\\\Al,/
2o e

Table of Contents

Thank You Letter
Introductionto Conference Report
Executive Summaries
Keynote Speaker: John Rowe, CEO, Exelon
Keynote Speaker: Nobuanaka, Executive DirectoEA
Keynote Speaker: Senator Jeff Bingaman
Unconventional Natural Gas: A Bridge to a ¥@avbon Future?
Supply Chain Energy Use: Opportunities for Innovation
The Future of Electric Vehicles
Blue Boundaries:He Critical Role of Water Constraints on Energy Systems
China: The Cradle of New Energy Technology
{2t NQ& CdzidzNBY ¢-Sdal®S$okaryPHotouokKaks wA & S

Finding and Sealing Fissures in the Investment Pipeline

16

25

35

46

57

68

a4

299

99

CGAE A G

Neuron Global Inc -2- Conference Insight Report



\\\Al,/
2o e

ThankYou Letter

MIT Energy Conference Community,

On behalf of the 85 MIT students who organized the 2010 MIT Energy Conference, we would
fA1S G2 GKIFy]l 2dz2NJ aLRyaz2NaAI LIyStiriadaz yR | {
success. This report offekey insights from the conference for those who were unable to make
it, and also for future reference.

Our objective in organizing the MIT Energy Conference is to bring together influential
technology, policy, and business leaders to create a shared wbmur energy future. The goal

is to create an engaging environment that fosters conversations and relationships that we
believe are critical to capture the tremendous social and economic opportunities associated
with the changing ways that we produce acohsume energy.

We believe that the greatest strength of the MIT energy community, exemplified by this
Conference, is the ability to work across disciplines to address the technical, economic, and
L2t A0e Fallsoda 2F (G2RIeQa Yz2ald LINBaaiAy3d SySNH

This year marks the™5annual Conference.  Over the last five years, countless student
organizer hours have gone into creating the MIT Energy Conference into one of the premier
energy events in the country. We hope that this report will also serve laslding block for
future organizing teams as they continue to build on the impact and community surrounding
the MIT Energy Conference.

See you at the 2011 MIT Energy Conference!
Sincerely,

Paul Murphy

Managing Director

2010 MIT Energy Conference
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Introduction to Conference Report

ThisMIT EnergyConference Insight Report provides a comprehensive summary of the key
trends, opportunities, expert opinions and innovat®presented at the 201BIIT Errgy
ConferenceThis report is comprised of teexecuive summaries that present the key
information from each confemce session. With this repoittendees can review all of the key
concepts discussedt the daylong conference, in a single, integrated location

This report can be used to draw new conabns and gain insights into trends that are woven
through separate sessions. Attendees who use this report will be able to enhance their
experience othe 2010MIT Errgy Conferencéy:

1 Reading through the knowledge presentedfa¢ 2010MIT Errgy Conferacein one
sitting

1 Exploring knowledge presented at sessions they did not attend

1 Using the report as a reference guidethe 2010MIT Errgy Conference

If you like this report and are interested in purchasing other Conference Insight Reports in the
future, please contact Neuron Global Inc at info@neuronglobal.com.
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Keynote Speaker

John Rowe
CEQExelon

John W. Rowe is the Chairman and Chief Executive Officer of E
Corporation, a utilittholding company headquartered in Chicago. Exelon
the largest market capitalization in electric utility industry. Its retail affiliat
serve 5.4 million customers in lllinois and Pennsylvania, and its generation affiliate operate
largest fleet oinuclear power plants in the nation.

Rowe is the senior CEO in the utility industry, having served in such positions since 1984.
had led Exelon since its formation in 2000. Rowe previously held CEO positions at th
England Electric System and CahtMaine Power Company, served as general counsel
Consolidated Rail Corporation, and was a partner in the law firm of Isham, Lincoln, and
Rowe is the past chairman of the Nuclear Energy Institute and the Edison Electric Institute.
the cochairman of the National Commission on Energy Policy, an industry and environm
organization dealing with climate change. He is a member of the boards of directors of Su
the Northern Trust Company, and UChicago Argonne LLC, the governing bodyoheAr
National Laboratory. In both 2008 and 2009, Institutional Investor names Rowe the best el
utilities CEO in America.
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Keynote Speaker: John Row€EO, Exelon

Overview

A veteran of the nuclear power industry and a thoughtful, articulatecadte of policies and
programs to cope with climate change and carbon emissions, John Rowe, CEO of Exelon, take
audience through the arguments and evidence for a prudent, practical, comprehensive and dec
policy for dealing with carbon and clinat OKI y3S FyR YSSGAy3a (GKS !
Among the topics discussed:

I Comprehensive action at the federal lewalot likely any time soon

I Whatis the state of existing policy and regulation?

1 Creating a measure for enerqgy efficiency

i Renewable energy requires putting a cost to carbon through cap and trade or a tax
John Rowe:

9ESt 2y Aax o6& &aSOSNIt YSIHadNBas GKS fI NBSaA

easy for me to be pralimate legislation. So | probably beat the drum a little more loudly andla li
more often because it is in my economic interest to do so. On the other hand, | started advocatin
we deal with this problem when | was CEO of New England Electric System, a company that was
coal.

| did it then and | do it now in part, atast, because | believe this nation must try to solve i
environmental and energy security challenges in the loveest way possible. The dangers are not th
we will fail to deal with these challenges of environment, climate and energy security lacdlise we
are dealing with them every day, but that we will continue to deal with them in ways that
haphazard, expensive and ineffective. That calls us to advocate and stand for principles that h
least a chance of being comprehensive, effectind efficient.

At Exelon, we try to live this challenge both in our advocacy, which is why | am here, and in the
that we do. Over the past 12 years we have sold or closed most of our oldiredlplants. We have
invested billions in our fleet of 17 leearbonemission nuclear plants; indeed, we have increased t
capacity of that fleet by more than the equivalent of another unit. We have, in our delivery compa
FY2y3 GKS yrFrGA2y Qa8 o0SGGSN) dziatAde SySNHe S#w¥
GKFG @2dz Oy FAYR 2y 2dzNJ 6So0aAidsS OFftftSR &a9E
entire 15 millioametric-ton greenhouse gas emission footprint by 2020. Of course, we can only
because we are a nuclear company, but it i atvery unique goal. And we can do it economically a
we have already done one third of the task.

CHAOS IN WASHINGTBAS SLOWED ACTIONMARD A NATIONAL ENERPOLICY

Eighteen months ago, it looked, in those halcyon days of $10 gas, when presidantiaddates were
reported to agree on climate change, that we had some of these problems solved. But as is ofte
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case in Washington, reality caught up with the plan. Cap and trade legislation, which had been end
by both presidential candidates,y62 ¢ 'y Ay GdSyaSte LI NLGAalLYy Aaa
are somewhat deferred, if not weakened, by the level of controversy over the healthcare plan.
WaxmanMarkey Bill passed the house last year by a margin of only seven votes and neavsagpad
in the Senate. The only hope for comprehensive energy and climate legislation is work that is being
by Senator Kerry of Massachusetts, Senator Graham of South Carolina, a conservative Republic
Senator Lieberman of Connecticut. Andrthef course, when they produce something, the first persa
GKSeQtt KIFI@S G2 aGrtl1 G2 A& {SyFra2N) WSTFT . A

practical, most honest, and most thoughtful people in the Senate.

Now, in this chaos, what do we really know? We know we need cleaner energy. We know we
lower-carbon energy, but we disagree about what kind of energy is best to get those things. We
we need energy security, but again, we disagreehow. We need an energy supply we can afford.
can argue about whether or not the energy industry should be responsible for job creation. But | t

S . t that when one puts it that way, one is already on the road t
making a mistake, because most of eG4 & 2 dz ONXB
The dangers are not &t we will ONBlIiGA2Yyé R2 y20 tlradoe . dzi o

fail to deal with these challenges 0 that meets our needs in an efficient way is very important to jok

environment, climate and energy  that are durable and sustainable.
security at all, because we are

dealing with them every day, but ~ When it comes to carbon, that most pervasive pollutant, th

that we will continue to deal with  pollutant that we all emit every day, there really are only twc

them in ways that are haphazard, S¥+A OA Syl sl e&& GKIG L KIF@S K

expensive and ineffective. trade system, the other is a carbon tax. Some of you may be,

- JIEIn (R may have been, Star Trek fans. Do you all remember the mo

where the rogue satellite wanders the universe, wiping out th

inefficient, impure carbord F 8 SR 2NHAFyAaYaK ¢KIFIGQa dzad {23
problem, remember that we are carbdmased organisms and our economy is a carbased economy
This requires time, it requires decisiveness, it requires comprehensiveness, and it requires patience

| believe there still is a consensus in the scientific community, both that the climate is changing anc
human and industrial activity is a sigoént contributor to that. Now we have learned, over the last fe
Y2y iKa GKFG aOASyidraida Oy o6S 2dzad a LREAG
gl t1 Ay (GKS aOASYOGAFAO KIFffa | & Yta@akPahekon Glikh&e
Change that has said that humankind was a big part of climate. It is the National Academy of Sci
and so far, | have not seen their work impugned. And, at least till today, the NAS is still quite unequ
in its views.

We aught to keep testing the science, but we should not ignore what we know today: that we oug
have, in this country and others, a prudent, practical, comprehensive, and decisive policy for de
with carbon and climate change. The only way we can bat ts by harnessing the markenhot

because the market is always wise, but because the market corrects its own foolishness faster the
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rest of us do. We need a market that is constrained and directed by sound public policy, but we
the market. Thameans we need either cap and trade or tax and trade.

z

2 KSy L GFrt1 Fo2dzi OFLI FyR GNFRS:T AGQa y2id
0SYySTALG 6AGK GFEST AGQa GKFG L o068t ASGS hxlimake.l
What | think Kerry, Graham, and Lieberman are working on is to rely on tailpipe standards fo
automobile and refining industries, try cap and trade for the utility industry and put off other indu
and commercial activities for a whilenBé my industry is something like 40% of carbon emissions
transportation is about 30% that is a cumbersome approach, but perhaps not a bad one.

One needs not just to rely on cap and trade in the market, but to help frame that market. And in
conteEis Y& O2YLIlye KFa &dzZJIRNISR { Syl Gd2NJ WSTT¥
in large part to the fact that the senator has been reasonable about how far he is willing to go. Be
whether it is the liberal enthusiasm for renewable enesggndards or the conservative enthusiasm fo
more nuclear and coal with carbon sequestration, we run real risks when we make carbon poli
mercantilism. We simply are not very good at picking clean technologies in Congress. When we pi
are not vey good at correcting mistakes when we make them. We need a combination of a cap
trade system, with a relatively firm cap on what it can cost in the early years, to protect the econ
This should also provide support, to a modest degree, for new ayab@al with carbon sequestration,
wind, solar, and energy conservation. You need to do it both ways, but you ought to keep your b
the particular technologies relatively modest.

REGULATION IS IN PIBA AT STATE LEVELS ANDEPA

And while we are egaging in inaction on a comprehensive policy level, we are in fact doing a lot
deals with this. Twentpine states and the District of Columbia mandate that utilities buy some porti
of their energy from renewable sources. Many states have energgierf€y requirements for utilities.
The federal government is providing tax credits for wind and solar. It is supporting new nuclear thr
loan guarantees. We are not doing nothing, but what we are doing neither adds up to enough, no
efficient.

Meanwhile, the Environmental Protection Agency is proposing, under a Supreme Court decision
Massachusetts PEPA, to regulate carbon. In addition, the EPA has clear mandates under the
regulate coal ash, impose new regulations on sulfur diogit nitrous oxide, impose new regulation
on mercury, and bring litigation under what is called new source performance standards. Wha
means is that codburning plants will have to go through a labyrinth over the next decade: ozone so
knocks, mecury, water, coal ash, particulatest is very clear that there is going to be just an endle
series of hammer blows on the economics of the existing coal fleet.

hyS 2F 9t! Qa 3ANBIFG FNHzZAINI GA2ya A& A throike GBese
regulations. It will not surprise you that EPA would like to come up with a system that would ma
economical for utilities to shut down the oldest, smallest, dirtiest, least efficient coal plants and to
some benefit from doing that ihow much they have to do with the newer, cleaner, and more efficie
plants. But the existing labyrinth of laws does not give EPA the authority to be that economi
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rational. So, on one front, as EPA administers honestly and carefully its existimj settutory
requirements, it is going to create an expensive mess that will, to some extent, reduce the ca
2dzi Lz 2F GKS ylFiA2yQa dziAtAdGe aSOG2NE odzi ¢

CREATING A MEASURIREENERGY EFFICIENCY

The otter front is doing this all by renewables. We at Exelon have spent a great deal of time tryi
price different technologies in terms of what it costs per ton of carbon to use that technology to rec
carbon emissions while meeting our energy needs. iEhan Exelospecific supply chart but it would
not be all that different for the nation as a whole. Every number in this chart can be argued about
they are all pretty sound directionally.

Coming EPA Regulation of the Utility Sector
Beginning S0z Primary
Revised 7 T meconsiereg MASCS 316(e) frdl rie Efflusnt Guidelines o
:;eascnal Propazed CAIR S@ected Final rule expectzd Effiuent Guidelines
MAAOS N Cap NAROS Replacement S Compliance 3-5 yrs
. R Exoected inal CAIR INext Ozone after findl rde
caR L Cxpe Reglacement NAAQS Revision f
v Rule Expect
| I.“Zm:z:[ - 316(b) Compliance |' Reconsidersd
] S0 |
| Cuidelines S‘ﬁ:igfy Hyeaferfralnls 1 gpne sips
| proposedrde pasoo || duz

[ emeced

| enzs : Nem M PM-25 S ) \:;_\\
SIPg due Begin B e SPsdue | New PIL25 NAAQS Bey nmi u,nlle ™ Begring
J (97} P?_-‘._‘R | ;:?fsll Ruefor | NAAGE (108 Designations LS 2R Phase
CAMR & .ﬁtihil Czl':‘ep CCBs | Revision . 1| Sezsona
Delisting et Mgmt CT Begn Compiiance e NOx Cap
Rbovaated ULCP HAPz MACT = Requiremenisunder  Comeiancswih C yrs
e Al Progossd proposed b ewecsd  Final COB Rule CAIR e fnal e
Rule for CCBs = FinalEPA (ground water Replacement Rule
Management Menattsinment manitaring, double
316(k) proposad Designations: manitors, closure,
rile expecied dry ash conversion)
EPA has the authority to regulate seven pollutants
from carbon -intensive electricity sources, in addition Exekl,n
L]

to CO2

The key driver of change it the cost of any one technology but, rather, is the cost of natural gz
When we changed this in 2009 from 2008, for the first time wind became as cheap as new nuclea
the reason for that was not that wind became cheaper, or that nuclear became marensive, it was
that the gas used to back up the wind became cheaper.

On the far left of the chart, we assert that some quantum of energy efficiency is better than free.
know that to be true. We simply cannot do a real supply curve because innheiteis not really a
supply resource, it is a demand activity. And we know that there are lots of things that customers ¢
R2 (2 al @S Yz2ySesz odzi ¢S R2yQl (y2¢ TFddte o
different present value andld Sa X RAFFSNBYy G dziAt Ade OdzNBSasz |
is some significant quantum of the problem that can be solved by efficiency, and very cheaply, w
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do not know how much. We, at Exelon, know that some other slugs opmldilem can be solved by
upgrading our nuclear plants. We can take those 17 and we can get the equivalent of yet an
nuclear plant out of them for about half the price of a new nuclear plant. Those will be g
investments.

After that, the next hing that is cheap for us is natural gaed plants. Using a new, efficient natural
gasfired plant to replace either an old inefficient one or an inefficient edalzNy/ A y 3  OF LIt
gas prices and those we project for the future, is much cbedpan the sexier things we would rathe
do.

Now after that, you get to wind, which is somewhere between $45 to $80 per metric &ma that is
after the federal subsidies. You get new nuclear, which in our numbers is something like $75 a
ton. We estimate clean coal at something more than $&5tbn. And solar, which is the only place
where the technology is changing relatively f_ast, is_ still more t
$300 a ton with the Federal Government incentives, and o

$700 before the incentives. It is still very expensive. That is pe Our work says you can do some

because you he to back it up, just like you have to back up tt things with renewable energy
wind standards. You can jumpstart a

technology. In the case of nuclear,
Now, as a crude rule of thumb, every $10 a ton is an increme| You can help recreate a technology
penny a kilowatt hour in electricity. And if we are talking about But you do not want to bet the
whole fleet, as the saying goes, that runs into money. At Exe TG EEETIREN E e
think we can meet our Exelon 2020 standards while staying v - John Rowe
investments that are under $20 or $30 dollars a ton, under 2¢ or 3¢ a kilowatt hour of increme
impact. But if we set out to do it all with new nuclear, which we would love, or if we debadp it all
with solar or wind, we are talking 5¢ to 10¢ incremental impact. And these are in rates in Chicagc
FNBE MM NARIKG y263 a2 6SQNB GFEt1Ay3a Fo2dzi | -
AGQa NBIf Yz2ySeo

This gets me badio the fundamental conundrum of climate policy. The public is willing to believe t
problem is real. Two years ago, a Resources for the Future poll said nearly everybody thoug
problem was real. Now you would get a smaller number, partly becaudeeafecent debate over the
IPCC, but more realistically because of the economy. People are just more worried about other t
right now. Most people polled did not like a carbon tax because they knew it would cost them mo
Most people polled did notkie a cap and trade system because they rightly thought it would cost th
money. Most people polled loved clean energy standards because they thought they were free. Be
the free lunch!

RENEWABLE ENER®YOTIN MERCHANT MARKBIVSHOUT A COST FORRB0ON

Our work says you can do some things with renewable energy standards. You can jumps
technology. In the case of nuclear, you can help recreate a technology. But you do not want to be
whole economy on your picks. Exelon is in a particularly simfusituation in this regard. We believe i
nuclear, but we operate in merchant markets. We cannot, at this time, make sense out of building a
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nuclear plant with $5 gas. Merchant nuclear can only work with something like $8 gas and some
like $25carbon in your forecast. We cannot forecast that. So you do not see us at the front of
nuclear industry for building new, although we can give you the equivalent of a plant at our exis
units. We are even more appalled by the cost of coal with carbequestration. It would be a little
different if we were in a ratdased jurisdiction where you can sort of afford make a lorigem bet,

but I am well aware that ratdased only gives you a certain measure of protection if you guess wrong

The point | am trying to make we simply have to use the market. And that means cap and trade
carbon tax. We have to do it in a way that does not threaten people over the economy too much.
means some kind of a price cap in the early years. Ibeaa cap, it can be a collar, it should probably
collar of something like $1$20 a ton. It needs a real escalator, so people know the number will be a
higher in a decade. If there are free allowances, they should go back to the customer, mucbudg |

like to have them for my generating company. You put all of the

things together and | think you get an efficient package. You p

We have all been reminded in the a2YSiKA y3a tAl S { éyl' 2N . A y 3t
last year and a half that the with something similar for nuclear, and then you haveap and

economy makes a very big trade system with a cap on how much it costs, and you get start
difference. But the economy is not 0N incorporating the costs of climate into the market.

a reason for passivity, it is a very )
powerful reason for rationality. Then you put those wondrously powerful feedback systems in t

- John Rowe Market to work, and over 10 years you will be surprised at ha

much carbon you get, how fast. | believe that over 10 years y

will find that more and more people can come up with a curve, like the Exelon curve, and can do a

lot for $20 and $30 a ton. But if you tried doing it by picking my favorite technotagyear, you will

ALISYR bPtpd 'YR AT @&2dz GNB R2AYy3I AlG o6& LIAOLA
spend several hundred dollars.

And it does make a difference. We have all been reminded in the last year and a half that the eco
makes a very big difference. But the economy is not a reason for passivity, it is a very powerful r¢
for rationality.

Audience Q&A:

Q1:Your figure of $8 gas and $25 carbon to make nuclear peyat does that assume in terms of the cos
of a plant?

A: Four thousand dollars a kilowatt.

Q2: So, is that an olsttyle plant, a custorbuild, everything from the ground up, 10 years of permitting,
slow NRC? Or is that a standardized-ggawatt plant that has a streamlined regulatory process and ¢
bereplicated several times?

A: Admiral Rickover said that there are two kinds of reactors: real ones that cost a lot and paper
that are free. The one you described is still a paper reactor. | will believe it when | see it. W,
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described was a scalled new style plant, but still a 1,500 Mwe ligltater reactor with a lot of safety
trains. We looked first at the GE technology, which is more passive. We think that has the potent
be a breakthrough, but it was not yet fully licensable. What | akirtglabout is the Toshiba or Hitach
or Westinghouse, either BWR or PWR, on a large scale. While there are a fair number of uncertai
that number, just remember, $4,000 a kilowatt sounds simple. That is $6 billion for two of them to
an efficient two-reactor site. The big problem | see with the 250s is, first, they are not built yet; secc
you are going to have to build 10 of them at a time to be economic; and, third, they still have al
waste disposal issues that the present generation sdoBut if the issue is whether | am fo
standardization, yes, | am.

Q3: Unlike many industries, we really depend on theibdgom the American people to site new projects, t
activate their representatives, to be energy efficient, etc. How do ytivage your customers and the
American people, in general, to help us out as an industry?

A: The only way | know for sure to activate my customers is to raise their rates. While it is infallib
activating them, it does not always get consequences that | like. You need to start with the propos
that customers are, more or less, as smartyas are, that they have real needs, real desires, re
interests. There are three ways to get customers to cope. You have to use all three, but respectfull

1. One is, in fact, price increases. Customers respond to perceptions about price. They d
respand so much to what the price is now or the delta next week, but to their own sense of
direction of prices. That is equally true for the MBA with the present value analysis as is fo
homemaker.

2. Customers respond to mandates, pure and simple. Whanare dealing with efficiency, often
the best way to get it is to require it.

3. Incentivize it.

Meanwhile, you work on that ever so soft thing of building culture. The problem with building cultu
that everybody wants a greener, more secure energypbugbut they have very limited ideas of what is
involved in getting to that. There is something in human nature that gives us this infinite belief that
FNBS fdzyOK A& NARIKG | NRPdzyR GKS O2NYySNW LUthcars
and urban education. Those issues are hard. Energy we could do if we just make a few basifdrade

Q4: What kind of federal regulations does the nuclear industry need to prevent another Shoreham or a
Zebra?

A: You have to have a very sirg consensus to build nuclear. You cannot build nuclear 51 to 49.
cannot even do it 6@&0. You have to have 80% of the people thinking this is really a sound techno
that we need for real reasons that relate to our energy security and our clinradeoar environment.

And when people believe that in large enough numbers, you can work your way through without he
Shorehardike problems. Right now, we have a much strongermuolear consensus than we used to
But whether it is strong enough to supfNJi |y dzOf S NJ LX FyaG 2y [2y3
Siting industrial things is hard in our society and no federal regulation will make that issue go away.
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Q5: Could you briefly comment on how Exelon and other groups that are involved prothestion of
nuclear plants can bring innovation to the marketplace, including perhaps working with some of the sta
that have been appearing in the marketplace to do rgteration nuclear?

A: A utility is always somewhat slow and obstinate to dedh. We have to keep a lot of moving part
together. We have to do things that work, and entrepreneurship and innovation tend to be about |
baskets of things, of which many do not work, but the one that does makes somebody rich and fa
And it isdifferent ways of thinking, the conservator versus the innovator. Both have their role. So
cooperate slowly.

When you get to nuclear, do you want innovation or standardization? They do not naturally c
together. They are awkward bedfellows. So youkwsith people to encourage innovation and yet, yo
also want to make what you just committed to, work. For example if we commit ourselves to-anityo
$12 billion nuclear plant, we want the nuclear industry to standardize around something akin to
technology. We are in no hurry to have something else innovated next year, or we will be back
we were in the 1970s. It is a tough trad#.

That is one of the limitations of nuclear. It is big and chunky. One of the advantages of some other
of technology is that you can move it in smaller clumps and havecsaicting measures more quickly.
| firmly believe that a cleaner 2050 requires a whole lot of new nuclear plants, but it also requires ¢
other things where innovation moves more swjftl

Figure 4
Meeting the Goal - Exelon 2020 Initiatives to Reduce, Offset or Displace Greenhouse Gas Emissions
(million metric tons of CO2e per year)
|10 Reduce or offset Exelon’s GHG emissions

|7 Help our customers reduce their GHG emissions

15.7 6.0
. Offer more low-carbon electricity in the market place
Total: 0.2 Additional Internal GHG Reductions
9.7 7.0- 7,V 3.5 Customer Energy Efficiency Programs
/ 0.5 Wind and Other Renewables
/ 1.0 PECO Alternative Energy Credits
/ 2.3 Nuclear Uprates
I/:"4'.§ """" 06 T e 15T 10220
: - ®m m m
o Potential options to fill the ~2.5 MT gap H
i and reach 2020 goal
2020 Climate Remaining Projects to Additional Wind New Coal Plant Offsets
Target Leaders Target pursue Nuclear Natural Retirements
Reductions under all Uprates Gas Plants

scenarios

Note: Emissions reduction estimates for new generation capacity represent emissions reduced in the market as a result of the project less emissions introduced due to the project.
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Figure 3
Supply Curve of Exelon’s Greenhouse Gas Abatement Opportunities - Pessimistic Scenario

Solar Photovoltaic >$750 w3
(>$350 with tax incentives)

orloan guarantees
15

175
[ Energy Efficiency
150 [ Nuclear Uprates
B New Natural Gas Plant
2> B New Nuclear Plant
[ Alternative Energy Credits
100
B Retire Coal Plant
/‘f: 75 Projected Average CO; Price* I Cogeneration
8 [ Biomass Generation
= .
3 5o Landfill Gas Generation I3 wind power
%’ ------------------------- x --------------- I Coal-to-Gas Switch
[
Y B 'cccwith ccs
E = White line represents
= price after including
= : g
7y o effects of tax incentives
2
=
)
a

(25)
Million Metric Tons of CO, per Year

(50)

“Projected average CO, price assumes introduction of $25/metric ton price in 2014 escalating by 7 percent per year.

Note: Emissions reduction estimates for new generation capacity represent emissions reduced in the market as a result of the project less emissions
(75) introduced due to the project. New nuclear plant assumes 50% ownership of two 1,460 MW units.
Technology cost assumptions (in 2014 $/kw):

Combined cycle gas turbine: $1,300 - $1,700

Wind: $2,000 - $2,500

Nuclear: $5,000 - $6,000

IGCC with CCS: $5,500 - $6,500

Solar photovoltaic: $4,500-$5,500
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Keynote Speaker

Nobuo Tanaka
Executive Directorinternational Energy Agency

Nobuo Tanaka took over as the Executive Director of the IEA on Septer
1st 2007. Prior to that, he had been Director of Science, Technology,
Industry at the Parisbased Organisation for Economic -Queration and
Development (OECD).

Mr. Tanaka began his career in 1973 in the Ministry of Economy, Trade, and Industry (ME
Todyo. Mr. Tanaka first joined the OECD in 1989 as Deputy Director of théoBRitedor
Science, Technology, and Industry, and was promoted to Director in 1992. In 1995, he rett
to METI and served in several positions including DireGtemeral, Multilateral Trade System
Department, Trade Policy Bureau. In this role he led naage negotiations for the World
Trade Organization (WTO).

Mr. Tanaka was responsible for Japan's involvement with the IEA and the G7 Energy Min
Meeting during the second oil crisis. In the late 1980s, he participated in establishing
comprehens/e energy policy of Japan and oversaw the implementation of Japan's internatic
nuclear energy policy. In 1997 Mr. Tanaka worked on the COP3 negotiations in Kyoto. H
Minister for Industry, Trade and Energy at the Embassy of Japan, WashingtonnDCO886-
2000.

Mr. Tanaka has a degree in Economics at the University of Tokyo and has an MBA fromn
Western Reserve University, Cleveland, Ohio.
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Keynote SpeakermNobuo TanakaExecutive Director,HA

Overview

The International Energy Agency probably has the broadest view of all on energy development
energy challenges as it interfaces with enepgyducers and consumerand both developed and
developing countries on problems of energy security and sustdityathn his keynote speech, Nobu
¢yl GKS L9! Qad 9ESOdziA @S 5ANBOG2NE asSida
change crisis and the steps it is advocating to produce more favorable outcomes by 2050. Amc
topics discussed:

9y SNH& &aSOdzaNAidGeée (2RF&Y y2i 2dzaid G§KS wmor
9SSy 6AGK &aSOdzNB adzlll) AS&as GKS SySNBHé 4
Achieving the 450 Scenario will ensure sustainability, reducee@Gxions

Technology, the key to a sustainable future

=a =4 -4 A

Ernest Moniz, Cecil & Ida Green professor of Physics and Engineering Systems at MIT
Introduction

The International Energy Agency (IEA), an autonomous intergovernmental organization, operates ir
RATFSNBYG 62NIR TNRY 6KSy Al 61 a ONBIGSR RdzN
different from those days. The energy environmental Ehades are more numerous, and more difficult,
especially the somewhat conflicting challenges of providing energy services to billions of people frol
the emerging and developing countries and simultaneously minimizing climate change risks. Piled ¢
of this, of course, are the ongoing energy security concerns that drove the establishment of the age

The IEA is now a policy advisor to the OECD [Organization for Econeamier@tion and Development]
countries and interlocutor with Russia, China, Indiad others, focusing on economic development anc
environmental protection, in addition to energy security. It has a very special focus on climate chang
implications and solutions and is promoting alternative energy, rational energy policies, and
multinational energy technology cooperation. Nobuo is just the right person at the right time in the ri
place for this complicated mandate. He will speak on uncertainty and opportunity in the changing
energy landscape.

ENERGY SECURITY TOMEANS MEETING DEINDMS WELL AS SUPPLAICHENGES
Nobuo Tanaka:

The IEA was created 35 years ago as a result of the first oil shock, to ensure energy security. Most
members are OECD membera8 of the 30 of whom are developed countries Y R L 9! Q& NJ
strategicda G 2 O1 LIAf S& 2F 2Af ® hdz2NJ YSYOSNAR | NB NBIj dzA
it collectively in case of emergency. We have had to do this twice: first in the Gulf War in 1991 and
second, when Hurricanes Katrina and Rita hit the Gudexfico in 2005.
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Now we are moving much more into the demand side rather than the supply side. By that | mean er
efficiency. We have clean new vehicles everywhere, more efficient electric light bulbs and appliance
houses, zero carbon housirgydtarting. Demand changes are everywhere. The main purpose of our
work is enhancing energy security by not using fossil fuel. It is very difficajftossible to achieve

total energy independence, but we can minimize the risk of depending too much onamthetries by
reducing fuel use, by increasing efficiency, and by investing in renewable energies and nuclear pow

Market stability, particularly with regard to oil, has received renewed attention in the past two years.
Clearly, high price volatility detrimental to both consumers and producers, who all share the concertr
for smoothly functioning energy markets. So with the global economy and financial crisis having aff
both demand and supply, what is the midterm outlook, and when and how will ddrgeow?

2 KSy ¢S 221 4 GKS 62NIRQa 2Af &adzxX e OF LI O
difficult and costly and involves longer lead time. With the decline in mature oil fuels costing global
capacity more than 3 million barrels paday each year, and aboyggound constraints limiting how much
new production can be brought onstream, global oil supply additions may struggle to exceed 1 millic
barrels per day each year over the next five years. The shape of oil market fundamenizsanll
depend on expected levels of economic growth through-gdedade, under an assumption of global
economic growth reverting to the historical trend of about 4% annually. Average annual demand gr¢
of oil could come close to 1.2 million barrels py, suggesting a narrowing margin of OPEC spare
capacity, tightening markets, and a potential for renewed price volatility.

Alternatively, if economic growth follows a lower annual trend at 3% instead Qb%®oglobal demand
growth could be below 500,@barrels per day. That suggests a healthier margin of spare capacity al
enhanced ability of the market to absorb supply side shocks, and thus a tendency for less volatile p
Of course we could also see a preferred combination of higher economidtgramd higher spare
capacity, but only if oil use efficiency improvements were to average closer to 3% annually than the
2.4% assumed here. Unfortunately, increasing efficiency slightly or reducing oil intensity is very tout
for governments. Consumers @igovernments need to think and act on these efficiency trends even f
the short and medium term, starting now.

During a recent price formation workshop we il price roller-coaster slows for now...
hosted in Tokyo highlighted the multifaceted o
- Crude Futures wo NYMEX WTI it
. . . Front Nonts Clzae Comracts O3 biaree: e
nature of oil mark.ets ahd price formation. A " R
o e .
complexinterrelationship of current and 2 /’\/‘\*ﬂ v\ -
: © G :' \ :t
expectgq futgre physical fundamgntalg . o o i S
geopolitical risks and macrand micrefinancial o e e e
. . . . . — NYMEEWT —CE et O3 eereat — YW W N
drl\-/e.rs influences oil prices. Clearly, specglatlve 8 Lt your's prioe increases refleciia OPEC cuvhs; bt also
activity plays some role, but the extent of its stronger equities, the weak dolfar and expected
i . economic/aemanac recoveary
Impact remains unclear. ® Intra-day volatility rose until autumn 2008, but receced since
® Intra-year volatility also generally receded, prices in $60-80/bb!
range since summer 2009 (but $10/bbl swing since January)
# Will macre-economic/financial faczors or market fundamentals
crive a break-out from this range in 20107 2205
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So,how do we make markets function better? Increasing oversight and transparency in financial
markets will certainly help reduce uncertainty about the causes of price changes, but on its own, it v
not be enough, nor can we ever completely eliminate prickatdity. Price signals are after all vital to
help bring oil supply and demand back into balance. We need better data on reserves, production,
inventory, and demand, particularly from the 50% of the market covered by emerging economies. Ir
IEA, the grtners will continue efforts in this regard.

CAylLftftes LRftAOE YI1TSNE ySSR (2 a&aadSL) dzd G2
market can be lessened with clearer internationally agreed upon policies that ensure plentiful suppli
of economic, sustainable, secure energy. Opening access to energy reserves and encouraging
investment would help remove concerns about future supply. A commitment to gradually move tow:
market pricing, and to set clear environmental and efficiency goals|diwelp producers plan for the
future.

Energy security and sustainability are another two central challenges that we face in both the near ¢
longer term. While global energy use fell in 2009 for the first time since 1981, we cannot afford to be
compla@nt. Once economic recovery is under way,
energy use will quickly resume its lotegm upward
ONBYR dzy RSNasli &8z & £ dza OB Fa
L9! Qa Df20o6lf 9y SNH@& hdzf

orid primary energy demand In the
r Scenarlo

o ok s
T bemaa
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Demand increases by 40% between now and 2030,
reaching 16.8 billion tongf oil equivalents in 2030.

OECD countries account for 93% of the increase in R
demand to 2030 as their share of global primary energ "'f:i':’f:f_f-‘;f_l":"':;".:J“-‘f"""_”)’__l-'::’:’j-“."j'_"’l’!" . $0.2050;
demand rises from 52% to 63 %. i i

-s
e
- XN

EVEN WITH SECURERUBS, THE ENERQYJATION IS UNSUSTABNLE

This creates several kehallenges. Not only must we address the unsustainable nature of that
trajectory, we must also enhance and widen our efforts to ensure our energy security. As this graph
shows, over the next two decades, China, India, and tr
|Average annual expenditure on net imports ASEAN [Association of SouthieAsian Nations] region
of oil & gas in the Reference Scenario - . . . . .
are likely to see the largest increase in their gas and oi
import burden

W 1571-2008
m 2008-2030

7 The number on the top of the bar chart shows clearly
that for these countries, the difference between gross
domestic product (GDP) growth and fuel importd \éd
3%, 6%, 4%. In 1974, during the second, most severe
shock, the number was 3.2%; in 2008, when oil prices
T e e s o™ | - WeNt Up 10 $147, the number was 2.3%. So 3%, 6%

—— means a creeping energy crisis for these countries.
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This increased dependence does notanghat other countries, like the OECD, are somehow less
vulnerable to the effects of surprise disruption. The fact that we rely on a single global oil market me
that a problem in Asia or other consuming regions may have kanefects elsewhere. Thigs clear
implications for the ways we try to reduce supply risks. The IEA andeomber countries have to work
together if they are to safeguard their energy security. This is something that your own Secretary of
State Clinton has recognized.

Indeed ouw very notion of energy security is widening, not only geographically but also in terms of
energy sources. The gas supply disruption of the last few years underlined the growing importance
gas security, particularly for European markets. There areisds@s in electricity markets, as the parts
of the U.S. will appreciate. The implications of increasing the share of renewable energy resources
continuing to ensure a reliable and stable electricity market. This again, points to the need for enhai
cooperation across countries and regions, and even the US states.

The IEA is responding to this challenge by widening its efforts in energy security. We are extending
work on electricity and gas security, and we are developing effective energytgenditators. Our
ministers asked us to move to a comprehensive energy security plan covering all of these areas.

The businesasusual path is unsustainable. IEA analysis shows that total emelafed CO2 emissions
increased 138% between 1990 and 20ty will continue to grow about 40% toward 2030. That is 4C
gigatons of CO2 emissions. The major contributor to these CO2 emissions@&EQdh countries burning
coal. Coal in China is a typical case. How we reduce CO2 emissions from coal in @hasa is a
important challenge.

orld energy-related CO; emissions in the
nce Scenario in WEO-2009 and WEO-2008 =2

T WEQ.2008
Reference Stencrio

—WEQ-2009
Reference Scemcrio

W irvernationad marne
& avicticn buskers

M MNon-OECD gas

B rea-CECD il

B 40 -0ECD coal
OECD gas
CECD «il

W CECD coal

The effect of the crisis on global rrend would only be remporary. Existing poliicies
can stabilise CO, in OECD countries. Without new policies, global CO, emissions
are set to rise by 40% in 2030. Most of the increase is caused by new coal use
ourside OECD.

OO0CTNCA 206

Source Viold Ene gy Outeo A 009

We must turn this challenge into an opportunity by taking advantage of the fact that due to the
economic crisis, global emissions are now projected to be 35 gigatons lower by 2030 than previous
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We can use this window of opganity of slowdown of CO2 emissions, achieving certain agreement ir
the Climate Change Conference (COP15) framework

THE 450 SCENARIO, B{ t [ ! b C®&@O2EMISIIONS b

L19Qa 22NIR 9YySNHe hdzit 221 wnndgd Of SINI & aKz2sg
needed, and where this technology should be implemented to achieve a trajectory of the 450 ppm
stabilization, meaning a 2° Centigrade increase in the apheric temperature to the end of the
century or a 50% reductions in CO2 emissions toward 2050. Two thirds of this reduction must happ
non-OECD countries like China and India.

Of course, who pays for that is another story. We have to mobilize aitgegechnologies. Energy
efficiency is most important: a 60% CO2 reduction from the busiasssual line could come from
energy efficiency. It is the most cesffective way to enhance climate change mitigation as well as
energy security. We also hateeuse renewable energy (23%), nuclear power (10%), and carbon capt
and storage (10%).

The World Energy Outlook predicts that if the 450 Scenario happens, demand for fossil fuel peaks i
2020. In fact, demand should peak before supply does. So climtigation provides us opportunity to
enhance energy security dramatically to consuming countries. Nonetheless, fossil fuel dependence
68% of primary energy demand. We still will be in a fossil fuel world.

The 450 Scenario posits revolutionary gbas in energy supply by 2030. The use of coal should chang
even if we have to close down existing plants. Gas is a very important bridge source to thedobaer
society, and the US nonconventional gas discoveries dramatically change the globalpijpascne.

Incremental world electricity production
in the Reference and 450 Scenarios, 2007-2030

HFaloiave Saw s
& 200 B A4S0 Savare

Cial G O Neched Madis 'Wed Bewan Sokar Ot
e cbie

Renewabies, nucloar ond plants fitted with CCS account for around §0% of electnoity
goneration glotally in 2030 in the 450 Scanarfo, up fram less than one-third today

. -

Nuclear, hydro, wind, and biomass should expand dramatically. To give you an idea of the magnitu
infrastructure investment necessary to make this happen, every year from now to 2030, we have to
build

Neuron Global Inc -21- Conference Insight Report



\\\Al,/
< G

18 nuclear power reactors;

17,000 wind turbines;

two Three Gorges dam sites, huge hydropower dams; and
94 solar concentration power plants.

=A =4 =4 =4

Can we do that? This is the reality chegkithout these investments, we cannot achieve the 450
Scenario, it becomes simply Scientific Fiction

What about the price of oil if the 450 Scenario is achieved? In the reference Scenario, the oil price
moves up to $200 per barrel; if 450 happens, the price woeldnoich lower, $150, because demand is
lower. But to make 450 possible, we have to set a carbon price, either by cap and trade or a carbon
In 2030 the price of carbon in our model is $110 per ton of COz
about $45 per barrel if converted to the oil pei. So on top of
$150, we have to levy a price of $50 so the consumer price of t With the decline in mature oil fuels
oil is the same. In the 450 scenario consumers would certainly costing global capacity more than :
bear the very high oil prices, but who takes the rent of the million barrels per day each year,
difference in the producer and consumer price2Thoice for "’_‘nq_aboveground ST )

L . . . limiting how much new production
the consumer countries is obvious: by taking this rent and |
. L __ i can be brought onstream, global oi
investing it in renewable energy, efficiency, nucletrat is

) - ) o supply additions may struggle to
where we can create jobs. This strategic choice is there and exceed 1 nilion barrels per day

climate change provides us the opportunity. each year over the next five years.

L L . . - Nobuo Tanaka
Achieving thet50 Scenario will require us to invest about $10

trillion between now and 2030 as an additional cost, but fuel savings toward 2030 would be about $
trillion. Over a longer period, about $16 trillion can be saved by this investment. How to finance thes
savings into investment is the thing, and we seriously wish that Copenhagen could have sent a mes
to the private investors to do this.

NEW TECHNOLOGIES AKE INVESTMENTS ANRAMEWORK TO MAKEEMHHAPPEN

How can we get to a brighter future? Technology is the key issue, so IEA is identifyoaghow
technologies and developing roadmaps for CCS, electrical vehicles (EVs), wind, solar photovoltaic {
nuclear, smart grid, bio fuels, everything. What #re necessary investments, the necessary
international collaborations, and the necessary national framework to make this technological chanc
happen?

In one sample road maps, we expect that the conventional vehicle will disappear totally by 2050,

replacedby either hybrid, electric or fuel cell vehicles. Unless this happens, we cannot achieve the 4
Scenario. In CCS, the US is leading, but the necessary investment in projects to make CCS succes
100 projects in 2020, 800 projects in 2030 and 3,4@Jaats by 2050. And 65% of the CCS must happe
in developing countries. The roadmap for solar PV shows that with lots of government incentives it \
have about 11% of power generation toward 2050. New technologies, new investments or a new R
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effort isnecessary, but we expect that some very sunny country with higher electricity prices may
achieve grid parity for consumers even in 2020. This technology is very promising and important.

In conclusion, we may in fact be witnessing the beginning of the transition to our energy revolution.

High oil prices and the global financial crisis may have changed the demand structure for energy ar
may indeed see an diéss recovery in the OECDuatries, but we still have formidable challenges

before us: tackling climate change and enhancing energy securi

require a massive decarbonization of the energy system. We ne

A 60% CO2 reduction from the to break the historic link between CO2 emissions and economic

businessasusual line could com output.

from energy efficiency. It is the o _ _
most costeffective way to enhance The USs set to change and China is too, is placing greater

climate change mitigation as well €mphasis on energy efficiency and EVs, for example, among otf
as energy security. low-carbon growth measures. Domestic programs in these two
- Nobuo Tanaka countries alone have huge potential. These efforts also require
truly global coperation. We, at the IEA, acutely recognize this
OKFffSyaSad hdzNJ YSYOSNI aidlFiSa y2¢6 NBLINBaSyd |
production, and CO2 emissions. Thus, the IEA and its members must create even stronger ties witt
non-member caintries such as China and India.

28 ySSR aL¢Q&d8 SELISNIAAS Ay Ayyz2gliArzy G2 YSS
delay or inaction adds $500 billion to mitigation costs, not to mention the impact on energy security
theclimate. S& S Qa G O01tS GKS OKIffSy3asS yz2¢ G2 Syad
make that revolutionary future a reality together.

Audience Q&A:

Q1: In CCS, there is a huge gap between the optimistic estimates and the enormous challenges. téhat
IEA and OECD doing to bridge the gap between the estimates and the CCS reality?

A: CCS is probably the most difficult technology we have introduced because simply, it is not
commercially viable; it adds to costs and is inefficient. Without a carbieetpwe assume $50 a ton in
2020 and $110 by 2030it does not happen.

Even with that, how we can convince China to introduce this technology when they have plenty of ¢
FfYy2ad F2NJ FNBSK ¢KSNB Aa ! dza i NI f Sequastrationf 2 6 | f

Leadership Forum initiative and many international collaborations to discuss this. CCS has still not |
F LILINE OSR & LINIG 2F GKFGd DNBSYy 5S@St2LISyild a
climate change. If this is not @in certain role, the 450 Scenarios is Scientific Fiction.

Q2: Japan has the most energfficient industrial economy in the world, but on the US East Coast
particularly, there is very little understanding of what Japan has done to improve energy effigidratycan
the Japanese government and corporations do to better promote the competencies antidwaround
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creating highefficient materials, energegfficiency transportation systems, and business processes that
sustain Japanese industrial machinery?

A: Japan has been very successful in developing a very eefignt economic model. This lesson is
important for those countries facing the oil shock or energy crisis now: China, India, and other coun'
that need to clange to a more efficient domestic system
otherwise 450 Scenario is impossible. Japan's contribution to tl
climate change negotiation is not reducing its CO2 by itself
because it is so small, but to provide certain actions in energy
efficiency and other a@as that should happen in other countries
and providing a financial or technological framework, including
best practices, to make it happen.

Itis very difficutt impossible to
achieve total energy independence
but we can minimize the risk of
depending too much on other
countries by reducing fuel use, by
increasing efficiency, and by
investing in renewable energies
and nuclear power.

- Nobuo Tanaka

Q3: You presented a very optimistic curve for curbing emissions
through technological revolution. What kind of political action is
required to achieve this? What time framework? What would be the
reduction targets for developed and developing countries?

A: The mechanism that we proposed to the COP15 meeting is the 450 Scenario. How can different
countries contribute to CO2 reduction? We categorized three groups of countries. OECD plus; ADA
[Association of Developing Agencies] economies like China, Bagdia, Mexico, South Africa, and the
Middle East; and other countries, which include India because its per capita gross national product
still be very low in 2030. IEA proposals for the three categories of countries include:

1 Domestic voluntaryolicies and measures; already many countries have committed to do tha
In China, domestic measures add up to 1 gigaton of the needed reduction by 2020, which is
about one quarter of the necessary amount.

1 Assumed agreements or crediting in industrial seslike cement, steel and iron, or
transportation fuel efficiency standards, moving toward the most efficient models or targeting
toward 2030. If that happens, another gigaton of the reduction is achieved.

f Assumed cap and trade. We need another 1.8 §ighti Q NB RdzOGA 2y (2 | C
2020, so we assume cap and trade happens soon in the OECD countries, giving us a price |
per ton of CO2. After 2020, China, Mexico, Russia, Brazil, South Africa and the Middle East
countries will join cajand trade, so after the peak of CO2 emissions in 2020, a dramatic
reduction will happen.

This was the big issue in Copenhagen: China is very reluctant to agree on the peaking of CO2 emis
in the foreseeable future because it is clearly linked to ecoicayrowth. In our assumptions for the 450
{OSYFNA2> GKS Y2aid RAFTFAOMzZ G dzy OSNI Il Ayde A&
FYR Y2NBlI Qa4 RAR® 5dz28 (G2 KAIK SySNHE& LINAROSaA:Z
face a serious slowdown, whether it agrees to CO2 reduction or not. Their commitment to programs
actions for CO2 reduction has huge potential, so China should agree to them, then the Chinese
contribution could be enormous, and that is the way forwarelydnd the COP15.
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Keynote Speaker

The Honorable Jeff Bingaman
United States SenatofNew Mexico

Jeff Bingaman grew up in Silver City in a family with deep New Mexico s
town roots. His father was a science professor at Western New Mex
Univessity, and his mother taught in the public schools. He graduated frc
high school in Silver City. After graduating from Harvard University, he earned a law degr
Stanford. There he met fellow law student Anne Kovacovich. After graduation, they matr
and returned to New Mexico, where they both practiced law, and their son, John, was born.

Jeff was elected New Mexico Attorney General in 1978. In 1982, he won election to the Ui
States Senate, and in 2006, wasetected to serve a fifth term.

SenatorBingaman is a Chairman of the Energy and Natural Resources Committee, whic
jurisdiction over national energy policy and the public lands of the nation. He is also a mer
of the Finance Committee, with jurisdiction over Medicare, Medicaid, Sociati§etax policy,
trade policy, and other key domestic issues. He is the Chairman of the Finance Committes
Energy, Natural Resources, and Infrastructure. Senator Bingaman also serves on the F
Education, Labor, and Pensions Committee, and isStigior Member of the Joint Economic
Committee, which incorporates members from both houses on congress, and studies is
affecting the U.S. economy.
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Keynote SpeakerSenator Jeff Bingaman

Overview

Senator Jeff Bingaman of New Mexicayeless Congressional advocate of a better focused,
O2YLINBKSyaAdS I LIWNRIOK (2 YSSiAy3a GKS ! yAl
adrdsS 2F GKS O2dzyiNEQa Of SI yiSOK wsb53 YI yd
suggested piflrs for a national strategy to reclaim world leadership in the development and
manufacture of clean energy technologies. Among the topics discussed:

9 Isthe US losing the global leadership in cleantech development and deployment?
I Where manufacturing goes, research and development now tend to follow
9 Three pillars for cleantech leadership

Introduction: Susan Hockfield, President of MIT

Moderator:

2 KSy ¢S 02y @SySR FT2NJflFaid &@SIFNRa SySNHe& O2yT¥
energy, with the arrival of the new administration in Washington. | am sorry to say that the county hi
to some extent lost this focus, but | want to assure yioattMIT has redoubled its efforts and increased
our momentum in the intervening year. Last year, the studentthe Energy Club had some 1,250
members; this year, there are a thousand more. Last year, MIT did not have an Energy Minor; this y
we launchel one that includes 10 specialized courses, seven of them entirely new. We have not losi
F20dza 2y OKIy3aAy3d (GKS 62NX RQa SySNHe aeaisSvy:
indispensable to creating a sustainable society.

If, at MIT, we havaot lost our focus, that is equally true of our speaker, Senator Jeff Bingaman. He |
AaSNUSR +a bS¢é aSEAO2Qa aidlGsSQa !'{ &aSyl Gd2N) aa
not only for people of his state, but tackling the broadest quasiof our national interest with an open
mind and a steady moral compass. In the Senate, he has built a reputation for calm, persistent,
bipartisan leadership on three subjects near and dear to the MIT community:

1 He has advanced legislation to improve Ait@n competitiveness,

9 His voice has sounded long and loudly on the importance of science and math education, ar

1 He has advanced critically important energy policy with a deep understanding of the challen
and opportunities of clean energy

Climate chage may be unique in the history of the world. It is a challenge to what is often called the
Gt 201t O2YY2yasée az2YSOGUKAYy3 GKIFG AG Aa oSez2y
the United States will lead the energy technology revolutio fact, | have some concern that we may

If NBFRe& 0S o0FlRf& O0SKAYR® {Syod . Ay3aAlLYlIyQa St
for our ability to meet our energy security and climate challenges and to stay in the forefront of the r
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wave of the innovation economy through the development and distribution of sustainable energy
technologies.

Sen. Bingaman understands perhaps better than any other government leader what it takes to pron
innovation, especially in the realm of cleanergy. Just as important, he understands how to turn
theory into policy, practice and lawagainst the odds. On some of the most complex problems that fa
us as a nation, he is leading the country to thoughtful, creative, ansidduited solutions. | wodlsay
probably everyone in this room stands ready to help move those solutions forward to legislation.

Serator JeffBingaman:

When | came to the MIT campus a couple of years ago, | spoke about the need for a comprehensiv
strategy to overcome our energy and climate challenges. That strategy included not only putting a
on carbon, but also increased emphasis on energyarese development, deployment, and a plan for
focusing on a new generation of clean technologies. Since then, the Administration and Congress h
taken some first steps toward addressing these energy and climate challenges, through significant
commitmentsto clean energy R&D and the beginning of efforts to reduce greenhouse gases. But the
policies enacted clearly are not sufficient to position United States as the global leader in cleantech
some might argue that we need to do more even to be a globakEleidcleantech. Ninety percent of
today's market and corresponding production capacity for new clean energy technologies is outside
US; of the top 30 companies in solar, wind, and advanced battery technologies, American companit
hold only six spots.

What would constitute a strategy for building a clean energy technology base in the United States?
Investment in the clean energy industries is being driven by three forces:

1. Increased energy demand;

2. Growing global concerns about volatile energy crides,itnpacts of climate change and other
environmental issues; and

3. Significant recent scientific and technical innovations related to energy.

These forces will continue to expand the clean energy marketplace and create significant business
opportunities inthe years and decades ahead.

In 2008, global investment and renewable power generation capacity exceeded investment in fossil
generation for the first time. Between 2004 and 2008, total annual investments worldwide in cleante
companies and projeciacreased more than fourfold, from about $35 billion to $155 billion; by 2030,
annual investments in renewable energy could reach £8600 billion globally.

Given the enormous potential market for clean energy technologies and the substantial ghebad
from a first mover advantage, our international technological competitors are taking the developmer
and the deployment of clean energy technologies very seriously. China is moving ahead very
aggressively with development of clean energy manufaatuand deployment, and this kind of
aggressive effort is also occurring in Japan, in Korea, the European Union and India.
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THE US IS NOT KEERPRACE WITH THE GRIWN WORLD CLEANHERCANUFACTURING

VOLUME

Chart 1 shows what has happened to world praitut of photovoltaic cells and the corresponding US
market share since 1990: the US share of world manufacturing here has dropped precipitously in th
decade, while production in other countries has soared. The US photovoltaic industry has notdeept |
with global growth, counting for only 5.6% of global production in 2008, down from 30% in 1999.
Chinese production, on the other hand, has gone from nonexistent in 1999 to 32% of the global tote

today.
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Chart 2 looks gplanned solar capacity additions. While the US does show increased growth, that
growth accounts for only about 15% of total capacity additions worldwide. It is outstripped again by
China and by Europe.

World Solar Production Capacity and Planned Additions
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Chart 3 looks at lithium ion battery manufacturing, with the US accounting for only 1% of global
manufacturing volume. Most of these batteries are for consumer electronics, not for vehicles, but
because Japan and China and South Korea are so dominarg areh, they have a natural and
substantial advantage in manufacturing lithium ion batteries for electric vehicles and grid applicatior

Lithium-ion Battery Manufacturing Volumes in 2009
(million of cells/year)

When General Motors was evaluating battery suppliers for the Chevy Volt, the &dt@already had
extensive manufacturing capacity and experience was a significant factor in its winning the contract
A123. Because Japan and South Korea had established a national policy several years ago to supy
lithium ion battery developmenia technology originally developed in the US, they gained a first move
advantage in supplying batteries for electric vehicles. A similar story can be told for wind turbine
industry: of the top 10 manufacturers, only one is American, while European manwdessticcount for
more than 85% of the global wind component market. All of these examples demonstrate the
comparatively weak state of the American cleantech industrial base compared with that of Asia and
Europe.

We have made some progress, however. IlhsthUS wind capacity has grown over 900% since 2000.
Solar installations have kept up a similar pace, but the lack of US manufacturing capacity in these
technologies demonstrates that we have not had the comprehensive approach needed to build the
domesticcleantech industrial base.

ahCC{ | hwL b BRCHAND DEYELOPMBEILLOWS ON OFFSHRMF
MANUFACTURING

A deeper issue is highlighted by the widening cleantech gap. The US has traditionally enjoyed a
significant competitive advantage in research, depement, and innovation, and we have treated our
research leadership as equally dominant in the related technologies, as evidenced by the PV, batte
and nuclear industries, each of which is a technology invented and developed in the United States.
model no longer holds. In their 1990 book, The Breakthrough lllusion, Professors Florida and Kenny
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