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|. Executive Summary

The current national and global call for a coordinated and meaningful responseste clhange
concerns is certain to shift the United States from several regional and wplartzon markets
today to a global compulsory market in the near future. In addition to the clear envitahme
benefits, this changing landscape will result in groups of carbon market te/iramel "losers” —
some market segments will gain favor and market share while otherssgiktonomic
opportunity.

The competitive disadvantage for traditional energy in a carbon-priced wdrlsbvai catalyst
for market-driven innovations in renewable energy, and sustainable develoimantcial
markets, specific investment banks, insurance underwriters, and emergiog taance
corporations will be among the players who will benefit and monetize this ivaasitnarket.
New carbon-linked products and services have already emerged globally in hottamoand
mandatory markets.

There are many opportunities where Austin and Texas stand to gain as |dvgarprécing
components are realized. Renewable energy technology and project develphodviously
benefit. Technologies that improve the conversion efficiency of hydrocarbons in the pow
generation, fuels, and industrial sectors will also grow. Energy efficimd smart grid
technologies will be more aggressively adopted providing a boost to the tech sectxasf T
However, Texas needs to innovate and invest ahead of a mandatory carbon markehdsgttont
be a future energy leader.

This primer looks to explore the political, economic, and design considerations theftewxil
the development of the carbon market.
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II. Why Price Carbon Dioxide?

There is little scientific debate that the consequences of global waiimeftyunchecked, will

be severe, both to the health of our ecosystem, and to our global economy. There is also sound
scientific evidence that global temperatures have risen in thegt@ury. What was hotly

debated until recently was the effect that the additional greenhouse masssied in terms of
“Carbon Dioxide Equivalent” or C£) have on global temperature and sea levels. Some skeptics
still believe that the temperature changes are caused by natural varitimeearth’s climate

(solar forcing), and that it is indeterminable what effect human activity has haobah g
temperatures and sea levels.
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Figure 1: Left: Mauna Loa Observatory (2003), RigiigA; EPA; WRI; UNFCCC; McKinsey (Dec, 07)

Figure 1 above shows the strong correlation between the increasing cormenth€Qe in
the atmosphere and rising global temperatures. Currently, carbon dioxide cos®be8s of
the total greenhouse gases in the earth’s atmosphere. Carbon dioxide transitatghsi but
absorbs infrared light, thereby increasing the temperature of the atmosréan Gioxide
levels have risen from roughly 200 parts-per-million (ppm) in 1960 to 383 ppm in 2008. A
December, 2007 McKinsey report estimates that, if left unchecked, annerhguse gas
emissions will increase from 7.2 gigatons of £@ 9.7 gigatons by 2030. In 2005, The U.S.
National Academy of Sciences stated: “the scientific understandingmaftelchange is now
sufficiently clear to justify nations taking prompt actions.”

In 2007, the Intergovernmental Panel on Climate Change (IPCC), a division of tlie Wor
Meteorological Organization (WMO) was awarded the Nobel Peace Prize &injective
climate change report which concluded that anthropogenic (human-acti@ig)vzas a leading
cause of global warming (see Figure 2 below). The influence this ileghad on corporations
world-wide is evident from the growing number of Fortune 500 companies that are now
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members of the U.S. Climate Action Partnership, including many of the major @jgand
companies and manufacturing firms that will be negatively affected bgmaricing.

The majority of the scientific and business community has settled on a calskeabfvarming

that can be controlled; now the question on everyone’s mind is how to best address theassue. Th
solution that has emerged is to use market forces to wean our economy off emissigns-hea
technologies and fuel sources.

Changes in temperature, sea level, and Northemn Hemisphere snow cover (1850-2005)  Changes In GHGs from Ice core and modern data
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Figure 2: Shows increasing global temperatures a@a levels and correlated increases in levels di@adioxide
and methane in the atmosphere - Left: IPCC AR4i€Tb§2007), Right: IPCC AR4 — Topic 2 (2007)
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Greenhouse Gas (GHG) Emissions Summarized

To understand the carbon market and its potential economic impacts, it is importastt to fi
identify the major greenhouse gases (GHGSs), determine what quantitie<®e) are being
emitted, and establish the relative impact each gas has on global warmisgalA
summarization of IPCC’s global GHG analysis is shown below in Figure 3. vitssthe major
greenhouse gases: carbon dioxide, methang)(@Hkrous oxide (MO), and fluorinated gases (F-
gases). The bottom-right corner of Figure 3 shows various economic sectors andehtager
of GHG emissions they are generating.

Global Anthropogenic (Human Activity) GHG Emissions
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Figure 3: Breakdown of glob&HG gases by % of total and by economic sectdimaie Change: 2007 Synthesis
Report, IPCC

Drilling down from the global GHG statistics to the U.S. GHG figures, the datassihaiva
majority of GHG emissions come from primarily two sectors of our economy.

1. Transportation

2. Electricity Generation

Fossil-fuels (petroleum used in transportation and coal in electricity gem@naroduce the
largest percentage of emissions (see Figure 4 below). These two sectors haylectte
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economic exposure to carbon pricing, and will be the focus of our analysis. This is not to
discount the importance of the demand side of the energy equation. Energy-intem$iueee
sectors of the economy indirectly account for the majority of GHG emissead-{gure 4
below). For example, commercial and residential buildings indirectlyuatd¢or 45% of U.S.
GHG emissions through the energy they consume. The Energy Informationatissofft1A)
branch of the DoE believes that manufacturing industries such as: chemicdlgedrmqt@ducts;
stone, clay, glass, concrete, and primary metals also have significant expasan®n pricing
because of their relative energy intenSity.

Figure 4: Breakdown of U.S. power consumption akt3s by economic sector-, E1A
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V. Carbon Pricing and the Economic Impacts

In March of 2001, the Bush administration officially rejected the Kyoto Protatioly ¢the
economic hardship the U.S. would suffer if pressed to reduce greenhouse gas emissions under
Kyoto’s timetable and the wrongful exclusion of developing nations from tleechda a March,
2001 letter to several U.S. senators, President Bush explained his position that Kydto woul
result in a dramatic shift from coal to natural gas for electricity proalugthich would lead to
significant price increases for consumers. In the last seven years, tfealpgoéindulum has
swung in the other direction. Many companies participate in a voluntary carbon market
arrangement, while states in the West, Northeast and Midwest are spttimapdatory markets.
Twenty-five states have enacted Renewable Portfolio Standards (RPS) dewsglopment of
renewable energy. For the first time, the 2008 presidential front-runners of bixdk papport a
federal cap & trade system for GO

As the U.S. is poised to enact a carbon cap & trade scheme, it is important to undeestand t
debate of carbon tax vs. carbon cap & trade, and to evaluate the positive and negatige impac
that carbon pricing will have at all levels of our economy.

Solutions — Cap & Trade vs. Carbon Tax

Under a cap & trade scheme, a central authority (the DoE or EPA, if a manstdieryge is set
up by the Federal Government) decides how mucte@aay be emitted (the cap), and issues
allowances for that amount. It may issue the allowances free of dbgvgbution emitters such
as electricity generators, or it may auction some or all of them. Hwwiesy are issued, the
allowances may then be freely traded between market participants. It woble pr@ictical to
deal with transportation emissions by issuing allowances to individual dringrthey could
instead be issued to refiners or petroleum products importers. These cap & trgide des
considerations, and others will be discussed in detail in se¢tadrthis report.

Proponents of a carbon tax solution argue that free-allocation is a form of cokpelfare, and
that freely distributing some percentage of allowances to the heawgsmyill hurt the
effectiveness of the program. A carbon tax can be applied evenly across ckttters.S.
economy. A carbon tax can be designed to be revenue-neutral (paying back eveatgdll
dividends to citizens to cancel-out the natural price inflation that would occur upstseiirms
price-in their carbon liability). Carbon tax proponents argue that a tax-basgdvwaolld
naturally be a “progressive tax.” Affluent citizens would be affected mstbey tend to drive
more, fly more, and consume more products than less-affluent citizens. Howeves soene
dispute about this — low-income citizens living in rural areas would suffer segnegpact from
higher gasoline prices due to a tax. Proponents of a carbon tax solution also advotae tha
simplicity and total-coverage of a carbon tax ensure fast implementatiagniethe cause of
the differences in these two approaches. A cap & trade scheme with 100% agdtiahicovers
100% of emitting entities would have the same effect as the tax. Although theaptitoes
have swayed toward cap & trade, a carbon tax would be a feasible alterakutiiom$
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Economic Impacts on the U.S. Transportation Sector

In 2007, for the first time in over 30 years, the Corporate Average Fuel Economy)CAFE
standards were increased. The CAFE standards aim to abate pollution bygttiaekroblem
upstream during the manufacturing of the vehicles. In 2020, when the changef$aeic¢he
average fuel economy (in miles per gallon) for a car manufacturer’s flettmeet 35 mpg. If

the average mpg of a manufacturer’s fleet is 0.1 below 35 mpg, a penalty of $5.50 per 0.1 mpg
will be charged to each car manufactured. The CAFE standards are independdmrof ¢

pricing legislation. Several of the cap & trade bills discussed in sectibelow allocate a
percentage of allowances to the transportation sector, most likely to sedimgetroleum

products importers who will pass the costs downstream to consumers.

Economic Impacts on the U.S. Enerqy Generation Sext

As seen in Figure 5 below, the current U.S. power generation fuel mix is heaglytedi

toward coal and impure hydrocarbons (organic compounds consisting primarigrogan,
carbon and “impurities” namely sulfur and nitrogen). Coal and hydrocarbon fogtd (tiels)

are combusted - producing both energy andeC#missions. Other fuel sources (e.g. renewable
energy) produce no GO emissions. However, it is important to note that every major fuel
source does have upstream carbon exposure, from theedd@tted during the manufacturing of
wind turbines, to the diesel fuel burned digging uranium ore out of the ground for nuclear fuel
production. Emissions calculations are affected by how far upstream the mesgsrara taken.
Figure 5 focuses on emissions from power generation alone. Currently, the hé&&vilg
dependent on coal as a fuel source with 49% of energy generation coming fro@ozbad also
the dirtiest of the fuel sources accounting for 82.3% of the energy sectaese@ssions.

Figure 5: U.S. energy consumption and £@missions by Fuel Source - EIA, Annual EnergyoOkit(2006)

With the exception of the Pacific Northwest, all U.S. geographical regiohsavie some
exposure to carbon pricing through coal-fired power generation facilitiesNditleeast, North
Central and South Atlantic regions have the highest concentration of coal-frecgen (44%
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of the total). Consequently, utilities and independent power producers in these redibkslyvil
have to adjust their electricity rates to consumers to account for the costeobifdement.

Figure 6: Net Generation of Coal by U.S. regionAER007§

The Coal Industry’s Exposure to Carbon Pricing

The U.S. coal industry has significant exposure to carbon pricing. The industggstla
customers (utilities and independent power producers) would be forced to reetraudtes!-
mix if CO,e emissions were priced. This would likely result in a migration away from s@al a
fuel source, significantly softening market demand (though technologies that \aptuidecand
store CQ emissions from power plants are being actively researched). If this shitbces it
is important to understand the consequences this will have on the U.S. economy, and specific
coal producing states. According to the National Mine Association (NMA):
The United States has nearly 268 billion tons of recoverable coal reserves; @agbly
year supply at today's usage rates.
Estimating the average spot price of $50.00 USD per ton ($30-70 per ton range in Jan
08’) the value before extraction is $1.34 Trillion USD.
Worldwide, coal represents an estimated 60 percent of the total fossil fuekseser
In 2005, the coal industry employed 81,891 workers in underground mining, surface
mining, processing, independent shops and yards, and office wbrkers.

Several U.S. states have higher indirect exposure to carbon pricing due toticeintrations of
coal reserves. Unfortunately, several of the largest coal-producing atatalso ranked the
lowest in percentage of U.S. GDP , meaning that the greatest economic daaidgecur in
states that can least afford it (see Figure 7 and Table 1 below).
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Figure 7: Comparison of coal reserves to tons,€@er $1,000 GDP output- Right: “Coal — A CompleatiNal
Resource”, USGS (2004), Left: Abt Associates Caibmissions Economic Intensity Index

State 2005 Coal Production (Tons) Gross State Product Rank (1-50)
Wyoming 404,319 |#48
West Virginia 153,650 |#41
Kentucky 119,734 |#28
Pennsylvania 67,494 |#6
Texas 45,939 [#2

Table 1: BEA Statistics (1997-2006) States by G8B Platts.coth
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V. Emissions Trading Scheme Design Considerations

A successful Emissions Trading Scheme (ETS) will provide liquidity t&engarticipants,
matching buyers and sellers so that each party may mutually benefiioygaat the lowest
cost-compliance solution. ETS’s have several design considerations thetivaely debated;
from the high-level choice between cap & trade and rate-based schemeshoitkebetween
auctioning and free allocation (grandfathering) of allowances to exisistglations.

Grandfathering vs. Auctioning Allowances to Existirg Installations

A core question is whether the policy framework should freely distribute aitmesaor
distribute a percentage of the allowances for free and auction the remaimeler are trade-offs
with each approach. Auctioning has been proven to be more successful at reducingndistort
that prevent fair distribution of credits, as the bidders shape the auction pricg.ciifias of

the EU ETS claim that poor historical emissions data resulted in an over supndiaghered
allowances that hurt the environmental effectiveness of the program. On thearttiethere
are certain sectors of the economy that have heavy exposureddiCaugh historical
investment decisions (e.g. the U.S. coal industry). In fairness, theselimmid be given time
to shift their investment strategies away from emissions-heavys dassdtow them to compete
against unconstrained competitors. If sound data can be gathered, grandfattoevengces to
these firms may be the only way to even the playing field.

Proponents of allowance auctioning believe that there is a balanced weighiegrméee
allowances and auctioned allowances that would not force negatively affectedof devalue
their assets. If transparency to affected assets could be provided arsguiaild be able to
efficiently distribute allowances thereby reducing the percentafjeefllowances that would
be needed.

Cap & Trade vs. Rate-based Trading Schemes

A cap & trade scheme sets the total quantity of pollution (e.g. allowable tQef that
regulated sectors can emit during a specific period. Firms must séowanae credits to cover
each ton of pollution they emit. If a firm does not hold the necessary quantity ofratiesva
after the initial allocation (whether by grandfathering or auction), it musthase the additional
allowances through an ETS. Firms below the cap are able to monetize theadinoesmsces by
selling them in the market. The emissions cap is then lowered over time vibta¢i@h
(through auctioning or grandfathering) of fewer allowances in successive anogperiods,
thereby reducing the total allowable pollution emitted.

Figure 8 below illustrates the basic principles of the cap & trade schAsidemonstrated, a
company (Firm A) with higher clean-up costs may find reducing its owrsemsexpensive
relative to purchasing allowance credits in the market from a compastygsuFirm B) with

lower clean-up costs. Firm B can thus increase its profits by eliminahiighar proportion of
its emissions than the standard requires and selling its excess allowakicesA0 Emissions
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by the industry as a whole remain below the cap. This market-driven solution neisid@ad-
weight loss often caused by regulation, which leads to the income maxinezaigf allowable
pollution. Importantly, a cap & trade system balances the benefits ofipoladntrol with
economic costs of abatement.

Figure 8: Carbon Market Transaction Example, - Gldanergy Incubator (2008)

A rate-based scheme is analogous to an indexed (or floating) cap, where altoarance
generated for meeting a target ratio of emissions to output. For exampleslédtresity
demand increased by 5% under a mechanism, yet the ratio of emissions tatglgetrgrated
remained the same, the total pollution generated would increase, but the abateonentid
still meet the scheme’s requirements. Because increased energy comswoyltd render this
model ineffective, a majority of existing or proposed ETSs are pursuing a ttage&design.

Policy Lead-time and Certainty

Critical to the success of any Emissions Trading Scheme (ETS) isrthenty and lead-time of
the policy change. Once the decision is settled, firms are able to adjustwbstment
strategies, update their financial models, and depreciate existing aggetpriately over the
time horizon stipulated in the policy. To help firms make these adjustments, theUsTBem
concrete, and clearly articulate the reduction goals and allowance retirgchedule.
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Preventing Outsourcing “Carbon Leakage”

Equally important is ensuring that U.S. firms remain competitive in the U.S. manketigh the
use of export incentives and import taxes against international firms that aeguio¢d to
internalize the cost of greenhouse gas emissions. “Carbon Leakage” courddf @mnissions-
intensive U.S. industries move from compliance markets to non-compliance nwatside the
U.S. where they are not taxed on emissions. This would have an adverse effect on U &dsDP
policies would need to be established to mitigate this risk. Some economic sexigrapgic
regions, and income groups will be disproportionately impacted by a cap & tradamprog
Careful thought must be given to how to even the playing field, and minimize econsses.|

Providing R&D Investment Incentives

Another important consideration is how to incentivize capital-intensive resaagch
development for cleantech in the U.S. Such investment will ensure that U.S. firnms foemef
the economic windfall that will occur when innovative technologies are developed angedeplo
to meet evolving cleantech demand. This will also ensure that we learn from and efoeadt r
the experiences relating to how economic value was realized from the awepkguirements
of the cap & trade programs for sulfur oxides (SOx) and nitrogen oxides (NOXx). dfoplex
many utilities found themselves purchasing catalyst products and techipedigxfrom
European engineering conglomerate Siemens AG in order to bring NOCsi@migto
compliance. This economic value was exported across the Atlantic rather tlzammgrm the
U.S. economy. To ensure the U.S. is ready to capitalize on the economic benefits,earsabem
incentivize innovation and early adoption to accelerate the deployment of lowesrsiss
technologies created by domestic firms. A strong argument for auctianmga all of the
emissions allowances under a cap & trade scheme is that the resulting rearebeeused to
fund R&D. A tax-based scheme also would generate revenue that could be usedfoptigs.

Economic Coverage of the ETS

There are different degrees of economic coverage in several of the prop&sed$oime of the
upstream and downstream sectors that have exposure are the forestry and agistaes. A
federal ETS in the U.S. should include all greenhouse gas emissions. Essentialtodbge of
any ETS is the flexibility to quickly amend the system if environmentatjatree or
economically negative loopholes are discovered.

Carbon Offsets and Renewable Energy Credits (RECS)

Most cap & trade schemes allow the government to issue additional allowamersgs$s of the
“cap” level) to firms that can generate offsets. A Carbon Offsepi®ject that removes GO

from the environment that otherwise would have been generated. This can take onebf seve
forms including the creation of new carbon sinks through investment in forestry, shiange
agricultural practices, investment in renewable power, or investments gyeaficiency. A
common form of offset project in existing schemes is investment in emissionfioadgurojects

in developing countries. By purchasing these offsets, a firm with a high leveissgiens can

buy time to invest in cleaner technology. Individuals can also purchase affsetiite their
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carbon footprint. In effect, by purchasing negative amounts of carbon, their net lzalitbe
reduced to zero.

A Renewable Energy Credit (REC) is created when electricitgriergited from a renewable
energy source according to the terms of a specific renewable energgmprofost RECs are
created under the legislative provisions of a state renewable portfolio stdR&#8). A lesser
number are associated with voluntary programs such as the L.E.E.D prograsenicegsvhen
the renewable energy producer operates, two products are createdjtylectti RECs. One
megawatt hour of (certified) renewable power generated equals one REG regresents the
extra value of that energy over that of non-renewable power. Once electrmigated there is
no way of telling that it came from renewable or non-renewable sources. Rgylexa wind
developer has the flexibility to either sell the two products together agiWRéate Electricity”,
or sell the RECs and electricity separately. When a utility custom&t@ptay more for a
“Green Choice Program” the additional cost finances the purchase of REfast, the
customer may be getting electricity produced from a coal-fired power hktra utility
purchased RECs to convert the electricity to “Green Choice.”

There are two important differences between carbon offsets and RE€ss that Renewable
Energy Credits are by definition related to the generation of renewable/enwbegeas carbon
offsets come from a wide variety of projects that reducge@missions. Several examples
include programs to make homes more efficient, certain types of land donyerscarbon
capture and sequestration. Purchasers of carbon offsets are helping to fund phraject not
“business-as-usual” (i.e. funding projects that otherwise would not be econgrgaalble).
Carbon offset projects are often referred to as “additional” meaning thgtstaardard,
business-as-usual measures would reduce carbon emissions, but because thes®@alctibas w
taken anyway, they are not considered offsets. Only projects that are done fonatilit
actions that would have been taken qualify as carbon offset projects.

Carbon Offset Project Validation

Carbon offsets can be tricky to quantify - would planting a forest on un-used lang tpralif
carbon offset credits? What would the value of the credits be if the forest burnsrabwn a
releases all of the Gack into the atmosphere? Different voluntary markets have different
rules for how offset projects are quantified. There has been a lot of orit€ithe offset
component of the EU Emissions Trading Scheme — many of these offset projecteower
properly verified, and the system was exploited. Specialized auditing fimaskan set up to
deal with these questions — for example, a company called Greene-E has made itstine
industry by certifying projects. They certify that RECs are tridynfrenewable sources, and are
only being sold once. They also verify carbon offset programs. It is estirttett Green-E now
certifies 50% of RECs in the U.S. market. They have different types of appvavgilsg with

the type of project: Gold Standard, Voluntary Carbon Standard 2007, Clean Development
Mechanism, and Green-E Climate Protocol. However, this is a voluntary standayd. Man
Producers of C@offsets do not get their offsets independently certified and as NandbEligs
VP of Natural Resources at Stonyfield Farm says, “Many projectsnapé/shot verifiable, it's
definitely a buyer beware market.” Right now in the U.S. all offsets atedran a voluntary

Page 15 of 38



basis, with the Northeastern states and California moving towards mandaketsma key
concern of U.S. industry is the inclusion of offsets in a federal cap & tradensyste

If cap & trade legislation were to pass, it is likely that RECs would contonarist as a manner
of helping finance alternative energy sources, also an important poksca.i Carbon offsets
may continue but under much stricter rules. Rep. Ed Markey (D-MA) has sebegtl pushing
the Federal Trade Commission to clarify what can and cannot count as carleoproifisicing
projects, tracking the actual carbon negated, and making sure the credassolel more than
once. Many U.S. firms are acquiring positions in carbon offsets in anticipation odifede
legislation, hoping that they will be given an initial £&sessment at a lower level for holding
these credits (frequently referred to as early action crediteX@mple, Entergy recently
purchased a large amount of offset credits from Nike, hoping to “bank them” (hold thergositi

Integrating Carbon Offset and Carbon Allowance Markets

Renewable Energy Credits (RECSs) are a category of carbon offsateccfrom the production

of renewable energy (wind, solar, geothermal, etc.). RECs are expressetsioft&ilowatt

hours (one REC equals 1,000 kWh (1MWh) of renewable electricity produced). But what
volume of CQe was “offset” from the generation of 1,000 kWh of clean energy? Is the @ducti
guantifiable? This is a challenging question that requires consideration of lesstarfgyariables.
How many pounds of C#@ would have been emitted by the non-renewable generation asset?
Price discovery is challenging enough in the REC market without the added caynpiexiit
conversion. The E.U.’s ETS program has integrated these two categories thesuGhetm
Development Mechanism (CDM) which allows firms to meet the ETS’s regeitnthrough
purchasing CDM offsets (some of which are generated through renewablg grogegts.)

The political risk associated with the rules around the verification of varioset cfitegories is
high. This harsh lesson was recently demonstrated on Agcert, a U.K.-based mgihare ca
company. The United Nations adjusted their calculation for gas reductions whidicaigtyi
reduced the amount of methane that firms like Agcert could count in their CDM projects
drasticl%lly reducing the value of their credits, and dropping the marketofalueir public
equity:

Page 16 of 38



VI. Carbon Market and Renewable Enerqy Leqislation

As scientific evidence piles up and concern about the potential effects ofwhkrbang on the
economy grows, the current 110th Congress has been more active than any dédsgs@s in
introducing legislation related to energy efficiency and climate changeording to the Pew
Foundation, as of mid-July 2007 this Congress had introduced more than 125 bills, resolutions,
and amendments specifically addressing global climate change and gree=ghe (GHG)
emissions. The five Acts that have received the most attention are summalored be

The Lieberman-Warner Act (America’s Climate Security Act)

Introduced in the Senate on October 18, 2007; approved by the Senate Environment and Public
Works Committee on December 5, 2007; Harry Reid — Senate Majority Leader — hasegrtoni
bring it to the Senate floor. The following sections summarize the Act'grdesi

Coverage
The proposed bill is based on a cap & trade scheme covering specifietefawilihin the

electricity generation, coal and oil based transportation fuels and otherieslugsponsible for

over 80% of U.S. emissiotts The bill includes a domestic offset program for sequestration in
agriculture and forests. Up to 15% of a facility’s compliance obligation mayebé&énough

offsets, and up to an additional 15% through purchases from approved trading systems abroad.

Target Reductions

The proposed bill requires cuts in emissions from 2005 levels from the covered Smir¢s

by 2012, 19% by 2020 and 71% by 2050. The NRDC and World Resources Institute estimate
that the cuts in total U.S. GHG emissions would be 5-13%; 18-25%; and 62-66% resp&ttively.
The sponsors estimate that the bill would keep the atmospheric concentratioge dfeliv
500ppm, on conservative assumptions about other countries’ reductions.

Allocation of Allowances

The proposed bill establishes the Climate Change Credit Corporation to auction amatelistr
allowances. Designated beneficiaries will either receive alloggaditectly or funding from the
proceeds of auctions. Allowances or auction proceeds for 2012-2050 will go to:

Free allocation to industry based on past emissions: 12% (to be phased out by 2030)
Consumers, states and tribes: 31%

Low carbon technology development and deployment:

Sustainable energy and zero- or low carbon energy technologies: 17%
Advanced coal and sequestration technologies program: 9%

Mass transit; fuel from cellulosic biomass; advanced vehicle technologies: 7%
Soil sequestration and methane reduction: 8%

Worker training: 3%

Global warming impacts, including wildlife and international aid: 13%

O 0O O0OO0OO0O0
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The Act also sets up the Carbon Market Efficiency Board to provide relagfures if it
determines that the scheme is causing significant harm to the economy. Hawékersome
of the previous bills dealing with climate change, it does not include a safet¢ytoadperate if
the price of allowances gets too high.

Other Measures

An amendment adopted in committee added a low carbon fuel standard to the bill. The
amendment requires a 5% cut in GHG emissions per gallon of gasoline equiya?&its and a
10% cut by 2020. It also stiffens energy efficiency requirements on applemtdsildings and
takes measures to establish a legal regime for undergroungegq@estration, including setting
up a task force to look at consequences of a possible federal assumption of liability.

It establishes an interagency group to examine how foreign countries have adthe$3dGt
issue. After an appropriate delay, countries that have not enacted effedsureseo reduce
emissions of GHG will be required to produce allowances to cover imports of Geltie
products to the U.S.

Comments

Environmental groups in general extend somewhat lukewarm support to the LielWgamaar

bill. Their view seems to be that it is not enough, but it is the best bill that hasce dideing
approved at the present time. They hope to ensure that the eventual bill contains a poovision f
periodiézmreview by the legislature in the light of expanding knowledge of diotainge

science:.

The Lieberman-McCain Act (Climate Stewardship and hnovation Act)

Senators Lieberman and McCain introduced their Climate Stewardship Aet$ehate in

September 2003; it was voted down by a margin of 43-55. The bill was reintroduced in 2005,

but suffered the same fate. The latest version, introduced on January 12, 2007 was co-sponsored
by Senators Hillary Clinton and Barack Obama. It appears to be stalled inttesnm

Coverage
The bill proposes a cap & trade scheme to operate from 2012, covering entiteesrtloat

control facilities in the electricity generation, industrial or comna¢iséctors of the U.S.
economy that emit more than 10,000 tons of GHGs per year. These facilitiespamesible for
about 75% of U.S. GHG emissions. Up to 30% of an entity’s required allowances magdie ea
through domestic sequestration activities and by participating in schemgsetaissions in
developing countries.

Target Reductions
Resources for the Future (RFF) estimates that the effect of therinan McCain bill would be
to cut total U.S. emissions 39% by in 2030 and 59% by 2050.
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Allocation of Allowances

The bill establishes the Climate Change Credit Corporation (CCCC) to agmthistscheme.
The method of allocation is left largely up to the EPA, but as the bill provides for the @CCC
fund various research programs and subsidies, an auction of at least a proportion of the
allowances is clearly intended.

Other Measures
There is provision for funding of research on low carbon technologies, sequestratid@sf G
and technologies to aid adaptation. There is also a provision for government investment i
technologies that originate in the private sector and the creation of public/a@vaterships.
Some specific programs are:
1. Research into advanced nuclear reactor technology and the associatgd éuskaes.
Sets up a program to reduce the regulatory costs inherent in the Nuclear Regulatory
Commission licensing process.
2. Demonstration project on competitiveness of advanced low carbon vehicle technologies.
3. Sets up an interagency panel to establish standards for carbon sequestration proposals
4. Provision for energy audits of large commercial entities to encourage catiser

Comments

Senator McCain believes that nuclear must be a key part of any solution to the pybblem
climate change. It has been suggested that the only reason he did not co-sponsonathiebe
Warner was that bill’s failure to include any specific acknowledgement abthis*>

Other Bills

Of the myriad of bills that have been introduced in both houses of Congress and then, in one way
or another, stalled, it is worth mentioning the Bingaman-Specter (Low Carbon Ecéwtmy
Introduced July 11, 2007, this bill is widely seen as weak. Its targeted cutaavelse

unambitious and it mandates the government to issue additional allowances if thiepmeeka

normal trading rises above a pre-set level — thus nullifying the intent caphe c

The Energy Independence and Security Act of 2007

The Energy Independence and Security Act of 2007 was signed into law on Decen#@€719
This Act started life as part of the Democrats’ action plan for the first i€i@dss hours of the
110th Congress. The final version focuses on:

1. Automobile fuel economy standards (the CAFE standards): automakers aredrémuire
boost fleet average fuel economy to 35mpg by 2020. The limit applies to both cars and
light trucks (SUVs), though the application of the regulations to SUVs isistiértain
following the rejection of some aspects of previous regulations by a Feqgreala
Court.

2. Greater usage of biofuels: the amount of biofuels added to automotive and home heating
fuels is to increase to 36 billion gallons by 2022, starting from a targeted 8.5 billion
gallons in 2008. Of the 2022 total, 21 billion gallons must be derived from sources other
than corn ethanol.
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3. Higher energy efficiency standards for appliances and lighting, and netives for
improving the energy efficiency of existing homes and government buildings. Ehe sal
of most incandescent light bulbs will be banned in 2014.

4. Increased support for research into renewable energy, carbon capture ayel(S€Q3)
and smart grid systems, and for training workers in “green jobs.”

Some provisions of the original version of this Act were dropped to ensure its passagh thr
the Senate. Most of these are being resuscitated in the form of:

The Renewable Energy and Energy Conservation Tax Aof 2008

This bill passed the House of Representatives on February 27, 2008 (one of its co-sponsors was
Rep. Lloyd Doggett of Texas). Key provisions taken from the original draft of ther dxit

include the extension of existing tax credits for wind, solar and other renewalgg and

domestic efficiency improvements and the creation of some new incentives arfaplex

investment in plug-in hybrid vehicles and cellulosic ethanol. The total cost of tiee bill

estimated at $18.5bn. This is to be funded by the repeal of certain tax creditsidnjoyajor

oil companies, including subsidies on domestic oil and gas production (small independent
producers will continue to benefit from these subsidies). The bill now goes to the.Senat

The American Renewable Energy Act

In the meantime, the American Renewable Energy Act was introduced in the @eRataruary

14, 2008. It includes most of the provisions of the bill that has now made it through the House,
plus a requirement that utility companies must produce at least 25% of theiciéyefcom

renewable sources by 2025.

The Candidates’ Positions

Senators McCain, Clinton and Obama are all on record as saying that globaigvarm
happening, that it is largely caused by human activities and that the Unitedn8tdedo seize

the initiative in dealing with it. The two surviving Democratic candidatestipasi have been

laid out in detailed plan documents. Senator McCain has not issued such a document, which
makes direct comparisons harder.

Senator McCain’s exact position on some issues is vague. However, it ihatdastviews on
global warming are at odds with the views of many in his party. He beliewgbéhdimate is
getting warmer and that human activities are the principal cause. Hetsuppap & trade
system (the Lieberman-McCain Act mentioned above). He supports higher aléotuebi
economy standards and increased use of renewables and biofuels. He also suppodalclea
and nuclear energy.

The detailed plans issued by Senators Clinton and Obama have a great dealon cihongh
Senator Clinton’s contains more detail and more quantified targets. Both suppn& &rade
scheme to cut U.S. emissions of carbon dioxide to 80% below 1990 levels by 2050, and both
would auction 100% of emissions allowances. Both support clean coal, which in this context
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means the capture and underground sequestration 0&1@iGsions. Both want the fuel

economy standards for automobiles (the CAFE standards) raised to 40mpg by 2020. Both would
set a target of generating 25% of U.S. electricity from renewables by 368&tor Clinton

would make the renewable production tax credit (PTC) permanent and Senator Ghdda w

extend it by five years). Both want 60 billion gallons annually of home-grown bsodwellable

for use in vehicles by 2030. Both support mass transit (Senator Clinton also mentiecisyinter

train services and Senator Obama mentions bicycles and walking). Both swaptotiquid

fuels provided these fuels can be shown to emit 20% less carbon on a lifecycledrasis t

petroleum based fuels. Both are lukewarm on nuclear. The Democratic cangitiate€ontain

a number of proposals of direct relevance to small and medium sized busthesses.

Issue Clinton’s Position Obama’s Position

Create 5MM jobs in clean Job training and transition programs;
energy and efficiency over the | Federal investment to help
next decade; assistance to oldeshanufacturing centers gear up to

Green jobs /
investment in

industry auto plants in retooling. produce clean technology products
Weatherize 20MM low-income | Expand Home Energy Assistance
homes; provide energy Program; expand weatherization

Green buildings efficiency home improvement | grants; set target for all new buildings
loans to up to 100,000 to be carbon neutral by 2030 and for
homeowners each year. improvements in existing buildings.

Tax breaks for the installation of
small scale renewable energy | Enable consumers who have installed
such as rooftop solar; net their own generation capacity to sel
metering so consumers can sell electricity back to the grid.

electricity back to the grid.

Small scale wind and
solar

Community
ownership of
biofuels facilities

Incentives for local communities to
invest in biofuels refineries.

Venture capital Create a Clean Technologies
investment in clean Deployment Venture Capital Fund +
technologies invest $10B for five years.
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VII.

Existing and Proposed Carbon Markets

Globally, there are a variety of carbon markets that exist today, or have lssed pdo law and
will become active in the next few years. The European Union’s ETS is thstlargki-national
market developed to meet Kyoto Protocol abatement targets. It integraiegdrade model
for allowance credits with a subset of offset credits from Clean Developvieafianism (CDM)
projects in developing nations. Over 12,000 installations in the EU must meet emisgtssie
purchase additional allowances over-the-counter or via one of Europe’s aixcasnges. In
the first phase of the EU scheme (2005-2007), EU nations unintentionally overeallocat
allowances. The result was that EU allowances unit (EUA) prices cadldgetween March and
September 2007 resulting in virtually worthless allowance credits. The Edduasot
compensate for this failure by cutting the number of allowances for the secord 20@8-
2012), but some EU countries have gone to court to dispute their allowances — themgeare s
obvious lessons here for future U.S. schemes.

Several regional GHG compliance markets are being developed here initine States in the
absence of federal involvement in the Kyoto Protocol (see Figure 9 below). Glum&le
Greenhouse Gas Initiative (RGGI) aims to reduce @0issions from power plants in eight
northeast states. Additional GHGs may be added in future amendments to thednitiBtie
Midwestern Greenhouse Gas Reduction Accord (MGGRA) was approved by six dteduwe
states in November, 2007 and reduction levels will be agreed upon by November, 2008.
MGGRA aims to focus financing efforts on clean-coal and carbon capture and serestr
technologies due to the large reserves of coal in the lllinois basin.

Figure 9: Regional GHG Markets - Element MarketisCL(2008)
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Emissions Trading Exchanges and Reqistries

The Chicago Climate Exchange was the first, and has been the most active yohamkaat for
allowances and offsets. Firms voluntarily sign legally binding contractet Inaseline targets
established by CCX. To date, the CCX’s baseline covers 226MM tonsef (@mghly 4% of
annual U.S. GHG emissiof8with over 350 participating member firms. The NYMEX, the
world’s largest physical commodities futures exchatige Jaunching the Green Exchange on
March 17, 2008. The Green Exchange will offer environmental futures, options, and swap
contracts. Additionally, several European exchanges trade allowancessatd. ofihe world’s
largest climate exchange, in Amsterdam, is owned by the CCX.

Renewable Energy Credit Markets

Twenty-five U.S. states have enacted Renewable Portfolio Standardsngaupercentage of
electricity generation to be from renewable energy. The State asTas its own REC system
that was initiated in 2000. The Electric Reliability Council of Texas (ERCGD@)the PUCT
oversee it. Each competitive retail electric provider is required to purchdsetae a certain
amount of RECs a year. This is meant to spur development of renewable energy, pubjieh
generate RECs. Figure 10 below illustrates that this young markghiy kiolatile. Prices

spiked at the creation of the program, and fell off in 2005 when regulatory changes réduced t
number of RECs required to meet the RPS.

Figure 10: Texas REC Pricing 2002-2008 - ElementKkdts, LLC
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VIII.

Austin and Texas Opportunities

Entrepreneurial Opportunities in Texas
A federal cap & trade mechanism will hasignificantconsequences for the State of Texas.

If Texas was a country, it would be the eighth-largest emitter of greenh@eseigahe world,
contributing roughly 640 million tons of G&in 2005%* In the last century, many heavy-
emitting industries, including petrochemical, fuel processing, and manufecteveloped
around the gulf coast of Texas due to its proximity to shipping lanes, accesddguoducts,
and its abundant energy in the form of natural gas. These industries consumentanges af
energy and electricity, largely generated from fossil-fuels. Gladubon price increases will
encourage these industries to invest into new production technologies, and energyesgffiti
will also encourage them to diversify their product and energy portfolios, and paeticiphe
REC and offset markets. Most of the large industrial companies in Texas thédrgavenergy
portfolios already participate in these activities and price hedging.a®n prices increase
over time, they will expand their risk management portfolios to account for mudégben
pricing scenarios.

Like many historic structural changes in the energy market, Texas hastingdeand adapted
to becoming a leader in providing services to these opportunities. A market base@asingcr
carbon prices will stimulate the growth of new energy financial senand technology services
while the fundamental underlying businesses remain healthy and/or ditkesifipusiness
models.

As investment, both private and corporate, moves into development technology solutions, Texas
stands to gain. Entire new classes of clean technology products and setiee®erge. As

these industries are built in or migrate to Texas, a new class of cleapreneur and green

collar jobs will be formed. Secondly, deploying the technologies developed and nbaraafac

Texas to wind and solar projects will create a set of opportunities for “clbanmtiecatters.”

This will develop cleantech project finance, development services, mainteseammes,

operational services, and land development/management services. Rural TeXas toagadn

by using its wind, sun, geothermal, and biomass potential to generate additionaérstreams

from new clean technology projects.

For consumers in Texas, carbon pricing (if well designed) could be a zero-swnogprovide
net benefits that reinforce the state’s energy de-regulation schenmord®fforts are taken to
provide energy efficiency services as well as renewable energy shoacesumers stand to
consume less energy or have more control in having fixed renewable enesgyhiéeecarbon-
based energy sources continue to increase in price. For example, if a congnsmentsl a
fixed price contract with a renewable electricity provider and the pricetofahgas doubles or
triples, then the consumer will likely pay less for his or her elect@eitinot be subject to
market fluctuations (note: renewable electricity does not require “fuegr dhan biomass
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energy generation). Further, if energy efficiency and net meterirggsoare constructed to
support consumer choice in conjunction with the carbon strategy of the state, then consumers
who install solar or other forms of renewable energy would stand to profit bygsislis energy
back to the grid at peak price times of the day.

Businesses and consumers also stand to benefit from smart grid roll-outaghiogr to not
only generate their own energy, but also by “downloading” inexpensive overnigthewergy,
storing it in a battery or thermal management system, and re-deployingehgy €uring peak
times. In addition to buying electricity at a low price and selling it at a high,monsumers
and businesses who install energy storage systems could be compensatedthpaiERICOT
as an ancillary service that stabilizes the grid.

Wind Power in Texas

Wind power in Texas first took off after Texas passed its Renewable Portiatide®d (RPS) in
1999. This legislation mandated that retail electricity providers include 2000 MN&iof t
electricity from renewable sources by 2009, or purchase an equal amount oRBE@sto

rapid growth of wind capacity beyond the RPS mandates this number has since besadncrea
several times. Since 1999, Texas has been the national leader in wind generatgon, and
predicted to be the top producer of wind energy for the foreseeable future.

The growth of this industry can be attributed to several key factors: A siegtaaal grid, a
friendly regulatory environment, and a legacy of energy development. A legacyvdf Tiexas
has its own electricity grid, run by the Electricity Reliability CauntTexas (ERCOT) and the
Public Utilities Commission of Texas (PUCT). The regulatory environmenhéiped to
accelerate growth in several ways. Developers are not forced to conductranreewital impact
statement before a project is signed-off, and the state’s PUCT recemtlig@tcao build at least
10,000 additional MW of transmission lines to areas with high wind potential. Fortunately,
citizens of the state are used to the concept that their land can yield thaomatidhvenue
through energy production (our “wildcatting nature”), and are also used to the concegigef a |
machine on their land extracting it. As Jerry Patterson, Commissioner aéxhe [and Office
said in a recent interview, “Texas has been looking at oil and gas rigs for 160ayehfrankly,
wind turbines look a little nicer**

Wind and other forms of renewable energy also offer the possibility of fundintateé&s s
educational systems. The University of Texas currently gets a majoiisyfohding from
royalties collected on oil and gas wells in TéxadVith the decline of these fields, a new source
of income will be needed to finance Texas’s academic institutions. Wind powlerstep in

and generate these sorts of royalties. As the quotation below shows, this finanbiog) Inaest
already been successful in the state:

“From only one wind farm located on state land in West Texas (Texas Wind Power
Project), the Permanent School Fund has earned more than $750,000 since installation
in 1995. The project is expected to earn more than $3 million for state schools and create
$300 million in increased economic activity over the 25-year lease pefiod.”
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Solar Opportunities

Texas is currently not a national leader in solar energy, even though it gogibned to be

one. Some of the same conditions that helped propel the wind industry to such prominence in
Texas could also help develop solar:

1. Due to Texas’ size and southern location, it has the best solar insolation (solaalpotent
in the United States. West Texas, where many wind farms and transmissidralines
emerged, has excellent weather conditions for capturing the sun’s energy.

2. Texas is a leader in semiconductor manufacturing, equipment (i.e. Applied Materia
and materials (i.e. MEMC) applicable to solar production.

3. Peak solar generation is highly correlated with peak energy demand, and cosétibe
supplant costly natural gas fired turbines lowering costs to consumers.

4. Solar systems are silent, and can be installed modularly; meaning theathayoid
many of the citing issues that plague coal fired power pfants.

5. Solar installations can be deployed throughout the state to urban and rural areas whe
they can not only produce peak energy, but also provide grid stabilization during peak
loads throughout the state.

Solar Under Wind

The Competitive Renewable Energy Zones (CREZS) process being adradhisgghe PUCT is
expected to result in the development of transmission capacity as far westaa® EThough
this is primarily intended for wind, this could also be a very productive area &y ant having
the transmission capacity leading back to the population centers could help spur dertlopm

Monetizing Abandoned Oil Wells through Carbon Storage or Geothermal Energy
Abandoned oil and gas wells, once considered a liability, may end up as valuabléasisets
state of Texa&® Many of these abandoned wells are suitable for undergroundte@ge
(known as carbon sequestration) and other wells are deep enough to interest geetisegya
developers. A sliver through the central region of Texas is suitable fot-dgegeothermal, and
the rest of the state is suitable for geoexchange (or heat-pump) gendttiemelopment?
Geothermal developers benefit from the detailed subsurface analysiseady &xists from 100
years of oil and gas exploration, allowing them to cherry-pick the best locatiayesoktiermal
facilities.

Livestock Methane Capture Projects

The cattle industry in Texas may be able to monetize the manure from theodkveMethane,

21 times more potent a greenhouse gas than carbon dioxide, is released into the atfnosphere
livestock manure. It accounts for 6.6% of total greenhouse gas emissions in e &4ates.

Offset projects have sprung up all over the Midwest to generate creditpthyirog this

methane. American Electric Power (AEP), one of the nation’s largest atlityanies, recently
agreed to purchase 4.6 million carbon offset credits from Environmental Credit Co@). (EC
ECC has started an 11-state offset project to capture methane that inéxdesAEP’'s CEO
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Michael Morris estimates that a farm with 2,000 head of livestock could generate $105,000 o
more in new revenue over a 10 year period through this projram.

Transitioning Coal Generation

Texas consumed 103,763,000 short tons of coal in 2006, of which 99,661,000 tons was used for
electricity generatiofl. About half of this coal was produced in Texas and the rest was shipped
in from Wyoming. The “Texas Coal War§'were recently the center of national attention over a
proposal by TXU to build 19 additional coal-fired power plants with little pollution obntr
technology (the number was later cut to 3). With SOx and NOx pricing from ¢lae Glr Act
already in place, and carbon pricing around the corner, utilities that own esbpéwer plants

will have three options to evaluate their financial decisions: instalibbars” or other
emissions-reduction technology, purchase additional allowance credits, dr ®agteaner

fuels. This transition will further increase the opportunities for reneveat@egy developers.

With the market’s increasing awareness of the potential liabilitie®ofrelity generated from
traditional pulverized coal plants, many U.S.-based coal utility projects hanetmegpped.

Economic Consequences of “Non-attainment” Status

Several major metropolitan areas of Texas are currently in non-attainateistinder the
federal Clean Air Act (Figure 11 below).

Figure 11: Map of Texas Nonattainment Areas - TGEQD7)>
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The areas in violation are:
1. Carbon monoxide and particulate matter in El Paso
2. Eight-hour ground-level ozone in Houston-Galveston-Brazoria, Dallas—Fort Wonth, Sa
Antonio, and Beaumont—Port Arthur.

This non-attainment status carries with it several negative economic uenseq. A designated
nonattainment area must meet strict transportation conformity regulatioeseive federal
highway funding. Any industry that produces air pollution that wishes to develdifdadn a
non-attainment area must meet a “new source review.” To avoid this, many cesngarose

to locate elsewhere. It also has an intangible negative effect on populaticth gs the stigma
deters families and businesses from moving into the area. For thesefdrexssp removing the
non-attainment designation by reducing air pollution would allow their economieswdagter.

Opportunities for Austin

Austin is already a leader in the cleantech space, with the highest dimaaitge targets of any
major metropolitan area, the first Clean Energy Incubator, and some ofgést leenewable
energy companies in the country. With its leadership, technology entrepreneurstigal pol
center, and its “buying power”, Austin is well-positioned to benefit from tbaauic growth
that will come as a result of carbon pricing.

Austin Energy, one of the largest community-owned public utilities, is part ot#sem Austin
is leading the nation in renewable energy and energy efficiency pragragis
accomplishments include: the top performing renewable energy program initime ezt
nation’s first and largest green building program, and one of the nation’s most hengve
residential and commercial energy efficiency programs. The next opportulhibe w
deploying the largest smart-grid roll-out in the nation, providing the net metechgology that
Austinites are clamoring for. These leading programs will allow Austbecome the nation’s
test bed for energy efficiency and clean technologies.

Austin is likely to serve as the “third coast” for clean technology developmesitlewtf the

Silicon Valley and Boston 128-corridor. New start-ups are forming out of The tditwef

Texas and other innovation centers in Texas and using Austin as their headquartinds Aus
deep in talent from its semiconductor, computer hardware, and software/lmeustties,

adding energy storage as an extension of these. Austin stands to benefit fromg lamddi
recruiting leading clean technology companies who find it a favorable pl@&setute clean
technology business. This innovation center is combined with Houston'’s deep experience in
project finance, project development, and industrial build-outs. Furthermore, the state
experience in land development and “wildcatting” will attribute to the entreyriahe
opportunities as carbon prices increase.
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IX. Carbon Abatement Technologies and CCS

Abatement Technologies

Although the source of emissions is the focus of most carbon market legislation,-teeend
side of the issue cannot be ignored. Energy efficiency and conservation is insituontre
reduction of greenhouse gases. There is a wide spectrum of carbon reductionefathatem
categories, from the creation of energy-efficient homes, to the captuse@umestration of
emissions in energy production. As Figure 12 shows below, there are many cdtmbione
categories that could potentially provide positive economic impact if suattgskfployed.
Unfortunately, the cheapest and easiest-to-implement sources of abadesnardllenging for
policymakers to work with. It is much easier for policymakers to tardetv hundred coal
power plants than the general populous, but the “low-hanging fruit” reduction technaodes
as insulation and lighting systems in the green-building category should not be overlooked by
policymakers as these technologies could provide quick-wins for carbon abatermlstit

Figure 12: Economic Cost/Benefit of Carbon Reduc#ativities - Vattenfall, (2009
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Carbon Capture

What is Carbon Capture and Storage?

Carbon dioxide (Cg capture and storage (CCS) involves capturing, @ésing from the

combustion of fossil fuels, as in power generation, or from the prepaEtfossil fuels, as in
natural-gas processing (see Figure 13). CCS involves the tsehablogy, first to collect and
concentrate the CQproduced in industrial and energy-related sources, transport ituitabls

storage location, and then store it away from the atmosphere for a long period %f time

Figure 13: The process of capturing Carbon, Captamd Storage (CCS) of several steps and techredoe¢fPCC (2007)

There are three main approaches to Capture®
Post-combustion systems: separate €a@m the flue gases produced by combustion of a
primary fuel in air.
Oxy-fuel combustion: uses oxygen instead of air for combustion, produding gas
that is mainly HO and CQ and which is readily captured.
Pre-combustion systems that process the primary fuel in gordacproduce separate
systems of Cfor storage and Hwhich is used as a fuel

Potential storage methods &fe:
Geological storage (oil and gas fields, coal beds, and deep saline formations)
Ocean storage (direct release into the ocean water column or onto the deep) seafloor
Industrial fixation of CQinto organic carbonates

The net reduction of emissions to the atmosphere through CCS depéfids on:
The fraction of CQ captured
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The increased COproduction from loss in overall efficiency of power plants or
industrial processes due to the additional energy required for captmsport and
storage

Leakage from transport and the fraction of C€ained in storage over the long run

What is the Regulatory Environment for Carbon Capture?

There are existing regulations in place for over-pressuotegqiion, leak detection, design
factors, since C@®could leak to the atmosphere during transport, although leakage lasses fr
pipelines are very small. In addition, some regulations for operatidhe subsurface do exist,
but few countries have specifically developed legal or regulatory frarkevimr CQ storage®

What to do with Captured Carbon Dioxide?

The purpose of C&Qcapture is to produce a concentrated stream that can be readily transported to
a CQ storage site. At present, @@ routinely separated at some large industrial plants, such a
natural gas processing and ammonia production facilities; howevere thave been no
applications at large-scale power plants of several hundred megattt major source of
current and projected G@missions>°

Energy Facilities that can participate in Carbon Capture
The main application of C{rapture is likely to be at large point sources:
Fossil fuel power plants
Fuel processing plants
Industrial plants for the manufacture of steel, cement, and bulk chemicals

Capturing CQdirectly from small and mobile sources in the transportation, residential, and
building sectors is expected to be more difficult and expensive than from largequotess

Transporting from Capture to Sequestration

Transport is the stage of carbon capture and storage that links sandcstorage sites. GG
transported in three states: gas, liquid, and solid. Commeadd $ransport uses tanks,
pipelines, and ships for gaseous and liquid carbon dioxide. Additionally, tranispor
implemented with land pipelines and ocean pipelines.

Carbon Sequestration

What is Carbon Sequestration?

Carbon sequestration is the placement of @@ a repository in such a way that it will remain
permanently sequesterddCarbon sequestration refers to the provision of long-term storage of
carbon in the terrestrial biosphere, underground, or the oceans so tHhatilthgp of CQ
concentration in the atmosphere will reduce or slow (see Figur&fidits are focused on two
categories of storage, geologic formations and terrestriaygtenss, and in some cases, this is
accomplished by maintaining or enhancing natural processes.

Page 31 of 38



Figure 14: Storage of carbon dioxide -. U.S. DOHicaf of Management and Budget

What is Geological Sequestration?

Geological sequestration of G@& defined as injecting COnto deep geologic formations of
greater than 1 km for the purpose of avoiding atmospheric emission af Rxential
sequestration sites include:

Depleted oil and gas reservoirs
Saline formations and aquifers
Unmineable coal seams

Oil- and gas-rich organic shales
Basalts

The idea of storing COin geological formations immediately raises questions abouags
permanence, the environmental risks involved, necessary monitondgtha possibility of
leaks. There are two types of risk associated with leakages.of CO

Local, site specific, affecting health, safety, and the environment
Global, resulting from a return of stored £© the atmosphere

In order to better understand the behavior o, @®en stored in geologic formations, the U.S.
DoE is conducting research studies to determine the extent to thieicbQ moves within the
geologic formation and what physical and chemical changes azdbe tformation when it is
injected. The DoE’s Office of Science has focused its carbon sequestraits @fi*®

Sequestering carbon in underground geologic repositories, which involvastandeng
the geophysics and geochemistry of potential reservoirs
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Enhancing the natural terrestrial cycle through the identificaif ways to enhance GO
removal from the atmosphere by vegetation or storage in biomass and soils

Carbon sequestration in the oceans by enhancing the net oceanic fiptakéhe
atmosphere by fertilization of phytoplankton with nutrients

Sequencing genomes of micro-organisms that produce fuels such hanenetnd
hydrogen.

What is a Geoloqgic “Seal"?

In the context of geologic sequestration of ®deep formations, the term “seal,” or “caprock,”
is used as a general term for one or more layers of rocksgpatate the CQnjection reservoir
from surrounding strata, especially the freshwater zones ndageground surface. These
relatively impervious layers overlie the injection reservoirs astdo prevent movement of GO
and other fluids beyond the injection zones or immediate buffer Zbnes.

What is Terrestrial Sequestration?

Terrestrial carbon sequestration is the net removal of i@n the atmosphere by plants and
microorganisms in the soil and the prevention of, @&t emissions from terrestrial ecosystems
into the atmosphere. There is significant opportunity to use teatesequestration both to
reduce CQ@ emissions and to secure additional benefits, such as habitat andqualdy
improvements that often result from such projeéts.
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X. Conclusions

The inclusion of greenhouse gas emissions prices in the financial forecasting thatigbvern
business decisions has already had a profound affect. As the country awadisckguiér trade
legislation, regional and voluntary carbon markets will continue to grow rafillhg the gap.
They will be championed by state and local government officials, and pro&atigdooking to
reduce their exposure by swimming with the current, instead of against. Thedcséry, and
coal-invested utilities will need to innovate quickly to meet the emissiontat@ms of the
future, or they will lose market share to cleaner alternatives. The same fer auto
manufacturers. Entrepreneurs will have an overabundance of problems to solve iags®miss
heavy industries invest in cleantech. An ensuing cleantech boom should emergengehefit
states and regions that are early adopters of new carbon pricing policies.ehd{ carbon
pricing will help to bring equilibrium among different forms of energy as a@sition to a more
renewable and intelligent-energy future.
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