liability Related to CCS Projects: Chair Arthur Lee, Principal Advisor, Chevron
Questions to address: Can the insurance industry provide risk options for CCS? What frameworks are currently being used
to address liability risks?

10.40 to 10.55 Risk and Liability Overview: Terminology, CCS Uncertainty in Different Parts of the CCS Lifecycle, and Past
Industry Experience. Chiara Trabucchi, Principal, Industrial Economics

10.55 to 11.10 Introduction of Panel:
Lindene Patton, Chief Climate Product Officer, Zurich Financial Services
Rick Hawkinberry, Senior Vice President, Willis Environmental Practice
Adrienne Atwell, Senior Vice President, Swiss Reinsurance America Corporation
Chiara Trabucchi, Principal, Industrial Economics

11.10 to 12.30 Panel Discussion of Speakers: Chair Arthur Lee

12.30 to 14.00 Lunch Sponsored by Chevron

Session 6: Investment in CCS: Chair John Gale, General Manager, IEA GHG
Questions to address: What are green investors looking for and how does that fit with CCS?

14.00 to 14.20 Coal Technology Investment Developments and Issues Concerning CCS in Australia Ross Willims,
Chairman, Australian Coal Association Low Emissions Technologies Ltd (ACALET)

14.20 to 14.40 The Carbon Principles Initiative, and Raising Capital for Large Energy Projects and How this Relates to
CCS: Eric Fornell, JP Morgan Chase

14.40 to 15.00 Investment in CCS: Mark Taylor, Associate, New Energy Finance

15.00 to 15.20 Break
15.20 to 16.15 Panel Discussion: Chair John Gale

16.15 to 16.30 Wrap up: Preston Chiaro

Close
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The Interna

The IEA is an autonomous agency linked with the Organization for
Economic Cooperation and Development (OECD).

IEA Obijectives:

— Maintain and improve systems for coping with oil supply disruptions;

— Promote rational energy policies in a global context;

— Operate a permanent information system on the international oil market;
— Improve the world's energy supply and demand structure;

— Assist in the integration of environmental and energy policies.

The IEA has 26 Member Countries.

The work of the IEA is implemented through Standing Groups,
Committees and Working Parties composed of member delegates.

Working Party on Fossil Fuels advises IEA on fossil energy related
trends and carries out collaborative activities.
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Fossil energy

Projected Fossil Energy Consumption (1990-2030)
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CCS: transfor L

Creating the new
technology standard.
Fitting together the
the business puzzle.

A\l Executing innovative
financing strategies.
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The status of CCS and issues
surrounding CCS projects

Kelly Thambimuthu
Chairman
IEA Greenhouse Gas R&D Programme

Financing CCS - May 28t 2008

www.ieagreen.org.uk



Overview

IEA Greenhouse Gas R&D Program

Energy Demand and Global Warming

Fossil Fuel Consumption and Carbon Lock-in
CCS, its Role and Technology Status

CCS Policy and Regulation

Current and Future CCS Projects

Next Steps in Financing CCS

www.ieagreen.org.uk



IEA Greenhouse Gas R&D Programme

A collaborative research programme involving governments, industry
and other bodies founded in 1991

Aim is to:
Provide members with information on the role that technology can
play in reducing greenhouse gas emissions.

Funding approximately $2.5 million/yeatr.

Activities:- technical studies (>100), international research networks ,
facilitating and focussing R&D and demonstration activities
Producing information that is:

* Obijective, trustworthy, independent

* Policy relevant but NOT policy prescriptive

* Reviewed by external Expert Reviewers

* Subject to review of policy implications by members

www.ieagreen.org.uk



ORGANIZATION OF THE
PETROLEUM EXPORTING COUNTRIES
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WEOQO 2007 Reference Scenario:
World Primary Energy Demand

18 = Other renewables
16 B Bjomass
® Hydro
147 m Nuclear
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= Coal

billion tonnes of oil equivalent
| N
o

1980 1990 2000 2010 2020 2030

Global demand grows by more than half over the next quarter of a century, with
coal use rising most in absolute terms

www.ieagreen.org.uk
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WEO 2006 Reference Scenario: CO2 emissions
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Half of the projected increase in emissions comes from new power stations,
mainly using coal & mainly located in China & India
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How much energy is left in the world?

Coal|:I Oil u Gas. Uranium*|:I

Russian
Federation
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North America _ China
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= ||\

e At Other 1 o
; Asia/Pacific
South America Australia/New
Zealand

Sources: BP Statistical Review 2005; WEC Survey of Energy Resources 2001; Reasonably Assured Sources plus inferred resources to US$80/kg U 1/1/03 from OECD NEA & IAEA
Uranium 2003; Resources, Production & Demand updated 2005; *energy equivalence of uranium assumed to be ~20,000 times that of coal
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Predlcted Future Global Warming

Characteristics of stabilization scenarios

Stabilization | Global mean Vear GO Jyear 92 | Reduction in 2050
S5 temp. L SaSE needs to éak back at 2000 Ao ElmliEEHee
(ppm CO,-eq) | atequilibrium P | compared to 2000
(oc) evel
490 — 535 2.4-2.8 2000 - 2020 2000- 2040 -60 to -30
535 -590 2.8-3.2 2010 - 2030 2020- 2060 -30 to +5
590 - 710 3.2-4.0 2020 - 2060 2050- 2100 +10 to +60
710 — 855 40-49 2050 - 2080 +25 to +85
855 - 1130 49-6.1 2060 - 2090 +90 to +140

# Mitigation efforts over the next 2-3 decades will have a large impact on

opportunities to achieve lower stabilization levels
Source: IPCC 2007
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Carbon Lock-in - New and replacement fossil fueled
power plants 2003-2030
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World Energy Outlook 2007 summary

* Global energy system is on an increasingly unsustainable
path

« China and India are transforming the global energy
system by their sheer size

« Challenge for all countries is to achieve transition to a
more secure, lower carbon energy system

* New policies now under consideration could make a
major contribution

Next 10 years are critical
* The pace of capacity additions will be most rapid
« Technology will be “locked-in” for decades
« Growing tightness in oil & gas markets

www.ieagreen.org.uk



CCS technology components

(eg. pcfwe‘_ lplant)
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aturity of CCS technology
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Anticipated Cost of Full-Scale Application

ed USCPC Plants
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Role of CCS in climate change mitigation

IPCC Special Report (2005) — CCS contributing between
15-55% of CO2 mitigation to 2100 and reduces mitigation
costs by >30%

IEA Technology Perspectives (2006) — CCS 20-28% of
mitigation to 2050. Second only to energy efficiency.

Stern Report (2006) — CCS ~10% mitigation by 2025,
~20% by 2050. Marginal mitigation costs without CCS
Increase by ~60%.

EC (2008) — Cost of meeting climate change commitments
to 2030 will be 40% higher if CCS is not included.

www.ieagreen.org.uk



International Policy Developments

International acceptance of CCS was seen as a major
barrier to CCS deployment 2 years ago

Situation has changed significantly in the last year

Main International Environmental Treaty is the Kyoto
Protocol

« CCS accepted as a mitigation option in 2007

Key International Marine Treaties, London
Convention/OSPAR adopted amendments to allow CCS in
sub sea geological structures

EU Emissions Trading Scheme permits CCS with full
acceptance planned from 2013

www.ieagreen.org.uk



Development of CCS regulations

USA — Existing Underground Injection Control programme for ground water
protection adapted for pilot projects

* Interstate Oil and Gas Compact Commission has developed
recommendations for regulations for CO2 storage at a State Level

« USEPA are developing Federal level regulations for CO2 storage
Australia
* Adapting Federal oil and gas laws, draft regulations for comment

- State of Victoria has a consultation document for CCS, considering
regulations

* Queensland considering regulations
Canada

« Canada — acid gas injection and CO2-EOR already permitted in states like
Alberta

* Federal Task Force developing CCS regulations
Japan
* Adapted marine laws but has no oil and gas laws to adopt for CCS

Most existing laws cover; permitting, construction, operational and
abandonment phases but NOT post closure

www.ieagreen.org.uk
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Size matters!

Cumulative globally sequestered CO, > -

Cumulative global need to sequester CO, =
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v

IEA WEQO 2007 Reference Scenario:
Cumulative Investment, 2006-2030

Electricity
Qil 53%
24%

$5.4 trillion $11.6 trillion

Biofuels
1%

$4.2 trillion <

Gas
19% Coal

3%

Total investment = $21.9 trillion (in $2006)

www.ieagreen.org.uk



CCS Commercialization

Too few large scale demonstrations to accelerate deployment of
CCS technologies

This approach could result in risk of project failure

High profile failures concerning CCS projects will result in a
reluctance to invest in the deployment of CCS technologies

We need a path forward to rapid commercialisation of CCS

www.ieagreen.org.uk



Thank You!

Kelly Thambimuthu
IEA Greenhouse Gas R&D Programme

Financing CCS - May 28t 2008

www.ieagreen.org.uk



* Reconfigured FutureGen
* Hydrogen Energy — DF2
« USDOE Regional Carbon Sequestration Partnerships
* 7 pilot to demonstration scale CCS projects
» Storing between 1Mt and 5Mt of CO2
« 21.9Mt stored total of CO2
» Up to 5Mt CO2 stored/year total

www.ieagreen.org.uk
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Recent Project Developments in EU.......

« UK
« CCS demo - full scale, coal, post-combustion, offshore storage
« Germany
« Ketzin - injection
* RWE planning a 450 MWe coal fired IGCC project with on-shore
storage
« Vattenfall have built a 30 MW CO2 capture pilot plant
» Plans to build a 300MW demonstration project in Germany
 EON and Siemens — CO2 capture pilot plant
* France
» Lacq Project. Total. 2008. Oxyfuel. 150kt - CO2 aquifer. 27km
pipeline
* Netherlands
« CO2 injection into K12B field
* NUON _ IGCC CO2 capture

www.ieagreen.org.uk



THE CONTRIBUTION OF CCS

Expert Workshop on Financing Carbon Capture and Storage (CCS)
May 28, 2008
New Yorker Hotel New York

Jonathan Pershing

World Resources Institute

http:/ /www.wri.org

jpershing@wri.org




Conclusions First

Climate science Is robust: It indicates a need for
urgent and very large scale change

A portfolio of actions will be necessary: we do
not have the luxury of dismissing any promising
mitigation options

CCS will be part of the policy set: overcoming

challenges of cost, gaining public acceptabillity,
and scaling globally will be critical

Policy will be needed to meet these challenges
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Climate science Is robust
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The global energy system

Frimary Energy Production
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U.S. Carbon Dioxide Emissions

(Million Metric Tons)

Coal- Electric Total U.S.
~ueled Power CO2
Power Emissions
Plants
2005 1,944 2,375 5,945
2015 2,203 2,677 6,589
2030 2,927 3,338 7,950
¢§.
Source: USEIA, Reference Case, 2007 &5&’
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Projected future temperature
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Projections of Surface Temperature

Bi:2020-2029 B1: 2080-2099

A2: 2020-2029 FuE’ 'EIDE{J 20899

Ik R

LA

b -

ey |
DoE 115 225335 4 45335 6 B T 7.3

&

W R I

Source: IPCC, AR4, 2007



We are on the Al FI Path:
Temperature in 2080
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Drought Expectations

The Palmer Index is most effective in determining long term drought—a matter of several months
—and is not as good with short-term forecasts (a matter of weeks). It uses a 0 as normal, ag@&>
drought is shown in terms of minus numbers; for example, minus 2 is moderate drought, mi
3 is severe drought, and minus 4 is extreme drought.
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Change In Cereal Production

(2X CO2)
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Food RIots
—

est Bengal

The World Bank estimates world food prices have risen 80 percent over the last three
years and that at least thirty-three countries face social unrest as a result.

In recent weeks, food riots have erupted in Haiti, Niger, Senegal, Cameroon and
Burkina Faso; protests have flared in Morocco, Mauritania, Ivory Coast, Egypt,
Mexico and Yemen.
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Hunger, malaria, flooding (million people at risk)
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Risks from Global Warming

Miilioﬁs at‘ risk in |20865 |

G

& coasta

-+ 2500
~ 2000
+ 1500 £

-~ 1000

- 3500

+ 3000

llion people at risk)

Water shortage

(4]
(=]
o

3.0°C
Global temperature increase above pre-industrial (°C)

Source: Parry (2001), and IPCC WG 2, April 2007

Water shortages harm up to
250 million in Africa by 2020
Certain agriculture yields in
Africa may fall 50% by 2050
Decreased availability of fresh
water in Asia might effect more
than a billion people by 2050.
Some areas of Europe are
projected to lose up to 60% of
their species by 2080.

The Americas will see reduced
snowpacks, leading to water
supply problems by 2020




Targets: The IPCC

CO2-equivalent Change in
Concentration Global global CO2
CO2 at Stabilization | Year in which average emissions in
Concentration (includes global temperature 2050
at Stabilisation aerosols; emissions above pre- (% of 2000
(2005=379 ppm) | 2005=375 ppm) peak equilibrium emissions)
350 — 400 445 - 490 |2000-2015 | 2-2.4°C -85 to -50
440 — 485 535-590 |2010-2030 |2.8-3.2°C -30 to +5
570 — 660 710-855 |2050—-2080 | 4-4.9°C +25 to +85
Scenario category Region 2020 2050
A-450ppm CO,-eqp Annex | -25% to -40% -80% to -95%
Non-Annex | Substantial deviation from baseline in Substantial deviation from baseline in all
Latin America, Middle East, East Asia and regions
Centrally-Planned Asia
B-550ppm C0,-eq Annex | -10% to -30% -40% to -90% g
Non-Annex | Deviation from baseline in Latin America and | Deviation from baseline in most regions, »
Middle East, East Asia especially in Latin America and Middle East (

Source: IPCCAR4 g



A portfolio of actions will be necessary
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Technology Opportunities

)
;i
>

14 -

wh  wh
o N
1 1

Fossil fuel emissions (GtCly
N A OO

o

2010 2020 2030 2040 2050 2060
Year

:

Stabilization

triangle

Continued
fossil fuel emissions

Fossil fuel emissions (GtC/y)

2000 2010 2020 2030 2040 2050 2060
Year

Actions that

Today’s Provide
Technology 1 Gigaton/year of
Mitigation
Replacel,000
conventional 500-
Coal Plants MW plants with
“zero-emission”
power plants
Geologic Install 3,500
: Sleipners, at 1 Mt of
Sequestration
CO, per year
Build 500 1 GW
Nuclear
plants
Deploy 1 billion cars
Efficiency at 40 mpg instead of
20 mpg
Wind Install 750 x current

Source: Pacala and Socolow, Science, 2004




Filling the Wedges

Emm ssions (GtC-eq)

Emissions (GtC-eq |

Emissions (GtC-eq)

0 rrrrrrrrrrrrrrrrrrrrrrrrTd 0 rrrrrrrrrrrrrerrrrrrerrerrel U rrrrrrrrerrrrrrrrrrrrererred
SEENHENIE SRR S S SRR O S S S
B Sinks Bl Other Il ccs Il Nuclear, renewable
[[] Non-CO2 [ Fuel switch [l Biofuels [] Efficiency

Source: van Vuuren, den Elzen, Lucas, et al. 2006
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Cost of abatement

EU and US Abatement Curves

Industrial

2030

Coal-to-Avoid

gas shiféleforestation

EUR/CO,e feedstock substitut] oy Slulose o 7 CCS; Asia
Livestock/sqi orestaipn ethanol coal \
40 ¢ 8%,53 EOR; | wind; AT\ aste \ .
New co low
30 Stand-by lossg@s Forest:-'\KO t
2t Nucledlr T
10} |
0 1 L L Al L 1 1\ Al L L L L L J
-10¢ |4 |2 6 7 8 9|10 11 12 13114 15 16 17 18\19 20 21 |22 p3 24 24 2
220 F . .
20 Sugarcane  Industrial Avoided
biofuel non-C(@p-firing ateforestation | g8
-40 | biomas&e" coal  America
50 b Fuel efficient vehicles ) Abatement
oyl Industrial motor GtCO,
70 Water heating systems elyear
-80 | \ . L U.S. MODERATE-ACTION ABATEMENT CURVE - 2030 [ Marginal
90 | Air Conditioning costs <§50iton
— Lighting systems
-100t -\ - Shon coe atersstten E;EESEG‘ B
-110 ¢ Fuel efficient ~27 Gton CO2e below 40 EUR/ton (-46% vs. " At o ont
[ y  efficiency
2120 comm BAU) e y . Cclency  effcienc
i . E ¥ rocess 0al mining — o v t
130 t -\ ercial ~7 Gton of negative and zero cost ) e Tl e e sotar o3
- o0 trucks ments e
-140 | vehicl opportunities Resdenal SS— e e
Insulatiores slectronics buildings — Residential | fgnoc ™™ Loee
-150 | X t 2 Recidonta i:ggg\rq;ﬂ :s;zm Cantrol build
160 U improvemen Resgents nesta syatems
S Lighting
0 miz I
0.2 0. o 1.4 16 1.8 20 22 24 26 28 30 32
iJJ’U_Lr Polential
Onshere wind - Gigatonsfyear
20 Low penetration Onshore wind - ‘jgiﬁi:.‘réw
Industry — High penetration | CC3 |
e oo s | 25T
=0 power - Cofiring protocces
o casngponsr | Maacium s car
-90 Residential o son new builds with EOR zaton
buildings - efficiency Qnshore wind — Medium
New shel improvements penetraton Coal-to-gas
. glgrg;g;riﬂl improvements a\?;:mmn Yot :Er‘:tfwsmg
- Commercial cover crops
. = buildings - Coal power plants -
Source: McKinsey, 2007 ol R
buildings - Commercial
LED lighting buildings - " Afforestation of .
fueiteonomy ! A peroum  PaSIeIand et
Packages - Cars anagement el
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A successful global CCS regime requires
overcoming challenges:

e Cost
e Scale
» Public acceptability

2R
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Estimated Costs of Electricity

($/MWh)
EPRI | MIT | S&P R“t;'l” el
Pulverized Coal - 47 - -
w/o Capture
Pulverized Coal - o 190 -
w Capture
(Eiele e 45 51 67 55.5
Capture
IGCC w Capture 65.4 65 102 5O*-79**

* Assuming EOR storage

**Assuming saline aquifer storage

&
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Estimated Costs of CO, Avoided

($/ton CO,)

EPRI | MIT S&P R”tzl” el
Pulverized Coal 39.3 A7 80 29%-61**
|IGCC 45 51 41-46 5* — 32**
NGCC 65.4 65 86 AA*-[2**

* Assuming EOR storage

**Assuming saline aquifer storage

L
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Suitable CCS sites are global...

B - = 2100

- GtCO: ‘ : _ 300 e GtCO: 0.5
: A GtCOo GtCO
4000 * Gtco: 400 \2
GtCO: GtCO; i
GtCO
400 2
GtCO:
300
GtCO 400
f GtCO:
700
GtCO:

Source: Jim Dooley, PNNL, Univ Maryland
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...with large storage potential

Source: PNNL, GTSP



CO2-EOR Projects Sequestering
U.S. Anthropogenic CO2

State/ Province Plant Type EOR Fields Operator
. Sharon Ridge, Sacroc, ExxonMobil,
Texas Gas Processing 75 1.4 _
Others KinderMorgan
Colorado Gas Processing 60 1.2 Rangely Chevron
. Fatrick Draw, Lost Solider,
Wyoming Gas Processing 180 3.5 Anadarko
Wertz, Others
Michigan Gas Processing 16 0.3 Dover Core Energy
. Purdy;,
Oklahoma Fertilizer 35 0.6 Anadarko, Chaparral
Sho-Vel-Tum
North Dakota Coal Gasification 145 2.8 Weyburn (Canada) EnCana, Apache
TOTAL 510 9.8

Source: Pew Climate Center, 2007




Public acceptability
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WRI Guidelines

Inform emerging regulatory and best
practice development

Transparent forum, diverse stakeholders

Build consensus on key issues and develop
a comprehensive set of CCS guidelines

Provide context and rationale behind each
recommendation

Public acceptability

Web site: http://wiki.wri.org/ccs/ Q%}
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WRI CCS Guiding Principles

Protect human health and safety

2. Protect ecosystems

. Protect underground sources of drinking
water and other natural resources

4. Ensure market confidence in emissions
reductions through proper GHG accounting

5. Facilitate cost-effective, timely deployment




Public Acceptance: Capture,
Transport

o Capture: Existing power plant regulation
likely adequate; may require additional
oversight (and monitoring) for inclusion on
trading regimes

o Transport: existing pipeline regulation

— Issues: eminent domain, classification of
CO2, ownership

R0
KRR
> /%
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Public Acceptance: Storage

e Leakage

— Issues: Groundwater contamination; induced
seismicity; catastrophic or slow release; property
damage

— Manageable through careful siting, long term
monitoring program

e Long term liability

— During operations and closure phase and over longer
term (>30-50 years)

— Likely to require government assumption of liability
(and therefore considerable confidence in robustness

of reservolr ot
) S
0/«
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Policy will be needed to meet these
challenges
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CCS Support Programs

United States

 DOE (Regional Partnerships, R&D, Futuregen, CSLF)
« EPACT (Tax Guarantees)

« State Incentives (e.g. NY, lllinois, Wyoming)
 Federal Legislation

Europe

EU Directive on CCS

* Consideration of inclusion of CCS in the EU- ETS

- Incentives by member states

China

 R&D platforms:

« CSLF

UK China near Zero Emissions Coal Project
» Greengen Project

« Shenhua CTL plant \’f{{%
B
K
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Congressional Action

Comparison of Legislative Climate Change Targets

14000 [ :
in the 110%™ Congress, 1990-2050
December 7, 2007
12000 [
R | Bingaman-specter  —
- usiness as usua . ith pri
3 10000 mizetpses I
o through 2030
ﬂ « potential eductions
— f lem
& 8000 ol Frcl:-‘rindnéﬂsmp entary
: 3 R, « conditionaltanget - -
b= - Historical emissions i, i |
% 6000 ‘N\,\ e Lieberman-McCain
= e 0 T Oilver-Gilchrest —_—
Eﬂ" 4000 | Lieberman-Warmer =
E ntial reductions
rom complementarny
policies
2000 Kermy-Snowe
Sanders-Boxer, e
D||||||||||||||||||||||||||||||||||||||||||||||||IIIIIIIIIIIIIWEKman
1990 2000 2010 2020 2030 2040 2050

8 worLD RESOURCES INSTITUTE

ra full discussjon of underlyi thodology, ions and reference
please see IErrt i'ljmhv.wr':ll.-:-r mgcﬂ#lateta ﬂﬁ?ﬂtﬁ nait enn:lr-:nrse any_sf
of these bills TR ananysis 15 MEn ofary and accurately compare explicit
carban caps in Congressional cdimate proposals. Data post-2030 may be derived
from extrapolation of EIA projections.
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Lieberman Warner Bill: Allocations
(As reported out from Senate EPW Jan 23, 2008)

Note: Dashed color: direct allowances: Solid colors: Auction revenues

100.0%
Transportation Technology
(vehicles and fuels)
90.0%
) Renewable and Low-Carbon
80.0% Power Generation
70.0%
) Advanced Coal Technology
Rl Worker Training & "Green
60.0% N Collar" Jobs
International ——>
------
)
50.0% Carbon Capture and Storage Wildlife & Natural Resources
o
LW
40.0%
e
LY Consumers (auction)
30.0% - i TR % i i
Early Action % k 2 Consumers (via energy
" e distribution companies)
20.0%
W
N .
States and Tribes
10.0% 4 Regulated Industry w&;& :
Sinks & methane bonus
0.0% T T T T T T T T T T redUCtlons T T
2012 2017 2022 2027 2032 2037 2042 2047

Source: National Wildlife

Note: revised bill has ~1.75 percent  regeration
of allowances through 2030
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Conclusions Reprised

Climate science Is robust: It indicates a need for
urgent and very large scale change

A portfolio of actions will be necessary: we do
not have the luxury of dismissing any promising
mitigation options

CCS will be part of the policy set: overcoming

challenges of cost, gaining public acceptabillity,
and scaling globally will be critical

Policy will be needed to meet these challenges

2R
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Jonathan Pershing (jpershing@wri.org)

World Resources Institute

* http:/ /www.wri.org
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l The “Mountain of Death” for New Technology
Who is Going to Pay for Early Deployment?

1  Rese: - Development Demonstration Deployment Mature Technology
_ Advanced USCPC Plants .
5 1400°F co, 1150°F+
8 Capture g
=
Z 'USCPC Plants .
3 1150°F+ 1100°F
? . |
z IGCC Plants
©
1%
@)
O
e
o
*g < >
g Oxyfuel <1100°F 1050°F |
Z ) X SCPC Plants
CO, Storage

Time
Policy Trend in U.S.: Increasing recognition that we need explicit strategies for
funding research, development, demonstration and early deployment
=2l |

© 2007 Electric Power Research Institute, Inc. All rights reserved. 2



I Topics

* CCS Cost
* Financing CCS
— Lieberman-Warner
» CO, Price
* Incentives
 Demo Activities
* Concluding Thoughts

ELECTRIC POWER
RESEARCH INSTITUTE

=Pl
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I Part I

CCS Cost

We energies ‘:: ;!

ALSTOM

ELECTRIC POWER
RESEARCH INSTITUTE

=4

Pleasant Prairie Chilled Ammonia, Post-Combustion Capture Demo

Dedicated in February 2008; Late 2007 photo, courtesy of Alstom
=AU | research msmirore

© 2007 Electric Power Research Institute, Inc. All rights reserved. 4



Capital Cost Estimates in Press Announcements and
Submissions to PUCs in 2007-08—All costs are higher,

more than would be predicted from indices (e.g., CEPCI)
B

Owner Name/Location Net MW | Technology/ Estimate Reported Reported Notes/Status
Coal Date Capital $ Capital $/kW
Million

AEP/ Hempstead, 600 SCPC/PRB Dec. 2006 1680 2800 CPCN
Swepco AK issued
Southern Kemper 560 Air IGCC/ Dec. 2006 1800 3000 FEED in
Co. County, MS Lignite progress
Duke Cliffside, NC 800 SCPC/ Bit May 2007 2400 3000 Permitted
Duke Edwardsport, 630 IGCC/ Bit May 2008 2350 3730 Permitted

IN In Service
AEP Mountaineer, 630 IGCC/Bit June 2007 2230 3545 Permit in

A% Review
Tampa Polk County, 630 IGCC/Bit July 2007 1613 (all $7?) 2554/ Shelved;
Electric FL 2013 Serv 3185 now NGCC
Sunflower | Holcomb, KS 2x700 SCPC/PRB Sept. 2007 3600 2572 Permit

denied

Am. Muni. | Meigs County, 1000 SCPC/Bit & Jan. 2008 2900/3300 2900/3300
Power OH PRB
Tenaska Sweetwater 600 SCPC + Feb. 2008 3000 5000

County, TX CCS/PRB

© 2007 Electric Power Research Institute, Inc. All rights reserved.
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I Energy Technology Costs Are Highly Uncertain:
Are Today’s Costs a New “Plateau” or a “Bubble”?

“North American Power Construction Costs Rise 27% in 12 Months”
“Continuing Cost Pressures Likely to Bring Delays and Postponements”

20

Index
Value 130

100

Escalation hits chemical, energy very hard —
"almost double” cost estimates in last two years

m ] 1 ] 1 i i I
2000 2001 2002 2003 2004 2005 2006 2007

Source: IHS/CERA Press Release 2/14/08

© 2007 Electric Power Research Institute, Inc. All rights reserved. 6
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I With Current Technology CO, Capture Costly;
No Clear Winners in Current Designs

lllinois #6 Bituminous PRB ( Western Coal))
A A
BB No Capture ‘ ]
B Retrofit Capture * COE Includes $10/tonne for CO: Transportation and Sequestration
@ 120 TTE====3 "NewCapture 7] 7l « IGCC & CCS include 10% TPC contingency for first-of-kind

110 L--Installed Later |

100 —oeeeeeees l ----------------------- I ------------------------ I ....... D ........................

90 . P
80 e T ............................................................................................

[0 oo iritially e

S I --------------------------------------------------- l -----------------------

50 4 W] e
40

30-Yr levelized COE, $/MWh (constant 2006$

Supercritical PC GE Total Quench Ultrasupercritical PC Conoco Phillips IGCC

CI:E' ELECTRIC POWER
—
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. CCS Retrofit May Be Attractive for Some Plants ...
Cost of New PC w/ CCS versus Retrofit of Existing PC

(COE analysis, March 2008 Cost Estimates from G. Booras)

140

Analysis assumes:

o 120 * Retrofit MEA process in
= 2012
£ 100 —
= / - 35% retrofit cost
5 80 = PCCCS premium
‘3 / Existing PC
2 60 / Retrofit CCS | Replace capacity lost to
S 40 retrofit w/ new PC w/
g CCS
O 20
0 ‘ ‘ ‘ ‘
0 20 40 60 80 100
$/ton CO2
Plant New PC w/ CCS | Existing PC | Retrofit CCS
MW 425 600 425
$/kW 4000 0 940 * 1.35
Btu/kWh | 11,300 9,500 12,500

© 2007 Electric Power Research Institute, Inc. All rights reserved.
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CCS Cost Sensitivity Analyses (dashed lines)

140 PC CCS
120 -
et Existing PC
=
= 100 |
"; Retrofit CCS
—
x 80 - m——— |
LC) —— —-/' 0
© | e = 85% Retrofit Cost
L 60 1 — — Premium (RCP)
LIJ I =
© 40 — = 85% RCP/14,000
o HR
2
O 20 = No Energy
Replacement (e.g.,
0 ‘ ‘ ‘ ‘ IPP)
0 20 40 60 80 100
$/ton CO2

» COE is relatively insensitive to significant capital cost and heat rate retrofit

penalties

« Energy replacement cost is a significant fraction of retrofit cost. Some

companies may not consider this cost (e.g., IPP).

© 2007 Electric Power Research Institute, Inc. All rights reserved.
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l Retrofit Issues for Post-Combustion Capture
(e.g., for Existing Coal Plants)

« Space
— Where is there 6 acres near an operating 500 MW plant?
— Have areas near stack been used for FGD, SCR retrofit?
« Steam

— Where do you get half the steam currently used in the
low pressure turbine (e.g., for an amine regenerator)?

* Energy
— How do you make up the lost power?
* Cost

— SO, Scrubbers retrofits were 1.2-1.8x as expensive as
on new units

* Transport and Storage
— How do you transport the CO, offsite in populated areas

CPE] ELECTRIC POWER
—
RESEARCH INSTITUTE
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Part Il
Financing CCS

Project Financing Elements

|
|
|
|
/

(/ JStrong Offtake
- Profile

\

\
/
~

pua

» Higher cost??
 Reduced carbon
emissions

Source: Scully Capital

=PI | researcy msnmore
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Sources of Funding/Economic Incentives

Funding Commercial-scale Projects will Likely Require a
Combination of:

« Carbon price

» Carbon Tax/Allowance Proceeds
— Lieberman-Warner R&D and Bonus Allowances

« Utility funding

* Federal funding

 State Incentives

— E.g., Indiana — expedited processing, extra 3% rate of return on
equity, incentives for Indiana fuels for gasification, CWIP for
environmental investments

* Venture investment
» Risk Sharing Funds
EPR | s

© 2007 Electric Power Research Institute, Inc. All rights reserved. 12



I U.S. Climate Policy Proposals Focus on Cutting
Emissions Significantly Below Historic Levels

Million metric tons COze

Comparison of Legislative Climate Change Targets

14000 [ .
in the 110™ Congress, 1990-2050
| December 7, 2007
12000
Bingaman-Specter =
— Business as usual « range with price cap
10000 (projected only D
through 2030)
s potential reductions
— from complementary
8000 policies
* conditionaltarget ==
Historical emissions
6000 5 Lieberman-McCain
Olver-Gilchrest —
4000 [ ‘\\l Lieberman-Warner — ==
-~ potential reductions
™= from complementary
policies
2000 Kerry-Snowe
Sanders-Boxer, —_
0 L0 L L P gy Vexman
1990 2000 2010 2020 2030 2040 2050
@ WORLD RESOURCES INSTITUTE For a full discussion of underlying methodology, assumptions and references,

please see http://www.wri,ord/usclimatetargets. WRI does not endorse any
of these bills.This analysis is intended to fairly and accurately compare explicit
carbon caps in Congressional climate proposals and uses underlying data that
may differ from other analyses. Data post-2030 may be derived fror
extrapolation of EIA projections.
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l Elements of Lieberman-Warner Climate
Security Act of 2007

« Economy-wide Coverage — about 87% of 2005 emissions

— Downstream on coal (units > 5,000 tons/yr)

— Upstream on oil, gas, F-gases, N,O
» Cap-and-trade system

— 22.5% auction phasing to 69.5% by 2030

— Permits/auction revenues designated for a wide array of uses
* Permits to support CCS development and deployment

— CCS Technology Fund — 1% of permits auctioned (120 days after
enactment through 2022) to “kick-start” CCS

« Goal: Rapid deployment of 5-10 commercial scale electric
generation plants with CCS

— Bonus Allowance Account — 3-4% of permits 2015-2030, 1% of
permits from 2031-2050.

« Goal: Provide bonus permits to qualifying CCS plants —
maximum of 2 bonus permits annually, declining over time

CPE] ELECTRIC POWER
—
RESEARCH INSTITUTE
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And the Cost of Lieberman-Warner 2007 (L-W)
IS ....

450 ~& CRAI, banking
== MIT, 15% offsets, CCS subs
=dr=MIT, no offsets, CCS subs
=== M|T, 15% offsets, no CCS subs
=== MIT, no offsets, no CCS subs
=f=EPA, ADAGE core
=f==EPA, ADAGE low intl
=»=EPA, ADAGE constrained N&B
=@==EPA, ADAGE constrained N,B,CCS
=fr=EPA ADAGE constrained N,B,CCS,NG cartel
=&=EPA, ADAGE alt ref
=H==EPA, |IGEM core
=== EPA, IGEM unlim
=@=EPA, IGEM no offset
=@r=EPA, IGEM alt ref
. CATF
ACCEF, low
ACCF, high
=9=E|A, core
~@—EJA, high cost
=fe=E|A, lim alt
=@=EIA, no intl offsets
0 ==E|A, lim/no intl
' ! ' ' ! ' ' ! T ———
2010 2015 2020 2025 2030 2035 2040 2045 2050 2055

400

350+

300+

250

200+

$/ton CO%e

150+

100+

50+

For more information on L-W Cost Estimates, see
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I Reported and Guesstimated Technology Cost

Estimates for L-W Analyses

Overnight Capital Cost (2008%/kW)

5000
4500
4000
3500
3000
2500
2000
1500
1000
500
0

$kW

O EIA

m CATF

OACCF

Nuclear

O EPA
| MIT
@O CRA

Coal CCS

Caveats: Converted to 2008%
CATF=AEO2007, EPA/IPM= AEO2005, CRAI= updated AEO2007
Some costs decline rapidly over time, e.qg., CRAI Coal CCS to $3203/kW by 2050

© 2007 Electric Power Research Institute, Inc. All rights reserved.
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I Cumulative Capacity Additions of Coal CCS, Nuclear
and Renewables ... includes no CCS Retrofits

I
Cumulative Capacity Additions by 2030

600
B Renewables
500 - Muclear
W Coal CCS
400
= |
o 300
200
] I I
0
CFIAI EFA  CATF ECEF AEEF EIA EIA EIA, EIA ElA,
IPM low high core  high lim nointd lim
LIMIT LIMIT cost alt offsets nointl
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l Part IlI:
Demo Activities

2007

2010 2015 2020 2025

[ ® ] We Energies Chilled Ammaonia Pilot 1.7 MW size

Other Pilots (Post-Combustion
and Oxy-Combustion)

20MW chilled ammonia
scaled-up demo

Includes storage —
injection into wells

Integration

Demonstration | | lon Transport Membrane O, Scale-up e
| ° "AEP Mountaineer Alternative CCS
| ° | Southern/SSEB! Ph. IlI technology, geology

Other Demonstrations

200MW chilled ammonia

| o | IGCC + CCS Projects €Oz for EOR
| ° | UltraGen Projects /
[ AEP Northeastern

Other (e.g., Oxy-Combustion)

Goals — Affordable, Energy Efficient, Accepted

© 2007 Electric Power Research Institute, Inc. All rights reserved. 18
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I DOE Regional Carbon Sequestration Partnerships

* Phase 1: Data collection
* Phase 2. Small pilots

— 22 Geologic Injection Tests
« 8 EOR/Saline
* 6 Saline reservoirs

« 8 ECBM/EGR
— EPRI involved in three saline West Coast

CostShare 24y Fepresenting:

» 216 Organzabions

» 40 Stalos

» & Canadian Provinces
» 3 Indian Nations

s 4% cost share

*

 Phase 3: Demonstrations

— Several possibilities for EF{RI 0.8
involvement

ELECTRIC POWER
RESEARCH INSTITUTE
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I DOE Phase 3 Update

* WESTCARB

— Original focus on BP Carson project,
changed to Clean Energy Systems (CES)

— 500K t/y for 4 years starting in 2010
- SECARB

— Two part injection into same saline reservoir
in two geologically separate locations

— Cranfield: Purchased CO, @ 1Mt/y for 1.5y

— Another test: Inject 100-250 kt/y from a CO,
capture pilot located at a Southern Company
site

© 2007 Electric Power Research Institute, Inc. All rights reserved. 20



Concluding Thoughts

« CCS is a critically important technology to the U.S.
— Large coal reserves
— Large potential sequestration potential

 In the U.S., cost of coal with CCS (and other generation
technologies) has ~doubled since 2000

— CCS retrofit is being considered

* Lieberman-Warner could produce CO, price and
incentives sufficient to spur CCS deployment, but need
investment now for technology to be commercial by 2020

CPE] ELECTRIC POWER
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I Questions?

Contacts
Tom Wilson —

General

See EPRI Journal Summer 2007 and
Recent Congressional Testimony

© 2007 Electric Power Research Institute, Inc. All rights reserved. 22
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The Integrated CO, Network:
A Path Forward for Carbon Capture
& Storage

May 28, 2008
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> Introduction of ICO,N
» Canadian Dynamic
> Policy Development

> Partnership as the path towards deployment
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ICO,N Overview
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> 18 leading companies from a variety of industries

> Represents:
* >100 Mt/yr of CO, emissions, 15% of Canada’s emissions
* >60% of Alberta’s power generation
* ~95% of oil sands production
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OBJECTIVE: Work proactively with governments and
stakeholders to establish policy and risk-sharing for CCS

that will
and

set the stage for a functioning

that can handle large volumes

at minimal overall cost

5
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The Canadian Dynamic

6
I c Q N 22/04/2008



Long-term Vision of CCS Across Canada

= el

# Potential Hubs
Potential Storage Basins

. . . Hamilton/Nanticoke
Western Canadian Sedimentary Basin

= 3,762 MtCO, of storage potential in
oil and gas reservoirs alone

- Sarnia

7
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A large-scale,
long-term vision
Is essential to
realize the full
potential of CCS

A First Stage Fort McMurray

Integrated
Network /
Mitsue
Swan Hills
Redwater
Judy
Creek
@® Saskatchewan
/ EDMONTON
Pembina
Red Deer/Joffre
Enhanced oil

recovery fields @ CALGARY

== Phase 1a pipeline
** Phase 1b pipeline

== Phase 2 pipeline

8
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CCS is Important

A Strategic Investment for Canada

1. A critical component of
Canada’s GHG reduction
strategy

2. A critical component of
Canada’s energy strategy

» Balancing economics
with GHG reduction

» Coal & Oil

GHG Emission (Mt C0.e)

3. A ‘Made in Canada’
solution

GHG Reduction Diagram for Canada — Aggregate Wedges

1400
Top Line is BAU Emissions
1200 o
Energy Efficiency (EE) \
1000

CCS/EE Overlap

2005 2010 2015 2020 2025 2030 2035 2040 2045 2050

Source: NRTEE ‘Getting to 2050: Canada’s Transition to a Low-emission Future”, 2008

ICON
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The Alberta government emphasis on CCS....

ALBERTA’S REDUCTION COMMITMENTS

ICON

400

336

270

206

140

TG

EMISEIONS In Megatonneasa [(Mt)

i i i i
2005 2010 2020 2030
@ COMNSERVATION & EMERGY EFFICIENGY  24hit

7] CARBON CAPTURE & STORAGE 130Mt
7] GREENING ENERGY PRODUCTION 7ML

TOTAL =  200Mt

P 05 lewvals

2040

as usual and 14

2008 Alberta Climate Change Strategy
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Politics
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Canada is a federal state, however it is among the world's
most decentralized federations

Jurisdictional issues are making timely adoption of a
climate change policy challenging

12
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National plan for 20% below 2006 emissions by 2020
e 330Mt from BAU projections
 165Mt from industry with a focus on coal and oilsands

Industry targets:

1. Existing facilities (pre-2004)
- 18% intensity reduction in 2010, decreasing by 2%/yr thereafter

2. Facilities operational between 2004 & 2011
- Clean fuel (nat. gas) standard
- 3 years to set emissions baseline, then 2%/yr intensity reduction

3. Facilities operational 2012 onwards
- Clean fuel standard or CCS ‘capture ready’. CCS equivalent by 2018

G 22/04/2008



Many Climate Change plans

> Quebec
* Focus on hydroelectric

» Ontario - Phase out coal
* Focus on Nuclear and natural gas

» British Columbia - 33% reduction by 2020 - Net zero electricity by 2018.
e Carbon tax

> Alberta - operational cap and trade system (mid-2007)
* Intensity targets, but less than federal

Alignment with the US

» Western Climate Initiative:
* Quebec, Manitoba, British Columbia are members
e Ontario and Saskatchewan as observers

» RGGI - Quebec and Eastern Provinces are observers

S &2 22/04/2008
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Canada/Alberta Task Force
» Reported to governments in January
» Goal of 5Mt by 2015

> $2B needed to cover the gap on the first 3-5 projects (allocated through
an RFP)

Federal

» $125M RFP for large-scale CCS projects. Matching funds from industry
and max government contribution of $30M

> $250M for SaskPower retrofit of a 200Mw coal-fired power plant
» Pre-certification credits to help cover the gap

Alberta
» Industry led ‘Development Council’ reporting back fall 2008
» Location of majority of future CCS activity

15



Weyburn / Midale

* 2 Mt/yr CO, from gasifier in N. Dakota via 320km pipeline to EOR in SE
Saskatchewan

SaskPower - Boundary Dam

* Retrofit 100 MW coal fired power plant with delivery to Weyburn area
* $250M Federal and $750M provincial funding announced

Glencoe
* Commercial project of 0.18Mt/yr - combining EOR & low cost CO,

Proposed full scale projects
* TransAlta and EPCOR each moving ahead with CCS FEED studies

* Northwest Upgrading - gasifier to incorporate CCS (awaiting financing)
 Sherritt coal gasifier - on hold ‘because of uncertainty’

o~ N 16
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Overcoming CCS Inertia

17
I cg N 22/04/2008



1. Investment Risk
e Large capital expenditures up front
e Uncertain policy future
* Early adoption may not pay

2. Technology Risk

3. Economics
 Economic gap in foreseeable future
* Questionable EOR revenue sources

18
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A Case for Partnership

Conceptual Portrayal of CCS Economics

80
Overall Cost (Capture and Pipeline)
Economic Gap in declining over time
o Transition Period
60
)
=T
P 40
[1 4]
£ EOR Sales
& (avg.)

20

>

Time
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Conceptual CCS Economics

Hypothetical Economic Profile

WITH A MARKET FOR CO,
(VOLUMES TO ENHANCED OIL RECOVERY)

COSTS COMPENSATION
$80
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©
$70 - 25
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Cost = -8
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$80
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$30

$20

$10

Hypothetical Economic Profile
WITHOUT A MARKET FOR CO,

COSTS COMPENSATION

orage
Pipeline
Op. Cost

Pipeline
Capital
Cost

Potential Offset
Obligation / Credits
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Capture Costs for Canada

CHART 1
Availability of facilities for CO, capture

$100
$75
$50
$25 i

Capture Cost Per Tonne of CO, Avoided

$0
SMR retrofit for New SMR for Coal plant New SMR for New Coke New Clean
Hydrogen Hydrogen retrofit for Hydrogen Gasification or Coal for
Production Production Electricity Production Polygeneration Electricity
2012 - 2015 | 2015 onwards ;

Timeframe for Facilty Availability

Notes: - Error bands are +50% -30%, better cost estimates will be site specific.
- Includes compression, excludes pipeline or injection/storage/monitoring costs
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$125

$100

$75

$50

Price per tonne of CO,

$25

$0

ICON

Balancing Supply and Demand

CHART 6
CO, Supply & EOR Demand Potential 2012 - 2015

(Supply cost includes capture and transport)

Retrofit HNGCC plants
- .

!

------'

Numerous iidmln'al Tacilities ' == -~
a
one clean coal power plant Retrofit coal power plants

== EOR Market Demand for CO2

=02 Supply Potential
0 5 10 15 20 25 30 35
CO, Volume (megatonnes per year)
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; IM= Ih‘; Stf‘gedt APPROACH: A strong public-
evelopment ot a on.g- erm, private partnership to drive
large-scale CCS solution that .
initial deployment of an

strategically addresses _
environmental, energy and integrated approach to CCS

economic growth.

IMPLEMENTATION: Range of tools and
policy innovation to encourage major
investments in CCS

@ W) 22/04/2008
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» Government direction on CCS has been established
» ICO,N: Significant value in an integrated system.
» As much an oil sands issue as it is coal.

» Joint ventures a likely structure for initial deployment
e Spreads first-mover risk
* Addresses issues of lumpy expenditures and timing
e History of collaboration in the oil sector

> Partnerships as the way forward
* Policy tools are being explored

24



Canada: A potential leader in CCS deployment...

# Potential Hubs
"~ Potential Storage Basins

. Hamilton/Nanticoke
°~'Sarnia

25
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SUPPLEMENTARY INFORMATION

I CQ N 22/04/2008
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GHG Emission Sources in Canada
Only certain industries can pursue CCS

Potential role
for CCS

Residential

Unsuitable
for CCS

Industry Transport
9%

Personal
Transport
13%

Source: Environment Canada 2004 CO, Emissions Inventory

27
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Vision of CCS Deployment:
Industry / Government Partnership

Conceptual CCS Development Scenarios

50.0 -

======  Priority Development

IN
o
o

30.0

20.0 +

== = = Market Based
10.0 -

Volume of Reductions (Mt/yr)

0.0

2010 2015 2020 2025

Year

Choice of path affects ability to meet national emissions reductions and
could protect energy sector growth.

28
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ICON

Mt CO2e / year

CCS is cost and volume competitive

O Vehicle Efficiency
aoPv

OWind

O Bioethanol
BCCS

B Small Hydro
OMuclear

OCCS with ECOR

B Afforestation
BLFG Collection

W Agricultural Sinks
B Biodieseal

Delphi Report 2008

29
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Mature Markets

Nascent Markets

Price disclosure Open Limited
Number of buyers and sellers Many Few of both
Transaction Costs Usually low Usually high
Supply/Demand Close Can be widely
Balance divergent
Typically an actual or effective
Monopoly supply or demand Infrequent monopoly
Market Growth rate Low High, and volatile

Technology

Mature, low rate of change

New, competing alternatives

CCS has characteristics of an immature market.
Government involvement can advance adoption.

30
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Technology & Economics
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Cost Per Tonne of CO, Avoided

(Capture and Transport)

ICON

$125

$100

$75

$50

$25

$0

Capture Volumes

CHART 2
CO, Supply Potential 2012 to 2015

cost includes capture and transport

Retrofit NGCC plants _ga_
I

- ==
Retrofit coal
power plants

L ’
New SMRs for H, production o—

& one new clean coal power plant

Retrofit SMRs (PSA & Benfield)
for H, production

Retrofit SMRs
for fertilizer production

New petcoke gasifiers
for H, production

0 5 10 156 20 25 30 3b

CO, Volume (megatonnes per year)
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Issue of Oversupply

CHART 4
Conceptual Phasing of CCS

30
Two 3.3 Mt/yr new clean coal power
plants (2015 & 2018)
25
Industrial CO2 supply potential at
capture costs up to $70/t
20
= B EOR demand for CO2 at $35/t
- 15
8
o
£
5 10
o
=]
= 5
0
2010 2015 2020

Year
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(:O2 STORAGE.:

A LEGAL AND REGULATORY
GUIDE FOR STATES
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INTERSTATE OIL & GAS

COMPACT COMMISSION

Member States
Alabama (1945)
Alaska (1957)
Arizona (1955)
Arkansas (1941)
California (1974)
Colorado (1935)
Florida (1945)
lllinois (1935)
Indiana (1947)
Kansas (1935)
Kentucky (1942)
Louisiana (1941)
Maryland (1959)
Michigan (1939)
Mississippi (1948)
Montana (1945)
Nebraska (1953)
Nevada (1955)

New Mexico (1935)
New York (1941)
North Dakota (1953)
Ohio (1943)
Oklahoma (1935)
Pennsylvania (1941)
South Dakota (1955)
Texas (1935)

Utah (1957)

Virginia (1982)
West Virginia (1945)
Wyoming (1955)

Associate States
Georgia (1946)

Idaho (1960)

Missouri (1995)

North Carolina (1971)
Oregon (1954)

South Carolina (1972)
Washington (1967)

International Affiliates
Alberta (1996)

British Columbia (2002)

Egypt (1999)

Republic of Georgia (2001)
Newfoundland and

Labrador (1997)

Nova Scotia (1997)

Venezuela (1997)



Model Regulatory Guidance

STy
Natural Gas Storage A Guide for ® O n e Of m any I OG CC

State Regulators

regulatory guidance
documents for states
and provinces

* Helps ensure
regulatory
consistency among
states and provinces.




CO, ENHANCED OIL RECOVERY
INDJECTION
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CURRENI| US LU, SUURCES and FPIFELINES

Industry knows how to handle CO,

"f yoIil D () Canadian
Washington
» ,

Permian
Basin Louisiana/Mississippi



CO2 CAPTURE TRANSPORTATION AND

GEOLOGIC STORAGE PROCESS

—._'_-_'_-..-‘_'-F—_-:-—""—“r—_—-'l—_l_l_ _;"_"fff-*-
Existing-State and Existing State and '  New UIC Regs

Federal Regs Federal Pipeline
Regs.

C0, capture

-
& separaticn plam o

Kompression unit  ©03 transpo
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Economic
Drivers

Resource
Management
Drivers

Environmental
Drivers

CCS REGULATORY
FRAMEWORKS



Differences Between Policy, Legal,

Reqgulatory and Liability Aspects

* Policy: What governments (should) do to
encourage or discourage a particular activity

 Legal: The right to engage in a particular lawful
activity on one’s property

 Reqgulatory: Permission to engage in that
particular activity if certain conditions are being
met

« Liability: Who is responsible for what in case of
failure




Carbon Dioxide: Commodity, Pollutant, or
Hazardous Waste?

o« Commodity
— Commercial value for use in EOR / EGR, already
active
o Pollutant

—Recent U.S. Supreme Court ruling that EPA must
make this determination

— Crude oll, coal, and natural gas, If mlsmanaged 1 & |

o Hazardous Waste

— Makes handling, injecting, and sequesten :a_,ﬁ'._‘{l‘, ORI = T
expensive

— Coupled with sequestration, encumbers EOR/EGR "=
commercial opportunities inthe U.S. 1 &

N!‘" X
- m—— Lk




Task Force Representatives

 Representing 15 States

 |OGCC member state and provincial oil and gas
agencies

« DOE sponsored Regional Carbon Sequestration
Partnerships

» Association of State Geologists

« US DOE

* |Independent experts

« US EPA

« US BLM

* Environmental organizational observer



|IOGCC Resource Management

Philosophy For CCS

Given the regulatory complexities of CO, storage including
environmental protection, ownership and management of the pore
space, maximization of storage capacity and long term liability, the
Task Force strongly believes that geologically stored CO, should

be treated under_ resource management frameworks as
opposed to waste disposal frameworks.

Regulating the storage of CO, under a waste management
framework sidesteps the public role In both the creation of CO,
and the mitigation of its release into the atmosphere and places the
burden solely on industry to rid itself of "waste" from which an

"Innocent" public must be "protected".

Such an approach lacking citizen buy-in with respect to
responsibility for the problem as well as the solution could well
doom geological storage to failure and diminish significantly the

potential of geologic carbon storage to meaningfully mitigate the
iImpact of CO, emissions on the global climate.



Brief Summary of Phase | Work

and Recommendations

® Industry and states have 30 years
experience in the production,
transport and injection of CO.

® States have necessary regulatory
analogues in place to facilitate
development of a comprehensive
CCGS regulatory framework.

® CO, should be regulated as a
commodity to allow the application
of oil and gas conservation laws
which will facilitate development of
storage projects.

® Involve all stakeholders including
general public in the development
of regulatory frameworks.




New |[OGCC Phase Il Report

 Released in January
2008

CO_ STORAGE:

A LEGAL AND REGULATORY
GUIDE FOR STATES

e« Summary of the
report and a copy of
the full report on CD-
ROM.




What the Guidance Document

provides to states & provinces

o e Background on why
Storage of Carbon Ddoxide in Geologic .
A Tegal and Regusl:;::g'ug:iﬂe for States and States an d prOVI nces are
Provinces . “
the most logical “cradle to
grave” regulators.

Topical Report

Reporting Period Start Date: April 14, 2006
Reporting Period End Date: August 20, 2007

Prepared by the IOGCC Task Force on
Carhon Capture and Geologic Storage.

Berry FL. Tow, I, Michoel D, Stettner and e Useful background on
Kevin J. Bliss .
Report Issued: September 20, 2007 CI I m ate C h an g e an d th e
DOE Award No. DE-FC26-05NT42591 i m po rtan Ce Of g eo | Og i C
Interstate Oil and Gas Compact Commission Sto rag e I

P.O. Box 53127
Oklahoma City, OK 73105




Model Statutes and Regulations

GeoLocic SToRacE oF Careox Diovine

Secrion 1. Legizlative declaration; jurisdiction.

() Tha Lagclammm of the Stamz of declaras dhoat (17 the gealogic shoraze
«of carbon dioxtda will bensfit the citizens of tha state and the state’s soviromment by
redneing srosnhoues g spsiveinne: (7) carbom diowide it 2 valushls comnesdiny o
cittzemns of the sateg and (1) geclogc stomge of cerben diencids gas mey allow for the
orderly withdraueal as approprizte or mecassary, tharsby allewing casbon dicxids o ba
avaalalli for sonsrcial. ndusidad, o oibar uie. wondiog the wis of ark dioxids for
anhz=cod mcovary of ol and gas (ECR).

&) Tea Saate Fsgaletory Agency skall bave the furisdiction and sathority over all
parsoms 2z property zecsssary o adminisear amd anfervs affectvely tha provisiozs of

ihis asticle comcemizg the geologic storzge of carboz Soxide. In ewercizing suck
jarsdiction 2=d autherity gra=ted to i, the Seate Ropalatory Ageecy oy comduct
Eeemiz=gs and promul gt nd enferos raes, mgolatices, and codans conceming gealogic
storage of carbon diextda.

Secdion 1 Defmition:.

(&) Cordon dioride. Anttmopogeeically seczosd cashon dioxids of suffeciont purity
and quality a5 to net compromisa the safury andl officiumsy of the ressreir to afectvely
contxin the carse cHoxids

(&) O or gas. Wil zaturel g5, o gas condsmszis.

() Reservarr. Any subsurfacs sedimentary smetm, formsation, aquifis, or cavity or
vodd [whether namural or ardficially created) inciding ofl and gas neservodrs, k=

ki withdrewnl of previcialy siored
leuss b (e wimoaphers

Ceneral Rules and Resulations

GEQLOGIC STORAGE OF CARSON DIOXIDE

Secion 10, Applicabilite
Tia Sollowing roles and ragulaniocs shell govern the geclogc atorage of 00, in geologic

saservoirs, Thess rules apply fo all £0, storage eperations oooumizg wiskin the tarriterial
juriseliction of the st !

Seceion 10, Defimitions

Tee Sollowing turmes, 25 weed = these regulations for geelegic OO0 steregze Sacilities, shall
Eave the follewizg meamings:

() C0; mazns antbropogsnically scurced carbom diexids of sufficion: parity and qualisy
a5 to mot componmiss the safuty amd afficioncy of the rosarveds to affactvelsy contain tha
(L

&) 0 Facility (CF) mams, all surface 2= sobenrface infastrocezre inclnding
wrallbgad equipmest, down bole wall squipneant, compression fcilitas and © 0, fewr
lines from izjection facilities to weslls within the Ceological Storage Uniz (G5U),
momdtoring inssumrgntation, izjection eqnipment, :=d offces. CF does not inchide tha
iz ansporiztion pipaline to the G50 and pump statons dlong that pipelims.

(&) C0: How limes mee=s the pipsling mansporting the CC.: from the CF injecton
facilities to e wallbsad.

{d) C0; injecdion well mazns 2 wall nsed to infect O i=fo andler withdew C0; Somz
TRECVOLL.

(n-CO Storage Project (C5F) msans the preject = s sativacy, mchudi=g CF and -\.SU

=T s A Ao lem o A E -
5 5P Clesure Pernedd meens Sat pariod of Sme (L0 @ wiariiee dunlFnaied

by thi Sizss Regulatory Agsncy §3RA)) fom the permanest cessztion of wctive C5F
mmjectios oparations wmotil the wcpiration of the T3P parforme=ce bond, moleess moniten=g
[HH .ﬂllmjﬂﬁwmlpﬂwddlmﬁﬂhﬂ SRA shat 3 diffarazs tims Soos i

@ CSP Op-lutlmnll‘:ru-i meang g paried of tme i whsch ijaction eoours.
(k) 5P Operator means dat eobisy mequirsd by SRA to bold te permst.

(1) CSP Permir means the peomi= issued by the stess or province 1o oparats 2 C5P
(71 CSF Post Closmre Period ma ez thet pariod of fins after tha relaase of e C5P
parfizrmance bond.
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Overview and Storage Rights

Part 2: Overview and Explanation of the
Model General Rules and Regulations

Eepulations Overview

Tea Ietoarstato 01l 2zed Gas Compact Comevicrion”s Task Force on Cashen Caproro and
Guologix Sterags bas prepared this puidincs docoment. Muck of e work bas besn.
apcomplished by the Task Forca's Modal Regalations Werkizg Group.  Tie Tk Fore
bage= is work Foone 28-30, 2006, in Dellas, Taxas, 2t which t=os tha tacks a=d

sespomsi bikties of the Medsal Ragulations Working Group wees defimed. The group held
thras msatings: a kick-off mosting oz Sepeomber 5-5, 2008, in 5t Louts, Misscuri: a
=mid-podet mosting om Oceobar 18, 2008, m Awctin, Texcas; and 2 joiof wrap-up mostmg
with the antze Task Force oz May 5, 2007, in Point Claar. Alsbazna.

Tea gruidance docunsant & beizg prepared for J0GOC meenber shaies, imcinding its
affilizte member PR, Ahhmnhmﬁun:n:ﬁmrww this deciument 2, for the
:nonpr_'r_'n “52a1” o “ptases”, it i the imues of the Teck Forca that tha commenr: and
FROTLEOms 2 -n[ua]Lrapp]mlbh to Canadiz= provizoss. Specific notetion of this &
made in both the Medal Fules and Reg-dacons and Modal Statnte attacEed.
Addisionally, in Canada, protectios of bots goundwaser rescurcas 2=d deop injectom fall
antaly withi= provinciad jurisdiction, and theze is ne Sderal eqaivelent of te TS, Safs
Drinkimg Watzr Aze nd tha UIC prograss. Az eordisgly. ro prlasione oy vary from
proTince to provizca, bt their sssamcs is the same and cosopoeraibls witk the TS,
seguletions,

Tizz cvarvize moth

provides 2 daf: modsd stetuie for 1hanuLogu: Smwcd'l:m Dlm:ld.n Tt comtzsns
legtsdarins linguags nocessary to anzbls a Suang Enm]ucm Aguncy to implomees the
draft =ooedil mulas and rogulations. Appesdix I comtain thi draf modsl mulos and
segnletions for geologic OO, storage. Taken togethar, Appendices [ and [T are the
perzcipal delivecebls work products of the Task Force Appandix 10 comrtaims
backgonnd material o= the “Azalveis of the Comseship of Storage Rights Ralate=g 2o the
Storage 2f OO = Geolegic Soucturss™.

Areandin T

Tea following provides an everceaw, sxplanation, and ravosal Sor the wamions sechoms in
Appendix I (hodel Eules and Foplarions)

Sechien 100 Applicabiliy

Part 1: Analysis of Property Rights Issues
Related to Underground Space Used for
Geologic Storage of Carbon Dioxide

Propamed by
Danid Cocnay

I0{3CC Task Forco on Carben Caproro and Geologic Storaza
Subgromp of Stete Ot and G Astor=ays
Memvin Rogses, David Cooney, Camery Tayles

Sevaral ligally recognized msswsts might suzst in propacty whese umdargronsd pore
spacs iz a particular imerval er imtarvals & 1o ba wsad for gaolegical storaga (G5)
Surface owners, mezaral owners, leewes of solid muzarals cdl 2= gas lessess. and
s of non-opeating i=terases in producton 2l might bave logal rights ekat conld ba
afferssd by G5.' Bsacauss the lzwr recognizes am ownsrship imterest in subsurfics pors
wpacs, a regulatory progrem that me=ages storage (a5 eppesed to water prosscticn) should
imchade chear rules 2ot how theess rights will be recognized and protecied. 25 well 252
precsss for asrarimg dhar the s2orer secmras the legal property mighe to stors S0,

Tea Teterstatn Ol amd Gas Conzpoart Cepemmiszion (IGOC) Goological C02 Sequastation
Task Feecs wdknitfind three wockizg modals that can provids iecizclogical and mgulatory
seadancs for G5: (1)) mjechom of {0 inbe wndarmound fomuations for enhazced

Za lixms wrad By, Wolatibe s Boraer, 2006}, for st Fosiio of

[ropesty ivierests el i sorsge of et g in g




CGS Regulatory Framework

2.

1.

Site Licensing & Certification Site & Well Operations
MODIFIED STATE GAS STORAGE MODIFIED STATE GAS STORAGE
AND UNITIZATION REGULATIONS AND UIC REGULATIONS

3.

Site Closure and Well Plugging

<] MODIFIED STATE UIC AND GAS
Long-Term Storage STORAGE REGULATIONS

STATE ADMINISTERED
MODIFIED ABANDONED
WELL PROGRAM




g

Site 8 Well Operations

Sitc Liccnsing & Certification

MODIFIED STATE GAS STORAGE
AND UNITIZATION REGULATIONS

3. <

e Long-Term Storage

MODIFIED STATE GAS STORAGE
AND UIC REGULATIONS

Site Closure and Well Plugging

STATE AOMINISTERED
MODIFIED ABANDONED
WELL PROGRAM

MoDIFIED STATE UIC AND GAS
STORAGE REGLILATIONS

Licensing of entire
reservoir (purchase &/or
eminent domain)

Submission of detailed
engineering and
geological data along

with a CO, Injection plan
Operational bond
Primarily State jurisdiction



Sitc Liccnsing & Certification

P~

MODIFIED STATE GAS STORAGE
AND UNITIZATION REGULATIONS

Site Closure and Well Plugging

MoDIFIED STATE UIC AND GAS

 The phase where the
project is developed,
operated and closed

Regulation to
safeguard life, health,
property and the
environment

EPA regulatory
overlap in this phase
under Safe Drinking
Water Act (UIC)



1. v

Sitc Liccnsing & Certification

MODIFIED STATE GAS STORAGE
AND UNITIZATION REGULATIONS

2.

Site 8 Well Operations

MODIFIED STATE GAS STORAGE
AND UIC REGULATIONS

Site Clossre and Well Plugging I

3 <
e Long-Term Storage
STATE AOMINISTERED

MODIFIED ABANDONED
WELL PROGRAM

MoDIFIED STATE UIC AND GAS
STORAGE REGLILATIONS

 When the operator is no

longer the responsible
party and the long term
care taker role is
assumed by government

Costs In this phase
covered by state-
administered trust fund.

Funded by injection fee
assessed to operator on
per ton basis of CO,
Injected over life of
project.
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The rlsk tlmelme for leakage is heavily-laden
in early times.

Risk

Injection period
7

| | rb .
0 20 40 60 80 100 1000
Time (years)

—

V\/hy does it look like this? Pressure driver during and post injection
Most “changes” occur in early phase

= Long-term effects trap larger quantities of 002
%L G 7 s T e AR

Seals may be affected over Iong term



Source: Dr. Bachu - ERCB

A

Pressure
Buildup

Injection Injection
starts stops

|
Operational
Period

Trapping
Mechanism
Dominance

Risk

Monitoring
Frequency &
Resolution

Liability  "Operatorrand/or Emitter

Relation between

Pressure Behavior and

RIsk and Legal-

Regulatory Aspects In

Decay CO, Geological
Storage

Post-Closure

Increasingly Seconoary.
DECrEasing

DEcreasing

StateAGEncy/




EPA Regulatory Overlap

 EPA authority under
SDWA In green box

1. o P~
e > | (== > » Will ensure national
pecie i o consistency and
= protection of drinking
e water for operational
@:&:\:N = phase

o State and EPA regulatory
frameworks systems can
work “seamlessly”.



PROJECTED USEPA RULE

DEVELOPMENT TIMELINE

¢® JULY 2008 - PROPOSED RULE PUBLISHED -

FOLLOWED BY 90 — 120 DAY PUBLIC COMMENT
PERIOD

® 2009 (date uncertain) — PUBLISH NOTICE OF DATA
AVAILABILITY (NODA) — FOLLOWED BY 60 — 90 DAY
PUBLIC COMMENT PERIOD

¢ 2010 (late) or 2011 (early) — FINAL RULE PUBLISHED




e Qverall Site Licensing, Property Right Issues,

Eminent Domain - (AOR modified to extend
over entire area projected to be impacted by
total volume of CO2 to be stored)

« Long Term “Caretaker” Responsibility (Post
Closure Liabllity) for the time period beyond the
established regulatory post closure period -
(Class | 30 years most likely analog)




Observations concerning Proposed EPA

CS Regulations

e CO2 EOR will remain Class |l under UIC

« CS wells will most likely be a new class, for which states will
apply for primacy

* Regulations will allow for conversion from Class Il to new
storage classification — rule will define when storage begins
and EOR ends

 Regulations will not determine if CO2 EOR will qualify for CO2
credit — future federal or market based system

« Long-term “caretaker” role will not be addressed — Industry or
state role at present time if projects undertaken

« At present a state with UIC primacy can permit CS wells under
UIC using existing or combination of UIC well classes.




Barriers to Deployment

* Policy development

 Public acceptance

« Economic and financial (high cost)
 Legal and regulatory

e Scientific and technological
 Capacity




States and Provinces Currently Developing

Regulatory Systems Using IOGCC Model

Legislation and Regulations

California
Indiana
Michigan
Montana
New Mexico
New York
North Dakota

Oklahoma

Texas

Alberta

British Columbia
Nova Scotia

Saskatchewan



States Which Have Enacted CO2 Storage

Legislation

 lllinois
« Kansas
e Ohio
e Utah

 Washington (also has draft rules
out for public comment)

« West Virginia
 Wyoming



|IOGCC Task Force — Next Steps

The Guidance Document will continue to be
perfected based on experience of the states and
provinces.

DOE and other funding sources sought to continue
work of the Task Force.

Task Force is continuing public outreach efforts and
assisting states with legislation and rule
development.



CONTACT INFORMATION

Interstate Oil and Gas Compact Commission

Headquarters Address:
PO Box 53127
Oklahoma City, OK 73152

Washington DC Office Address:
1333 New Hampshire Ave NW
#510B

Washington, DC 20036

Phone:202-484-1026
Email:iogccdc@verizon.net

www.iogcc.state.ok.us
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for Energy
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EUROPEAN
COMMISSION

@ CCS Projects in Europe and
the Issue of Finance

Kai TULLIUS
Policy Officer — Coal and Oill

28/05/2008



rc—

ontent

m EU Policy Context: Energy and Climate
Change

m Deploying CCS in Europe
» Legislative Framework
» Long Term Economic Viability

m Financing CCS demonstration projects

CCS COMMUNICATION | 2



rp—

olicy Context

Objectives agreed for 2020
m 20% GHG reduction compared to 1990
» Independent commitment
m 20% reduction in primary energy consumption
m 20% renewables in energy mix
m 10% biofuels in transport

» If production is sustainable

» If second generation biofuels commercially
available

CCS COMMUNICATION | 3



for Energy

and Tran

Policy Context

m 2007 Spring European Council

» target of 20% cut in greenhouse gas emission by 2020
» enabling low-CO2 power generation from fossil fuels by 2020
» upto 12 CCS demonstration plants in operation by 2015

m Summer-Autumn 2007
» Evaluation and Impact Assessment period

m November 2007: Strategic Energy Technology Plan

» R&D efforts to focus on low carbon technologies
» CCS one of strategic technologies: large-scale demos next priority

m 23 January 2008: Commission adopts a set of proposals
including the CCS Communication and the CCS Directive

CCS COMMUNICATION | 4



Costs and benefits of CCS

m Costs:
» R&D (€1bn) and demonstration (€10-20bn) to reduce costs

» further investment to roll out CCS on a wide-scale

m Benefits:
» 20-28% of the achievable global CO2 emission reductions by 2050
(IEA)
» solution for both power generation and energy intensive industries
» for managing future CO2 emissions of dynamically developing coal
users (China, etc.)

m Policy goal = CCS commercially feasible by 2020:
» CCS in retrofits and newbuild thereafter
» capture-readiness in the meantime

for Energy

and Tran

CCS COMMUNICATION | 5



Obstacles /

m Legislative Hurdles

m Non legislative Hurdles
» Long term economic viability

» Industrial Scale CCS Demonstration Projects (all main
technology routes (Pre-, Post-, Oxyfuel-Combustion))

» General and Industry Awareness

» Public Acceptance

for Energy

and Tran

CCS COMMUNICATION | 6



CCS-Directive - 1

m Enabling Framework
» Member States determine whether and where CCS will happen
» Companies decide whether to use CCS on the basis of conditions
in the carbon market

m Objectives and Principles
» Legislative Framework for managing environmental risks
» QOvercame existing legal barriers
» Use existing frameworks where possible

m Focus on Storage

<3l » Capture regulated under IPPC Directive

» Transport regulated as for natural gas transport (by Environmental
21215 Impact Assessment and at Member state Level)

m Novel element is CO2 storage, main focus of proposes directive

CCS COMMUNICATION | 7



for Energy

and Tran

CCS Directive - 2

m Content

»
»
»
»
»
»

Site Selection

Authorisation for Storage

Monitoring plan to confirm expected CO2 behaviour
Liability measures in case sites do leak

Transfer of Responsibility to the state

Access for third parties

m CCS-not mandatory, but member states need to

»

assure, that enough space is available on site to retrofit
plant with capturing and compression facilities

» verify, if storage capacities and transport facilities are

available and retrofitting is technological feasible

CCS COMMUNICATION | 8



EU Emission Trading System

m ETS Phase lll proposal
» from 2013 full auctioning of CO2 certificates for the power

sector

m CCS under the ETS:
» CO2 captured, transported and safely stored considered as
not emitted
» no allocation to capture, transport and storage
» ETS allowances must be surrendered for any leakage
» monitoring and reporting guidelines under preparation

2! m ETS auctioning revenues

» major potential source of funding for CCS demonstration
projects

° » EC suggestion: 20% earmarking to low-CO2 technologies

for Energy

and Trans t

CCS COMMUNICATION | 9



Economic viability of CCS under ETS

Additional Cost for
CCS, perton CO2

Certificate

for Energy

and Transport

Price

Average
Avoidance costs

time

CCS COMMUNICATION | 10




Financing CCS demonstration projects

m Economics of early demonstration

m Sources of financing

» Industrial commitments
« ETP-ZEP: a vital initiative with commitments to the issue
« still needed: clear, early and decisive commitments by
individual players to concrete large-scale demonstration

» Member States’ involvement
* MS-level crucial given budgetary reality and size of challenge
« Commission guidelines facilitate state aid to CCS
 ETS revenues + structural policies hinted as suitable

qHE » EU-level financing

HHE * limited availability for the time being

: - FP7 + EU structural funds

- EU financial institutions for specialized cases

5 - Communication on financing low-carbon technologies

spo

f
nd T
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Potential CCS demonstration projects

Directorate-General

for Energy

and Transport

Planned CCS
demonstration
projects .
May 2008
r.\n_sn\.'.\
f b
L _
.
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.. Pedgoicy o E o
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Conclusion — Executive summary

m CCS: priority of strategic importance
» CCS can be commercially viable by 2020

» opportunities and challenges:
- early effective demonstration
- timely and bold industry and public investment
- market-based stimuli to avoid CO2 emissions

m Commission / Council / EP:
» CCS regulatory framework
» CCSInETS
» revised Community guidelines on state aid for environmental
protection
» revision of TEN-E guidelines (transport infrastructure)
» European Industrial Initiative on CCS

m Early demonstrations

for Energy

= » major financial commitments _ _
1l B » decisive commitments from industry to trigger public
) contribution

* national schemes by Member States
» ContInUEd R&D CCS COMMUNICATION | 13
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ﬁ - Session
- Panel on National < n

e

I_ Z#i."r Mﬂl

Expert Meeting on
Financing Carbon Capture and Storage

New York, New York
May 28, 2008




Key Points

Conclusions of G8-IEA-CSLF Workshops:
Need for regulatory certainty and resolution of key legal issues.

Most countries will build on existing legal/regulatory frameworks.

— Australia: Build on Offshore Petroleum Act of 2006; ETS in 2010

— Canada: Action at both Federal and Provincial level (Alberta and BC)

— United Kingdom: Storage offshore; government taking long-term liability
— Japan: Storage offshore with environment ministry responsibility

— Norway: Build on existing offshore oil and gas regulation.

A level playing field is needed for CCS



o

The Role, Status and Financing of CCS as a Mitigation Option in the
United States
— Tom Wilson, Senior Technical Leader, EPRI

Canadian Perspective on Financing CCS
— Eric Beynon, ICO2N Group

The IOGCC Guidelines on Permitting CCS
— Lawrence Bengal, IOGCC

CCS Projects in Europe and the Issue of Finance
— Kai Tullius, Project Officer, European Commission

Panel Discussion



SECURITIES

GHG Markets and CCS - A
Launch Pad, A Cash Flow, or a

Clean Miss?

Dr. Mark C. Trexler
Managing Director, EcoSecurities Global Consulting
Services Group

London, May 28, 2008




ECO SECURITIES

EcoSecurities Business Profile

> QOriginate, Implement, and Commercialize CERs — 350+ projects
— First registered CDM project (Nova Gerar, Brazil)
— First issuance of CERs (La Esperanza, Honduras)
— Ongoing sectoral and project R&D efforts

> QOriginate, Implement, and Commercialize VERs

— Stonyfield Farm, Shaklee, AES Power Direct, Climate Neutral Network,
TransAlta, Sumitomo, Entergy, Fannie Mae

> Inform, Support, and Implement Business/Market Strategies

— TransAlta, PacifiCorp, SCE, PG&E, NWPCC, JPower, TEPCQ
Bank, Barrick Gold, Statoil, PEMEX, JBIC, Mizuho Bank, m |

© 2007 EcoSecurities Group plc




ECO SECURITIES

Inform Implement

First Mitigation Deals in U.S. and Globally
Leaders in Project, PDD, and Methodology Development

Won First GHG Regulatory Proceeding

Designed a Major GHG Early Action Crediting Program for U.S.
Took First Company Climate-Neutral

Completed First Major GHG Offset Portfolio
Supported First Utility-Based GHG Business Unit
Developed First GHG Market Supply-Demand Model
Point Carbon - Best CDM Project Developer 2006
Envtl Finance — Best GHG Advisory Firm 2001 - 2006

vV V VvV VvV V V V V V V

© 2007 EcoSecurities Group plc



BECO SECURITIES

A Local Presence in a Global Market

2 Offices in China
- Beijing
i - Chengdu

New York
San Francisco

Manila

Los Angele Kuala Lumpur

Mexico City Singapore*

Costa Rica* Jakarta

Mumbai

Rio de Janeiro

Johannesburg

L]
Santiago de Chile )
Bangkok

© 2007 EcoSecurities Group plc



ECO SECURITIES

Table of Contents

1.  Setting the Stage for CCS

Forecasting GHG Markets

3. How Does CCS Fit?
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BECO SECURITIES

Table of Contents

1.  Setting the CCS Stage
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ECO SECURITIES

Will The Policy Pieces Fall Into Place?

pinio Actions
International Polic

Science State & Loca
Policie

Nat'l Policies

© 2007 EcoSecurities Group plc



ECO SECURITIES

> Major Political and Economic
Challenges

> Could Challenges Lead to
Stalemate in Int'l and Domestic
Policy Momentum?

— Absent a scientific reversal,
hard to see

— Broad public support for
action on this issue

> The Odds: Increasingly Low

> Note: Scenario Subject to
Sudden Reversal

© 2007 EcoSecurities Group plc

Scenario 1 — Policy Stalemate

Price




>

© 2007 EcoSecurities Group plc

ECO SECURITIES

Issue is Here to Stay

— Numerous policies and
measures pursued

Will Affect Many Sectors in
Material Ways

— Range of Cost Estimates:

$5-30/ton CO,

But Policy Unable to Achieve
CO, Stabilization

The Odds: High

Note: Scenario Subject to
Sudden Reversal

Scenario 2 — Political Status Quo




ECO SECURITIES

Scenario 3 — Atmospheric Stabilization

> Political Will Exists to Tackle

— Aggressive reductions 67000 //
— Aggressive technology $60.00
: $50.00
— Aggressive markets . /
2 $40.00
> Material Economic Impacts ® $30.00 //\/
— Stanford Modeling Forum: $20.00 7
$75-100/ton CO $10.00
> The Odds: Modest at Best?

© 2007 EcoSecurities Group plc



BECO SECURITIES

Comparison of US 2007 Climate Change Bills — Emissions versus Targets I
12,000 - BAL emissinns =
10,000 - Carper
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~— Feinstein
Bingaman
—8,000 - (wisafety)
g Bingaman
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o
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2,000 ' 'HEW !
' 7 a2 "'"'.r»-._:_‘ .y
“""%@‘%HSanders “q
-
0 ! !'f. Fypa-
T T T 1 r 1 11 1 1111 T15rTrT T T 1 11T 1T 17T 1T 1T T 1 1T 1T 1T T1°7°T T T T T T 1 1 17 17 1T 1 T T 17 T T T T T T T T T 1 171 d ; -
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Source: New Carbon Finance. Notes: BAU = business as usual greenhouse gas emissions; Projections based on EIA and BEA data,
and NEF extrapoiations; NCEP new = National Commission on Energy Policy’s revised recommended targets; USCAF = US Climate
Action Partnership’s recommended targets.
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BECO SECURITIES

The Context for CCS as a Key Option

In What Context is CCS Being Viewed?

There’s a Big Gap Between Where CCS Wants to Go, and Marke
Has Gone So Far When it Comes to Technology Promotigad.
Can CCS Fit Into Carbon Markets? If So, How?

© 2007 EcoSecurities Group plc

Based on current market value of EOR CO2 ($15)?

Based on simple cost of injection of almost pure CO2 (<$10)?
Based on current carbon markets ($5-10 voluntary, $15-30 regulatory)?
Based on current (estimated) costs of capture through storage?

e Pulverized coal: $30-70

e Gasified coal: $15-55

e Natural gas: $40-90

There’s a big gap between current CCS $$s, and current GHG $S




BECO SECURITIES

Table of Contents

2.  Forecasting GHG Markets

© 2007 EcoSecurities Group plc



BCO SECURITIES
U.S. GREENHOUSE GAS ABATEMENT POTENTIALS - 2030
Cost - Real 2005 dollars per ton CO_elyear
200
150 Increasing levels of commitment and action
LOW-RANGE CASE MID-RANGE CASE HIGH-RANGE CASE
100 1.3 gigatons 3.0 gigatons 4.5 gigatons
50
0
=50
Abatement implied by
LOW-RANGE CASE: | MID-RANGE CASE: | HIGH-RANGE CASE: proposed legislation
-100 WS Incremental departures Concerted action Urgent national s
frem current practices. ACTDSS economy mobilization. 3.5-5.2 glgatOHE*
-150
-200 | | | | | | | | |
4] 0.5 1 1.5 2 2.0 3 3.5 4 4.5 5
Potential Gigatons of CO_ elyear
SD ArIrooc: *Basod on bils introduced in Congress that address dimate change and'or GHG emissions on an
egreeSO Bringing Climate Sohafions Down To Earsh. econamy-wide basis and have guaniifable targets; targels calcidated off the 2030 US, GHG
emissions of 9.7 gigatena of COelyear (relerenca case) SOURCE: McKinsay Analysis
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BECO SECURITIES

Market Variables

> Context Variables

— Science, media, public opinion, policy
> Demand Variables

— Growth, fossil prices, targets, U.S.- D.C. role
> Technology Variables

— Costs, R&D spending, deployment support
> Supply Variables

— What counts, how counted, rules, behavior, psychology
> Transaction Variables

— Costs, delays, taxes, certainty of rules

© 2007 EcoSecurities Group plc



BECO SECURITIES

2010 GHG MAC Curve

' et I
! 1,125 2,250 3,375 4,500 5,625 6,750 7,875 9,

| oW Stringency e \oderate Stringency — SeVere Stringency
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BECO SECURITIES

Carbon Credit Price Forecasting

> While a Supply and Demand Approach Makes Sense...
— Demand is (obviously) largely a function of policy decisions
— But (much less obviously) so is supply
« Whatis a “credit”?
« How are “credits” qualified?
 How are “credits” quantified?
> This Makes the GHG Commodity Very Different
— Price forecasting meaningless w/o policy context
— Can’t think of as predictable commodity
> There is an Upside. Carbon Markets are Policy Markets, ¢
and We Could Use Them Accordingly

© 2007 EcoSecurities Group plc
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Table of Contents

3. How Does CCS Fit?
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BECO SECURITIES

From the Carbon Market’'s Perspective

As We Resolve the Technical Issues, How

Should We Be Anticipating CCS’s Role In
Carbon Markets and Business Decisions?

© 2007 EcoSecurities Group plc



ECO SECURITIES

Will The CCS Puzzle Fall Into Place?

Public

Qpinion
Falling Costs?

Science and Ca_rbon Demos and
Engineering Prices? Mandates

Siting
Issues

© 2007 EcoSecurities Group plc



BECO SECURITIES

How to Think About CCS?

> Carbon Market Financing Very Susceptible to Risk, Uncertainty
— Timing, risks, capital commitments?
> Carbon Markets Very Unlikely to Overcome This Uncertainty
— Overcoming “Mountain of Death” will require subsidies, risk offloading

— Front loading an interesting option(s), but faces real obstacles, even
though perfectly legitimate in a “policy market”

> If You Build It, Will They Come?
— CCS plausibly fits into a plausible GHG supply curve

— But, there are “disruptive” technologies out there (oceans, REDE
nuclear) -

— And A LOT starts to happen at $30/ton, and at
$130/barrel oil that may compete with CC

© 2007 EcoSecurities Group plc




BECO SECURITIES

So What's The Answer?

> So It All Comes Back to Policy, Expectations About Policy,
Associated Market Demand, Supply, and Expectations About Supply

> |f We Really Believed That CO2 Would Soon Have a Value of
>$50/ton in the Relatively Near Term, The World Would be a Very
Different Place

> Carbon Market as a Launch Pad? Highly Unlikely
> Carbon Market as a Cash Flow? Much More Possible
Carbon Market a Clean Miss? Hopefully Not, but Possible

© 2007 EcoSecurities Group plc



BECO SECURITIES

For More Information

Mark C. Trexler

Managing Director, Global Consulting Services
EcoSecurities

Mark.trexler@ecosecurities.com
503-231-2727

www.climateservices.com

vV V V V V V V

WWW.ecosecurities.com
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Edward S. Rubin

Department of Engineering and Public Policy
Carnegie Mellon University
Pittsburgh, Pennsylvania

Presentation to the

Expert Meeting on Financing Carbon Capture and Storage Projects
New York, NY

May 28, 2008




The need for full-scale CCS deployment
Why the urgency?

Options for accelerating CCS deployment
A CCS Trust Fund approach

Where do we go from here?




® (Coal-based power plants will continue to provide the
major share of electricity demand for decades to come

* Large reductions in CO, emissions from such plants
are urgently needed to address global climate change

® Only CCS has promise to enable significant continued
use of coal while addressing global climate change




The need for full-scale

CCS deployment




* Establish the reliability and true cost of CCS in
utility applications at commercial scale, for:
= Alternative technologies (PC, IGCC; new, retrofit)
= Different coal types (bituminous, sub-bit, lignite)

= Different geological settings

* Establish the legal and regulatory requirements for
geological sequestration at significant scales

* Reduce future cost of CCS via learning-by-doing
plus sustained R&D




Project Name Location || Feedstock Size MW Capture | CO2 Fate Start-up
Process

l Total Lacq France Oil 35 Seq 2008

lVattenfaII Oxyfuel Germany Coal 30/300/1000 Undecided 2008

l AEP Alstom Mountaineer USA Coal 30 Seq 2008

Australia Coal 30 Seq 2009

China Coal 250/800 Seq 2009

USA Coal 450 Post EOR 2009-15

China Coal Undecided | Undecided Seq 2010

e A Variety Of CC S IE.ON Killingholme UK Coal 450 Pre Seq 2011
b I AEP Alstom Northeastern USA Coal 200 Post EOR 2011
prOJ eCtS are underway l Sargas Husnes Norway Coal 400 Post EOR 2011

OI‘ planned in different lScottish& So Ferrybridge UK Coal 500 Post Seq 2011-2012

‘ Naturkraft Karsta Norway Gas 420 Post Undecided || 2011-2012
parts Of the World Australia Coal 100 Pre Seq 2012

USA Coal 125 Post EOR 2012

B ut UK || CoallPetcoke 800 Pre EOR 2012

Gas 420 Pre EOR 2012

Coal 629 Pre Undecided 2012

® Only a Small number Of Coal 600-700 Pre Seq 2013
Coal-ﬁred power plant i UK Coal 1600 Post Seq 2013

. 1 USA Coal 600 Post EOR 2014

pI'O_] eCtS are Current y I BP Rio Tinto Kwinana Australia Coal 500 Pre Seq 2014
funded at large—scale IUK CCS project UK Coal 300-400 Post Seq 2014

I Statoil Mongstad Norway Gas 630 CHP Post Seq 2014

Full funding 1s still | RWE Zero COZ Gormany | _ Coal 50 Pe | sea | 2015

. . . l Monash Energy Australia Coal 60 k bpd Pre Seq 2016
uncertaln (to dlfferlng lPowerfueI Hatfield UK Coal 900 Pre EOR Undecided
degrees) for most/ all(‘?) iZENG Worsham-Steed USA Gas 70 Oxy EOR | Undecided

proposed large pr0]€CtS Canada || Coal/Petcoke Pre Undecided | Undecided

Norway Gas Oxy Undecided || Undecided

E.ON Karlshamn Sweden Oil Post Undecided || Undecided




No certainty that currently proposed projects
will be fully funded and completed as planned




Why the urgency?




Coal’s Resurgence in Electric Power Generation

Equivalent Power PPOPOSEd NE‘W Pla IltS 151 Plants
for W0WGEW
90 Million Homes $ 145 Billion
J -

| &316w

. 1
$6.1B 0.6 GW

<% T $§158
1

Expected surge
of conventional
new plants

1.8GW 1.0GW .
OB $23B sCapacity (GW)
3 2 *Investment (B - Billion §)
*Proposed Plants

OSAP 5/1/2007




—e— Chemical Engineering Plant Cost Index (1957 = 100)
—=— Marshall & Swift Equipment Cost Index (1926 = 100)
—a— Vatavuk Air Pollution Control Cost Index: Wet Scrubbers (1994 = 100)
Vatavuk Air Pollution Control Cost Index: Electrostatic Precipitators (1994 = 100
—— Vatavuk Air Pollution Control Cost Index: Refrigeration Systems (1994 = 100)
+  Chemical Engineering Plant Cost Index (monthly)
+ parshall & Swift Equipment Cost Index (quarter
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Many Projects Now Being Cancelled

Changes in projected U.S. capacity in 4" quarter 2007

91% of MWs removed represent
“Announced” projects

i

2010 2014 2015

/ Proposed Online Year

Lima Energf Stan-t-cun Eﬁérgy Center -
600 MW 315 MW
IGCC IGCC

=
2
>
=
=4
o
=3
(]
o

f | Additions to data ' Announced LiINear Construction HUnder Construction

N
Removed Capacity

-6
';’“’_TL Total Net Reductions 6,120 MW (-8.5%) for 4™ Quarter 2007

12 Source: Global Energy Decisions — Velocity Suite (12/31/2007)

2/18/2008

E.S. Rubin, Carnegie Mellon




* It will be very difficult—and perhaps impossible—
to undertake large new coal-fired power projects
that do not include CO, capture and sequestration

* Reserve margins soon will be compromised in
several parts of the country 1f no new plants built

So ...

* Learning sooner rather than later what CCS
really costs, and how well it really works in full-
size utility applications, Is an urgent priority !




How can we accelerate funding

of large-scale CCS projects?




Expand traditional “technology policy’ options
(e.g., tax credits, subsidies, etc.)

Set new regulations requiring CCS
(e.g., generator CO, performance standards)

Adopt sufficiently stringency cap-and-trade
program w/ CCS bonus allowances and/or a
tech. fund (e.g., from auction of allowances)

Establish a CCS Trust Fund with fees used to
pay full added cost of early CCS projects

— Focus of this study is on the Trust Fund option —




Why a Trust Fund ?




Can raise large amounts of money via small fees
on the use of coal for power generation

Not coupled to stringent CO, reduction mandate

— can start rapidly with well-defined revenues
Can ensure that funds will benefit payees
Can ensure reliable multi-year funding stream

Managed by independent (or quasi-public) entity




The Highway Trust Fund. Created to finance interstate highway
system; supported by automotive fuel taxes

Abandoned Mine Reclamation Fund. Projects administered
through the U.S. Department of Interior Office of Surface Mining

Ultra-Deepwater and Unconventional Natural Gas and

Other Petroleum Resources. Fund managed by a consortium of
stakeholders (called RPSEA) under DOE oversight

Tobacco Master Settlement Agreement. Payments and outlays
managed by a private entity (National Association of Attorneys General)

The Propane Education and Research Council. A privately
administered fund created to support industry R&D and outreach




Self-financing 1s necessary for costly programs

Clear objectives must be established, and fees
should terminate once objectives are reached

Avoid the annual federal appropriations process (to
ensure reliability of funding; impose fees not taxes)

Use an independent or quasi-public entity (allows
private-sector contracting and hiring standards)




A CCS Trust Fund would be established to pay the full
incremental costs of installing and operating CCS
systems at a selected number of coal-based plants

Costs would be supported by a fee on coal-based (or
other types of) electricity generation or fuel use

The Fund would be managed by an independent (quasi-
public) group that would select, fund and manage
appropriate projects to meet program goals

Results and experience would be shared widely

The Fund would terminate after a fixed period of time




* CO, Sources:

» Commercial power generation units (~ 400 MW _ )

= Optional storage-only projects at large industrial sources

with high-purity CO, vents (e.g., ethanol plants, ammonia and
fertilizer plants, natural gas processing plants, etc.)

* Incremental costs to be covered:

= Capital costs to install capture equipment

= Reimburse loss of net generation capacity

= Additional plant O&M costs (~5 years)

= CO, transport and injection costs (~5 years)




* Total incremental cost of building and operating
CCS ata 400 MW _, plant—including cost of the
“energy penalty” (replacement power) plus CO,
transport and aquifer storage costs for 5 years:

~ (0.7 to 1.0 billion USD
per project

Cost of additional projects using existing CO, from
industrial sources (compression, transport, storage)
~ 100 million USD per project (based on 2 MtCO,/yr for 5 yrs)




(Millions of 2006 U.S. dollars per ~400 MW plant )

Per Plant Incremental
Costs of CCS

Based on New
Plants

Based on Plant
Retrofits

Capital Costs

- Capture equipment

$210

$250

- Net capacity loss

$185

$360

Plant O&M Costs

$150

$150

Transport, Storage; Admin.

$190

$190

TOTAL (per plant)

$735

$950

Total costs and fees evaluated for two program levels




* Scope: 10 power plants (different plant types, coals, capture
systems, storage sites); +5 industrial sites; ~10-year program

* Objectives

= Establish true cost and reliability of CCS options
= Obtain design and integrated CCS operating experience

= Develop public and regulatory experience with CCS

* Cost
= $8-10 billion: $0.4 to $0.5 per MWh (~$1B/yr)

(based on current coal-fired generation and a 10-yr program)

= Increase for average
residential household =




* Scope: 30 power plants (multiple “generations” of plants and CCS
technologies); +10 industrial sites; 10—135 year program

* Additional Objectives
= Significantly reduce CCS costs and generation losses

= Build public confidence in technology and regulations
= Reduce emissions by 100 MtCO,/yr by end of program

* Cost
= $23-30 billion: $1.2 to $1.5 per MWh ($2-3B/yr)

(based on current coal-fired generation and a 10-yr program)

* Increase for average
residential household =




Administrative structure of the Fund
Who pays the fee?

= Only coal-fueled units?

= Only fossil-fuel based generation?

= All electricity providers/purchasers?

= Only units with CO, above a specified level or rate?

What mix of projects to support (and when)?

= Technologies (PC, IGCC; pre-, post, oxyfuel)

= Plant vintages (new, retrofit, repower)

= Coal types (bituminous, sub-bituminous, lignite)

= Sequestration sites & type (aquifers, EOR; regional mix)

Options for cost-sharing, re-payment, etc.




Policy options evaluated based on their:

 Effectiveness in reducing emissions
» Cost and cost-effectiveness
« Familiarity (precedents)
Equity (regions, firms, technology)
Ease of implementation
Timing of implementation
Linkage to other policies

Impact on utility coal use
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* “Congress should immediately create a CCS Early Deployment
Fund... The quasi-governmental Fund would ... generate $1 billion
annually [to] cover the additional costs of CCS for at least 5 to 10
full-scale early commercial demonstrations of various technologies

[at mainly] coal-based electricity generators.”

— Recommendation of the USEPA Advanced Coal Technology Work
Group (an independent advisory group), January 2008

“Reps. Rick Boucher (D-VA), John Murtha (D-PA), and Nick
Rahall (D-WYV) are drafting legislation that would create a multi-
billion dollar fund to encourage the use of CCS technology at
power plants. Under the plan, a small fee would be imposed on
electricity users and the proceeds would be kept outside of the

Congressional appropriations process.”
-Van Ness Feldman, Washington, DC, April 2008




Where do we go from here ?




There 1s an urgent need to demonstrate at large scale a
range of integrated CCS technologies at coal-based
power plants (>10 projects at >100 MW )

Current government and industry programs do not
provide the level of funding that 1s required

We need to aggressively pursue additional options to
raise roughly $10-30 billion to support selected and
carefully-timed projects over the next 10—15 years

A CCS Trust Fund supported by fees on electricity
generation merits attention as an option for doing this
quickly and effectively




Comments Welcomed

rubin(@cmu.edu
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" I
Current Status of CCS Under US
Law

m CCS at demonstration project stage in US

m Little incentive now to install CCS at new coal plants
Capital cost increases
Reduced efficiency and output
Higher electricity costs
Uncertainties about technology
Liability concerns

m CCS not likely to move forward until drivers/incentives
change



"
A New Policy Framework to Push
CCS Forward

m Overall Challenge:

How do we put in place policy drivers that change
economic calculus of plant developers and spur
adoption of CCS?

m Key focus in US:
Using cap-and-trade programs to encourage CCS
m Key policy question:

Wil putting a price on carbon under allowance trading
system eliminate current economic barriers to CCS
and drive deployment?



" S
S. 2191- Lieberman-Warner
Climate Security Act

m Leading US legislative proposal — will be
considered by US Senate starting on June 2

m Recently modified by Boxer Substitute (S. 3036)

m Establishes cap-and-trade system covering 87
percent of US emissions

m \Would achieve US emission reductions below
2005 levels of —
17-19 percent by 2020
57-63 percent by 2050



How Does &ap-and-trade Work

under S. 21917

Year-by-year reduction in allowable emissions by
covered sources (the “cap”)

Covered sources must hold allowances equal to their
emissions. They include:

Upstream producers/importers of petroleum and natural gas —
must hold allowances for downstream emissions

Users of coal (electric utilities) -- must hold allowances for direct
emissions from coal combustion

EPA establishes an Emission Allowance Account for
each calendar year

Total allowances decline as yearly cap declines

5.775 billion allowances in 2012 declining to 1.732 billion in 2050

Allowances can be bought, sold or held by anyone



" I
How Allowances Are Distributed

m L-W distributes allowances by --
Free allocation to certain entities and
Annual auction process

m Auction conducted by Environmental Protection
Agency
m Percentage of allowances auctioned increases
over time
26.5% in 2012
41% in 2022
69.5% in 2031



" SN
Free Distribution of Allowances to
Industry (“ Transition Assistance”)

m Portion of total allowances distributed for
free to Industry declines over time

43% in 2012
28.5% In 2022
0% in 2031

m Largest share of free allowances goes to
Fossil-fueled power plants (18%)
Carbon intensive manufacturing (11%)



Use of Auction Revenues

m Revenue stream will grow as allowance prices
and size of auction increase

m One estimate Is that auction revenues will be —
38B in 2012
63B in 2022
111B in 2030
m Auction revenues will be used for multiple
purposes, including
Tax relief for energy consumers
Deficit reduction
Advanced technology deployment



" S
Would Cap-and-Trade Alone
Promote CCS?

Cost per ton of CCS is estimated to be ~ $40-55

US Environmental Protection Agency projects that allowance
prices under S. 2191 will be:

$17 per ton in 2012
$28 per ton in 2020
$37 per ton in 2025
$46 per ton in 2030

CCS will likely not be cost-competitive with other options before
2030

It would be more economic to build an uncontrolled conventional
coal plant and offset emissions by purchasing allowances

CONCLUSION: Even with cap-and-trade, carrots and sticks are
needed for wide deployment of CCS and to discourage conventional

coal plants
9



" S
Going Beyond Cap-and-Trade:
Three Mechanisms to

Accelerate CCS Deployment

m |ssue free bonus allowances

m Require CCS through emission
performance standard for new plants

m Provide subsidies using revenues from
auctioning of allowances

10



" I
Bonus Allowances under S. 2191
Program Detalls

m “Bonus allowances” issued to reward CO2 capture and
storage

m 3-4% of total allowances set aside
m Program expires in 2039

m Number of allowances awarded based on “bonus rate”
Starts at 2 allowances per ton sequestered
Gradually declines to zero in 2040

m Facilities must capture at:
60% rate for facilities beginning construction before 2018
85% rate If construction starts after 2018

m Bonus allowances distributed for 10 years after start of
plant operations

11



=
Bonus Allowances: Rationale

m CCS will be accelerated because dollar value of
allowances will close “cost gap” between CCS
and uncontrolled plants

m But how will bonus allowances really work?
How much CCS would we get and at what cost?
Are the incentives too great or not great enough?
Would conventional coal plants still be built?

12



" B
Bonus Allowances: CAP Critigue

m \Would subsidize a limited amount of new coal through
2030 (around 80 Gigawatts)

m Bonus allowances for all plants would be worth $60-80
billion between 2012 and 2030 (EPA allowance price
projection)

m Bonus allowance subsidy is greater than necessary to
close “cost gap” between CCS and regular coal

m If allowance prices are higher than predicted, bonus
allowances would be worth even more

= Windfall allowances could be used to offset emissions at
existing coal plants and delay reductions

m New plants could still be built without CCS

13



" S
Emission Performance Standard
Proposed by CAP

m \Would require new coal plants to capture and sequester
emissions at level of best performing CCS technology

m \Would apply to all plants entering construction after date
of enactment of legislation (2008)

m \Would provide flexibility in timing of CCS implementation

Plants would implement CCS by 2016 or four years after start of
operations, whichever is later

Phase-in would provide lead-time for demonstration projects and
Site testing

Many experts believe CCS will be ready for wide deployment by
2020

14



" S
Closing the Cost Gap through
Subsidies

m Subsidies would perform same function as bonus
allowances

provide “carrots” for CCS deployment
Offset higher costs of building/operating coal plants with CCS
m Subsidy should cover cost gap between CCS and

conventional plants, including cost of purchasing
allowances — but NOT provide windfall

With emission performance standard, no need to pay “premium”
to encourage CCS

m Subsidy should decline over time as price of carbon rises
and cost of technology goes down

m Subsidies could only be used for CCS — would NOT

provide free allowances to offset emissions at existing
plants

15



How to Pay For Subsidies

Best revenue source: allowance auction proceeds under
cap-and-trade program

CAP estimate: Can subsidize 150 GW of new coal
capacity for $29 billion between 2016 and 2030

Cost of subsidy much lower than cost of bonus
allowances

Reason: No windfall above actual cost differential

Subsidies from auction proceeds could also be used for
existing plant retrofits

Latest version of L-W would provide $15.7 billion from
auction proceeds to kickstart CCS demonstration
projects

But full-scale deployment would be encouraged by bonus
allowances

16



Conclusions

Cap-and-trade will not automatically result in CCS and
discourage conventional coal

m “Carrots” needed to close CCS cost gap
m Free bonus allowances will produce windfalls for some

plants but not necessarily fund large-scale deployment

m Door still open for conventional coal
m Best approach: performance standard requiring CCS for

new plants plus subsidy to close cost gap

Best source of subsidy: Revenues from auctioning of
allowances

17



Financing CO, infrastructure: A
CCP2 case study

Paul Zakkour, Principal Consultant, ERM Energy
& Climate Change

IEA GHG CCS Financing Workshop, 28" May
2008, New York

9
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Overview of work plan

* Aim:

« To assess financial aspects of building CO2 pipeline
networks including backbone pipelines

* Tasks:
1.Review O&G financing models via case studies

2.Review public/private project financing models via case
studies

3.Assess simple business models for CO2 pipeline networks

4.Interview financial service industry personnel on CCS
financing perspectives

9
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Assumptions and scenarios

Option 1:

Point to Point Pipelines

1 x 24 inch pipeline (tranche 1)

* 3 x 18 inch pipelines (tranches 2, 3 and 4)

Average distance = 600 miles
N .

Tranche 1

@
. . . Tranche 2

MtCO2 Capacity

10 IGCC (730MW+) Power plants Tranche 3

C02 Sink
(e.g. Storage Site) -'::02 Source

Delivering sustainable solutions in a more competitive world
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Assumptions and scenarios

Option 2:

Backbone network
1 x 34 inch pipeline
for all tranches

Average distance = 600 miles
N .

Tranche 1

@
. Tranche 2

Tranche 3

Tranche 4

C02 Sink
(e.g. Storage Site) -'::02 Source

Delivering sustainable solutions in a more competitive world
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Assumptions and scenario

Project time length

20 years (financial), 40 years (operational) (i.e. this does not influence cash
flows and NPV)
Cost of service calculated for each option at zero 20 year NPV

Cost of Equity

15%

Cost of Debt

9.57% (Libor + 4%)

Financing base case
Other casess

Base: 70% debt, 30% equity

Balanced: 50% debt, 50% equity

High Equity: 30% debt, 70% equity

Public Private Partnership (PPP): 10% equity, 40% debt, 50% govt bonds
Government Funding: (Govt guaranteed bonds 100%)

CO2 Supply Scenario

10 IGCC Power Plants (730MW+), connecting in 4 tranches:
Yr 1 -4 plants,
Yr 3 -2 plants;
Yr 5 -2 plants;
Yr 7 — 2 plants.

CO2 Pipeline Development
Options/Scenarios

1) Point-to-point pipelines: each tranche develops a pipeline at
98% utilisation.

2) Backbone pipeline: the developer of tranche 1 develops
network with the option for subsequent tranches to connect, to
reach 98% utilisation

CO2 Sink Scenario

45 Injection wells in one or more geological formations (O&G fields) with
total storage capacity ~2000 MtCO2

Assumed Actual/Max Injection Rate

1.1/1.3 MtCO2/yr

Delivering sustainable solutions in a more competitive world
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1t mover disadvantage to build backbone

Pipeline option Capex Capex required

(for all tranehes; $ M) (inyear1; $ M)

Option 1 (point to $3,112.7 $1,030.9
point)
Option 2 (backbone) \$2,321.8/ W/

Overall system development cost Significant capex burden on early mover
much higher for po_m_t-to-pomt (ie. Tranche 1) - $0.5 billion extra CAPEX
deployment ($1.2 billion) required

Significant additional capital costs imposed on first mover (i.e.
tranche 1), which could affect financing capability \j

Delivering sustainable solutions in a more competitive world ERM



Sensitivity to reduced capacity utilisation

Cost of service for different capacity utilisation for option 2

20

18

16 - j Tranch 1, 2 and 3
14 - \

©
2 o 12
=g '
qg; 8 10 \ —&— Backbone pipeline
04 = 8 Tranch 1 and 2—————= N\
o 6 P———
A4+ Alitranches
2 |
O I I I I |
0% 20% 40% 60% 80% 100%

Capacity Utilisation

If later tranches are not realized, significant risk for early mover.
Cost of service much higher ($11.3) b

Delivering sustainable solutions in a more competitive world ERNV



Sensitivity - alternative financing mech’s

Cost of service for different capacity utilisation for option 2 under various

20
18
16
14
12
10

Tariff Required ($/tC02)

O N B O

financing scenarios

A\

N\

NS
%
F
H
f ) - * * * *
Backbone‘ operates T

only with tranche 1 All tranches connect

to backbone

20% 40% 60% 80% 100%

Capacity Utilisation

Baseline
scenario

—— Balanced

High Equity

PPP

#— Government
Funding

Altering funding approaches can change cost of service and reduce risk
for early mover (e.g. govt funding reduces cost of service to $8.2 for just
Tranche 1 with the Option 2 (i.e. only 4 plants connected to the

backbone)

Delivering sustainable solutions in a more competitive world
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Investor perspectives - private banks

Overall private banks said it's too

early to consider. Too many Function Interested Conditions Financing
unknowns esp. market, tech in For Finance Sources
efficacy, regulatory environment ...
etc ; E
\ 4 broject Project i
Cash Finance Debt !
i e _— 1
Finance Flows Conditions !
Private !
Banking < Emissions !
c di reduction Debt --+
Dgg;mo IHes Carbon — purchase — !
' Credits agreement |
(ERPA) I Equity -~ -
Project finance depts. have project Commaodities depts. will have strategic drivers. Take
finance drivers (e.g. debt repayment equity in asset to secure commaodity take-off and trading
and cash flows). Would apply (e.g. do already for LNG terminals; coal transporters).
standard project finance metrics BUT, will require debt finance to support this

(e.g. NPV etc.).

Pure project finance may be applicable as market and technology

evolves. Risk may be reduced through equity interest from investors for k?
credit offtake

Delivering sustainable solutions in a more competitive world ERM



Investor perspectives — multilateral lenders

Multi-lateral lending agencies are
looking at CCS and related
infrastructure (e.g. EIB) through
strategic objectives to support Function !nterested Cond_itions Financing
implementation of government n For Finance Sources

policy objectives (e.g. EU CO2
reduction commitments)

v
\ Strategic/ Debt ------ _ . :
ultlateral Furthering macro- / Will provide conventional

Financing

Banks & Facility Policy ___ economic Carbon ______ ! project debt finance on
Agencies Objectives alongwith S funds ! favourable terms (e.g.
project f'”a”C ! soft loans) or through
conditions Guargntees, | other support
technical ____! .
support mechanisms (e.g.

guarantees, tech support)

Assessment of broader economic drivers and
strategic factors means these institutions take
a different perspective to project appraisal.

Ready to finance CCS demonstration plants and other experimental clean coal
technologies (primarily as RDI projects) provided they meet environmental,

economic, technical and financial criteria, including credit risk criteria. \9
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Key messages

° Integrated backbone pipeline networks may be most efficient long-
term option.

 Will need "guaranteed"” capacity utilisation in order to be
economically viable.

» Point-to-point pipelines will be funded on project-by-project basis by
individual developers because of certainty over capacity utilisation.

* Public policy that encourages development of optimised networks
will be needed.

» Government incentives, loan guarantees will support with
commercial appraisal of backbone infrastructure

« Government support in first years when capacity is ramping up will
be important to commercial viability

* CO2 pipeline projects, if they can be reduced in terms of carbon
price risks, will become the same in terms of risks as any other oil
& gas plpellne project

* Banks and financial institutions view such projects as having
significant regulatory and market (carbon price) risks.

9
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Financing CO, infrastructure: A
CCP2 case study

Paul Zakkour, Principal Consultant, ERM Energy & Climate Change
Email: paul.zakkour@erm.com
Tel: +44 20 7465 7200 (London)

ERM Climate Change (North America)
Email: lisa.campbell@erm.com
Tel: +1 919-233-4501 (Raleigh)
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Carbon Capture & Storage:

Legal and Regulatory Issues

IEA Clean Coal Centre/l[EA GHG R&D Programme
Expert Meeting on Financing CCS
New York, NY
28-29 May 2008

Tom Kerr
Energy Technology Office

© OECDI/IEA 2008
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rr
Legal & Regulatory Issues
® Property rights for transport and storage
® Environmental permitting, risk management
€ Onshore and offshore

® Pipeline access, health & safety regulations

® Long-term liability frameworks
® Jurisdictional issues

® Need to develop regulatory models for early
projects and adapt as knowledge is gained

All of these issues impact financing/cost

INTERNATIONAL ENERGY AGENCY AGENCE INTERNATIONALE DE LENERGIE




Current Developments

® EV “Enabling” Framework

€ Member States determine whether and where
CCS will happen

¥ Companies decide whether to use CCS on the
basis of conditions in the carbon market

€ Permitting for CO, storage

BEMonitoring and reporting guidelines under EU-
ETS in order to quantify any leaked emissions
(proposal expected end 2008)

€ ETS auctioning revenues major potential source
of funding for CCS demonstration

® Transfer of responsibility to the state under clear

conditions to avoid distortion of competition
INTERNATIONAL ENERGY AGENCY AGENCE INTERNATIONALE DE LENERGIE




Current Developments Cont’d.

® USA
@ Jurisdictional issues:
ECapture - US EPA’s Clean Air Act

BTransport - US Department of Transportation
EStorage - US EPA’s Safe Drinking Water Act

¢ State/federal split of responsibility

¢ Proposed rule for COz published by summer 2008,
final 2010

@ Legislation likely needed
BTreatment under the Clean Air Act
BAccounting for Injection and Any Leakage
HLong-term Liability
INTERNATIONAL ENERGY AGENCY AGENCE INTERNATIONALE DE LENERGIE




Current Developments Cont’d.
® Australia

€ Will build from Offshore Petroleum Act platform
€ Acreage release, property access
® Oil & gas and CO, storage activities will overlap

@ Legislation will provide the regulator with broad powers to
direct the project to take mitigation and remedial actions

® Canada

@ Lack of financing for demonstration projects

€ New federal GHG regs will require CCS at new oil sands and
coal-fired electricity plants by 2018

@ Liability for storage sites
B Need to clarify, likely provincial (GHG fed’l)

® Need to establish M&V standards

INTERNATIONAL ENERGY AGENCY AGENCE INTERNATIONALE DE LENERGIE




Current Developments Cont’d.

® Japan - Adopted legislation implementing
London Protocol amendment
€ Min. of Environment will issue permits
HmSite selection report
BEnvironmental impact assessment report

BExplanation for no appropriate disposal is
available other than sub-seabed storage

BFinancial capability of the applicant
B Technical capability of the applicant
BProject lifetime document

€ CO2 purity requirement : >299%

INTERNATIONAL ENERGY AGENCY AGENCE INTERNATIONALE DE LENERGIE
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Current Developments Cont’d.
® London Protocol/OSPAR 2007 Amendments on CCS:
CO, now may be dumped at sea, but:
® Disposal must be into a sub-seabed geological formation
® Disposed matter must be “overwhelmingly” CO,
€ No wastes or other matter may be added

® Disposal must be permitted by national authority

® UNFCCC - including CCS in the CDM

€ May 2006 Workshop highlighted following issues
B Project boundary concerns

B Accounting for leakage resulting from the additional energy
required

B Ensuring the permanence of stored CO2
@ Series of workshops/consultations; next submissions 6/08

€ Path forward: a simplified CCS project method
INTERNATIONAL ENERGY AGENCY AGENCE INTERNATIONALE DE LENERGIE




e

IEA Secretariat CCS Work
TI<

® High-level recommendations for G8

® Legal & regulatory frameworks
® Legal Aspects of CO, Storage publications

€13-14 May 2008: International CCS Regulators’
Network launched

® Future web conferences on specific topics
¢ 10 July: CO2 transportation health & safety issues

H® Global updates on regulatory/legal developments
M Outreach to developing regions
B Annual meeting

€ October 2008: new CCS publication

B CCS/GHG market mechanisms analysis
€ March 2009: high-level CCS Summit

INTERNATIONAL ENERGY AGENCY AGENCE INTERNATIONALE DE LENERGIE




Thank You

tom.kerr@iea.org

www.iea.org/Textbase/subjectqueries/
cdcs.asp

INTERNATIONAL ENERGY AGENCY AGENCE INTERNATIONALE DE LENERGIE



World Coal
Institute

Abu Dhabi and California Projects; the

Commercial Aspects of Making it Work
and What is Needed from
Governments

Preston Chiaro
Chairman, World Coal Institute

29 May 2008




WE NEED T0 DEPLOY CCS
TECHNOLOGY

CUMULATIVE GLOBALLY SEQUESH-H-B-E8r—— .

CUMULATIVE GLOBAL NEED T0 SEGHE



PRINCETON UIEDGES:
TECHNOLOGY OPTIONS FOR GHG
STABILIZATION

The Stabilisation Wedge 1 GtC Slices of the Stabilisation Wedge

S 434 Emission trajectory BAU |

m—| 5020 BAL
—S500
Emission trajectory to achieve 500ppm
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HOUI BI& IS A UIEDGE?

Examples of Lower Carbon Slices

Scale for 1GtC Reduction by 2050

Increased energy efficiency across the economy

2 billion gasoline/diesel cars achieving 60 mpg

Fuel switching natural gas displacing coal for power

1400GW fuelled by natural gas instead of coal

Solar PV or Wind replaces coal for power

1000x scale up PV, 70x scale up for wind

Biofuels to replace petroleum based fuels

200x10° ha growing area (equals US agricultural land)

Carbon Capture and Geological Storage

CO, captured from 700 1GW coal plants; storage = 3,500x In
Salah/Sleipner or CCS applied to 5% of new power growth

Carbon Free Hydrogen for transport

1 billion H, carbon free cars; H, from fossil fuels with CO,,
capture and storage or from renewables or nuclear

Nuclear displaces coal for power

700 1GW plants (2x current)

Bio-sequestration in forests and soill

Increased planted area and/or reduce deforestation




THE ENERGY SECTOR EMISSIONS
CHOI LGNS, 10

45% ;
40% A
35%
30% -
25% -
20% -
15% A
10% -

5% -

0% -

44%
41%

38%

21%

Transport Power Heat Transport Power

Source: IEA World Energy Outlook, 2004

Heat

THE POUIER SECTOR
IS ALRERADY THE
LARGEST
CONTRIBUTOR OF CO2

GROUWITH In COAL-
FIRED GENERATION
IS PROJECTED TO BE
THE SINGLE LARGEST
CONTRIBUTOR OF
NEW 6HG EMISSIONS
OVER THE NEAT
FIFTEEN YERARS

CCS IS A KEY
SOLUTION FOR THIS
INDUSTRY



COIMPARISON OF CO0, EMISSIoONS

CO, emissions from fossil-fuel power generation
g / KWh net electricity generation

1,000, (_ 1 CO, captured
Il CO, released to atmosphere

9004
8004
7004
600+
500+
4004
300+
200+

100-

04

Existing coal fleet  Modern coal Existing gas fleet  Modern gas Coal with pre- Gas with pre-
(UK example) (Ultra—supercritical) (typical example) (CCGT, F—class) combustion CCS combustion CCS
(90% capture) (90% capture)

Source: DTI (March 2006); Foster Wheeler; Hydrogen Energy analysis



THE COST OF ELECTRICITY WIITH CCS IS

CFNINPETITIVE

5

4

l_

3

Relative Cost (CCGT =1)
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WE ARE ENTERING A VITAL PERIOD IF
CCS IS TO TARE OFF. ..
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@ hydrogen energy

@ hydrogen energy

bp
RI1O
TINTO

a joint venture
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(9 hydrogen energy

WHAT IS HYDROGEN ENERG s -

A COMPANY JOINTLY OUINED BY BP AND RIO TINTO

ESTABLISHED TO SUPPLY LOUI CARBON HYDROGEN
FUEL TO THE POUIER SECTOR

USING FOSSIL FUELS AND CARBON CAPTURE AND
STORAGE



no?

Fuel
Natural Gas Chemical Plant CO2 Capture Power Plant
CO:2
CO2 Transport + Storage
= H “ ) A joint venture between

TINTO BP Alternative Energy and Rio Tinto



Hydrogen Power Abu Dhabi
MASDAR * @ hydrogen energy

L LE.
| "“.:1 17
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1 25
Thchaar

| = Feedstock (natural gas)
—— Hydrogen
Carbon dioxide
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(\3 hydrogen energy
HYDROGEN POUIER ABU DHAHBI PROJECT

RELOCATING-AND LEVERAGING PETERHERD
LEARNINGS

GEOGRAPHY ~MIDDLE EAST
FUEL - NATURAL GAS
SIZE - 500 MW POUIER PRopucTtion™ °"™

TECHNOLOGY - 6GAS REFORMING/COMBINED
CYCLE TURBINES

SEQUESTRATION - OIL. FIELD UHTH EOR
BENEFIT

HE FOCUSED ON POUIER AND CO2 SALES
S wo ... L COMMITMENT

W& TINTO B8P Atemative Energy and Rio



P HHJEC T SCHP E | ‘) hydrogen energy

Amine Absorber

CO2
REgEN  mmm

CO2
s Removal
CI'—Olﬂ]gl H2 + Nitrogen

DESALINATION

Alr PLANT

P = Compr==Combustoms  GT Steam Water for in-
BF Turbine house plant use
Gas i Generator
:  HARRRGEER
Turbine
Generator

Vacuum
condensate

Power Production




hydrogen energy

\
HYDROGEN ENERGY CALIFOR..:..
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(3 hydrogen energy
HYDROGEN ENERGY CALIFOR :111:

PROJELCT

SIZE = MOOMW POUIER PRODUCTION
GEOGRAPHY ~US WEST COAST
FUEL - PET . COKE/BITUMINOUS COAL

°
HE California

TECHNOLOGY - CORL 6ASIFICATION

rfiflicSAFFURE - Y MILLION

EESEhEHFATION -/ OIL FIELD UIITH

o E4NNTEREST IS FOCUSED 011 He

STRONG POLITICAL ENVIRONMENT



PROJECT SCOPE (g huckogen enerey

Power Block
Air
Separatio
75 MW, i L s T e >
el >, : 380 MW : 260 MW net
A e ———. . .
[ : 0 Gross
| AIR | N, HYDROGEN ‘ STEAM : : ELECTRIC
AR =¥ cemn ek TURBINE ~ [++e+i : POWER
SEPARATION i GCENERATOR :
A o
Petcoke
& Y :
Coal 2 L : :
Gasifier Kit S| D :
CARBON
DIOXIDE
CAPTURE -
FLUXANT SULFUR 25 MW M
REMOVAL | eceeccces ’:
gy = —
co, —
WATER TRANSPORT Se—
COMPRESSION . co2
SEQUESTRATION
L
v I
——|
, Hoo FUR > Oa am0; 2o
> NVERSION > LIQUID
SULFUR
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(3 hydrogen energy

CA POLITICAL ENVIRONINEN] - .......

Political support California environmental policies

California Energy Action Plan | and Il

AB 32: Global Warming Solutions Act

SB 1368: GHG Emissions Performance Standard

California Loading Order

California Policies Supportive of Carbon Capture and Storage
AB 1925: Carbon Capture and Sequestration Legislation

Power demand

350

Limited options in California

300 -

250 -
Utilities need 5500

MW of additional

capacity (16% of
load) by 2014

GWH

200 -

150

Without CCS

100

1980 1985 1990 1995 2000 2005 2010 2015

RIO
TINTO




Evh

Lower
risk
Fuel
Higher
risk
bp
SV RIO
:ﬁjgﬁ" TINTO

ENERGY PROJECT

Cost . I /2"
Cost Cost
Sink _
Lower Higher
risk risk
Mature Mature
hydrocarbons with hydrocarbons
proven demand with potential Depleted Saline
for CO, for EOR for EOR hydrocarbons formations

Gas

Liquid fuels

Pet coke

Bituminous

Sub-bituminou

Lignite

A joint venture between

b

BP Alternative Energy and Rio Tinto



(9 hydrogen energy

HOUIEVER POUIER PROJECTS UIITH CCS
NEED SUPPORT T0 DEVELOP

Comparable costs for electricity = Support already provided
to renewables
%é = Over time, experience
= 2 S 2 gained from building and
g 2 g c 8 operating the first plants of
= =2 8 O 8 this type, and technology
B 08 2E g advances will help to bring
% § 2 § the cost of hydrogen
3 § & - o energy and CCS (and
- renewables) down

Sources: BP Estimates, Navigant Consulting, Deloitte and Touche LLP



EVENTUARALLY CARBON PRICE UIILL
SUFPORT CCS

c
Cs Cosg

$h

co Industrial scale demonstration projects Wide-scale deployment
2

Time Carbon price supports CCS




OTHERS’ VIEUWIS 0N COSTS

INTERNATIONAL ENERGY AGENCY

USSI6 TRILLION UIILL BE NEEDED T0 IMNEET GLOBAL
ENERGY DEMAND NEAT 30 YERRS

USSL5 TRILLION OF THAT FOR COAL-FIRED POUIER
GENERATION

PRINCETON UNIVERSITY (SOKOLOUI) / COLUMBIA UNIVERSITY
(SACHS, LACKNER)

CARBON EINISSION CHARGES OF ABOUT US$I00/TC (ILE.
ABOUT US3$30/TC0, UIOULD ENABLE
COMMERCIALISATION OF CCS AND ALL OTHER
NECESSARY TECHNOLOGIES

SHELL / RWE *

ERARLY PROJECTS LIKELY TO REQUIRE A LEVEL 0OF
SUPPORT EQUIVALENT TO $100 - 150 / TONNE CO



IN THE NEAR TERIN —
A RANGE OF SUPPORT MECHANSINS
ARE AVAILABLE

TYPE OF MECHANISIN EXRINPLES
MANDATED REQUIREINENTS o EU SUGGESTION THAT ALL NEUI PLANT BE LOUI CARBON FROIM
FOR NEUI PLANT TO BE LoWl 2020 (EU ETS UIOULD COVER EINISSIONS FROM EXISTING AS
CARBON UIELL AS NEUI PLANT)
o PORTFOLIO STANDARDS In UsS
CARBON PRICING TRADABLE ALLOWANCES
TAHES

HYBRIDS OF TRHES AND TRADABLE ALLOWANCES
POTENTIALLY SUPPORTED BY OTHER FINANCIAL INSTRUMENTS

INDUSTRIAL POLICY SUPPORT

CAPITAL GRANTS
TAH BREAKS
GOVERNINENT OR PUBLIC UTILITY EQUITY

SUPPORT FOR NEUI
TECHNOLOGIES, ESPECIALLY
RENEUIABLES

RESERVED MARKET (NAY BE INPLEMENTED WITH TRADABLE
CERTIFICATES)

PREMIUIN PRICE SET BY REGULATOR (E.&. FEED-IN TARIFFS)
PREINIUM PRICE SET BY RUCTIoON, TENDER OR NEGOTIATION

Sources: Deloitte and Touche LLP



THE SUPPORT INECHANISINS CAN BE
FUNDED IN DIFFERENT UIAYS

electricity prices are higher due to the carbon price

additional costs from quantity obligations (e.g. Renewable Portfolio Standards or
Customers Green Certificate Schemes)

the cost of premium priced contracts (e.g. feed in tariffs) passed through

separate tax or levy on the retail price or wires business charges

general or earmarked taxation may fund support as grants, premium price
payments or tax breaks (capital or per MWh support)

Tax payers

government or publicly owned utilities may provide cheap capital (debt or equity)

 surplus created by free allocation of allowances can be appropriated by means of
Shareholders auctions, windfall taxes or price floor arrangements and channelled to clean
generation

Sources: Deloitte and Touche LLP



POINTERS TO WIIDESPRERAD POLICY
SUPPORT

US joins

international ‘Son of
climate Kyoto’
change ' replacement
efforts Catastrophi treaty 2012-

c events
resulting
from global
warming

2015

EU-wide or
US federal
policy

support

In exceptional circumstances only

Individual

Successful
government
early
rojects u fsurpoly
RIC) uB individual
and running

projects

)

easible across the developed world




SUMINARY

CONTRIBUTION TO TACKLING CLIMATE CHANGE FROIN CCS
CAN BE CONSIDERABLE

EARLY INDUSTRIAL SCALE COMIMERCIAL PROJECTS READY
T0 BE DEVELOPED

GOVERNMENT AND POLICY INCENTIVES NEEDED T0 ENABLE
CONSTRUCTION AND OPERATION OF THESE EARRLY PLANTS

LONG TERM INSTRUMENTS SUCH AS A HIGHER CARBON PRICE
SHOULD EVENTUALLY BE SUFFICIENT T0 SUPPORT
UIIDESPREAD DEPLOYMENT OF CCS



/eroGen

smarter, cleaner power

Challenges for Early Movers

The ZeroGen Experience
Presentation to the

Expert Meeting on Financing Carbon Capture and Storage

by Dr Anthony Tarr, Chief Executive Officer, ZeroGen Pty Ltd




N\ ZeroGen
Challenges for Early Movers N\ Zeroten

¢ Global and national setting
® Project overview

® Project deployment challenges

¢ Some important open issues




ZeroGen - global and national setting \\‘\ ZeroGen

Ratified Kyoto Protocol — 2010 emission trading scheme
Climate change - public policy and business decision makers

State energy policies — new coal-fired power stations w/o
CCS

Funding — Federal, State and industry funding commitments
Australian coal industry

Integrated Gasification Combined Cycle (IGCC) + Carbon
Capture and Storage (CCS), in the future energy mix



Project Overview N\ ZeroGen

Location: Queensland, Australia Q

Current structure: owned by

Queensland Government a7 G
QUEENSLAND

Technology approach: IGCC + CCS DereonTough o) @] Pockhamsion

Timeline: Stage | - 2012, Stage Il -2017

Substantial industry support: ACALET, ACA, Shell



Project Overview — Project Participants §\\ ZeroGen

"

EXISTING STANWELL
POWER STATION

PROPOSED
ZEROGEN
. POWER STATION

PROPAOSED-MINERAL
RESIDUE DISPOSAL AREA

HIGH VOLTAGE
POWERLINE
EASEMENT

PROPOSED ZEROGEN
POWER STATION
ASHDISPOSAL AREA

CENTRAL RAIL LINE
CAPRICORN HIGHWAY ROCKHAMPTON TO EMERALD

WorleyParsons

resources & energy

@ STANWELL

Queensland CORPORATIOM LIMITED

Government
/f—\
E

ASIA PACIFIC

e

£

Australian

COAL

iéﬁﬁ&? écnnn BA Association
AGFORCE Rockhﬂ}% ¥ m@f wlm

Regional CDUHCI




Project Overview N\ ZeroGen

2008 2012 — Stage |
« Initial feasibility 6FA e 6FA 82MWh
» Financial planning « Construction
« Initial funding from ACALET & competed 2017 — Stage I
ACA - Operation for 5 years | |* 9F 279MWh
* Approval for 9FA « Location already « 90% CO, capture
« Conceptual JV term sheet determined « Location TBD
* Agreement with Shell * Partial funding in « Funding structure TBD
» Discussions with GE, Honeywell place
and others * 75% CO, capture
-l Ao

6FA -82MWh Y oF — 279Mwh GAS COAL
2008 2012 2017 2020
A

2009 2020 — Stage Il

« Stage | feasibility study Future competitive landscape
» Composition of investors mix e Fuel costs

» Funding programme initiation » CO,costs

» Stage |l feasibility study (2012) « Technology costs




Project deployment challenges N\ ZeroGen

¢ ZeroGen IGCC + CCS identified by Australian coal industry as
priority technologies for development

¢ Challenges for deployment exist in relation to:

Technology

»

Financial,
Commercial &
Economic

Community and
Stakeholders




Project deployment challenges \\\\ ZeroGen

Political, Legal and Regulatory

* Permits and regulatory framework

e Consensus and joint undertakings

» Approvals issued for IGCC / CCS

* Fragmented global CO, policy

e Globally relevant regulations

Technology

Community

& Financial,

Commercial
Stakeholder | ¢ Economic




Project deployment challenges

Technology
e |GCC technology
« CCS
e Geosequestration
- Exploration
- Injection
- Well design

Location and technology integration
- Site selection
- Construction

Political, - O&M

Legal &
Regulatory

Community

& Financial,

Commercial
Stakeholder © ¢ Economic

A\

/eroGen

smarter, cleaner power




Project deployment challenges

10

Political,
Legal & Technology

Regulatory

Financial,

Community & Stakeholders Commerciel
* Investment and public community confidence in CCS
* Over 200 interest and stakeholder groups
« Current support from
Government

Public

Industry

Commercial

Union



Project deployment challenges \\ ZeroGen

smarter, cleaner power

Political,
Legal & Technology
Regulatory

Community
&

Stakeholder . . . .
Financial, Commercial & Economic

Financial: Revenue and profitability dependent on:
« carbon pricing
e government subsidies
» technology efficiency improvements
(CapEx, OpEX)

Financial risk: Technical, Financial (loan & interest,
bankability)

Commercial: ldentifying L-T investor

Economic: Input optimisation of Australian economy
and coal industry

11



Project deployment challenges

IGCC with CCS cost breakdown
100%,

Q0%

S0%

T0%

O0CO2 Permit
B0%
] m CO2 storage
>

50% 0 O&M
W fuel
O capital

$/IMW

A0%
ZeroGen focus

A0%, ]

20%

10%

0%

12



Some important open issues

13

Grants enhanced ETS credits
Industry participants

Loan guarantees

Private parties

ETS for direct investment

Clean Development Mechanism
(CDM) credits

N\ ZeroGen

Funding options
will be discussed
with Government
funds, and
commercial banks

Need for innovative
iIdeas to address
bankability of
demonstration
projects



N\ ZeroGen

Thankyou




Climate Change and Carbon
Capture and Storage (CCS)
Technology

ELECTRIC

J' 1 E AMERICAN®

Mountaineer Plant - New Haven, WV Northeastern Plant - Oologah, OK

Bruce Braine
Vice President - Strategic Policy Analysis
Expert Workshop on Financing CCS
May 29, 2008




Company Overview

Nat. Nuclear
Gas/Oil 6%

24% Pumped Storage/
Hydro/Wind

3%

Coal/Lignite
67%

AEP’s Generation Fleet
38,388 MW Capacity

5.1 million customers in 11 states
Industry-leading size and scale of assets:

Industry
Asset Size Rank

Domestic Generation ~38,300 MW # 2
Transmission ~39,000 miles # 1
Distribution ~208,000 miles # 1




AEP’s Climate Strategy

’ Future Gen™ Being proactive and engaged in
. ALLIANCE the development of climate

policy

Investing in science/technology
R&D

GLOBAL ROUNDTABLE

ON CLIMATE CHANGE

\ g Voluntary action now,
LEADERS making real reductions thru CCX
U.5. Environmental Protection Agency (2003_07: 40 MM Tons
reductions); 2011 Voluntary
Commitment (additional 5 MM
Tons/year reductions).

™
Chicago Climate Exchange

Investing in long term
ELECTRIC POWER technology (e.g., IGCC, Ultra-
EI El RESEARCH INSTITUTE supercritical PC and CCS)

AEP must be a leader in addressing climate change




AEP’s Climate Position

= A certain and consistent national policy for reasonable
carbon controls should include the following principles:

Comprehensiveness
Cost-effectiveness
Realistic emission control objectives

Monitoring, verification and adjustment
mechanisms

Technology development & deployment

* Inclusion of adjustment provision if largest emitters in
developing world do not take action

A reliable & reasonably-priced electric supply is necessary to
support the economic well-being of the areas we serve.




EPRI CO, Reduction “Prism”

Achieving all targets is aggressive, but potentially feasible

EIA Base Case 2007

\

Technology EIA 2007 Reference Target
Efficiency Load Growth — +1.5%/yr Load Growth — +1.1%/yr
I Renewables 30 GWe by 2030 70 GWe by 2030

H

a1

o

o
|

I Nuclear Generation 12.5 GWe by 2030 64 GWe by 2030

—
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No Existing Plant Upgrades 150 GWe Plant Upgrades

Advanced Coal Generation 40% New Plant Efficiency 46% New Plant Efficiency
by 2020-2030 by 2020; 49%b in 2030

H

o

o

o
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CCs [\[e]g[5} \WATe [S1\VAIDI=T o] [0)Y/Te WA § (=] g2d 0)240)

10%b of New Vehicle Sales by
PHEV None 2017;
+2%/yr Thereafter

< 0.1%0 of Base Load in

o .
2030 596 of Base Load in 2030

2015 2020

EPIE | e

2005 2010




AEP’s Long-Term GHG Reduction Portfolio

Renewables (Biomass Supply and Demand
Co-firing, Wind) Side Efficiency

Off-System Reductions Commercial Solutions of
and Market Credits New Generation and

(forestry, methane, etc.) Carbon Capture &
Storage Technology

AEP is investing in a portfolio of GHG reduction alternatives




AEP Leadership in New Technology:
IGCC and USC

NEW ADVANCED GENERATION

* |[GCC -- AEP first to announce plans to build
two 600+ MW IGCC commercial size facilities
in US (OH and WV) by mid next decade

e USC -- AEP will be first to employ new
generation ultra-supercritical (steam
temperatures >1100°F) coal plant in U.S (AR)




CO, Capture Techniques

Post-Combustion Capture - Conventional or Advanced Amines, Chilled Ammonia
= Relatively low CO, concentration in flue gas — Thus difficult to capture
= Amine technologies commercially available in other industrial applications
= High parasitic demand
= Conventional Amine ~30-35%, Chilled Ammonia target ~10-15%

Amines require very clean flue gas, Chilled Ammonia less sensitive to
contaminants

Modified-Combustion Capture - Oxy-Coal
= Technology not yet proven at commercial scale
= Creates stream of very high CO, concentration
= High parasitic demand, >25%

Pre-Combustion Capture - IGCC with Water-Gas Shift
= Most of the processes commercially available in other industrial applications
= Have never been integrated together

= Turbine modified for H,-based fuel, which has not yet been proven at commercial
scale

= Creates stream of very high CO, concentration
= Parasitic demand (~15-20%) for CO, capture - lower than amine or oxy-coal




|IGCC Water-Gas Shift Process

Pre-Combustion Capture

)

Electricity
Generation

|

( ) 1 f )
- Air 0, co; H, Product
IF==  Separation — Gas Clean-Up > Separation

— Gasifier TRANSPORTATION

!

Sulfur

$ P
Recovery .
-

% ﬁ% Deep Saline

MARKETABLE MARKETABLE Formation

ASH/SLAG SULFUR
BY-PRODUCT BY-PRODUCT

a
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Unmineable Enhanced Depleted Oil and
Coal Beds Oil Recovery Gas Reservoirs




Babcock & Wilcox Oxy-Coal Process
Modified Combustion Capture

Oxygen Combustion Process

Nitrogen (N2) Recycled Flue Gas
Out

® No SCR
(typically)

® No CO2scrubber

Environmental

Cleanup c CO2
> “ompression

ooy

Ash S02
W

Other captured CO2 Capture
emissions (liquid)




Alstom’s Chilled Ammonia Process
Post-Combustion Capture

Flue Gas

Flue Gas Low CO,,

High CO,, Concentrated CO,

CO, Geologic Storage
by AEP/Battelle

Low Sulfur Low Sulfur \ /
<)

J

Booster
Compressor

CO, Absorber

Regenerator

/ \ Lean (CO,)

Rich (CO,) Reagent
Reagent




AEP Leadership in New Technology:
Chilled Ammonia CCS

Phase 1

2009 Initial Operation
MOU (Alstom)

1300 MW ( cnlliee
Ammonia

Mountaineer >
Plant (WV) k 20MWe scale

CO, Storage

(Battelle)
\

Phase 2

2012 Commercial Operation
MOU (Alstom)

Chilled
450 MW Ammonia

Plant (AEP-

~300MWe scale
West)

Captures and Stores
~100,000 metric tons of COz /yr.

CO, Storage

1

EOR

Captures and Stores
1.5 Million metric tons of COx/yr.




The Challenge: CCS is Expensive

Carbon Capture w/ Geologic \
Sequestration

Other renewable, advanced
geothermal and/or solar

Carbon Capture for Enhanced Oil
Recovery

New Biomass Generation

$/ton CO.e Dispatch of additional gas vs. Nuclear?
2 inefficient coal

Biomass Co-firing

Biological Sequestration (e.g.
Forestry)

New Wind

Energy Efficiency

Methane Offsets /




CCS: The Business Case

CO, Legislation Requiring Very Substantial
Long Term Reductions is Likely

A Portfolio of Reduction Options Will Be
Needed

Future Electricity Demand Requires New
“Baseload” Power Options (Predominantly
Coal and Nuclear)

Half of Existing Demand is Met By Coal and
Early Retirement of Coal is Expensive. Thus,
Retrofit CCS becomes essential.




Key Issues for CCS Development

Overcoming the “Economic” Hurdle—Bonus
Allowances and Other Financial Support

High Up-Front Capital Investment - Getting
Adequate Financing and Recovery in Rates

Commercial Demonstrations of CCS at Large
Coal-Fired Power Plants

National Standards for Permitting of Storage
Reservoirs

Potential Institutional, Legal and Regulatory
Barriers to Carbon Storage




Ongoing CO, Capital and
Transport Costs

Gary Loop
Senior VP and Chief Operating Officer
Dakota Gasification Company

IEANGHG Einancral
COMEELEE

May 28 & 29, 2008
New York q

BASIN ELECTRIC
DAKOTA POWER COOPE RAT‘I'..VE
GASIFICATION A Touchstone Energy” Cooperative
COMPANY




Overview




Only commercial scale anthropogenic CO, sequestratlon |n
western hemisphere
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Dakota Gasification Company




Capture Technology
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Integrated Gasification Combined Cycle
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Integrated Gasification Combined Cycle with CO, Capture
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CO, Capture — Methodologies







Antelope
Valley
Station

» Electricity, 770 MW Freedom
Coal Mine

Coal, 34,000

Coal fi
Electricity, 130 MW 16,000 fons tons per day
per day
Great Plains
Synfuels Plant

Carbon dioxide,
3 million tons per year

SNG,170 mmcfd




SYNFUELS

Carbon Capture Optimization Project




Commercial Demonstration
of Ammonia CO, Capture




Capture Technology

Ammonia AIIME
Nigh  [ow nigh low  [Rectlisel




Advantages to AVS Post
Combustion Demonstration Plant




Wilhiston Basin Offers Good Match




Timing Is Right




Weyburﬁ'L Midale
. Project

e

Cedar Creek
ields

Pipeline

Potential CO, Pipelines




Estimated Costs
$5—-60/ton




Demonstration Plant Economics

S$ton




Financial Incentives to Consider




Demonstration Plant Economics
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B LIABILITY (RISK) MANAGEMENT:
% Ensuring Financial Responsibility for GS

Chiara Trabucchi
Industrial Economics, Incorporated
ctrabucchi@indecon.com | 617.354.0074




g% = RISK — Of what?

= Non-performance / default? Underperformance? Defect?
Other contractual liability? Tort Liability for Bodily Injury (Bl),
(first party) Property Damage (PD), Ecological / Natural
Resource Damage? Endangered Species Issues?

= Moral Hazard — Will the party be better off in the event of
loss / failure? Is the party indifferent, and therefore won't try
to prevent or mitigate certain losses?

=‘-{ '_ = FINANCIAL RESPONSIBILITY — To whom, for what? When?

__ = = LIABILITY — Statutory? Common law? Civil law jurisdiction?
== = HARM/INJURY — Bl or PD or other?
= « DAMAGES — Nature? Type?

= |INDEMNITY — Contractual? Governmental? First dollar? Excess
of retained amount? Insurance? Public / Private?

IEc | 1



=

-2 GS Project Life Cycle

A 4

Capture

\ 4

Transport Sequestration

- —

Siting/ . Operation | Plugging, Long-Term
Construction | | (CO, Injection) | Abandonment, Stewardshi
21N & Post-Closure P

~1 year 1 to 30 years Defined Indefinite

» |Industry Sectors — Utility v. EOR/EGR
= Early movers (pilots) v. commercial-scale deployment

= EXisting statutory implications — SDWA, CAA, RCRA, CERCLA

IEc |2



Risk Profile for GS Sites

Environmental Risk Profile

Injection
begins

Monitor

Model

Injection
stops

Pressure recovery

Secondary trapping mechanisms
Confidence in predictive models

2 x injection 3 x injection

period

period

n X injection
period

Benson, 2007

evolves.

Shape of the curve will vary by GS site
Early movers (pilots) will site in favorable zones

Liability frameworks must balance incentives that foster early
deployment with the potential for adverse site selection (with increasingly
risky profiles) due to moral hazard as commercial-scale deployment

IEc| 3



(Uncertainty of Interplay with Existing Statutes )

= Numerous Potential Claimants, Causes of Action.

= Nuisance, trespass, negligence, other torts

= Statutory liability (SDWA, CAA, RCRA, CERCLA, ESA;
local statutes; potential “cap” of Cap-and-Trade)

= Contractual and “New” Potential Carbon Market
Exposures — required purchase of offsets, penalties /
fines

= Spans State & Federal Authority

= Jurisdiction, nature of the harm and attendant
damages will interact to determine liability,
compensability, and which (if any) party can transfer,
release or assume liability.

IEc | 4




== Financial Responsibility
B (Certainty of a Sort...)

= An effective liability (risk management) framework
will assure funds are available to pay for the
necessary activity to:

= Minimize potential for releases of the injectate from
the containment zone over the long-term (post
operational acts and confirmed stabilization); and

= Detect problems before they adversely impact public
: welfare or the environment (MMV).
= = Theremaining challenge? Corrective (remedial)
% action, and to the extent necessary how damages will
be redressed & up to what limit?

IEc |5




GS Project Phases

» Risk Pooling Models

Long-Term
Financial MMV Plugging, Stewardship
Responsibility (Injection/ | Abandonment | (after prescribed
Mechanisms Operation) | & Post-Closure post-closure)
1. Third-Party
Instruments
(Trust Funds, LOCs, v v v
Insurance, Bonds)
2. Self-Insurance
(Financial Test, v v X
Corporate Guarantee)
3. Public/Private Hybrids
»  Compensation Funds X X v

IEc |6



B Notable Liability Frameworks:
= __— Each Has Strengths and Weaknesses; Risk Profile is Key

<Public / Private Frameworks> <Compensation (Trust) Funds>

1974 | SDWA
UIC Program
1957 | Price-Anderson
Nuclear Indemnity
1980/1986 | CERCLA/SARA
Superfund

1968 | NFIA
Indemnity/Risk Pool

1990 | TAPAA/OPA
OSLTF / TAPLF

2002 | SAFETY ACT

Risk/Litigation Management
2007 | IRGC /10GCC

State Compensation Funds
IEc |7



Insurance and Liability

What are the risks? What risks are insurable?

What does the insurance industry need in order
to formulate insurance products for CCS
projects?

What kind of policy environment is needed to
develop these insurance products?

What Is government’s role, If any, in insuring
CCS projects?

www.ieagreen.org.uk



Coal Technology Investment:
Developments & Issues Concerning CCS in Australia

Ross Willims
Chair, ACA Low Emissions Technology Ltd

WCI/IEA Workshop: Financing Carbon Capture & Storage
New York, 31 May 2008




COALZ21 Objectives

e Australian National Action Plan for Low Emissions
Coal Tech (LET)

* Inform, engage & align govts and industry
* Facilitate LET demonstration & uptake

*  Promote supporting R&D

* Foster greater public awareness

*  Promote international collaboration




COAL21 Action Plan

Oxy-fuel
generation

Geological
storage of
CcOo2
Phase 1 Phase 2
RD&D & deployment of Start & accelerate
best available technology deployment of new
technology

2005 2010 2015 2020 2025




COALZ21 Fund

* Voluntary levy on Aus coal production (> 95% buy in)
> Initial 5yr / AU$300 million increased to 10 yr / $1 billion

* For coal LET demonstration projects & supporting R&D

* Managed by ACA Low Emissions Technology Ltd (ACALET)
» Board (coal co. executives)
» Tec Advisory Committee (expert advice bought in as needed)
» Technology Manager
» Administered by Aus Coal Assoc

* Supported projects:
» Oxy-fuel - CS Energy Callide Oxyfuel Project

» IGCC - ZeroGen
» PCC - CSIRO Post Combustion Capture Project
» Storage - Otway Project & Geological Reservoir Mapping




Australian Association

CS Energy Oxy-fuel Project:
* Retrofit oxy-fuel & COz2 capture to Callide A power station in Queensland

e Partners

> CSEnergy » IHI L i T _,%

> JPower >  Xstrata J/ n Steam Turbin étomy

> Schlumberger ’”@ g I
e Funders: 0 L —'

» COAL21 Fund - AU$68M Pariculate Romoval Liquid GOz

> Aus Govt - $50M | Soer ] g

» CS Energy/Qld Govt/others _/

) $88M - V CO: Liquefac; &

e Status:

» Feasibility, pilot plant testing done
Storage site investigations underway
Plant construction to start late 2008
Generation from 2010
Geosequestration from 2011

YV V V V




Australian Association

ZeroGen Project
* Two stage approach to accelerate large-scale IGCC/CCS
Stage 1 (by 2012)
» 80 MW IGCC demo plant
» CCS (~75% CO2)
» GE 6FA gas turbine — }
pathway to Stage 2 k
Stage 2 (by 2017) |
> 300 MW IGCC
» CCS (~90% C02) H
> Next ggneration Ia_rge rﬁ.‘ :
scale high H2 turbine 2
Partners (so far):
» ZeroGen (Qld Govt/Stanwell Corp)

» Shell Development Aus
> COAL21 Fund (AU$300M) \x\\ ZeroGen
* Next steps :

» Complete Stage 1 feasibility & fund build
» Stage 2 Pre-feasibility




New South Wales Post Combustion Capture Project

* Partners (~ AU$150M)
» NSW Govt » Delta Electricity
» CSIRO » COAL21 Fund ($50M)

* Pilot capture plant

» Munmorah power station

» Ammonia based absorption suited to Aus conditions
e Storage assessment/characterisation

» Build on previous basin studies

> ldentify test well site by mid-2010
* Integrated PCC & storage demo

> Install PCC on existing power station
» Scalable to commercial size

» Operational by 2014




Australian Association

Geological storage

* Otway Project (CO2CRCQC)

» Stage 1 demo underway (injection
into Victorian natural gas reservoir)

» Stage 2 to target a saline aquifer
(enhanced monitoring & verification)

* Regional storage assessments
» Queensland & New South Wales
» Assess storage potential
» Develop storage capability Otway Project Schematic
» Understand & manage risks
> ldentify large scale/acceptable storage sites




Vision of success — key elements

* Political framework & support

» Qld & NSW Clean Coal Councils

» National Low Emissions Coal Council

» National Storage Taskforce (ACA, WWF, mining union, The Climate Institute)
* Effective collaboration

» Genuine cooperation, not competition

» All key players (govts, producers, generators, OEMs, researchers)
* (Clear aspirations for commercial plant

» Demos are crucial, but not the objective

» Demos must be on pathways to commercialisation
* Financial incentives

» Including emissions trading, but ET alone is not enough

» Upfront support is essential to overcome market failure
* Supporting regulation

» Federal (offshore) CCS legislation has been drafted

» State (onshore) legislation under development




Threats to success — key challenges
* Plant costs

» Worldwide equip/infra cost escalation

» Widens the cost gap between conventional & new generation (demo &
commercial) plant

* Long project lead times
» Increasing urgency for meaningful GHG reductions
» Early significant progress is important
» Momentum must be sustained
Stakeholder buy-in
» Generators » Equipment suppliers
» NGOs » Public
Public understanding/acceptance
» Outreach & education is as important as the technology
Lack of urgency globally
» Are we taking baby steps?




Australia is moving on all the key technologies for coal, but
it's just the beginning of a decades long program.

A nation-building approach to carbon capture and storage is
needed, based on public enthusiasm, political commitment
and a shared vision of success.

Coal technologies must demonstrate significant early
progress & sustained momentum if they are to stay relevant
to the debate — we cannot risk being on the slow train.

Emissions limits and trading are necessary, but not sufficient
- supplementary targeted CCS programs are essential.




building a CCS industry

new energy finance




who is doing these projects?

BHP Billiton (AU) Air Liquide* (FR) Adv. Geotech.* (CA)
Peabody (US) Cansolv Tech.* (CA) Enbridge (CA) Schlumberger* (US)
BASF* (DE) Kinder Morgan (US) Apache (US)
RWE (DE)
Eon (DE)

Hydrogen Energy (UK)

McJunckin Redman
(CD)

GVS Group (IT) Corinth Steel (GR) *Denotes company
also manufactures

Pratt & Whitney (US)

Siemens (DE)

Alstom (FR)

Doosan Babcock (UK)

ASOC AMER EMEA

Source: New Energy Finance 2008

i
© new energy finance, 2008 ﬁJ new energy finance



there are over 65 CCS projects announced worldwide

Over 65 projects
announced
worldwide

Alberts Basin5 ]

Yabur

(inc Zama & Mida — Y : £
California @ o+ ;Minama -
[DF2) i N Nagaoka

Total cost exceeds
$42bn

Kwinana [OF 3)

COZCRC Otwvay
onag

By 2016, cumulative
injection could
exceed 67 MtCo2/yr

Storage Storage Enhanced Oil/gas recovery ®) Enhanced Oil gas recovery A Acid gas
Underaay,/ completed Proposed,/ planned Underwvay Planned Underwvay

0.25% reduction in annual emissions from fossil fuel
usage at 2004 levels (based on 27 GtCo2/yr EIA
estimate)

Source: New Energy Finance 2008; Map: Geologic Storage of Carbon Dioxide, IEA Greenhouse Gas R&D Programme
2008

© new energy finance, 2008 ZJ new energy finance



building investor confidence

the first commercial scale
plant will likely be the

catalyst to get several
r- — o mRT .

ARbrees

Source: New Energy Finance 2008

© new energy finance, 2008 ZJ’ new energy finance



outcomes of a commercial scale project

determine actual cost

gain public acceptance

refine regulatory definitions

prove technical/logistical feasibility

build investor confidence!!!

Source: New Energy Finance 2008

© new energy finance, 2008 ZJ’ new energy finance



what Is needed for a robust CCS investment
environment?

1. sustainable demand for fossil fuels

2. set emissions standards/reduction goals

3. legislation/regulatory framework

4. progress toward commercial-scale project(s)

5. funding for projects and infrastructure

Source: New Energy Finance 2008

© new energy finance, 2008 ZJ’ new energy finance



six likely candidate regions

Source: New Energy Finance 2008; Map: Schlumberger

© new energy finance, 2008 ZJ new energy finance



sustainable demand for fossil fuels: % (GW), 2005
levels

83% (41)
79% (62) 79%(757)

74%(329)

54%(393)

29%(35)

Australia Canada China Europe United Kingdom United States

Source: EIA, New Energy Finance 2008

© new energy finance, 2008 ZJ new energy finance



emissions standards/reduction goals

AU: signed Kyoto — 108% of 1990 levels between 2008-
2012

CA: signed Kyoto — 20% emissions reduction on 2006
levels by 2020

CN: signed Kyoto — 20% emissions reduction on 2005
levels by 2010

EU: signed Kyoto — 20% emissions reduction on 1990
levels by 2020

UK: signed Kyoto — 20% emissions reduction on
1990 levels by 2020

US: soft commitment to 18% emission intensity reduction

Source: New Energy Finance 2008

© new energy finance, 2008 ZJ new energy finance



legislation/regulatory framework

AU: $70m to establish ETS to begin in 2010 (cap & trade);
draft legislation for CCS regulatory framework

CA: Climate Change and Emissions Act, Regulatory
Framework for Air Emissions

CN: government initiatives

EU: EU ETS; currently setting-up legal/regulatory framework

UK: EU ETS; in talks to establish all-UK regulatory
framework

US: drafts at state level; bills hitting congress floor

Source: New Energy Finance 2008

© new energy finance, 2008 ZJ new energy finance



progress toward commercial-scale project(s)

AU: ZeroGen Mark I

CA: Belle Plaine, ASAP, Heartland

CN: GreenGen

EU: up to 12 demonstration plants commissioned by
2020 costing €6-10bn ($9.4-15.6bn)

UK: government contest to fund up to 100% of
CCS portion of commercial scale PCC plant

US: seven large-scale research projects, and
restructured FutureGen likely to bring more

Source: New Energy Finance 2008

© new energy finance, 2008 ZJ new energy finance



projects funded mainly through public/private consortia

5151m
$136m ® Partner Share

m DOEShare

PCOR SECARB SWP MGSC MRCSP WestCarb

Source: New Energy Finance 2008

© new energy finance, 2008 ZJ new energy finance



funding for projects and infrastructure

AU: $2.3bn for climate change, territory funding

CA: CAD250m from federal government in 2008, nothing
from Alberta; Alberta formed CCS Development Council

CN: GreenGen approved by two government agencies
as ‘national high-tech industrialisation program’

EU: revenues from EUAS; budgetary difficulties

UK: government to pay for CCS portion of
project; industry dissatisfaction

US: $1.3bn in support to new projects (starting w/ $250m)

Source: New Energy Finance 2008

© new energy finance, 2008 ZJ’ new energy finance



simplified summary

DFe?,f';illd R?:fgcgtign Legislation | Projects | Funding
- " + + | H- | -
- T + +/- + +/-
- T + +/- + +/-
_ - + + | +- | -
N + + | H- | +H-
- T +/- - + +/-

e e
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CCS Alliance for Risk-based Policy

Risk Evaluation for Commercial Deployment of CCS
Innovative Approaches to Mobilize Financing for Early Plants

Presentation to IEA — WCI CCS Experts Group with
IEA GHG R&D Program (New York)

Preliminary Risk Rating Results:
Coal-based Plants with CCS
May 28-29 2007

CONTACTS:

Fred Eames

Hunton & Williams
202-955-1500
Washington, DC
feames@hunton.com

Andrew D. Paterson
Econergy

202-822-4980 x311
Washington, DC
adpaterson@econergy.com

Dr. Maria Dubravka Pineda,
Research direction 1



ECONERGY’'S BUSINESS

HUNTON
WILLIAMS

OFFICES & PROJECTS

Fortaleza
Cochabamb! elo Horizont

Rio de Janeiro
Séo Paulo
o Office

B Project

Carbon
Services

* Broker carbon
credits in regulated

Consulting and voluntary
markets

‘ e Access deal flow e Carbon project
¢ Provide intellectual identification and

CleanTech
Fund

* Raising capital for
small-scale
generation
projects in ‘gtin
America

* Invested in 3
projects

capital to company development support

and clients

e Support
development of

Renewable Power
Production

e Build, own and operate an asset
base of renewable energy
projects

* Scope, opportunity and in-
house expertise to become a
leading developer of clean
energy assets

e Wind & hydro in Latin America
e Biomass in U.S.

Raised $100M on London AIM in Feb. 2006

U.S. Strategy $25M in revenues for 2007, from $3M in 2005.
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Baseline without Requlations on Carbon: 104 GW of coal added by 2030
EIA 2008 Projection: MORE fossil use by 2030 in N.America

EIA has reduced projections of natural gas use and raised forecasts for coal.

AEO 2008: Figure 1. Energy prices, 1980-2030 (2006 dollars per
_— . . million Btu)
In the AEO2008 reference case, electricity generation from 45 - o EPE——

natural-gas-fired power plants increases sharply from 2006

to 2008 and then flattens for the next decade, growing by 3 0

. LLeCLrLe
percent from 2008 to 2016. After 2016 generation from 2 /\,-./ e Hiecirichy
new coal, nuclear, and renewable plants displaces some 20 -
natural-gas-fired generation (Figure 7). In the AEO2008 .
reference case, 741 bkwhs of electricity is generated from " j\_'/ T
natural gas in 2030, 21 percent less than the 937 bkwhs in 10 -
2030 in the AEO2007 reference case. Additions to coal- 5 s NoZural gas
fired generating capacity in the AEO2008 reference case y .
total 104 GW from 2006 to 2030. 1980 1990 2006 2020 2030
Figure 4. Electricity generation by fuel, 1970-2025 Figure 7. Electricity generation by fuel, 1980-2030
(billion kilowatthours) (billion Eilowatthours)
4,000 - Hastery Projections AEO |:> 4,000 - History Projections AEO
Electricity de.’mmg:f‘ o 2003 Electricity demarz:ig 79 2008
1970 2025 1980 2030
2,000 - : 2,000 -
Netural gas /
1,000 - e 1,000 - — : I\{uclear .
Renewables ﬂ /- ﬁfjiﬁiﬁi’
o Petroleum smoemm= e Liquids
1970 1980 1850 2001 2010 2025 0 — e
1980 1990 2006 2020 2030
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http://www.clean-coal.info/pubs/presentations/Hayes_Coal PWC_11th School_of Mines_May1007.pdf

Risk Rating on CCS for WCI — May2008 ADPaterson 4



Planned Coal Plants Delayed

Capacity GW

HUNTON®
WILLIAMS

Past Capacity Announcements vs. Actual
Figure 1

18 é - Delays in Implementation/_l

|
g
12 ‘R

12
10

2000 2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017

choam tn ha cinnifirantly lace than nrnnnon
TH STVl 0 WD ST Ly (oo Uisdil ks

proposed capacity for the year 2005 when actually

[=]
==

ictod 11 ARR MW Af
LD 0T Y e A

M Actual M 2002 Report 2005 Report M October 2007

Source: 2007 data Global Energy Decisions — Velocity Suite
2002 — 2005 data — Previous NETL Tracking New Coal-Fired Power Pianis Reporis OSAP 10/10/2007

Risk Rating on CCS for WCI — May2008 ADPaterson
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ENR: Coal Plants Under Construction (Feb. 2008)

Despite numerous cancellations, some plants are underway, but CCS is seen as too costly.

o, B
et |
T
:
,.

A %
Y SOURCE: NATEONAL PAERGY TECHROLOGY LABORATORY ‘\J
Plant Size (Mw)  Technology Status
e 7-219 [ CFB @ Near Construction
© 220-599 ir IGCC O Permitted
O 600-1634 ¢ Supercritical @ Under Construction

O PC Subcritical

http://enr.construction.com/features/powerindus/2008/archives/htm/080227p1l.asp

ENR (2/27/08):

“For construction contractors, the
immediate situation is not dire.
About 25 major coal projects
totaling more than 15,000 MW now
are under construction. Twenty
other projects totaling more than
10,000 MW have secured most of
their major permits and are poised
to enter construction soon.”

“Coal projects that are well under
way include:

* CPS Energy’s 750-MW J.K.
Spruce Unit 2 in San Antonio, TX;

» Santee Cooper’s 600-MW Cross
Unit 4 in Cross, SC;

» Springfield (IL) City Water Light
& Power’s 200-MW Dallman Unit 4;
» East Kentucky Electric
Cooperative’s 278-MW Spurlock
Unit 4 plant in Maysville, KY. “
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Projected CO2 Emissions, 1990 — 2030
“Major Emitters” (Top 10) matter most. U.S.+China =50% in 2030
World Carbon Dioxide Emissions by Country, 1990-2030
40,000 - MHHGAR3Y.CT
B Linited Siates W Canada
Mendco Japan Kyoto signers were 55% in 2002;
o5 0 - W =00 o « Austraiaew Zesiand— put will only be 35% in 2030. OECD Europe
W Russia W China
@ India Widdle East Brazil
30600 AWM AMCa & Branl Africa
m OECD Europe source data: EIA 2007 Middle East
ol India
25,000 -

e | 2010

15 2030 2025 2030

Fussla

| Australia/NZ
South Korea
Japan
Maxico
Canada

United States
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“Where are the U.S. CO2 Emissions”

EIA Baseline: U.S. CO2 Emissions by Sector, 2000

Power sector drew early attention, but transportation is crucial also.

Source: EIA,
AEO 2003

Difficulty in dealing
with transport

Tons of Carbon emitted

~/ NGas

Petro sector emissions

2
o 8 _
= £ [ _ Coal plagues EU as well.
S @ o o
L T g 5 =
- 8 E g 8_ @ Coal
o o 0
Electricity broken ®x 5 Z c m Petro
out by end-use © = O NGas

sector.




“Where are the U.S. CO2 Emissions”

EIA: U.S. CO2 Emissions by Sector, 2030 est.

HUNTON
WILLIAMS

Absent a massive turnover in equipment, CO2 emissions keep rising.

700
600
500
400
300

200
100

Tons of Carbon emitted

Electricity

Electricity broken
out by end-use
sector.

%

\ A

Residential

Commercial

Industrial

Transport

Source: EIA,
AEO 2008

Coal fired electricity
continues to rise in
total because of
higher gas prices.

o Coal
B Petro
O NGas
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“Inconvenient” Challenges for North America...

1.

Retail electricity competition and merchant power mostly failed in
the U.S., with major bankruptcies (PG&E, SCE)... and many states
remain committed to rate regulation, especially for baseload.

Consumers don’t buy electricity based on price, anyway; it's an
essential good — and many utilities mask price signals.

New electricity supply is heavily constrained due to natural limits
(wind, sunlight, resources) and regulations no matter the option.

EE and DSM are vital, but are not sufficient with growth... nor can
they replace a lot of “old coal” units (>200,000 MWe).

U.S. regional differences in electricity fuel mix, prices, and access to
renewable resources are severe. Several regions use coal for >60%.

“Urgent” cap and trade (2012, 2020) in the EU is a mixed bag:
emissions are not lower, and other measures (feed-in tariffs,
regulations, direct subsidies, local tax policy) are in the mix.

Because of a huge U.S. budget deficit and national debt, federal
fiscal options are limited; need risk-based incentives.

10
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National averages mask very sharp regional differences

Differing Electricity Mix by Region (EEI), 2005

HUNTON
WILLIAMS

WEST NORTH CENTRAL EAST NORTH CENTRAL
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U.S. carbon emission reduction goals cannot be met without CCS

U.S. Electric Sector
CO, Emissions (million metric tons)

EPRI “Carbon Constrained” Scenario for Electricity

HUNTON
WILLIAMS

3500

3000 -

2500 -

2000 -

1500 -

H

o

o

o
|

EPRI used AEO 2007 as the reference, and then looked at what might be
technically feasible by 2030. They are evaluating economics now to further

review this “carbon constrained” case. CCS is a crucial slice of action needed.

EIA Base Case 2007

\

Technology

Efficiency

EIA 2007 Reference

Load Growth ~ +1.5%/yr

Load Growth ~ +1.1%l/yr

Renewables

30 GWe by 2030

70 GWe by 2030

I Nuclear Generation

12.5 GWe by 2030

64 GWe by 2030

Advanced Coal Generation

No Existing Plant Upgrades

40% New Plant Efficiency
by 2020-2030

150 GWe Plant Upgrades

46% New Piant efficiency
by 2020; 49% in 2030

CCs None Widely Deployed After 2020
500 - PHEV None 10% of New Vehicle Sales by 2017
+2%l/yr Thereafter
DER < 0.1% of Base Load in 2030 5% of Base Load in 2030
0 T T T T T
1990 1995 2000 2005 2010 2015 2020 2025

2030

* Achieving all targets is very aggressive, but potentially feasible.

12



U.S. Electric Sector
CO, Emissions (million metric tons)
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WILLIAMS

2008 Updated Prism...Technical Potential for CO, Reductions

3500
I _ _ «— AEO2007*(Ref)
EPRI used AEO 2007 as first reference, and then looked at what might be
technically feasible by 2030. CCS is a crucial slice of action needed. AEO2008*
& (Early release)
3000 - %
~ AEO2008*(Ref)

N

a1

o

o
I

2000

Technology EIA 2008 Reference Target
Efficiency Load Growth ~ +1.05%/yr Load Growth ~ +0.75%/yr
1500 - Renewables 55 GWe by 2030 100 GWe by 2030

. Nuclear Generation

15 GWe by 2030

64 GWe by 2030

No Heat Rate Improvement for

1-3% Heat Rate Improvement for 130
GWe Existing Plants

Impact of efficiency
measures in Energy
Independence and
Security Act of 2007
(EISA2007)

\

1000 - Advanced Coall Existing Plants
Generation 40% New Plant Efficiency 46% New Plant Efficiency
by 2020-2030 by 2020; 49% in 2030
CCs None Widely Deployed After 2020
500 -
PHEV None 10% of New Light-Duty Vehicle Sales by
2017; 33% by 2030
DER < 0.1% of Base Load in 2030 5% of Base Load in 2030
0 I I I I I I I I I I I I I I I I I I I I I I I I 1
1990 1995 2000 2005 2010 2015 2020 2025

*Energy Information Administration (EIA) Annual Energy Outlook (AEO)

2030
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Costs of natural gas and electricity without CCS will run much higher.

EPRI: Increase in Real Electricity Prices...(2000 to 2050)

B Limited Portfolio JustEERE +Gas Full Portfolio with coal - ccs + Nuclear :
- 7
+260% +45% _—.

<

_5 D
> 2>
= S
~ 4 4 g
2 o
= =
= =

3 -3

2 2

Both Scenarios meet the same economy-wide CO, Cap* L 4

0 - 0
2000 2010 2020 2030 2040 2050 2000 2010 2020 2030 2040 2050

- Coal - Gas - Oil . Hydro Solar = Demand w/ No Policy *Economy-wide CO, emissions capped at 2010
. levels until 2020 and then reduced at 3%l/yr
[ ] w/CCS w/CCS ] Nuclear Wind - Biomass @ Demand Reduction

Risk Rating on CCS for WCI — May2008 ADPaterson 14
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U.S. Electricity Sources (2006) — compressed to 24 hours

Natural gas accounts for most growth since 1990; overall demand +33%
“Sure, we are more efficient... then we plug more stuff in or buy more.”

U.S. Electricity Sources - 2006 (indexed to 24 hrs)

H Coal H Petro ON.Gas OCHP

ONuclear O Pumped EHydro EWood (14m)

W Waste (6m) EGeo (5m) E Solar/PV (0.2m) BEWind (9m)
CHP

Nuclear (4.7h)

N.Gas (4.8h)

Petro (22m)

Coal (11.8h)

4,038 TWh

RE = 34 minutes

aday

Wood (14m)

Waste (6m)
Geo (5m)
Solar/PV (0.2m)
Wind (9m)

At 34 minutes a day,
Renewables (non-
hydro) have a long
way to go to replace
coal (~12 hours a
day). More likely,
RE will curb carbon
emissions some,
and help diversify
our fuel base
further. Most
importantly, RE can
help dampen gas
price volatility, and
reduce some LNG
imports.

Regional access to
RE differs widely.

Biofuels cannot
replace transport
fuel rapidly.
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Drivers Differ in EU vs. USA... and how to engage Asia ?

EU is pushing an “urgent” cap:

They can’t harmonize 27 national tax
systems (social contracts)

An “urgent” (2020) cap is a policy
mandate that serves to maintain
coalition parliamentary governments

They want CDM as a means to
channel funds to emerging nations

They are shifting from coal to gas,
with market pricing of electricity,
rather than regulated pricing

EU economies face demographic
decline, and are stagnant — only 10
million added in EU per decade

EU is casting energy security on
Russian/FSU gas, and need to tax
profits from fossil economy — with
some interest in coal with CCS.

USA can choose and engage Asia:

We have a common federal tax system
(and active tax lawyers)

State incentives can supplement and
help tailor approaches

U.S. will be at 50% coal for power, and
China, India are using more coal

USA and Asia are still growing ! But,
U.S. growth is concentrated in “Red”
states; ...“Blue” states are older, colder
and losing young people. N.America
will add 40-50 million people per decade

Asia leads in building new reactors and
U.S. has big stake in nuclear for national
security... and GHG gains

Our future requires baseload and RE,
including PHEVs (electrify transport), --
a “steady” cap geared to capital
markets (2040) would be useful



Public sector “gaming”

Turmoil in EU Carbon Market (May 2006)

HUNTON
WILLIAMS

Europe hopes to avert a false economy in carbon
By Fiona Harvey, June 28 2006 19:38 | Financial Times of London

“What came close to putting the scheme on life support was data released between late April and mid-
May which showed that last year — the first the scheme had been in operation — businesses covered by it
had been given more permits than they needed because member states had overestimated demand.”

Price Volame
£ pEr lanne Milligns al tennnes ol L‘:I'_IE
35
30

25
20
15

2006 Jun

* Emissions trading Tor EU allowances {delivery in 2005, 2006, 2007)

Jin 20k

Fowrcs: Poirl Carbon

“The problem with
short term cap and
trade (2020) is that
it does not give a
stable price for
carbon — price
volatility makes it
more difficult to
attract lenders for
new systems and
Innovative
technology.”
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The next “credit” crisis: carbon credits ? (March 2008)

HUNTON
WILLIAMS

UK Regulator (FSA) Posts Risks on Carbon Trading

UK watchdog warns on carbon trading / March 2008
By Fiona Harvey and Ed Crooks

Published: March 31 2008 22:05 | Financial Times of London

The fast-growing market in carbon dioxide emissions poses risks that
could threaten other commodities markets, the FSA, Financial Services
Authority, warned on Monday. The watchdog said problems including
investors being sold unsuitable products, confusion over the regulation of
emissions traders, and insufficient official data created risks to both the
fledgling global emissions markets and to related commodities such as
gas and electricity.

EU traders in fossil fuels and electricity, for instance, factor carbon
permit prices into their deals, which can hit consumers. “Cap and trade”
systems, which place a limit on the amounts of carbon that companies
produce, are widely seen as one of the most promising ways of curbing
greenhouse gas emissions at the lowest cost, and have been embraced
since 2005 by the EU. In the EU the market is regulated by the European
Commission. The FSA does not have a direct hand in regulating the
market, and said it had no plans to do so. But it said in a paper published
on Monday that “the emissions markets justifiably demand the FSA’s
continued attention”.

The emissions markets have been beset by difficulties, for example in
2006 when it was revealed that more carbon permits had been issued for
the first phase of the EU’s scheme than were needed. This led to a steep
fall in the price of the permits. Among problems cited by the FSA is that
some companies authorised for other financial markets may have misled
customers by citing their FSA authorisation in relation to carbon trading.
The paper warned: “Aside from being misleading and leading to potential
enforcement action, this type of behaviour undermines confidence in the
market.” There was a strong reputational risk to the carbon market from
unsuitable products being sold to investors, the FSA said.

http://www.ft.com/cms/s/b03dbc7a-06cf-11db-81d7-0000779e2340.html

U.K. FSA lists risks of carbon trading:

The Financial Services Authority does not
govern the carbon market but the watchdog
listed risks in a report on carbon regulation:

» The lack of links between emissions
trading markets;

* Some companies authorised for other
financial markets may have misled
customers by citing FSA authorisation;

* Unsuitable products being sold to
investors, which could "potentially lead to
damage to consumers or to disorderly
trading, and a lack of confidence in market";
* The potential lack of appropriate
experience among practitioners;

» The quality of information available about
emission quantities and allowances;

* The lack of market liquidity.

(also on p.Al of WSJ, April 12, 2008)
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Outlook on U.S. Carbon Policy Timing: Survey of Utility Execs (2007)

Will new capacity have to be built before
climate actions are in place?

Challenge: New

capacity is
needed before
federal
legislation is
expected to be
resolved and
litigated.

Expect climate change legislation to be implemented

49% expect by... 93% expect by...

Expect to take significant climate actions themselves

439 eéxpect 70% exp:ect
1 R 4
2007 255 9 2011 2013 2015 2017 2019
12%  43% 75%

New capacity required to meet CO2 capture

regional supply needs

required

GF

How do we
avoid “high
carbon lock
in” globally ?

Source: Survey by GF Energy of Utility Executives in North America, April 2007
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Opportunities & Challenges for CCS

» Opportunities for CCS in New Baseload

* We need to build new baseload to meet new demand, retire “high carbon” units
» Natural gas price volatility and prices provide an opening to build alternatives

* “Plenty o’ capital” is available and can be mobilized if risks are addressed

« Challenges

* Long-term CCS remains unproven; large scale demos, RD&D needed

» Geological feasibility, transport affects plant siting and technical designs

» Uncertainty over CCS liability later must be addressed to arrange financing now...

« Approach
* Risks can be delineated, addressed based on experience and insurance models

 Utilize carbon offsets and state incentives to bolster mitigation mechanisms
* Price signals to the CAPITAL markets are more important than to consumers

« Key Threats
« Consumers and PUCs don’'t want to pay more, and vote against higher rates
* Regional differences and lack of political will run high — consensus is elusive

20
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Lehman Brothers Roundtable at NARUC (Nov. 2007), “A Day at the Bond Market”
Bond Market Roundtable on Energy & CCS

Roundtable participants: Doug Cortez, formerly with Fluor Engineering; Dan Ford, Lehman Brothers; Jim
Hempstead, Moody’s; Sandy Hochstetter, Arkansas Electric Coop; Lindene Patton, Zurich America; Barbara
Tyran, EPRI; Klaus Lambeck, Ohio Public Utilities Commission staff; Mike Smith, Southern States Energy
Board; Julie Jorgensen, Excelsior Energy; Faith Klaus, Lehman Brothers. With 32 bond fund managers.
Moderator: Andrew Paterson, Econergy
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$BILLIONS

How big is the U.S. Bond Market (1996 — 2007) ?
U.S. Bond Market: Big Enough at $30 Trillion

HUNTON
WILLIAMS

year in new bond issuance, about $80-100B for power providers.

Energy infrastructure is financed in bond market, which sees $6-7T a

U.S. Bond Market Debt Levels (Market Size)

$30,000

$25,000 -

$20,000

$15,000

$10,000 -

B\ Asset-Backedl

@ Money Markets4

W Fed Agency Securities
W Corporate Debtl

O Mortgage Related3

B Treasury2

@ Municipal

$5,000 -

$0

1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007

Source:
SIFMA
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Bond Fund Viewpoints (32 responses; > $2 Trillion under management)

Bond Market on Energy PoliCy (enman roundtabie at NarUC, Nov 2007)

Strongly Disagree Maybe; Strongly Agree
<= not sure =)
1.0 1.5 2.0 25 3.0 35 4.0 45 5.0

(h|gh agreement) needs with EE RE

'

i Observations:
* Wide agreement that EE / RE
will not offer enough.

* New nuclear is possible.

* GHG legislation likely,
though regs may take longer
than 2015.

l * Not clear that cap-and-trade
is better than tax. Lot of
policy confusion.

6) Can handle near-term _ » Just building gas turbines
with natural gas
I

2) New nuclear on-line by
2020 (EPAct 2005)

3) New GHG bill enacted
by 2012

4) GHG regs likely from
EPA by 2015

5) Cap-and-trade better
than carbon tax

will fall short of demand.
 CCSterms, liability, and
recovery of cost not clear
yet. Policy unsettled.
» State RPS clearly better than
federal RPS (Electric rates
governed by states).

7) CCS needed at outset
for coal plants

8) CCS costs can be

Most variance =
covered by rates

9) States best to regulate
CCS liability

10) State RPS standards
better than Fed RPS
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For Deployment of Coal-based Projects with CCS

CCS Alliance for Risk-based Policy

HUNTON
WILLIAMS

Risks = Mitigation Approaches = Actions Needed

CCS Alliance Scope:

I) Risk Study for CCS Deployment (coal power plants or energy projects with CCS)
II) Legal research on critical issues, risks and formulation of mitigation options

A) Risk Analysis

Risk Type
1) Tech-CCS
2) Reg-CCS
3) ...
4) ...

Key Risks
Capital cost with CCS too high
State rules on CCS not clear

Analysis based on Interviews of key actors:
(results of Risk Study)

Preliminary (21 respondents) |

Risk Ratings (2008) for P | | PxI=S
Q# |QType Coal Gen with CCS Probability Impact Severity
5pt.max | 5pt.max | 25pt. max

13 Reg-CCS _ Uncertain EPA carbon regs 42 4.1 17.4
7 Tech-CCS Capital costs on CCS high 4.0 43 17.1
18 Reg Nat'l subsidies lag on plants 3.8 4.1 15.6
17 |Reg-CCS State regs on CCS not clear 38 4.0 15.2
19 Reg - CCS Nat'l incentives for CCS lacking 3.9 39 149
15 Reg CO2 allowances don't fund CCS 3.6 4.0 145
28 Market Finance difficult (equity, terms) 35 4.0 13.9
31 Market-CCS _ EPA regs unclear on CCS 3.4 4.1 13.8
34 Market-CCS _ CCS liability threatens financing 3.2 4.2 137
33 Market-CCS _ EOR revenue inadeguate for CCS 3.9 3.4 13.2
16 Reg Regional support lags on plants 3.4 3.7 126
27 Market-CCS _ Market/PUC rates low for CCS 3.2 3.9 125
14 Reg - CCS Future carbon limits tighter 2.8 4.2 11.8
4 Tech High cost of basic materials 3.3 36 117
1 Tech High capital cost (w/o CCS) 31 38 11.6

[ [overall Average 2.9 36 10.5
12 Reg State air permitting delays 3.0 33 10.2
10 Tech-CCS  "Thin" EPC system warranty 3.1 3.1 9.6
8 Tech-CCS cCS downtime 24 38 9.1
20  Reg Water use regs tightened 2.8 3.3 9.1
26 Market Interest rates rise (to 2012) 26 3.5 9.1
5 Tech Constrained EPC capacity 2.9 3.2 9.0

—>

B) Mitigation
Mechanisms

—>

Government

* Loan guarantees

e Grants (DOE, etc.)

» Tax subsidies

* Injection regulations

» Permitting approaches
» Carbon emission rules
» Federal “Energy Bank”
* Revolving loans

Industry / Investors

* Insurance / bonding

» Engineering backups

* Long-term contracts

» Site review, feasibility

» Collateral, backup supply

C) Government
Actions needed

for Mitigation
(Match actions with
mechanisms)

Near-term / Long-term

* Appropriations

» Legislation

o Tax bill

* Regulation

e Agency action

* Executive order (?)
 Reserves (e.g., SPRO)
e Others?
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For Deployment of Coal-based Projects with CCS

Approach to Commercial Risk Framework

| _ . ; Evaluation,
Energy Risk Analysis Rating and Application
Project of Project Ranking of f Ri
| | _ | of Risk
Development Development Risks by Mitigation
Timeline Stages Stages Mechanisms

Regulatory and policy risks :

. . . |
Coal projects with CCS cannot L el SIrel @Rl e .

complete financing without a
comprehensive commercial risk Market risks :
analysis by creditors, typically in a »'

project finance framework. /\/

Deployment = project finance. Close $ possible <
. . downtime Repayment
Financing .
and profit
Permitting : :
Source: . . >
Scully Design & Engineering & Operations &
Capital Development Construction Maintenance
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Plot of Risks Based on their Attributes (Likelihood, Severity of Impact)

Negotiating
space for public
Lower Likelihood High Likelihood and private
Higher Impact High Impact sectors

Accidents “Show-Stoppers”

(Plant fires, or spikes in feedstock
costs or a gas price slump with
loss of competitiveness)

(e.g., high capital costs with CCS, or
lack of clarity about carbon regs)

Probability of Event

Low Likelihood
Low Impact

Higher Likelihood
Lower Impact

Externalities
(e.g., pollution)

Marketing and
Operations

(Workforce issues, coal transport,
transmission congestion, etc.)

Impact if Event Occurs

Or lax enforcement, lack of standards
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Risk Ratings: TECHNICAL

Deploying CCS creates a large drain on plant production, so capital costs run much higher.

Preliminary Rating of Risks (probability x impact) 21 respondents
0.0 5.0 10.0 15.0 20.0 25.0
High capital cost (w/o CCS) |
Lo laboroberat t | Capital costs spiraled higher
1gn febotoperaling cos \ since 2005, but costs are up

average

for all energy projects.

More plant repairs, downtime

Respondents expect that
CCS equipment will work,
and do not see CO2
transport as a major issue,
Accident damages plant nor do they see a storage
site failure as likely.

High cost of basic materials |

Constrained EPC capacity

Capital costs on CCS high
The major issue is CAPITAL

CCS equipment downtime COST, not labor costs.

CCS site technical failure

"Thin" EPC system warranty

Transort of CO2 difficult

@ CCSrelated
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I For Deployment of Coal-based Projects with CCS

Severity of Impact ==>

5.0

4.0

3.0

2.0

1.0

Coal with CCS TECHNICAL Risks: Probability vs. Impact

Overall average

Low prob f High impact:
Insurance, futures contracts

High prob / High impact:
Government credit, incentives

Excessive High baseline plant High capital cost
CCS =ite downtime capital cost with CCS
} wio CC3
tech failure
I[ High
Operating operating
accident J costs ‘
CCS equip downtime /f‘ Mat'lz, budget overuns
CO2 transport difficult f
“Thin" EPC warranty wrap on
total plant performance
Tight EPC capacity
(engineering firms}
Low prob / Low impact: High prob / Low impact:
Industry practices Regulatory clarity; standards
T T T
1.0 20 3.0 4.0

Probability of Occurrence

5.0

HUNTON
WILLIAMS

21 ratings

Overall
average
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Risk Ratings: REGULATORY

Regulatory uncertainties (federal + state) about CCS costs and liability threaten financing.

Preliminary Rating of Risks (probability x impact) 21 respondents

0.0 5.0 10.0 15.0 20.0 25.0

State air permitting delays \

average

Overcoming higher costs is
essential but not enough.
Subsidies are needed.

Uncertain EPA carbon regs

Future carbon limits tighter |

Regulatory uncertainties
* pose “show stopper risks”:
CO2 allowances don't fund CCS _ - Carbon Iegislation and EPA
| performance standards are
not defined.
- State regs are not clear
enough yet to resolve CCS

Regional support lags on plants |

State regs on CCS not clear cost and liability issues.
- Incentives are not in place
Nat'l subsidies lag on plants to offset CCS costs.

A tightening of water regs
does not pose much risk.

Nat'l incentives for CCS lacking

Water use regs tightened

@ CCSrelated
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Coal with CCS REGULATORY Risks: Probability vs. Impact

Low prob / High impact:
Insurance, futures contracts

Overall average

High prob / High impact:
Government credit, incentives

HUNTON
WILLIAMS

21 ratings

5.0 |
Future carbon limits tightened Statecrégsl. ug_?lear Uncertain EPA
threatening shutdowns on 1ability carban regs for
initial permits
A
40 ) i —
n * Natl subsidies (loans, tax) .\
o for early plants la
E P 9 - Nat'l subsidies
=3 for CCS shy
£
5 o
3.0 / CO2 allowances not
'%H ] / \ adequate for CCS costs
e Wat
() 9 permit Regional incentives
delays inadequate
20
:‘de ptrnb ! L;_""‘r impact High prob / Low impact:
ndustry praclices Regulatory clarity, specs
1.u T T T
1.0 20 3.0 4.0 5.0

Probability of Occurrence

Overall
average
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Risk Ratings: MARKET

Lack of subsidies and uncertainty about liability for CCS make financing very difficult.

Preliminary Rating of Risks (probability x impact) 21 respondents

0.0 5.0 10.0 15.0 20.0 25.0
Long-term demand falls short N |
, , average “First mover” risks on early
Coal transport erosion, hitches .
plants are prohibitive for
Old, cheap coal units run longer owner utilities, bond

holders, or PUCs; and
engineering firms cannot
Coal prices rise markedly economically offer enough
warranty (or “wrap”) to
cover risks feasibly.

NGas prices decline (<$4/Mbtu)

Interest rates rise (to 2012)

Market/PUC rates low for CCS |

EOR / EGR is not readily
available in all regions, or
Transmission congestion volumes are not adequate
to offset costs of carbon
capture and storage.

Finance difficult (equity, terms)

Customers breach off-take

EPA regs unclear on CCS
Clarity is needed on CCS

Transport of CO2 expensive liability to close financing.

EOR revenue inadequate for CCS |

CCS liability threatens financing

@ CCSrelated
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Severlty of Impact ==>

For Deployment of Coal-based Projects with CCS

Coal with CCS MARKET Risks: Probability vs. Impact

Low prob f High impact:
Insurance, futures

Overall average

High prob / High impact:
Government credit,

HUNTON
WILLIAMS

21 ratings

5.0 1
Lower natural CCS liability _ ) _
gas prices threatens Fmancmg difficult
financing (more equity, terms)
Interest [ % EPA regs unclear on

4.0 rates rise A rfﬂ CCS injection, liability

Customer default \ Overall

—_— R average
Load — A \ Revenue from EOR
30 1 growth lags A A Marketor FUC rates | | not adequate
: / inadequate for CCS
Transport of Coal
CO2Z2 expensive riu::ensarise ‘.“—'—-—-—-—- Qld coal units run
P longer (lax
enforcement)
2.0 Transmission |Il
congestion Coal transport
erosion or
) _ constraints

Low prob f Loﬂrmpacr. High prob / Low impact:

Industry practices Requlatory clarity; specs
1u T I T T

1.0 2.0 3.0 4.0 5.0

Probability of Occurrence
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For Deployment of Coal-based Projects with CCS

HUNTON
WILLIAMS

Risk Study: Technical, Regulatory, Market Risks

Preliminary (21 respondents)

From interviews of key
actors (owners, builders,
financial entities,
agencies, states) critical
risks in three major areas
are evaluated in a project
finance credit analysis
framework. Risks are
rated (1 to 5) for
“likelihood” and “impact”
if a risk event occurs.
The product (25 point
scale) provides a
“severity” of risk for
specific events affecting
deployment with CCS.

Risk Ratings (2008) for P | Pxl=S
Q# QType Coal Gen with CCS Probability Impact Severity
5 pt. max 5 pt. max 25 pt. max

13 Reg - CCS Uncertain EPA carbon regs 4.2 4.1 17.4
7 Tech - CCS | Capital costs on CCS high 4.0 4.3 17.1
18 Reg Nat'l subsidies lag on plants 3.8 4.1 15.6
17 Reg - CCS State regs on CCS not clear 3.8 4.0 15.2
19 Reg - CCS Nat'l incentives for CCS lacking 3.9 3.9 14.9
15 Reg CO2 allowances don't fund CCS 3.6 4.0 14.5
28 Market Finance difficult (equity, terms) 3.5 4.0 13.9
31 Market-CCS  EPA regs unclear on CCS 3.4 4.1 13.8
34 Market-CCS |CCS liability threatens financing 3.2 4.2 13.7
33 Market-CCS | EOR revenue inadequate for CCS 3.9 3.4 13.2
16 Reg Regional support lags on plants 3.4 3.7 12.6
27 Market-CCS  Market/PUC rates low for CCS 3.2 3.9 12.5
14 Reg - CCS Future carbon limits tighter 2.8 4.2 11.8
4 Tech High cost of basic materials 3.3 3.6 11.7
1 Tech High capital cost (w/o CCS) 3.1 3.8 11.6
Overall Average 2.9 3.6 10.5
12 Reg State air permitting delays 3.0 3.3 10.2
10 | Tech-CCS |"Thin" EPC system warranty 3.1 3.1 9.6
8 Tech-CCS  CCS equipment downtime 2.4 3.8 9.1
20 Reg Water use regs tightened 2.8 3.3 9.1
26 Market Interest rates rise (to 2012) 2.6 3.5 9.1
5 Tech Constrained EPC capacity 2.9 3.2 9.0

Sample respondents:
Conoco, GE, Siemens,
Air Liquide, Warley
Parsons, CH2M Hill,
GTC, Excelsior Energy,
Burns & McDonnell,
Oglethorpe, Eastman
Chemical, Hensley, Pace
Energy, and EPRI, WCI.
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Preliminary Risk Ratings on CCS - SUMMARY

« Capital costs have run up since 2005, but costs are up for projects worldwide.

 Respondents expect that CCS equipment will work, and do not see CO2
transport as a major issue, nor do they see a CCS site failure as likely.
CAPITAL COST for the plant with CCS is the key barrier, not labor costs.
* Subsidies are needed to overcome higher costs, but that is not enough.
(Subsidies could be paid for by injection fees on CO2, or user levies on coal)
* Regulatory uncertainties pose “show stopper” risks for deployment of CCS:
— Carbon emission legislation and EPA regulatory rules on CCS are not defined.
— State regulations are not clear enough yet to resolve CCS cost and liability issues.
— Incentives (tax credits, loans, allowances) are not in place to offset higher CCS costs.
— A tightening of water regulations does not pose much of a risk currently.
« “First mover” risks are prohibitive for owner utilities, bondholders, or PUCs;

and engineering firms cannot economically offer enough warranty (or “wrap”)
to cover risks. Few owners want to finance early CCS demos and plants.

« EOR.s not readily available in all regions, or demand is not adequate to absorb
costs and volumes needed for carbon capture and storage from power plants.

« Clarity is needed on CCS liability to close financing — perhaps a “showstopper”.
* Increases in coal prices or interest rates were not rated high risks.
« Lower NGas prices (<$5) would pose competitive problems; not seen as likely.
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Risks rated previously WITHOUT CCS

HUNTON
WILLIAMS

Summary: Risk Ratings for Coal Gasification (2005-06)

25 pt. scale (5 x 5 = 25) Co-Prod'n | Co-Prod'n 20 50Rs

Risk Area for IGCC A B 2006 2005

Q# |Highest Risks Probablty  Severity Rating IGCC
1 |High capital cost 3.6 4.5 16.0 14.9
3* |Excessive downtime 2.5 3.7 8.9 { 13.1
6 Lack of EPC capacity to build 3.6 3.7 13.1 f 6.5
8 [Materials & budget overruns 3.6 4.0 14.2 10.9
10 |Thin EPC / vendor wrap 3.4 3.5 11.7 9.5
12* |State air permitting delays 2.2 3.4 7.2 13.0
18* |Regional policy on sequest lag 3.0 2.7 7.8 11.4
19 |Nat'l incentives on plants lag 3.3 4.2 13.7 11.8
28 |Financing difficult (equity, terms 3.0 4.2 12.4 13.0
29 |DOD purchase agreement thin 4.0 3.9 15.2 NR
30 |Long-term off-take inadequate 3.4 4.1 13.9 NR
Overall Average 2.6 3.3 8.7 9.0

Concerns about high capital cost rate highest for co-production plants.
Concerns about cost overruns and tight EPC capacity also are elevated.
Uncertainties about off-take and incentives add to financing challenges.
Combined, these risks explain why plants are not being built, unaided.

Source: Scully Capital, also David Berg
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Plot of Risks Based on their Attributes (Likelihood, Severity of Impact)

Lower Likelihood High Likelihood
Higher Impact High Impact
Accidents “Show-Stoppers”
(Insurance, long-term or futures (Requires government subsidies, risk-
contracts, backup supplies, sharing, credit support, rate-based or
spare subsystems, site surveys) long-term off-take agreement)

Probability of Event

Low Likelihood
Low Impact

Higher Likelihood
Lower Impact

Externalities
(e.g., pollution)

Marketing and
Operations

(Well-grounded management
practice, internal audits, training)

(Regulatory clarity, system standards
— like EPRI CoalFleet UDBS)

Impact if Event Occurs
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First of a Kind Systems: High Risk Early

1. Not enough coverage of operating
risks and performance at startup.

2. Too much risk coverage after
successful operations: Buydown of
costs reduces generation cost over life
of the plant. Costto government
unnecessarily high.

Startup

* High capital costs
» Excessive downtime

A * Regulatory uncertainty
o * Electricity competition
IS Y S e
o fSelectlon / [
v or support
0 I$
@ / . —
More “lift” (grants, subsidies) needed early on,
rather than over life of plant after proven.
Risk-based policies allow tapering of tax credits.
Development & Plant Project Timeline =
Engineering
ggﬂﬂseéapitah Construction

also David Berg Operations & Maintenance =
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Different Risks Require Different Approaches

HUNTON
WILLIAMS

Risk-based approaches are more complex, require more work, but cost less and/or spread

cost. Policy mechanisms overlap, but a risk-based negotiation spreads the benefits.

benefits to more states more regions, more projects with broader impact for the same budget

Key risks

Cost-based Policies

Risk-based Policies

High plant capital costs for CCS

Grants, ITCs (tax credits)

Loans, preferred equity

“First of a kind” plant costs

Federal RD&D, grants

Loan guarantees, preferred equity

Excessive downtime

Federal RD&D, grants

Standby credit, backup systems

Feedstock shortages, poor quality

Capacity payments

More storage, alternative supply

Shifting regulations on feedstocks

Grants, waivers

Alternative supply, waivers

Higher transport costs of feedstock

Subsidies

Infrastructure investment

High processing / operating costs

Property tax relief, PTCs

Engineering, demonstrations

EPC contractor constraints

Educational programs (engrs)

RD&D, feasibility study grants

Revenue uncertainty, price flux

Government off-take

Financing more storage

Lagging private investment

Grants, ITCs, early PTCs

Loans, preferred equity

Revenue and off-take uncertainty

Purchase agreements by gov't

Standby (step-in) agreements

Uncertain CCS regulatory regime

Prescribed rules (e.g., EPA UIC)

Private insurance + gov't backstop

Carbon emission policy uncertainty

Cap with safety valve

Long-term capital subsidies (ITCs)
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Wrap-up Points for CCS Deployment

CCS Alliance

HUNTON
WILLIAMS

With dependence in U.S. on coal-based electricity for 12 hours a day
(50% of supply), CCS is vital for progress on carbon emissions.

The current pace of electricity demand and the sharp rise in natural
gas prices require that advanced coal plants be built now.

If risks are addressed through a mix of policies and demos, early
plants can be built with CCS to demonstrate feasibility.

CCS is not economic and subsidies will be needed for first plants.

Grants and tax credits are easy for industry to ask for, but are
difficult for Congress to fully fund. Levies on coal may be needed,;
but those funds would need to be sequestered for coal projects.

Risk-based policies (such as loan guarantees, capacity payments)
can help stretch limited government funds across more projects.

Utility bond holders require certainty on CCS liability with no
indefinite, long-term exposure. Private owners and insurance can
manage first losses, states may want to play to encourage plants.

Some tools are in place, but legislation is needed to resolve
uncertainties. Financing is key: No financing = no CCS deployment.
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Path Forward Must Mobilize Debt Capital

« Set along-term cap (2040), economically and physically feasible
 Use “output-based” regulatory performance standards for fossil use
 Provide capital incentives for GHG emission mitigation

 Use fees on fossil use to fund capital incentives via dedicated trust
* Fees would be geared to carbon emitted (Ed Rubin et. al., CMI)
* Trust fund prevents governments from misusing receipts (prevents earmarking)
« Some receipts could be used to support low income households

« Usethe bond market to finance infrastructure with carbon mitigation

« Lenders/bond holders demand “predictable, steady cash flow” with
strong, creditworthy off-takers

« WBCSD: Forge an international trading market built on national
policies among top 10-12 “Major Emitters”. Use treaties (vs. U.N.)

 Allow carbon offsets in developing countries to be traded among the
Major Emitters (Maintain CDM / Jl process in growing nations)

[Curbing consumption for growing nations is a form of oppression]
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E m Mitigating CCS Liability — Multi-Client Study Proposal: 2 November 2007 HUNTON S

Insurance / bond can transfer CCS Risk Over Time =»

Insurance or bonding enacted regionally and chartered by state can be utilized to spread risk and negotiate the
cost and liability for carbon leakage over time. Bonding (cash + carbon offsets) can be transferred over time.

1 to 40 or 50 years, Years 40 to 60 - 70, Beyond 60-80 years,
negotiated level . egotiated term set by federal regulation
S
Risk First Stage ¥ Second Third Stage
rofile Formation, :> Capping, :> Post-closure,
gf CCS Permitting Closure & Stewardship,
& Operation Monitoring & Transfer

Private State

SN EEENEEEEEEEEENEANENNEEENEEENEEEEEEEEER

Privately managed
Insurance or bonding
Mitigation of CCS risks

Optional: State Supervision
Insurance or bonding
Mitigation of CCS risks

Federal Repository
Assumption or bonding
Mitigation of CCS risks

“State chartered” bonding, regulated by States supervise permitting of capping Federal backstop beyond first reserve
state insurance commissioners, with site and closure handles long-term major uncertainties
monitoring, annual fiscal reporting - To encourage initial financing states - Long term assumption by a federal

- Capitalized by private sector as a “first can negotiate eventual transfer terms agency (or Treasury) boosts financing for
loss reserve” for CCS leakage or - Trust assets are available for transfer new energy infrastructure with CCS
damages; multiple plants/sites could with the potential liability - Shared risk avoids the “moral hazard” of
capitalize same bond or risk pool. - Gathering assets and liabilities from dumping all liability to a federal agency.

- Each site brings multiple policy holders multiple projects with CCS helps And, the long-term risk is manageable for
- Federal backstop helps provide finite diversify risk across multiple sites the federal government with bond assets.

risk level for initial financing of plant
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IOGCC CCS Legal Framework (State-based)

September 2007:

The thirty member states and four Canadian affiliate member provinces of the IOGCC are well suited for
regulation of CO2 because of their jurisdiction, experience, and expertise in the regulation of oil and natural gas
production, particularly in the use of enhanced oil recovery (EOR), which uses carbon storage.

Scott Anderson, an Energy Policy Specialist for Environmental Defense and an observer to the Task Force
deliberations, said that state oil and gas regulators have developed a set of model carbon storage requirements
that are thoughtful, rigorous and not a walk in the park for industry.

"The IOGCC model rules will certainly be subject to revision as they are reviewed by more people and as more
knowledge about geological sequestration is made. IOGCC's work, however, is a strong, major step forward in
the ongoing conversation about how to do carbon sequestration right,” said Anderson.

The report recommends that states and provinces actively solicit public involvement in the process as early as
possible and that the process is as transparent as possible. In addition the report stresses that CO2, which is
generally considered safe and non-toxic, be viewed in a manner that allows beneficial uses of CO2 following
removal from regulated emission streams. Contaminants and pollutants such as hydrogen sulfide, NOx and SOx
should remain regulated for public health and safety and other environmental concerns, the report says.

Additionally, the Task Force has proposed a two-stage Closure Period and Post-Closure Period to deal with
long-term monitoring and liability issues. The operator of the storage site would be liable for a period of ten years
after the injection site is plugged, unless otherwise designated by the state regulatory agency. At the end of the
Closure Period, the liability for ensuring that the site remains a secure storage site during the Post-Closure
Period would transfer to the state. A [bonding instrument] that is industry-funded and state administered would
provide the necessary oversight during the Post-Closure Period. The bonding could be funded by an injection fee
assessed to the Carbon Storage Project operator and calculated on a per ton basis.

http://www.iogcc.state.ok.us/news 42
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Wrap-up: Capital Incentives First, with Long-term Cap

* The fundamental issue is accelerating the turnover of “High Carbon”

energy infrastructure to low-carbon, efficient systems:

 Renewables, Power generation with CCS and grid upgrades are all needed
* End-use efficiency in buildings extends time to turnover capital stock
* Regulation for CCS is critical to mobilizing debt capital in the bond market

* Large energy infrastructure is built with debt, not risk-oriented capital

« Capital incentives promote economic growth, which is needed to fund
innovation and regional infrastructure, and change demand

« Capital incentives foster engineering and innovative technology
« OECD capital markets are large, liquid, and efficient

« Short-term cap & trade can create bureaucratic inefficiencies and

incentives for “gaming” and is very difficult to monitor and enforce

 Economy-wide reporting and monitoring costs are extensive —what to do with cheaters
* Uneven impact creates large scale winners and losers by region and sector

* Natural sources of carbon are vast and not “capped”
* Incentives engage big developing economies (China, India, etc.)
* Along-term cap (2040) with stable prices mobilizes the bond market
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Background References

HUNTON
WILLIAMS

 Coal plants under construction by type (ENR)

« |IPCC Technical Risk Framework for CCS

e GCEP Technical Mitigation Framework (Stanford)
« Carbon Price Volatility

o Utility Cap Ex 2006 — 2008
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WILLIAMS

ENR: Coal Plants Under Construction (Feb. 2008)

Despite numerous cancellations, some plants are underway, but CCS is seen as too costly.

Net Power Output of Combustion Projects Currently Under
or Near to Construction

Bitum. Sub- Lignite Pet coke Total MW
bitum (% of total)
Supercritical PC 4,150 2,100 1,600 - 7,850 (50.2)
Subcritical PC 1,620 4,040 (1) - - 5,660 (36.2)
CFB 850 (2) 40 630 600 2,120 (13.6)
Total, MW 6,620 6,180 2,230 600 15,630
(% of total) (42.4) (39.5) (14.3) (3.8)

(2) Includes 280 MW of sub-bituminous waste
(2) Includes 290 MW of bituminous waste

Table 1-6 Net Power Output of Combustion Projects with Permits

Bitum. Sub- Bitum Pet coke Total MW
bitum waste (% of total)
Supercritical PC 338 1,987 2,325 (43.5)
Subcritical PC 600 600 1,200 (22.5)
CFB 270 250 465 830 1,815 (34.0)
Total, MW 1,208 2,837 465 830 5,340
(% of total) (22.6) (53.1) (8.7) (15.6)

Source: NETL, EPRI
45



HUNTON
WILLIAMS

IPCC Overview of CCS Risks

The risks due to leakage from storage of CO2 in geological reservoirs fall into two broad categories: global risks and local risks. Global risks involve the release
of CO2 that may contribute significantly to climate change if some fraction leaks from the storage formation to the atmosphere. In addition, if CO2 leaks out of
a storage formation, local hazards may exist for humans, ecosystems and groundwater. These are the local risks. With regard to global risks, based on
observations and analysis of current CO2 storage sites, natural systems, engineering systems and models, the fraction retained in appropriately selected and
managed reservoirs is very likely to exceed 99% over 100 years, and is likely to exceed 99% over 1000 years. Similar fractions retained are likely for even
longer periods of time, as the risk of leakage is expected to decrease over time as other mechanisms provide additional trapping.

Injected CO, migrat
maximizing dissolution &
\_ residual CO, trapping J
A// ™~

A

E
Aquifer

Siltstone

Poiential Escape Mechanisms

A. CO_gas B. Free CO, C. CO, D. Injected CO, E CO, F. Natural flow G. Dissohvwed
pressure leaks from A escapes migrates up escapes via digsolves CO_ CO, escapes o
info upper through ‘gap’ in dips, increases poorly plugged at CO, [water atmosphere or
aquifer up fault cap rack into Feservair old abandoned interface & ocean
] higher aquifer pressure & well transports it out
passes fhrough permeability of of closure

siltstone fault

Remedial Measwres

A, Extract & B. Extrast & G. Remove GO, 0. Lower E. Re-piug well F. Intercept & G. infercepi &
purify groundg purify growund: & reinject dnjection rates or with cermeni reinfect CO, reinfect CO,
water waler elsewhere Pressures

Figure TS.8. Potential leakage routes and remediation technigques for CO, injected into saline formations. The remediation technique weuld
depend on the potential leakage routes identified in a reservoir (Courtesy CO2CRC).
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Mitigation Built on Science, Industrial Experience

HUNTON
WILLIAMS

A sound risk mitigation strategy can be built on scientific methodologies and industrial experience.

Geological Storage Safety and s—
Security Pyramid GCEP

“... the fraction retained in
appropriately selected and

“ With appropriate site selection
informed by available
subsurface information, a

urfe on,a = — managed geological
monitoring program fo detect Financiai reservoirs Is likely to
problems, a regulatory system, Responsibility exceed 99% over 1,000
and the appropriate use of years.” IPCC. 2005
remediation methods...” ’

IPCC, 2005 Regulatory Oversight

Remediation

Source: Dr. Sally Benson,
GCEP at Stanford, in WRI
Workshop June 5, 2007

Monitoring
Safe Operations

Storage Engineering

Site Characterization
and Selection

Fundamental Storage
and Leakage Mechanisms
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WILLIAMS

Recent (Apr 2008) Phase Il EU Carbon Prices

Note: A short-term cap-and-trade (i.e., geared to 2020 vs. 2040) without a safety valve will not generate a stable price
for carbon emissions, but volatile prices instead — particularly because consumers cannot easily switch away from
current consumption and new supply takes a long time to come online. This creates MORE uncertainty for bond
investors seeking to evaluate investments in long-lived coal-fired power plants with CCS. A long-term cap-and-trade
(2040) regime is better geared to the capital markets and thus will mobilize more debt capital for low-carbon systems.
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Utility CapEx Forecast: 2006 — 2008

HUNTON
WILLIAMS

Source: Lehman Brothers ($Mil) ($Mil) ($Mil) ($Mil) 06 to '08
Rank Company States NERC area Building Coal? 2006 2007E 2008E Sum Growth % Total
1 Dominion Resources VA SERC Yes $4,052 $4,400 $4,600 $13,052 $548
2 American Electric Power OH, TX RFC Yes 3,528 3,867 3,026 10,421 -$502
3 FPL Group, Inc. FL, SC FRCC No (was) 3,507 5,198 4,258 12,963 $751
4 Duke Energy IN, OH,NC  SERC, RFC Yes 3,381 3,500 3,500 10,381 $119
5 Southern Company GA, MS SERC Yes 2,994 3,911 4,525 11,430 $1,531
6 Edison International CA WECC No (but BP) 2,536 3,161 2,951 8,648 $415
7  Exelon Corp. PA, IL RFC No 2,418 2,801 2,801 8,020 $383
8 PG&E CA WECC No 2,402 3,200 2,800 8,402 $398
9 TXU Corp. TX ERCOT Yes 2,180 2,870 3,400 8,450 $1,220 Top 10
10 Consolidated Edison NY NPCC No 1,921 1,800 1,800 5,521 -$121 55%
11 Xcel Energy MN, CO MRO, WECC Yes 1,626 1,900 1,900 5,426 $274
12 Entergy Corp. AL, AR, LA SERC No? 1,614 1,738 2,001 5,353 $387
13 Progress Energy NC, SC SERC Yes? 1,425 2,400 2,500 6,325 $1,075
14 DTE Energy MI RFC Yes? 1,403 1,500 1,500 4,403 $97
15 PPL Corp. PA RFC ?? 1,394 1,747 1,398 4,539 $4
16 Ameren Corp PA RFC No 1,284 1,300 1,300 3,884 $16
17 FirstEnergy Corp. OH RFC Yes 1,170 1,451 1,722 4,343 $552
18 Constellation Energy MD RFC No? 1,149 265 490 1,904 -$659
19 Centerpoint Energy TX, OK? SPP No 1,121 1,055 1,016 3,192 -$105 Top 20
20 Public Service Enterprise Group NJ, PA? RFC ?? 1,015 1,343 1,681 4,039 $666 80%
21 Sierra Pacific Resources NV WECC ?? 986 1,512 1,800 4,298 $814
22 Wisconsin Energy wi MRO Yes 929 1,400 1,030 3,359 $101
23 Northeast Utilities WI, MN? MRO ?? 880 1,300 1,128 3,308 $248
24 Puget Energy WA WECC ?? 834 650 625 2,109 -$209
25 CMS Energy Ml RFC ?? 670 847 795 2,312 $125
26 Arizona Public Service Co. AZ WECC ?7? 667 950 950 2,567 $283
27 Scana Corp. SC SERC ?? 485 728 841 2,054 $356
28 Great Plains Energy ND MRO ?? 476 832 1,075 2,383 $599
29 Pepco Holdings DC, MD RFC ?? 475 655 664 1,794 $189
30 TECO Energy FL FRCC ?? 454 538 678 1,670 $224 95%
31 Allegheny Energy PA RFC ?? 447 1,030 1,120 2,597 $673
32 Energy East ?? NPCC ?? 408 496 533 1,437 $125
33 Alliant Energy Corp. IA MRO ?? 398 580 1,085 2,063 $687
34 DPL, Inc. DE RFC ?? 352 355 195 902 -$157
35 Integrys Energy Wi, Ml RFC ?? 342 539 494 1,375 $152
36 Idacorp ID WECC No 225 307 540 1,072 $315
Totals ($millions) $51,148 $62,126 $62,722  $175,996 $11,574
Growth 21.5% 1.0%
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