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About MIT Energy Conference

The confluence of rising environmental and security concerns has created tremendous opipes tiai
fundamental change in the way the world produces and consumes energy. Many have set out to affect
this change and capitalize on these opportunities. Yet there remains a vast amount of work to be done.
In the face of a global recession and volatié prices, how can we not only maintain the current
momentum, but accelerate change?

The 2009 MIT Energy Conference brings together leaders in the fields of technology, policy, industry,
finance, and entrepreneurship to develop solutions for the enetgllenges of today and tomorrow.
¢t2RlI&Qa RAaOdzaaArzya ¢gAff F20dza 2y (GKS Y2ald LINBYASZ
energy landscape.

With panelists and attendees representing a diverse mix of backgrounds, disciplines, and experience,
the 2009 MIT Energy Conference hosts the necessary stakeholders to develop practidssédact
solutions to our global energy challenges. To this end, we invite you to play a vital role in creating a joint
vision for the future. We, the student organizathis conference, are very pleased to have you join us
and are excited for the discussions, ideas, and collaborations generated today.
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Opening Remarks

Susan Hockfield
President, MIT

Susan Hockfeld has served as the sixteenth president of the Massstts
Institute of Technology since December 2004. A strong advocate of the
vital role that science, technology, and the research university play in the
world, she believes that MIT can best advance its historic mission of teaching, research, and
serviceby providing robust and sustained support for the ideas and energies of its faculty and
students.

A noted neuroscientist whose research has focused on the development of the brain, Dr.
Hockfeld is the frst life scientist to lead MIT and holds a faculfyospment as professor of
YSdzZNPAOASYOS Ay GKS LyadaddziSQa 5SLI NLYSyG 27

5N | 201 FSEfR SyO2dz2N}3Sa O2tflFo0o2NFGABS 62N
interdisciplinary laboratories and centers to keep the Institute at theefront of innovation.

{KS 0StAS@PSa GKIFG alL¢Qa adNBy3adka Ay SyaaAySSN
pioneer newly evolving, interdisciplinary areas and to translate them into practice. Together
gAGK aL¢Qa (NI RAUGARitgcture andl pldding, Snhahag§eméng andl ythe | ND
humanities, arts and social sciences, these strengths will allow the Institute to continue to
RSOSt2L) LI2oSNFdzf a2fdziAzya (2 2dzNJ SN Qa 3INBI i

Under her leadership, MIT has launched a major Instituie initiative in energy research.
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Keynote Speaker

Lars G. Josefsson
Presidentand CEQO, Vattenfall

Lars G Josefsson became President and CEO of Vattenfall in August 2000.
Since his appointment, Vattenfall has established itself as a dynamic
European aergy group, with a strong presence in Germany, and Poland as
well as in Sweden, Denmark, and Finland. Before joining Vattenfall, Josefsson worked for
Ericsson in a number of executive capacities, including a-ylear period in charge of
operations in Ausia. From 1997 he was President and CEO of Celsius, which he led until 2000
when Celsius became part of the Saab Group.

Josefsson graduated in 1973 with a degree in technical physics from Chalmers Institute of
Technology. After his National Service he tSignal Corps, he began a career in 1974 as a
systems engineer at the Defense Electronics Division of what was then LM Ericsson. After a
number of executive posts, he was appointed President of Chemtronics in 1984, head of the
Radar Section at Ericssoad® Systems in 1985, and Vice President and head of the Surface
Sensor Division in 1987. He was appointed President of Schrack Telecom AG in Vienna, Austria,
which was later renamed Ericsson Austria. In 1997, Josefsson was recruited as President of
Celsis AB, in which the Swedish State then held a 25 percent stake. The Celsius Group was
acquired by the Saab Group, after which Josefsson became President of Vattenfall AB.

In addition to his duties as CEO of Vattenfall, he is a member of the supervisod/dfdEskom

Holdings Ltd, South Africa, and of the World Childhood Foundation. Josefsson is President of
the GermanSwedish Chamber of Commerce and of Eurelectric. In 2006, Chancellor Angela
Merkel named him as one of her advisors on international clinpaitdection issues during the

German EU presidency. As of April 2007, Josefsson is a member of the commission for
sustainable development in the Swedish government. He is the holder of several radar
technology patents and has been a member of the Royatd®WweMilitary Academy since 1988

and the Royal Swedish Society of Naval Sciences since 1998. Lars G Josefsson is married and has
four children.
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Keynote Speaker

The Honorable Jay Inslee
United States House of Representatives

Raised on the shores of Puggound, Jay Inslee comes from a long line of
2 aKAYy3AG2yAlya |yR glyita G2 LINRGSOD
three sons and generations to come.

| SQa ©2NJ)] SR I (¢ a8 lepesehtativeStorlthe 4t Godbetsional District from
19921994 and the 1st Congressional District since 199% protect the environment of
Washington state and address the problem of global warmtitegfought to restore protections

for roadless areas in national forests and led a successful campaign in the Hdesp timits

on oittanker traffic in Puget Sound. Since 2005, Jay has used his seat on the powerful House
Energy and Commerce Committee to promote his vision for a clean energy future, the New
Apollo Energy Act, and to advance other legislation that wowduce greenhousgas
emissions. In March 2007, he was appointed to themrié&mber Select Committee on Energy
Independence and Global Warming.

Beyond advocating sound environmental policies, Jay has used a cosanse approach in
Congress to help expanKtS NXB 3 A-Rgh®&onoiiyl Arémote privacy protections for
American consumers and strengthen programs for seniors like Social Security and Medicare.

WEe | fa2 KIFa adzZldIR2NISR AYyONBFaSR aALISYyRAYy3I F2N
the war n Afghanistan to root out terrorists; but he voted against the war in Iraq and has been
an outspoken critic of administration policies there.

Even before his election to the U.S. Congress, Jay was a public servant. He was a state legislator
and prosecutoin Selah, Wash.

WEe K2fR& I o0FOKSf2NRa RSINBS Ay SO2y2YA0a FN
fl g RSIANBS FNBY 2Aff1YSHGS | yskhodb dbethdadt, ®rudi,SQa o
since 1972. The couple has three grown childeedad&, Connor and Joe who all live in
Washingtonstate.
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Introduction to Conference Report

This Neuron Global Conference Insight Report provides a comprehensive summary of the key
trends, opportunities, expert opinions and innovat®presented at the 20081 T Errgy
ConferenceThis report is comprised of nine executive summaries that present the key
information from each conference session. For the first time, attendees can review all of the
key concepts discussed, in one integrated report.

This report came used to draw new conclusions and gain insights into trends that are woven
through separate sessions. Attendees who use this report will be able to enhance their
experience othe 2009MIT Errgy Conferencéy:

1 Reading through the knowledge presentedfa 2009MIT Errgy Conferencén one
sitting

1 Exploring knowledge presented at sessions they did not attend

1 Using the report as a reference guideth@e 2009MIT Errgy Conference

If you like this report and are interested in purchasing other Conferemight Reports in the
future, please contact Neuron Global Inc at info@neuronglobal.com.
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Opening Remarkby Susan Hockfield

If I had been addressing this group a year ago, | would have arguedehat w
should aggressively pursue innovative energy answers for three central
reasons, and you all know these quite well:

1. To respond to the looming energy demand which, as you know, is
expected to double by 2050 as hundreds of millions of people emerge
from powerty and naturally seek the energytensive advantages of

modern life.
Susan Hockfield 2. To improve energy security. We see this frequently, but most
President, MIT NBOSyidfte Ay | RNIYFGAO F2N¥Y Ay I &
Russia over a critical pipeline.
3. To battle global lamate change, which is accelerating. This

audience will have an acute awareness that the concentration of atmospheric CO2 of 200 parts per
million that prevailed for roughly a thousand years has, in the last centuries, soared to a level
approaching 400 p#s per million. This data alone tells us that our current khighbon lifestyle is clearly
untenable.

A NEW ARGUMENT FOR ALTERNATIVE ENERGY

These three reasons provide compelling impetus for us to act and to act quickly, but given the current
economic gbbal downturn, | have recently added a fourth reason. We need to focus on alternative
energy because reviving the economies of the world requires a return to fundamental economic growth.
You may well ask where that growth will come from. | am convincetithenext wave of economic
growth will rise from the same source that powered the information and biotechnology revolutions:
innovation. And today, by far the most powerful potential for immediate catalytic innovation is
alternative energy.

SOURCES OF ERNATIVE ENERGY INNOVATION

Where will the alternative energy innovation come from? As with previous technology revolutions,
YdzOK 2F Al oAttt aLINAy3I FNRY a2YS 2F GKS 62NI RQa
perhaps especially from NI. So today | want to talk a bit about how we expect to help accelerate an
energy technology revolution.

We launched MITEI, the MIT Energy Initiative, two years ago because we understood that MIT had a
unique opportunity, and | think a unique responsthijlto make a difference on the critical question of

our shared energy future. MITEI brings together the best talent from across our campus to tackle the set
of energy issues, brings people together from basic science, new technologies, new desigiidifaysbu

and cityscapes, to public policy and economics, to new ways to configure sustainable businesses.
Importantly, MITEI also links us to industry around the world, through sponsors and partners ranging

from established energy suppliers to alternativeeegy firms.
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Our guiding premise is that no one yet knows the equation for a future of clean and sustainable energy.
We do not know which technologies will prove successful or fail. That is especially true given the vexing
challenge of scale: how to makew technologies work at the scale of 1 billion households.

Yet given the combined pressures of energy demand, energy security, climate change and the economic
drought, we obviously cannot wait until we know the perfect answer. We cannot let the perfetiebe
enemy of the good. We have to pursue a portfolio of options, both transitional strategies in the near
term to improve current technologies through innovation, and to buy time for transformational
technologies that will fundamentally alter the landseaghead.

POTENTIAL TRANSITIONAL OPTIONS

[ SG YS 3IA@PS e2dz I aSyasS 2F ¢KFG L YSIys adlFNIAy3
electric cars viable on a truly grand scale. They would certainly help reduce our dependence on oil, but
electric cars will help stabilize the climate only if we can produce the electricity for those cars without
increasing the production of CO2.

{2 6KFG IINB 2dzNJ 2LJiA2yakK [SGQa €221 Fad F FSé 0N
believe we must. MIThelped give birth to the field of Nuclear Engineering and we continue to be

nuclear pioneers, but the challenges of safety, cost, waste disposal and public resistance, particularly in

the United States, remain daunting.

Another option is coal. In the UnideStates, half of our electricity comes from burning coal. We
consume more than 1 billion tons of coal a year. China already burns twice that much and the
unfortunate truth is that given its sheer abundance, cadl be used, so it is imperative that wand

ways to mitigate its release of CO2.

Today, | expect that you are going to hear some interesting observations on carbon capture and
sequestration. You will hear some interesting observations from our keynote speaker as well. But at the
moment, the wotd does not have a solution ready for implementation at scale.

POTENTIAL TRANSFORMATIONAL CHALLENGES

Given the scope of the energy challenge, then, we need to work on all of our transitional options and to
get serious about designing higher efficiencyans¢ buildings and transportation, too. But to achieve a
bright, clean, lowcarbon energy future, we will also need bold transformational approaches. At MIT,
among a range of new technologies, many of our faculty and students have focused their attemtion o
the transformational power of solar, simply because that is where the energy is.

For instance, Mark Baldo has created a breakthrough solar concentrator that increases the power
obtained from solar cells by several factors, without the need to track time But even as we work on
more efficient, coseffective ways to convert solar energy, if we want to make electric cars practical and
competitive, we have to improve energy storage, and of course that demands new kinds of batteries.

Neuron Global Inc -11- Conference Insight Report
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For a century, the cer weakness of electric cars has been their batteries: too big, too heavy, too
expensive, too dangerous, and they only carry you 40 or 50 miles. But thanks to groundbreaking
research and novel materials, before too long a new generation of safespoigbred, quickcharging
lithium ion batteries could transform the electric car from a quaint, pricey boutique option to an
affordable mainstream solution. And with all of us tethered to the world by our cellphones and PDAs,
the challenge of storing electricityearly goes well beyond our cars.

Let me offer just a small sampling of the transformational energy storage strategies under development
here at MIT.

- Professor Joel Schindall is exploring carbon nanchdsed ultra capacitors.

- Professor Angela Belchenimrking with benign viruses that sedEsemble into extremely light,
flexible, battery components, while producing no toxic byproducts.

- Professor Dan Nocera is working on new inexpensive and-abrthdant catalysts that cleave
water into hydrogen and gigen for use in fuel cells; and

- Professor Yeming Chiang is continuing to advance his novel, metal exéded batteries like
those produced by his company, A123Systems.

And a great many people at MIT are making sure that innovations like these dashéwgk promising

in the lab, but carry through successfully to the marketplace and the policy arena as well. And as | said
SIFNIASNE y2 2yS Oly 0SS adinNB ¢gKAOK 2F (2Rl &Qa NBa
change. But as any MIT engamecan and will tell you, real life requires making hard decisions with
inadequate information. You make the best judgments you can, adjust your course if necessary, and do

not let uncertainty slow you down too much.
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Keynote Address: Lars G. Josefsseresident and CEO, Vattenfall

Overview

Lars Jeefsson, head of one of the largest power utilities in Europe, ha
committed his company to becoming carbon neutral by 2050 through:
the use of more renewables, nuclear power and mitigating carbon
emissions from coal. In this address, he argues that we hai/tyear
gAYR2g 2F 2LIRNIdzyAde G2 aNBRS3
infrastructure of clean energy. If we carry on with business as usual,

however, that opportunity will pass forever. Among the points discuss Lars Josefsson
President and CEO,
f Toward Carbn Neutrality: In 41 Years, Everything Can Changt Vattenfall

I The Cost? Half of 1% of Global GDP
9 Is Electricity Today Too Cheap, Too Expensive or Correctly
Priced?

Lars Josefsson:

| joined Vattenfall in 2000. At that time, our company was Swebagded and very clean, because in
Sweden 100% of our electricity is based on hydw@oand nuclear power; Vattenfall is the Swedish
word for waterfall. When we ventured into Europe on the back of the deregulation of all Europe's
markets, we acquired companies based on coal power. As a result of that, | personally had to analyze
that newsituation: what was climate change and what type of responsibility were we taking up?

From that point, | became a very passionate climate activist, because it was clear to me that this
problem is real and the world is having severe difficulties handlingaiso concluded that business was

at that time a spectator, not invited to the discussions; it had a very reactive position. | found that thid
was the missing link. Since that time, a lot of things have happened; this normally very conservative
industty is now much more forthcoming.

The meaning of making electricity clean is becoming carbon neutral. Vattenfall is today one of Europe's
fINBS&ald LI2oSNI dziAfAGASad ¢KIG Ffaz2z YShrya GKIFG ¢S
like 80 milliontons of CO2 per year. But we have laid out a plan for becoming carbon neutral by 2050.
And if we can do it, anyone can do it. | think that is very important.

TOWARD CARBON NEUTRALITY: IN 41 YEARS, EVERYTHING CAN CHANGE

Climate change is a fantasticallyoiy problem. One way to size up the problem is by thinking about a
future per capita equity of emissions. If science today tells us that we will be allowed an emission of
approximately 1 ton of carbon per year per capita, what does that mean? It meansubat day we

will have a choice: have one meal or buy-shirt or drive a car 20 kilometers. That is a very spectacular
statement, but it tells us that this is not a small correction. It is a total redesign of society and the way it
is built, a totally ew infrastructure. To do that requires time. And that is a big advantage: we have that

Neuron Global Inc -13- Conference Insight Report
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time and the solution to the problem is managing that time. If we are going to be carbon neutral in
2050, we have 41 years to go. In 40 years, as a power company, vehaage everything, because in

40 years we can change our total assets. It is just a question then how to do it, in which order, and to
what.

a@ LIy Aa G2 FANRG aleéex a2KIFaG OFy ¢S R2 FyR gKIG
with McKingy and | am going to share with you some of that. Then | will also say a little more about

what we are doing at our company and then a little about the

political scene and the road to the UN negotiations in Copenhac

If science today tells us that we wil
be dlowed an emission of
approximately 1 ton of carbon per

The work that we have been doing tdger with McKinsey is to
produce what we call abatement cost curves. What is being dt
is to ma!<e a forecast of World.development to '2030, from both year per capita, what does that

economic and a technological point of view, and forece mean? it means that every day we
emissions for many sectors, regions and thganaountries in the il have a choice: have one meal

g2NI RO ,2dz 3S0G | GodzaAySaa | orbuyaTshirtordiveacar20 NRAR 23X &
we are on right now, leading to emissions of about 38 gigatc kilometers.
CO2 equivalent per year in 2030. Then we take the total invent - Lars Josefssor

of all measures known today to abate r@duce emissions. If you accumulate all the technical measures,
Fd GKS O2aid 2F tSaa (GKFYy ecn LISNI G2y 2F [/ hu SljdzA @

If you look at additional measures like behavioral changes and very expensive megsurean add
Fo2dzi o Y2NB 3IATJlLG2yasd 'yR AT S (GKSy alreée gSQNB
about 450 parts per million (PPM), then we will have to reduce by roughly 38 gigatons by 2030. If we are
ready to pay such a price, and | tkiit is not that high, it will be a solvable equation. But if we carry on
with business as usual for another 10 years, the equation will have no salutiavill not be possible.

We may have a terrific breakthrough or something, but the time

to act is now,because if we delay we will reach the point of no
The key question, faus in industry, return.
for you at MIT or for policy
YIFN]SNEXZ A&3X aL:® When you consider the impact of each metric, the first thing that
how are we going to design our strikes you is that there are so many measures with negative costs,
strategies, where are we goingto  which means they should be profitable. Many of the profitable
invest in, in order to be atthe right  onag are in the field of energy efficiency. But if there are so many
B GKAyYy3Ia GKEG FNB LINREFAGIGE ST sKe
- LIS oJTSEIEED answer is that the decision makers are asked as individuals, and
we are not economically rational as individual human beinge do not spend our evenings calculating
the net present value of our refrigerator. Then there is a great chunk which has positive costs. These are

things that cannot happen without a price on carbon, because the market will not deliver.

Tl

If we look at thedifferent sectors of the economy, we can see that the power sector has about 10
gigatons of CO2 equivalence to compensate for. What will be the key leverage? The renesalies
wind, biomass have about 40% of the power potential, nuclear half of thatd aarbon capture and
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sequestration (CCS) 1.7%. If you go to the petroleum and gas sector, and to chemicals, you will also find
CCS there. CCS is key in many parts of the economy. It is also expensive, but it is doable. It is a total
reengineering of our soety; everybody has to chip in, in all countries and all sectors of the economy in
order to do the task. If we decide to do this, about 14 gigatons !

projected to be saved from energy efficiency, 12 from-avbon

energy supply and 12 from terrestriaarbon. In addition, 5 Itis so obious that CCSis a

gigatons could be saved from technical measures with high cc necessary component to solve the

and 4 from behavioral changes. [climate] problem, yetitis
extremely difficult for policy

| must caution you, this modeling says this is the potential, makers to support this

R2SayQi al e GKI G A oAt f K | development standard, despite the  |j dzS & (j
industry, T2NJ 82dz I alL¢ 2NJ F2NJ LJ factthatthe moneyrequiredis Aas Gl
future, how are we going to design our strategies, where are '€iatively limited.

going to invest in, in order to be at the right spot in 10 or :

8SFNEKE wSaSFNOKSNE OlFy |alz o2K&yBatldvaragddorRhe g S LIdzi
FdzidzNBEKE t2fA0e YIFI{SNAR OFry aleésx LT L gtyld GKAA

- Lars Josefssor

How can you, as a policy maker, do that? On theHafid side of the curve, we human beings are not
very rational, so we nekhelp with some standards or regulation on energy efficiency. For the major
part of the curve, you need a stable national system like cap and trade, where you introduce a price on
emissions, thereby letting the market make profits and delivering sustdityab

On the righthand side of the curve, you can also see that the cost of the most expensive measures are
dependent on technology development. If you can accelerate that, you can lower costs and bring down
the earnings curve. We totally underestimdbe need for this. For example, it is so obvious that CCS is a
necessary component to solve the problem, yet it is extremely difficult for policy makers to support this
development standard, despite the fact that the money required is relatively limited.

Often you hear that industry should do it themselves, but industry, which has shareholders and bodies
to be responsible to, cannot take such a loss in order to get some gain in 20 years. This is a perfect
example of where | think public/private partnerskipan be extremely effective; things will not happen

by themselves in the time required if we do not get that match. An analogy is nuclear power: we would
not have had it if you had relied on market forces to produce it.

THE COST? HALF OF 1% OF GLOBAL GDP

2 KIFG R2Sa&a Al Fff O02aGK ¢KS Hnon LINR2SOliAzy alea i
in a relatively optimistic case, where we have good policies and companies are aligning their strategies
accordingly that is only about half of 1%f global GDP. There will be dynamic effects here; as we go

along we learn more, etc. We will probably lower the cost.

LA KIFIfF | LISNOSyidz 2N eonn o0AftA2YyS | 24 2F Y2¢vy
that this figure is about theame amount of money as the price of oil moving by $10 a barrel. The world
is used to oil prices moving, so it is not the question of money. And since this forecast is based on an
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inventory of what we know today, it is also not a question of technology.dtquestion of leadership, of
course. Leadership and policy, those are what is in short supply. We need leadership from the political
f S@Stx odzi faz2 FNRBY o0dzarAySaaszx o0SOlQdaAaS AG Aa Ay
change that idefore us is handled in a way that stabilizes world
markets. If that change does not happen, we will see a lot of
Carbon capture is an absolute disruptions and a lot of assets destroyed, and we will not develop
necessity. The first stepswilbe Ay I LISHOSTdzZ 61 & GKSNBE LIS2LX SQa
through storage, and that seems background.

relatively straightforward, if crude, _ _
but we will see developmentsin ~ Vattenfall is a large emitter, but we made ourselves a roadmap for

the chemical and biological areaar What we want to do. We are starting to work toward 50%
time goes on where we can bridge reduction of emissions by 2030 and we are going to be climate
over to other soluibns. neutral by 2050. In 2030, we still will have a lot of fossil fuels, but
- Lars Josefssor  we will also have CCS. With CCS, we may be able to do a 100%
reduction of emissions. We have today a pilot plant in operation
in Germany based on oxyel technology. We can already see that technically it is possible to do 100%.
The question is if it is eaomical to do 100%.

By 2030, the renewables portion will have grown quite a lot. We believe that Vattenfall will have
expanded quite a lot in the next 20 years. so the 40% renewables is much more than double the 22%
that we see today and the 20% targer nuclear in 2030 is more than the 31% nuclear that we have
today. Today, we are massively investing in renewables and much of it is going into wind power. As an
offshore operator, Vattenfall today one of the top two companies in the world. We see ahigdryate

of increase for us there. We are also are one of the biggest users of biomass in Europe and we believe
that has a great future. We are also in ocean power, wave power, but that is in the early stages.

We are looking to more efficient fossil feelbecause the world is so dependent on them. The United
States uses 50% cefled power today and with what is happening in India, China and most parts of
Europe, it is inconceivable that we can handle this situation without a way of using coal but while
stopping emissions. Carbon capture is an absolute necessity. The first steps will be through storage, and
that seems relatively straightforward, if crude, but we will see developments in the chemical and
biological area as time goes on where we can brioiggr to other solutions.

We are going to make electricity clean. If we have that is a prerequisite for redesigning society, then the
direction should be to use more of it. We are working with the automotive industry, advancing the use
of electricity in ars. This is a loAgrm proposition where we have to start very soon and develop over
time. In the building sector, the use of heat pumps is very energy efficient and it also consumes some
electricity. But the total equation is entirely positive.

Europearenergy policy is based on three pillars:

1. Sustainability
2. Competitiveness, which is now built through the internal market
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3. External relations over security of supply. For Europe it is always the dependency on energy
imports and especially gas from Russia.

On sustainability, Europe has decided that we have 3 X 20 targets for 2030: 20% reduction of emissions,
20% more energy efficiency, and a 20% share of the energy consumption for renewables. Different
countries have vastly different positions, but this shibube

averaged over the EU. For instance, Sweden has a commitmel

have 49% renewable energy by 2020. The Swedish governr 'fnothing is happening in the US, i

also changed its position on nuclear, saying that we will remair ' Propably because you have time

. . normally when political systems
nuclear and will allow the rebuilding of new nuclear plaatsiong _y_ > .
. have difficult problems and do not
other things.

have to decide, they do not do

We are now in a financial crisighere is doom and gloom 2"ing:

everyday. On the other hand, now you have a lot of stimu
packages and so on. If politicians are wise, they will use a lot of this money to start rebuilding the
infrastructurein the direction | just spoke about.

- Lars Josefssor

IS ELECTRICITY TODAY TOO CHEAP, TOO EXPENSIVE OR CORRECTLY PRICED?

Now | have a fundamental question for you. Do you think electricity today is too cheap, too expensive or
correctly priced for you? Hands up. [Mostpesders indicated energy is too cheap.]

Well, this was very interesting. In a way it shows your expectation. And of course, there will be higher
LINAOSa & | NB&adzZ G 2F TFTAEAGED ni KISANI LINR/OG f 25T &/ R HS
Europeanenery aeaiSY>x (KIFIG ¢2dZ R NBAadzZ G Ay>X &l &3 e€Hp
That is what we will have to pay for it. If you then compare that to the absolute cost, it is on the order of
10% to 15% in most European countries. Most people, whénth G KAy {1 Al GKNRdAKZX

-G
L.

g A

gAff R2®¢ 2SS KI@S Iff (GKS 2L NldzyAide o0& I LIIX @AYS

course, by investing in R&D to lower that bill quickly. At an electricity summit last OctobernteAtte
real breakthrough was that nearly all of the attendees agreed that we can reach@B6%@4eduction in
emissions by 2050. | was very optimistic leaving that summit.

Audience Q&A:

Q1: Am I right that the nuclear issue, as far as waste is concestikdeems to be at the same stage it was
15 years ago? What is your view on nuclear waste?

A: You are probably correct for the United States, but not for Sweden or Finland. In Sweden, for
example, there will be a proposal this year from the companyharge of nuclear waste for site
selection, and two municipalities are competing to get it. It will take another four years before we have
the final decision and 10 before you will see it in operation, according to schedule. If nothing is
happening in the 8, it is probably because you have time; normally when political systems have difficult
problems and do not have to decide, they do not do anything.
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Q2: You commented that in the 2030 scenario baseload generation, the nuclear fleet would be increased,
although by a lower percentage. Do you see Vattenfall introducing new nuclear plants in Germany? Where in
your current geography do you see those plants coming online by 20307

A: We are going to build nuclear plants, first in Sweden. As | said, the Swesimrgent has now
changed its position. The German government is still committed to shut down nuclear. At Vattenfall, we
are looking at the nuclear new build program in Britain. Poland and Lithuania want to build; we are
discussing it with them. In a numbef places in this timeframe, new build is coming.

Q3: Earlier in your talk you indicated that if we continue down the current path of carbon emissions for about
10 years, the pattern will become irreversible. Would you say some more about that? Halgrdoafe you

of that number in that pattern? And do you think, with China and India and so on, the world is on the path to
meet that target?

A: What | said was that in order to stabilize the concentration at 450 PPM, you need to do that. The real
guestia is, of course, will 450 be good enough? Some people say we have to go to 350 and maybe 450
will have dramatic negative consequences as well. The most important thing is to break with business as
usual; we need to change direction. We have to do as veelte can. How bad it will be? We will know
when we get there. But 350, 450 or 550 PPMis very theoretical. Whatever we choose is going to be
difficult. And if we delay 10 years, we will not be able to do 450,

and | would say that even if we start todaye will not make 350.
When you are able to trade, you
can then optimize the economic | believe China and India are both very responsible nations; they

outcome of the abatement process Will be ready to join in a concerted effort to do this, but they will

and level the playing field, which | not take the first step. They are waiting for the United States to
think is necessary from take the first step. And in thfirst period they will certainly not do
employment and industry pointof 35 much as the US or make as stringent a commitment as the US
view, or Europe will do. But that does not matter; we have to change
the direction. If we can get them to take on commitments, we will
also be able to tradéWhen you are able to trade, you can then optimize the economic outcome of the
abatement process and level the playing field, which | think is necessary from employment and industry
point of view.

- Lars Josefssor

Q4: You are in the business of selling electricity, bubbtiee largest opportunities your cost curve identified
was energy efficiency. How is Vattenfall approaching that opportunity and what do you see as the best
market structure to accelerate the adoption of energy efficiency?

A: To make money on energy eifiacy, we have to deal with things like promoting electric vehicles or
heat pumps in buildings. As we have competitive prices and not regulated prices, we cannot earn more
money by selling less, but we can earn more money by selling more. We are proniotinge are

giving a lot of knowhow to our customers, how to save energy. We are advising industry how to be
more energy efficient.
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Q5: What do you think about venture capital firms investing in next generation nuclear power technologies,
and what do youhink about a company like Vattenfall helping those companies along, to get from the
venture stage to a subsequent stage on the way to commercial reality.

A: If you are a venture capitalist investing in ngegheration nuclear, you will have to have a ajt
staying power, because it will take a long time. For that reason Vattenfall is not investing in the
technology for the long term. It is not our mission to do that.
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Advancing Bioenergy: A Crap-Tank Perspective

Overview

While the US teds to get excited about new energy technologies in thyear cycles, biofuels are

0 2 Y 2 NNRrgafva energy source at thisoment. The panel discusses the neamd farther

term biofuels feedstocks, touches on the huge amounts of research beingaopeactical
technologies, takes up the complicatex$ue of theeconomics of biofuels, and laments the lack of
national energy policy, including a carbon fuel standard, to monetize costs and benefits. Amon¢
topics discussed:

i Getting Beyond Ethanol: The Next Generation(s) of Biofuels
I Making Biofuels Make Money
i Creating a Markat and a National Polieyfor Biofuels
i A Global Biofuels System?
Panel

William Jorgenson, Managing Principal, SJH & Company

Eric Larson, Research Engineer, Princeton University

Blake Simmons, ManagelipBhass Science and Conversion Technology, Sandia National Labs
Moderator: Henry Lee, Professor, Harvard Kennedy School

Moderator:

A phenomenoni KI & LQ@S aSSy GKNRdAKz2dzi Y& OFNBSN Aa K
energy option for a couple of years; then we begin to be a little bit less excited about it and it sort of
fades offthe frontpa§ ® . dzi A G R2SayQd YSIy AG FFIRSa 2FF Ay i

In the Energy Independence and Security Act the US adopted a national standard of 36 billion gallons of
biofuel by 2022, 16 billion gallons from cellulosic materials. Europe adoptstandard of 10% of its
motor fuel from biofuels, but the real figure is now closer to 6%.

Between 2004 and 2008, we saw a surge of new biofuel, particularly ethanol, with facilities using corn as
a feedstock to the point of overproduction. This walsen countered as people began to raise concerns
about the environment and net carbon emissions, about biodiversity, about net energy, and this
dampened the interest in biofuels. All of a sudden we became more concerned with certification
processes and le-carbon fuel standards than we did with biofuels itself. But it also simultaneously
spawned an enormous interest in the next generation of biofuels, which people hope will have a much
lower environmental footprint, require less energy and be a significaptrovement and a way out of
those problems.

So let me, without any further ado, turn to our panel.
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GETTING BEYOND ETHANOL: THE NEXT GENERATION(S) OF BIOFUELS
Blake Simmons of Sandia National Labs:

Lignoecellulosic biofuels are one of the clear shtetm alternatives for achieving loearbon liquid
transportation fuels. This is due, in part, to the fact that the list of available technologies that can meet
the targets we have mandated and supplant gasoline and diesel is very short.

The Joint Bioenergynstitute (JBEI) was created by the Department of Energy. It is one of three
bioenergy research centers the DOE funded 18 months ago. Unlike the other two, JBEI took all the
researchers from the partner institutions and put them under one roof. We fedlttieacolocation and

the germination of thought under one roof are important and have paid dividends, even in a very short
time.

And unlike the other two bioenergy centers, we are looking at things beyond ethanol. We are not
looking at ethanol from celloke; we are looking primarily at biochemical conversion of biomass into
drop-in surrogates for gasoline and diesel. This is an interesting take on the bitoabgguel problem

and one that is definitely longegerm. Having a longeterm vision around adng-term problem is one of

the critical aspects that need to addressed.

JBEI is also a great example of pupiigate partnerships. We have a very aggressive proactive industry
partnership program that is trying to commercialize what we realize at thelvén things at the pump.
We are a taxpayebased institution so we do want a return on that investment by the taxpayer, and the
core of our belief system is science with the application in mind.

Eric Larson of Princeton University:

What | do at Prinden is energy systems analysis, trying to understand what kinds of specific
technologies might make a difference in helping to solve environmental challenges it@a 2AByear
timeframe, looking both at fossil fuels and renewable fuels. An area thatd baen heavily involved in
for a couple of decades is biomass energy. We do a lot of detailed
engineering design work and look at the economics of different
Photosynhesis is not very efficient 8@ 3G SY&4 FyR R2 a¢KIFG AFé OF €t Odzt | G
at converting sun energy into technologies make a differenca the long run. This helps define

carbon stored in a plant; it is a where policy might go.
land-limited resource and relatively

costly. To have a significant impac Biomass is our only renewable carbon source; that makes it
on energy problems, we have to  valuable in many ways. Photosynthesis is not very efficient at
figure out how to use it efficiently  converting sun energy into carbon stored in a plant; it is adand
use and not too experimely. limited reurce and relatively costly. To have a significant impact
-EricLarson energy problems, we have to figure out how to use it efficiently
use and not too expensively. Electricity can come from a lot of different sources, both renewable and
fossil, so it may be importd to save the biomass carbon for liquid transportation fuels.
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Estimates of available biomass in the US range widely; 500 million dry tons of biomass per year is one. If
you could convert all of that into liquid fuel at, say, 100 gallons of liquid fuetqreof biomass, that
translates into about 3 million barrels a day. Today the transportation sector uses about 14 million
barrels a day. There are some ngéarm opportunities for lowcost biomass cellulosic sources that
people can take advantage of, biat the longer term, | think technologies have to be able to deal with
relatively high cost biomass in the order of $50, $150 of dried ton delivered. So biomass is not going to
solve our whole transportation problem, thus we have to be really smart abowtwwe do it.

William Jorgenson of SJH & Company:

My background is really in the renewable areas and we will stick to that. Probably 17 years ago when |
formed my company, among our clients were six corn farmers in a barn and we got into ethanol; about
1 billion gallons of the 7 &8 billion gallons that are out there today run on business plans that we
helped people put together.

We have done work in cellulosic. We consult particularly in the area of feedstocks and the use of those
feedstocks for two oubf the six DOE recipient. We also have now

gotten very big into turning poop into energy and then getting

insured at the same timeWe happen to believe in agriculture

because the biomass is there, but | also get very amused w What we have learned is that in

people cometousand 8 = &l SNBX Aa | f A ggﬂfr tfo IELG b|omas§ pr?fltable, aKI G
, _ A - A , . 6 of your revenue has to come , _
yz_z YI ’18. Ayiu2z Fdzst oé¢ | I.f¥ 2:'fromenergyandtheotherSO% = [ B 2
are invasive species and you cannot grow them in some ar o T g e i e
GKNBS 2F GKSY KIFLWSy G2 oS8 ﬁhwmmumwmsmmmanR 2T
What are gOIngﬂ R 2 é 7\ U K U K ;\ é. K é you are not going tmake any
money.

What we have learned is that in order to make biomass profitak
50% of your revenue has to come from energy and the other 5o /v
from the coproducts. If you do not have the gwoducts figured out, you are not going to make any
money. Thecost of money for a taexempt bond for 25 years issued by the Commonwealth of
Massachusetts on Thursday was 12%. At a 12% cost afxémpt money, even with a 3099C
(investment tax credit), you really have to pump iron to figure out how to make money.

- William Jorgenson

MAKING BIOFUELS MAKE MONEY

Moderator:

CAEE Q8 NBYFNLE ESIR Ayd2 | OSNE AyGiSNBadGAy3I A&&dS

forward. Every day there is another alternative and each one is going to be the answer for about three
months until another one takes its place: cellulosic material from straw grass, from algae, from corn

silver. Tell us what you think are the most promising of these options and address some of the economic
concerns that Bill just raised.
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Blake Simmons of SarmNational Labs:

L R2yQl GKAY]l] GKSNB Aa @&SaG I @SNE -MNBEnowmeidin tiey RS NEA G |

conversion process. | think it is going to take a diversified approach to the conversion schemes. In

addition to biochemical appro&es, thermachemical approaches offer a lot of process advantages

relative to biochemistry and need to be looked at. Being part of the JBEI, | am a firm believer that
biochemistry and biochemical conversion have role to play in the
conversion of biomass tbiofuels but as in most efforts that have

Every day there is another gotten attention, there is some overselling of the technologies.

alternative and each one is going t
be the answer for about three
months until another one takes its

We have to be stalwart in our approaches to mitigate that effect
because if you have some dramatic failures and you have an effort
place: cellulosic material from that cannot toleate any failures, you could be in a bad position.
straw grass, from algae, from corn This is not going to be a shadrm process. | think corn ethanol is
silver. going to be around for a very long time, 15 billion gallon targets
-Henry Lee are going to be there. On the economics, if corn ethanol cannot
turn a profit, you will have a very hard time saying why cellulosic
ethanol can turn a profit. From the conversion technology standpoint, biomass feedstock is much more
complex than some starebased approaches. The cost of the feedstock is going to be ome aingle
biggest drivers in the success of the entire enterprise: if you get up to $150 bucks a dry ton, no
conversion technology that will work at a breal«en point.

Public policy in incentivizing farmers and incentivizing industry to go out and pusteleé down in the
ground is going to be one of the biggest drivers as well. Hopefully, with Stewat the helm of DOE,
this administration has that in mind.

Moderator:

Eric, you mentioned the issue of whether to make liquids or burn the biomasdldiréhe Europeans
have now decided that you can meet 40% of renewable fuel standards by making electricity out of
biomass, as opposed to producing liquid fuels. Further, certain critics have argued that the liquid fuel
program is flawed, because the efincy of making electricity out of biomass is a lot better than using it
to make liquids to drive a car. Can you comment on this t@ffidoetween using biomass to make
electricity as opposed to making it into liquids?

Eric Larson of Princeton University:

It is a lot easier to make biomass into electricity today. The technologies are already there. The issue is
going to be cost, but with things like renewable portfolio standards in place that let the power
O2YLI yASa ol aaolffe wwabe2andnitallyiktBeishnrt 02 @nitie othedl akd, Y 2 NB
biomass is a really valuable carbon resource. If we are going to rely on daabed liquid fuels for the

next couple of decades, it is important to figure out how to use biomass in that way. \Esecgrity,

which is such a big issue in this country, plays into the value of the biomass as well. It is hard to
monetize that directly unless there is policy in place that allows it to be monetized. It is certainly
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important to calculate the efficiencyfahe fuel cycle for driving a car on electricity versus a liquid fuel,

0dzi GKS SO2y2YA0a dAZ GAYF(GSte Aa gKIGQa 3I2Ay3a G2 F
GAGK G tNAYyOSG2y KI @S R2yS3> AlQswd ditiwhliquidduela SS § K
route in the next two decades.

Moderator:

CAfEYT 6SQONB Ay 2yS 2F (KS ¢2NRERG SO2y2YA O NBOSaaaiz
characterized by highly volatile oil prices. If biofuels are to compete agaigstar gasoline or clbased

motor fuels, you are competing against a price that is changing by a factor of two every three or four
years. Would you say a little bit about, A) the market that biofuels are going to be facing, and, B) a little
about biofuelprojects in this economic environment?

William Jorgenson of SJH & Company:

The last two clients that we helped in biofuels went bankrupt. We told them that they probably would
and they stopped paying uswo years before they went bankrupt. To understhhow an investment

in biofuels is going to make any sense, in good times or bad, you have to look carefully at a risk
mitigation strategy based upon what you are going to use as the feedstock. You choose one and in most
cases, that one already has a use,if you use if for something else, then you have disrupted some
market someplace: livestock, corn, the price of food. We used to pay to have glycerin hauled away, now
it is worth $200 a ton. You have to understand where tl

feedstock went to, how you argoing to get it now, what the cost

is of gathering it. Nobody has figured out how you gather all t The cost of the feedstock is going

stuff in a manner that is going to make sense economically. to be one of the single biggest
drivers in the success of the entire

Environmentally, you happen to need cornstalks to replenish = enterprise: if you get up to $150
soil and if you take too mincof that away, you have a problem. | bucks adry ton, no conversion
will be very hard to finance these investments until tr t€chnology thatwill work ata
government decides that it is going to create a rational market BEElEE Pl ,
. . - BlakeSimmons
support them. In ethanol, we have seen that price will follc
gasoline up and down. If the mdate stays at 10%unless and until it goes up to 2Gve will not even
take up the capacity that is already in the ground, most of which is mothballed. The only way you are
going to create the market is policy. Look at that Danish example or the Brazihampke, they were
ONBIFIGSR o6& | LRfAOE G(GKIFG alARZ a2S gAiff R2 (KS&S

You have 4,000 anaerobic digesters in Germany because energy costs 25 cents a kilowatt and has for the

last 20 years. What has energgst in this country on an average per kilowatt basis over the last 25

years? A lot less than 25 cents. We built this country on cheap energy. In Nebraska, energy costs 6 cents.
¢KS LI26SNI O2YLIl ye OFffSR dza (KS 2 {&&inp ieiewabld Yy R & | .
SYSNHe®¢ L &alFARX a!dG ¢ OSyidasx &2dz OFyQiodé ¢KSe& ¢S
0S oftS G2 KI@S I 3I22R Ay@SaildySydszr &82dz2QNB 3I2Ay3 i
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Moderator:

The govemment has repeatedly said its intent is to create a market. They are very focused on liquid
fuels for energy security reasons. The US auto industry is in a shambles. If we do not have cars that can
take a higher ethanol blend than 10%, it is hard to eonighe market outlay laid out in the legislation.

If you are the Obama Administration, how do you create a rational market for liquid biofuels?

CREATING A MARKEAND A NATIONAL POLtCYOR BIOFUELS

Blake Simmons of Sandia National Labs:

In California, forexample, a lowcarbon fuel standard has been proposed. That is a way of basically
forcing in a greater amount of lowarbon liquid fuel. Then it is a question of certifying that the fuel you
are putting in is low carbon. A less positive example is ouref® a gallon ethanol subsidy, which is
costing the taxpayer a lot of money. The California example would not cost the taxpayer as much
money, because it would be distributed over all the fuel users and in the state.

Another interesting step would be sonkénd of a floor on the oil price, which would give an investment
environment for businesses. They can know that if the oil price falls below a certain level in world
markets, it will be maintained through government measures at a floor.

Moderator:

If you are going to a low carbon fuel standard and you do not have automobiles that can use low carbon
fuel, is that going to be a large obstacle? And how do you do a variable tax on energy when energy
prices are now so low? When you are looking at $35 to $4i0lmecomes a lot bigger political challenge.

Eric Larson of Princeton University:

A lot of people are working on ways of making hydrocarbon fuels, particularly thermochemical
conversion routes, where you can make a diesel or a gasoline that drogsinighthe petroleum
infrastructure. That is one way to deal with it; the other of course is to just get car makers to figure out

K2¢g (2 Lizi Y2NB SiGKFIy2f Ayd ¢KS . NITAfAFYya Llzi Hp

Blake Simmons of Sandia National Labs

There are engine technologies that can handle E10 and E85; The only way you are going to
FlexFuel vehicles are out on the road. There is going to be create the market is policy. Look a
certification process and a warranty process for iend (ph) that Danish example or the

fuels that has to be expedited into the system. Coming up witl Brazilian example, they were
national understanding and national enforcement policy abg ONBF USR o6& L3t
what acceptance levels biofuels need to meet in order to Wil do these things, we will create

_y . . iKSasS LINROS fSg:
distributed is a critical component. .
- William Jorgenson

This country still does not have a real clear, concise national
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energy policy. The administrati that is in place today has the opportunity to create that. If we do it
right and then we couple that to our carbon tax, maybe setting a floor or a ceiling or energy prices,
incentivizing the right type of investment and research to development to coroi@ezation, | think we

can create our own seftilfilling prophecy. We talk about the fluctuations in oil prices, but energy
demand is only going to go up. If you look at liquid transportation fuels, the mandate is there. We have
to start now to develophat national energy policy around low carbon transportation fuels. It has to be
part of an overall grid system or a systems approach that encompasses engine efficiency, vehicle
electrification, alternative transportation fuels and an awareness of the d#pendencies of all these
systems. We have to have an informed policy, not a Kede reactionary policy and | think the lew
carbon fuel standards or the elements of it are a great place to start.

William Jorgenson of SJH & Company:

It needs an overdlplan. Eighty percent of gas goes into making electricity. If you could substitute
garbage, waste, animal waste or human waste for gas and then turn around and have a car that runs on
compressed natural gas, you all of a sudden have an ability to replamgthing and use something

that we have in considerable abundanceyarbage that is a whole lot cheaper than trying to figure out

how to grow certain energy crops.

A GLOBAL BIOFUELS SYSTEM?
Moderator:

The growth in energy use, even in liquids is nohgdbd be in the OECD countries. IEA projections up to
2030 show a reduction in US gasoline use, mainly anticipating that cars are will be more efficient and
that oil prices over that 2@ear period are going to be quite high. Where you are going to see thi
development is in the developing world, in Africa, in Asia. Do you see the evolution of a global market
for biofuels in which countries in Africa and in Latin America, in Southeast Asia, become more involved
in producing feedstocks and developing theiwro biofuel companies? Is this a feasible option? It is
certainly being discussed at the United Nations and the World Bank.

William Jorgenson of SJH & Company:

Ukraine and Brazil, for example, have huge potential to grow things relatively economicaéiyiobk at

some of the best fertilizer strategies coming out and then combine that with more dreneghgtant

aSSRazI 6KAOK N8B GKS ySEG 3ISySNIidA2y yR AdGQa 2dz
the world where we have not been altie plant crops before. If we can recover water from a lot of the

waste streams and we are very close to being able to get that on a very low basis and low seale

could irrigate crops. We could open up whole areas of the world that we have not looKeefat.

From just the agricultural standpoint, | do not think those things are out of the realm of possibility at all.
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Eric Larson of Princeton University:

We already have a global biofuels system in place. In China they are accessing variougpoidsemas

to produce the fuels that they will put in for their leearbon fuel sector. The ethanol market is already
global. The question is, are we doing things in a responsible and correct maisriesustainable? Are

we really decreasing the carbon androgen footprint with these activities? It is not a question of, can

we do it, but how we do it and where we do it and | do not think we are at that level yet. Most assuredly
we are going to have a biofuel sector that is global. It is going to havere m@asonable cost basis in
other locations, based on a variety of socioeconomic factors. The question is, can we provide the
technology to make it as clean as possible?

Audience Q&A:

Q1: | was at an energy conference in Berkeley where the whole discassimd biofuel degraded into an
argument about how you assess land use changes. How do you move forward politically with doing
something like a lovearbon fuel standard nationally?

Eric Larson of Princeton University:

Indirect land use is a really tolngssue. | do not see any other way than to just get everybody who has
different view points on it talking about it to understand each other.

William Jorgenson of SJH & Company:

¢CKSNB FNB YdzZf GALX S LISNRELISOGA@PSaE &ypinidk Same ofyh& L R2
problems associated with the low carbon fuel standard and indirect land use changes is that the
California Resources Board is only applying indirect land use changes to the impact on biofuels. They are

not applying it across all thalternative fuel candidates for all the transportation fields that would be
considered

The models that are out there right now for the indirect land use change impacts lack robustness and
consensus. Only one model looks at the assumptions, and eveauthers of the papers that are the
a2dz2NDOS 2F Al KFE@GS RA&AIFIINBSYSyida 2y 6KFG | aadzyLdia:
have a letter of intent with the State of California to adopt the low carbon fuels standard that the
California Resoges Board produces. Although a carbon fuel standard is essential, there are a lot of
unanswered questions and a lot of contention around indirect land use changes.

Eric Larson of Princeton University:

The 500 million tons of biomass | mentioned as beivgijlable in the US is biomass that would not have
indirect land use impacts. So one could just push the issue aside for aaghileliticians do, and there is
still lots to be done with biofuels.
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Q2: | have two questions, one is technological one aadther one is an economic one. The technology
jdzSatdAz2y Aazr ¢KIFIG FNB GKS LINRPaLISOGAa T2N) 0A27FdzSt a
conversation about air transport; you know, in the,1ZD-year horizon.

The economic questiaconcerns cap and trade versus carbon tax and on the carbon tax side, producer side
versus consumer side. | would like your thoughts on, first, the political viability of those alternatives; and
second, their actual beneficial impact.

Eric Larson of Prinaat University:

The jet fuel question because is one | happen to be working on. Oneter@aroption that is getting a
lot of attention from the Air Force iBisher Tropesuels, which are synthetic diesel or kerosene or jet
fuel that can be made from ab, but if you make it from a mix of

coal and biomass, you get carbon benefits. If you add carl

capture and storage, which is still a few years away at least,
can get a carbomeutral fuel from a mix of coal and biomas:
because the biomass providesnegative carbon contribution to
offset the coal positive contribution.

Blake Simmons of Sandia National Labs:

It also depends on what sector within aviation you are talki
about, military or commercial. The price points for some milita
fuels are aittle higher than the commercial fuels, so you can ge
some leverage there by selling technologies that do that.

Eighty percent of gas goes into
making electricity. If you could
substitute garbage, waste, animal
waste or human waste for gas and
then turn around and have a car
that runs on compressed natural
gas, you all of a sudden have a
ability to replace everything and
use something that we have in
considerable abundance
garbage that is a whole lot

cheaper than trying to figure out
how to grow certain energy crops.
- William Jorgenson

Algae has a lot of promise, both in terms of direct production
alkenes and kerosene and also in extracting lipids from the al
themselves and converting those into a jet fuel. DARPA (Defense

Advanced Research Projects Agency) funded a project looking at production of JP8: one element of that
was from algae and that is still an ongoing program. | think you will see a revitalization ofaalgae
national alternative to all fuels, JP8 or ethanol.

Eric Larson of Princeton University:

So on the carbon tax versus cap and trade, just from the agricultural perspective a great deal of
greenhouse gas comes from fertilizer and agricultural thifRespsi just did a recent study on the
greenhouse gas emissions from Tropicana orange juice and the number one thing was fertilizer applied
to the land and farming practices. We need to be careful about how cap and trade affects your
feedstocks for all youbiofuels. If you start to apply a carbon tax or even some of the cap and trade
provisions too steadfastly to agriculture, all the biomass is going to go up in price significantly. That
could really distort the question and then throw bankers into a reblitieé o6 SOl dza S
undetermined as to what that cost will be.
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Q3: | just came from a conference with T. Boone Pickens and others and they reinforced my belief that we
need a rational energy policy. How close do you think we are to developing aestéehnologybased

A0NI GS3IeK 9ONROZ L (y2¢ e2dz2Q08S 0SSy R2Ay3 thsitt 24 27F
ready? Can it realistically be input to the development of a coherent strategy, or are we going with politically
driven solutions?

Eric Larson of Princeton University:

We are not going to get a perfect solution the first time, but we can sure do a lot better than where we
are today. There is a lot of knowledge out there and it is a matter of getting some leadership to pull it all
together and create a policy.
Blake Simmons of Sandia National Labs:
If you start to apply a carbon xeaor
even some of the cap and trade
provisions too steadfastly to
agriculture, all the biomass is going

In the life cycle analysis tools that Eric has developed there
wealth of analysis around biofuels from argon. Sandia ji
completed Whgt we call Fhe $90 billion study, q s_ystemBaﬂmcs 55 U I e S, Thes
approach that is not static, but rather a dynamic interpretation . really distort the question

interdependencies. We have some tools that that we can st .4 then throw bankers into a real

using to help describe and define a national energy policy. GalTl1e 080Fdas a1
. . . A . . undetermined as tavhat that cost A
L R2 y2u 0KAY1l ¢SQNbB 3I2ZAyrmbutd ipe I LIS NJ

just something that gets us started by having a conversation « e
looking at what it means to have a national energy pelicy

something that is not driven by special interests but by the questions and the problems that face us. Itis
also critical to nbgo in and pick winners a priarito really let the process of discovery and definition
drive where we end up and not assume that we know the answers before we start.

Q4: | want to explore the linkage between liquid biofuels and energy supply secuity. Y&y G A 2y SR G K I
hard to monetize security, but it appears that anytime we monetize biofuels, it is in the framework of carbon
footprint and not necessarily supply security. Is the biofuels community making an argument about energy
supply security? Wdre might that go in terms of tradeoffs?

Eric Larson of Princeton University:

| do not see the biofuels community addressing that issue in the way you are suggesting. The military is
looking very hard at a variety of biofuel options for military fugbply and you could say that is an
internalizationof the security question.

Blake Simmons of Sandia National Labs:

| believeDARPASs actually taking up a case study on how to have that kind of analysis conducted on
biofuels and what does it mean from$h & dzLJLX @ | YR LINPRdzOGA2Y &ARS 27
biofuels conferences and | have given talks where | point out energy security as a big driver for biofuel

Neuron Global Inc -29- Conference Insight Report



development, but in terms of monetizing it and actually defining what that means, | thatkis pretty
much absent from the conversation right now.

Eric Larson of Princeton University:

In the stimulus bill, several billion dollars is set aside for the military to develop the very options we are
talking about. They have a well developed, mgdOyearold, group of task forces; every base has
somebody in charge of biofuels. | think a major driver will come from there.

Q5: | am listening to a bunch of people talking about how they are going to cook a rabbit stew and they do
notknow howtoe § OK I NI o6oAdd ¢KS o6FaArAd LINBoO6fSY Aa (GKAAY
The United States gets 80% of its drinking water from groundwater. Everything that goes on a field, the
plants take in an average of 75% of the water and aki¥t of the salt, and this is responsible for all the
salty groundwater in the USA. Furthermore, the additional fertilizer that is being used on biofuels is running
off and has already polluted 7,000 square miles of the Gulf of Mexico. Chesapeake Bay samdhe
problem. It really bothers me to hear this panel without any answers to those questions.

Blake Simmons of Sandia National Labs:

The agricultural sector is a source of a lot of the problems that you point out. It is going to take a
complete transfomation of agricultural practices in the US and worldwide to mitigate those concerns.
The interdependencies between energy and water are manifest and we have to appreciate them but
they are dedicated into crops. We need biomass resources that do not hawee tfertilizer
requirements, and in fact, sequester minerals into the soil if harvested correctly. We need a balanced
approach and a realization of the direct and indirect impacts of what we are trying to do to make sure
that we do not end up with an endnmental disaster. Nobody in the biofuels arena wants to kill the
planet. Can we develop a rational approach to farming and agronomy? The USDA has done a lot of great
work in land management practices to help mitigate exactly what your concerns are.
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Wind Power Generation: What Will it Take for Sustainable Laffeale Growth?

Overview

Renewable energy developmetiépends on technology, financing and policy. This panel discuss
these three aspects of the wind power industry, focusing on the need for policy changes tatsup
new venturesandthe scaling up of wind generation, the difficulties (and some hopeful signs) of

FAYFYOAY3 Ay G2RI&Qa GNRdzomft SR ONBRAG YINJS
scale growth cheaper and more efficient. Among the poimgsubksed:

9 The Importance of Policy, Policy Design and Regulation

9 Integrating Wind Power in Spain

9 FEinancing Wind Power, with Help From the Stimulus Bill

9 Should We Change the Way We Incentivize Renewables?
Panel

Gerardo Gonzalez, Technical Advisor, Red Eléctrica de Espafia

Michael Metzner, Executive VP and CEP, First Wind

Karl R. Rabago, Formgeputy Assistant Secretary of the US Department of Ersrdylexas Public
Utility Commissioner

Moderator: Larry Susskind, Professor, MIT

Moderator:

If you think renewables need to be an increasing share of the energy portfolio in different countries or
every cantry, whether you are concerned about cost or reliability or security, how are we going to get
there? And are we going to get there the same way in each country or in very different ways? What has
to happen on the policy and regulation side? The finarsi@dd? The technical and technological side to
move in the direction that we are talking about?

Karl Rabago former DAS of the US DOE and Texas Public Utility Commissioner:

| am going to address thin three levels. Firssome overarching 50,060t points about policy, then
some policy priorities or elements of good policy formulation as we go forward, and then finally, some
quick specific recommendations.

THE IMPORTANCE OF POLROLICY DESIGN AND REGULATION

1. The iron triangle of renewable energgwklopment, and wind as the leader of that, is technology,
markets, and policy. All three of them have to work in concert for new energy technologies,
especially renewable energy technology, to succeed. Policy is a pretty important thing. The numbers
put together by U.S. Department of Energy in conjunction with the Americand VEeinergy
Association for atudy are about 300 gigawatts of installed wind capacity by 2025 or 2030. We have
about 12 or 14 gigawatts right now. You will understand what that is gwingean in terms of
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manufacturing, infrastructure, capital formation, and of course, loemgn, stable policy. Policy risk,

the uncertainty associated with what you expect policy to be, becomes a critical factor for the
successful launch of this industand this revolution in clean energy. We will not have any kind of
growth in this sector without some active participation by policymakers and regulators. Nobody is
talking about getting in there and tweaking policy a bit before we can leave it to the miéskH.
Policy and regulation are part of our new reality.

We expect this transformation to a clean energy future to accomplish for us some very important
public purposes. We expect to try to transform the way we get energy, which drives much of the
rest of our economy, in such a way that the costs of that energy are acceptable. My contention is
that our US energy policy for almost 100 years has been a cheap energy mbieap energy no
matter what it costs. Unfortunately, we can no longer afford to [fag cost of lowpriced energy.

We can afford to pay more for electricity, but a good solution here says as a society we can afford to
pay less for our energy services. This transformation also implies an important transformation in the
way we look at theale of regulators vis-vis growing industries. We will be expecting our policy to
deliver both the public goods benefits of lower social costs and the private goods benefits of
opportunities to earn returns on investments in order to make the sector coatly attractive.

2. Let me get into some specifics, points for good policy desMmshould give ourselves the freedom
to pitch a lot of ideas that we used to hold as somewhat sacred when it comes to electricity
regulation policy and the energy seciargeneral.

9 Our policy needs to be temporally durable and robust. We have to have policy measures that
will last at least long enough for manufacturing cycles to catch wind of them and for
infrastructure development cycles to see the value. That is alifigmportant because wind is
the first largescale bulk power technology that can b
built faster than the infrastructure needed to serve it.

I Our policy needs to be geographically and jurisdictione policy risk, the uncertainty
robust and globally informed. Somebody in our sessi gssociated with what you expect o
€eSaAauSNRIFIe YIRS 0O0KS LAYl policy to be, becomes a critical ASY SNER
toward solar, for example, made it difficult to finance sol:
projects in the United States. We need to understand th
Al QA I At 201 f Ay Rdza G NE X
economies of scale drivings.

9 Our policy needs to figure out how to respond t.
conditions in the real marketplace. Feedback has to be able to work. The way Congress does
energy bills, we pass this and come back to it in ten years. That is not adequate for an economy
and a socity that is changing as rapidly as ours is.

1 Because of the state of the economy, our regulation and policy need to be primarily incentive
based and designed to pra®ut or down over time. iPect measures to encourage what you
want are going to work bettethan indirect measures: a carbon tax will indirectly support wind
growth, but direct incentives are much more efficient and have fewer unintended
consequences.

factor for the successful launch of
this industry and this revolution in

cleanenergy. yOs Yt

- Karl Rabago
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3. Finally, a sha list of very specific recommendations:

1

Production tax credits (PTCH)the federal levet the wind industry and everyone else should
start talking about eliminating it out noywvhile we have a chance of influencing the time and
manner.

Federal renewable portfolio standards (RRSzpbably a good idea, a potential substituter fo

the federal PTCs, but not as a replacement for all the state RPSs. | favor the idea of a dual track
system in which the federal track represents only compliance with the federal RPS obligation.
Carbort address it at the same time as the RPS. Make surangderstand our national carbon
budget.

Voluntary markets we must allow them to continue to exist and encourage them to grow
because they have a salutary effect.

Ideas to rationalize infrastructure development, like Competitive Renewable Energy Zones
(CREYin Texas.

Transmission Construction Work in Progress, to fund our infrastructure in such a way that it can
get built and the wind can then be built onto it.

Increasing the scateget out of the 100and 206megawatt scale and start thinking about how

we build wind farms in the 3 to-§igawatt scale. That is going to require new jurisdictional
thinking, new collaborative thinking, new financing thinking, a whole bunch of other thinking.

INTEGRATING WIND POWER IN SPAIN

Gerardo Gonzalez of Red Eléctricakgpana:

| am going to talk about integration of wind power in Spainpifrihe point of view of the TSO aied
Hectrica de Espafithe company where | work. Red Electrica is a system operator for both the
peninsular system of Spain and for a group ofrBgfmislands that has a particular problem with the
integration of wind power.

In Spain, the market is organized as follows. First we have the generators, convantienahll them
the ordinary regime and also the special regime, where we aggregate wiredegation, solar,

My contention is that our US

photovoltaics, etc. Then comes the transmission grid system
operator in the middle; and finally at the bottom, we have the
distribution company, the consumers, and the qualified

energy policy for almost 100 years Consumers. Because of this the point of view of my comypis
has been a cheap energy policy  crucial; we are in the middle of the process and we are in charge
cheap energy no matter what it of the security of supply of the whole system.

costs. Unfortunately, we can no
longer afford to pay the cost of In Spain, the total power installed is 87 gigawatts for a peak

low-priced energy. RSYI y R 27T np o , 2 dz I NB d2A y 3 g2

-KarlRabago Sy 2 dz3 K dyéeat padzdf it is variable and we have an index of
coverage of 1.5, so we do not have surplus generation.

We have 16 gigawatts of hydropower. We also have nuclear and coal and a lot of combined cycles, more
than 21 gigawatts, have been commissionedha last five years. Those constitute the ordinary regime.
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If we look at the special regime, we see that wind power has a contribution of 16 gigawatts up to this
moment. And in the rest of this special regime, we see that solar energy is becoming much more
important: last year alone, about 3 gigawatts of photovoltaics was commissioned.

What has been the evolution of wind power in Spain in the last 10 or 12 years? Ten years ago, we had
less than 1,000 megawatts; now we have more than 16 gigawatts. And theyedfirspread all over the
country. How has it been possible? Because we have had great support from the authorities, due to
European compromises to achieve 20% renewable energy by 2020. That means 40% of the electricity
coming from renewables. It is nobpsible to increase hydropower in Spain, so we need renewables,
especially for power.

Every year we have more and more wind power installed. That means more and more energy is coming
to the system. The [wind energy] profile does not change too much yegedny but if we look at it day

by day, we see distinct changes. We see days with a production of 11 gigawatts and days with less than
1 gigawatt. And the percentage of coverage of the demand increases every year al@%4t is a
variable productionWe see more production from wind in winter and spring than in summer, more at
night than during the day. There are variations of nearly 1.5 gigawatts per hour. That is, up to how, not
too problematic but for the future, it will be.

Voltage dips have beea problem in recent years begse due to voltage dips, while clear in the
network, we have seen wind generation tripping of more than 1 or 2 gigawatts. That means that we can
be disconnected from Europe, and that is terrible for us. So we have modifiggtitheode in order to
make it obigatory for new wind farms stagonnected to the

system for500 milliseconds in case of a fault of 0.2 per unit

their voltage. We open lines if we see that in that case the secu e are not getting to a much

of supply is better for the system. e PRI O PEmEENer @ i
unless we alter our policies and ou

As to forecast, Red Eléctrica has its own prediction code and regulatory framework, not

many years we have forecast up to 48 hours. Now we are star incrementally but starting with a

to forecast ten days, because there are areas of the company 1 €/€an sheetin arather dramatic

have to analyze the security of supply of the network for tl way. Ifw;a say that the goal s to

following week and it takes at least ten days to have an idea w getto 20% or whatever percent we
want, we then have to have a

the wind production will be. We use this iaur evaluation bigger shift in policy than we have

networks like ESC to run a fldvased model. We have started tc anticipated historically.

introduce uncertainty in the forecast, allowing us to improve t - Larry Susskinc

level of errorin recent years. And, of course, the integration of

renewables, of wind, has meant that the manageable generation has to be disconnected sometimes and

then reconnected. For the future, we will need faster turbines that can be easily catheatd

disconnected.

Voltage control normally is fixed per bonus or penalty related with the power faBiatrin some areas,
we have to create continuous voltage control, related to the production of seven wind powers.
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It is possible to integrate greamounts of wind energy. But of course, we have to implement some
improvemens, some tools, some contslSo do not be afraid. You mentioned 300 gigawatts. It sounds
likea lot, but it is possibléf you take these measures into account.

FINANCING WIND RER, WITH HELP FROM THE STIMULUS BILL
Michael Metzner of First Wind:

The 300 gig goal is a worthy goal, but | am really focused on how | get the nmeadaivatt project

financed in the marketplace. We need to be aware of what we have to dealnwithand what we can

R2 Ay (KS aK2NI GSN¥Yo® ¢KS Fylf238 Aax AT &2dz I NB
them to let you im and | am talking about local communities, permitting, getting land from local
landowners and that type of thingand then wisy (G KSe& TFAylFffe 2LISy GKS R27?
1ARRAY3Id L Olyy2iG 02YS Ay ltyegle 0SOFdzaS L R2 y2i
time. So while we are trying to get to the longer term, ambitious goals, we do need the short tggm hel

to keep things moving along.

Here are some facts to set the stage: as you know, the US is the fastest growing wind market globally.
We installed another 8,300 megawatts in 2008. That was 42% of all the generation installed in 2008.
¢KIFGQa | LIKBey eosBlafihgt thatyindad makes up 4286 of installed capacity. That
represents $17 billion in investment and about 85,000 jobs, enough capacity to serve 2 million homes.
Current wind capacity in the U.S. is 25,000 megawatts, up from §/0000 a few yes ago. Our
planning is based on a little more than doubling that by 2015, which | actually think is modest.

We have to have policy measures that will last at least long enough for manufacturing cycles to catch
wind of them and for infrastructure develomnt cycles to see the value. That is critically important
because wind is the first larggcale bulk power technology that

can be built faster than the infrastructure needed to serve it.
Being in the wind business means

being in the transmission business As for as financing, wind projects are capitdensive. There is no
Wind is a resource and to the fuel, lower operating cost and low capacity factors, but there is
exent it is trapped, it needs to be  high capital cost, so we call them capital hogs. You need a lot of
unlocked by being able to getitto money to invest in this business. If you want to, for example,
market. 0dZAf RkAyaidlrtt nnann YS3AlL gl dtatad &Sk N
-Michael Metzner o0 in the S that we filed, that s $1 billion of capital a year.
Traditionally, 60%80% of that would come from permanent financing, from selling the tax attributes,
and getting loans for construction, for turbines, and then permanent debt.

Statewt { Qa4 KSf LISR® CSRSNIf GFE &dzLJL2 NI KlFa KStLSRo®
main ways that the federal government has been able to incentivize wind generation, and wind
developers then seek to monetize thoB& Csvith partners who have tacapacity, but most developers

lack the income to take advantage of tax credits and accelerated depreciation. That is a backwards and
complicated way to make these projects more economic. Further, the banks that were traditionally
providing the turbine spply loans and construction loans are just not lending money. They are hoarding
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their balance sheet and hoarding capital, and the institutions that were monetizing the tax edogy
AIGs, Lehman Brothers, Morgan Stanleys of the wodie now either gone iothey do not have the tax
capacity.

Enter the Stimulus Bill, with four key components.

1. The PTCs were extended for three years, so any project put in service before 2012 qualifies. That
in itself is a big improvement, but if the traditional providers apital remain on the sideline,
that does not help much. With the Stimulus Bill, developers will be allowed to elect an
investment tax credit similar to solar, where you can take the tax benefit upfront.

2. The one considerably better thing is the abilitydect a grant instead of the ITC (investment tax
credit) or PTC and get the Treasury to cut a check.

3. The loan guarantee program, | think, will come into fruition a few months further down the
road.

4. The federal RPS in carbon: carbon cap and trade orlmwalax has potentially the biggest
impact on development of not just wind but newer, even more expensive renewable
technologies.

From a policy standpoint, the lorgrm goal should be to impose on producers and consumers the full
cost of burning conveiinal fuels. While the profit incentive will not take care of everything and we
need specific policy targeted at transmission integration, etc., t
full allocation of cost the energy security cost as well as th

climate cost will address a large part tfie gap. If you are looking to attract capital
as a development company, you
Moderator: are asking investors to accept a
value proposition that has a bunch
Let me cull five statements from what we have been saying: of projects in your development

_ _ _ pipeline, but that have not yet
1. We are not getting to a much higher rate of penetration « ome to fruition, and the cost of

wind unless we alter our policies and our regulato
framework, not incrementally but starting with a clea
sheet ina rather dramatic way. If we say that the goal is
get to 20% or whatever percent we want, we then have
have a bigger shift in policy than we have anticipat
historically.

2. The only way to take advantage of the investments that happen in wind aniewrables is to
commit to a very different level of plannirand coordinated management, wheg®u have a
decentralized system and you are trying to make it into one. We are not used to that in the US.
Are we prepared to go with our goal of a much highergentage reliance on wind?

3. While technological improvement undoubtedly will help reduce cost and in a variety of ways
make projects that are not presently feasible feasible, issues of availability of capital may in fact
be much more important than furtheiechnological advancement. Wind is ready to go. If capital
is the issue, then the question is, are we prepared to commit to a much more direct system of
financing, one that says if that is the goal, then this is the upfront capital cost?

4. | want to say jusa couple of words about offshore wind. In many parts of the world, including
the northeastern US, committing to wind means offshore wind and not terrestrial wind. And
offshore wind is hard. Will the ultimate success of Cape Wind, which has run a regulato

equity capital is going to be quite
expensive relative to more mature
companies with a lower growth

- Michael Metzner
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gauntlet you would not wish on anybody and still has more to go, make it any easier for the
offshore wind projects planned in Delaware or Rhode Island?

5. If we are going to go through the regulatory gauntlet again, and if offshore wind is part of the
god to which we are committed, will there be some preemption through national policy of this
decentralized system of battling it out when people do not like the aesthetics or something?

Audience Q&A:

Q1: To what extent does reaching a more ambitious goalind production hinge on further technological
innovation in smart grid?

Karl Rabago former DAS of the US DOE and Texas Public Utility Commissioner:

Just playing the numbers game, if we are at less than 2% right now, and it does not become a critical
issue until 10% or 15%, we have a little time. However, having to fix voltage sags that would add
requirements in turbine design so that they do not create voltage problems is a good way of revealing
the externality cost of relying on an intermittent geneirag technology. That should rationally lead to
innovation and smart grid technology down the line.

Michael Metzner of First Wind:

We are going to get a transformation of the grid. It is going to come about through a combination of
policy directives wherghe market cannot step in, and then putting the right incentives in place for
market players to do their part. But we always say, being in the wind business means being in the
transmission business. Wind is a resource and to the extent it is trappededisriie be unlocked by
being able to get it to market. So, we find ourselves focusing on circumstances where we can invest in
generatorled, short key lines in order to enable the wind development.

Q2: Wind turbines are going to be built where it is windgl @here you can get them built. As this gets built
out, transmission issues potentially become larger and larger. If we agree that smart grid is needed because

we do not have gigawathour battery capabilities looped into the cost of these things, thefi@di 6 S KI @S

the problem that the cost of energy is going to be a lot cheaper on windy days? Have people come up with
some kind of cananufacturing, something that could be built alongside wind that could handle using a lot of
power on windy days and doirspmething else when it is not windy, while we come up with better storage
capabilities?

Karl Rabago former DAS of the US DOE and Texas Public Utility Commissioner:

If a lot of wind is blowing and we are loading up huge amounts of our energy requiremexiaiely

low cost, on a system average basis, that is probably a good thing. Because if the cost is more for
ancillary to firmthen the total cost, the bill, is still manageable. And since customers pay bills and not
rates, an abundance of loaost power being fed into the grid at 1 cent a kilowatt hour enables an awful

lot of ancillary technologies to keep the overall bill normal.
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Q3: There is considerable activity in the entrepreneurial community developing technology for micro wind.
What do you thinkhe market prospects are for micro wind generation?

Karl Rabago former DAS of the US DOE and Texas Public Utility Commissioner:

| put micro wind in the category of all the distributed energy services solutions. The real issue there is
trying to get enegy out of nonlaminar flows and constantly shifting wind directions in urban settings
and stuff like that. | know they are still working on it. Some small machines are being developed for
special applications. To me, the question is, do our electricyutilit

distribution companies truly understand their margin:

distribution capacity cost? Because that is what distributed ene Anyone who thinks Deepater is

services play against. If they really know it and if we want to g&' ot going to have opposition does

it, we could always, as regulators, put that up for bid aee who ot know the history of facility

could provide or solve that capacity cost problem at the lowe siting. | do not care what the

total cost. We would see an explosion of those types of solution facility is. If you do not run the

process right, you will have
Q4: Regarding the financing of new wind development, is ther opponents. And if you do not

difference between the rate of return on investmematinvestorsare NS a L2 yR G2 GKS
looking for from wind development, relative to more tradition the project will come ta halt. We
developments like Exxon might have been involved in? And how is better learn the right ways to run

impacting the rollout of wind plants across the country? facility siting processes, or we will
not make the progress that we
Michael Metzner of First Wind: want.

- Larry Susskinc
There is, and iis because these are growth companies; the rate of

return that investors are expecting on an existing project will not be in line with a conventional energy
project. If you are looking to attract capital as a development company, you are asking inwestors
accept a value proposition that has a bunch of projects in your development pipeline, but that have not
yet come to fruition, and the cost of equity capital is going to be quite expensive relative to more
mature companies with a lower growth rate. It msore about growth than technology But a well
conceived wind project where you have the land tied up, it is all permitted, you have dakeff
agreement, you have contracted for the turbines and such is a prettyaitgldl project, because you do

not havethe fuel risk.

Q5: Seior Gonzalez, looking backward, what would you have wanted Spain to do differently in regard to
reactive compensation making the transmission grid smarter at that point? And what lesson could the US
learn from your experience?

Gerara Gonzélez of Red Eléctrica de Espaia:

My company is trying to make it obligatory for the other wind farms to have continuous voltage control,
but it is not always so easy, you know? My company will help, but not all that we propose is applied. So
we stil work with fixed control voltage, but we will have the possibility and the security reason to
modify.
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Our experience is that we would like to have continuous voltage control, but we know sometimes it is
difficult, because having voltage control of wiradrhs is not the same as the rest of the generation. So,
we have talked a lot with the investor and the owner of the wind farm, because at first they saw only
the possibility of investment. We made them understand that they are participants in a systene wher
they are in charge of part of its reliability, so they cannot see it only as a way to earn money and forget
it. Finally, they understood that and they have, for example, modified the curve to comply with the
voltage dips.

Q6: Michael, what is your viewnd=irst Wind actually developing offshore wind projects? Why or why not,
and what might cause you to get into that?

Michael Metzner of First Wind:

We are invested in a company called Deepwater Wind that was recently awarded some rights or
concessions ashore in Rhode Island and New Jersey. We have great hope for Deepwater Wind in the
three- to five-year timeframe. It is not our focus in the immediate term, which is all onshore. It is
basically a capacity factor versus capital cost equation. Offshora,is

obviously more expensive to build or maintain, but if you can ge

50-plus [megawatt] wind resource, that can make up for a lot \ye probably do not have the right

cost. In addition, the offshore stuff, 20 miles offshore in P0@  kind of regulators if they are

feet of water, does not have the local issues, it is@usight, it is politically appointed, scared,

not visible, so your permitting should be a lot mor nervaus, always questioning their

straightforward. own authority to make the tough
decisions. Maybe it is time to start
Moderator: thinking about new kinds of
regulators.
Anyone who thinks Deepwater is not going to have oppositi - Karl Rabago

does not know the history of facility siting. | do not care what the

facility is. If you do notun the process right, you will have opponents. And if you do not respond to the

2L YySyiQa NARIKGTZ GKS LINR2SOG ¢Aaftf 0O02YS G2 | KIf
processes, or we will not make the progress that we want.

SHOULD WE GNGE THE WAY WE INCENTIVIZE RENEWABLES?
Michael Metzner of First Wind:

By consensus, the main driver in terms of societal objectives for promoting wind and other renewables

is climate. In the electric sector, 80% of the greenhouse gas emissions com®#omf & . | aSR 2y
system configuration technologies, if you have 300 gigawatts of wind, you have about 30 gigawatts of

firm capacity by coal as the primary source of firm capacity on the system. So if you get the 30
gigawatts, most of which competesittv natural gas, then based on current trajectory, you will have

moved heaven and earth and left the main part of the problem unsolved. Given that current wind and

other renewable support schemes strictly favor energy and do not recognize the value chfianity,
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does there need to be a fundamental change in the way we incentivize renewables to place more value
on firm capacity? How would that affect the pattern and pace of expansion of wind?

Karl Rabago former DAS of the US DOE and Texas Publicdtilityissioner:

Critical warning: wind is not the best way to solve the climate problem. This is true for every kind of
renewable energy technology. If you are going to hitch your wagon to that horse, you will end up on a
bumpy road. Some other criticalljnportant points:

1 If we could ever articulate a real policy framework for energy security, we could make some
progress in this country.

1 We have to switch to a lowost, even if relatively higpriced, set of energy solutions.

1 We have to learn to plan, anglan against goals. Our policymakers need to be asked and held
FOO02dzy il 6fS (2 FTyasSN GKS [jdzSadAz2ys a2KFEd R2
GKNRdzAK (GKAAa (GNlyairAdAizyKé 2SS ySSR (2 (y2é o6KII
happen.

1 We probably do not have the right kind of regulators if they are politically appointed, scared,
nervous, always questioning their own authority to make the tough decisions. Maybe it is time
to start thinking about new kinds of regulators.

1 Remember that theonly impediment to what we want to do is anything we have done before.
Everybody builds momentum around the way we did the last thing. Getting out of the
framework of economic dispatch, of PTC only, of tax appetite as the only way to channel money
toward new technologies, of linear technological development models as opposed to cybernetic
ones, we have to give ourselves the tools and practice to allow ourselves to break from what we
did befora or else we are just going to keep doing it the same way, aniddb@s not work.

Michael Metzner of First Wind:

We have an absolutely huge opportunity. It comes down to the big question of what kind of society,
what kind of country do we want? If we just have the nerve as a country to begin to recognize the real
costof our current energy consumption pattern, if we can do that and take advantage of the situation,
and do it in a way that also provides for economic growth, we are on our way. If we can seize the
moment to get carbon legislation passed, that will be adwsgep forward for renewables. | really
cannot think of any one thing that is more important.
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Back to the Future or Back to Basics: The Coming Decade for Baseload Power

Overview

The demand for power is enormous: twice the energy ever created to date mesgat on the grid
in the next 30 years. The panel discusses the many factors that impact on the decision to bring
electricity on line, from long waits for permits and construction to policy priorities at all levels of
government, from questions about tredvent of renewables in baseload power production to whe
the ongoing recession will do to the industry and its future plans. Among the topics discussed:

Coal in the Past, Coal in the Future, but No Coal (Plants) Today

Change and Uncertainly Dominate the Energy Marketplace

Reliability, Efficiency, Effectiveness, Requlation

T [AFTS 9EGSyaAzy 9ELI}IYRa GKS bdzOf SI NJ act €
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Panel

lan Copeland, President, New Technoldggchtel Power

Jake Erhard, Principal, ArcLight Capital Partners

Robert Shannon, Manager, Technology Strategy, Siemens Energy Technology & Innovation
Moderator: Danny Ellerman, Senior Lecturer, MIT

lan Copeland of Bechtel P@x

The need for power is tremendous and growing. Between now and 2030, we have to put twice as much
electricity on the grid as we have since Edison first conceptualized the idea of electrict povies as

much in 30 years. Most of that growth comes frahe nhonOECD countrie€8%. Furthermore, over

50% of the growth in electricity use is going to be in three countries: China, India, and the United States.

What are the drivers for our new baseload power?

The obvious demand for energy | just mentioned

Enegy policy

Financial incentives

Security

Climate change and carbon policies

Equipment and material costs: there has been a tremendousupuim conventional and nuclear

power costs

1 Renewables: the large consensus is that a lot of renewable technologldsewcrossing grid
parity in a 20122014 timeframe; is that going to come true?

1 Maturity and scalability: some very interesting technologies are out there, but if they are niche

and do not scale to the gigawatt level, they probably are not relevartidseload capacity

= =4 =4 =4 -4 A
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COAL IN THE PAST, COAL IN THE FUTURE, BUT NO COAL (PLANTS) TODAY

The drivers for different kinds of new capacity are quite distinct. Looking at history we see a big swatch
of nuclear runs through in the middle of the 70s and 80s. &lea little bit of renewable in the middle

of the 80s and into the 90s. We moved dramatically into coal in the early part of the 60s and then out of
coal: In fact, there was a 3@ar hiatus in coal in the US between 1996 and 2@ most recent of

which was primarily pushed through into the gas marketplace. During the big gas babblegmpany

IEA [International Energy Agency]
production predictias for 2005 to
2030 show thatlespite the fact
that renewables are growing about
92% per annum, the real issue is
that the baseload already exists,
and it is hard to change a big,
Y2OAY3A aKALD /[ 21
market, with a lot of natural gas,
and tomorrowit is coal and a lot of
natural gas.

- lan Copeland

alone pu out probably 22,000 megawatts of gas in one year in the
United States and the overall market was quite a bit larger than
that. And now today you se& resurgence of coal, a lot more gas,
and some renewables.

b2gz tSGQa GFrf1 Fo2dzi GKS ¥ dzi dzNB @
production predictions for 2005 to 2030 show thdéspite the

fact that renewables are growing about 92% per annum, the real

isale is that the baseload already exists, and it is hard to change a
OAII Y2@QAy3 aKALD /21t Aa G2RI&Qa
and tomorrow it is coal and a lot of natural gas.

What are the policy implications of that? IEA puts out two
incrementd capacity additions scenarios: The first is just a
reference scenario, which is an addition of 17,000 terawatts of

power; renewables accounfor about $2 trillion of that marketplaceln their second scenario,
renewables pick up about a 50% larger shatmut $3 trillion. But despite the fact that you have these
shifts, it is primarily a coal or gas marketplace.

| think there are really two futures here:

T
T

We have constrained demand, a higher price of electricity, and primarily a gas future.
Technology imovationt and policy allow us to produce more nuclear and to create a solution

for coal with carbon capture and sequestration, so you have a much lower cost of electricity in
the long run and you meet all the demand.

Policy and relative economics probalalse as important as technology, if not more so: that shifuS
power generation in the last 12 years toward gas and then back toward coal was not driven primarily by
technology improvements; it was driven primarily by policy and the way gas is pritted aountry.

Climate and other externalities, and by that | mean things like nuclear storage, have not been priced to
date. If they are reasonably priced, you will see shifts in technology in which will drive baseload capacity.

Jake Erhard of ArcLight Cia@l Partners:

To start bringing new baseload generation into service, you undergo an odyssey of permitting and
acquiring the requisite property rights that can take up to 10 years to accomplish. And after you have

Neuron Global Inc

-42- Conference Insight Report



il
=

done that, you have a very complex tasgkengineering and actually constructing the power generation
unit. In the case of baseload generation, four years is the minimum expected construction time period,
and the dollars we are talking about are measured in billions.

By nature, baseload generati is not designed to take advantage of shim trends or volatility.To

justify the investment of time and resources in capital, baseload generation requires a revenue model
that has as its cornerstone a lotgrm, dependable revenue streamone that needs to be foreseeable
years before the plan is actually brought into service.

CKA& | @SNE RAFFAOdZ O LINRLRAAGAZY G2 LAt 2FFZ LJ
topic. We need a realistic discussion about the rii@e marketplace dday. | would characterize that
marketplace as being imbued with an extremely high degree of uncertainty. And that uncertainty is, in

many cases, breeding inaction.

CHANGE AND UNCERTAINLY DOMINATE THE ENERGY MARKETPLACE

A lot of changes have taken placeeothe last six to nine months. Many of you are very familiar with
them. The new administration in Washington has some very admirable goals, in terms of transforming
our energy economy to one that is more focused on renewables. But | think a lot of pieotiie
financial community are uncertain as to what that is really going to mean. Some major questions
include:

Are the policies politically implementable?

What are they going to look like if they are implemented?
Are they going to be carrots or sticks?

If they are implemented, will they be lasting?

1
1
1
1
| think a lot of us remember the ethanol boom not that long ago, where people were stumbling over

each other to put money into ethanol deals because of the support
for the concept. But today the ethanoldastry is bankrupt.

Likewise, the economy is in a very difficult state. We have seen Policy and relative economics
collapse of the commodity complex. Commodities, for better or 1 probably are as important as
worse, are a barometer of the health of the energy industry. A technology, if not more so: that
baseload generation, frankly, is depdent upon commodity prices Shiftin US power generation in the

to some extent to earn its gross margin. B2 12 elne (EDe g2 e e
back toward coal was nalriven

We are in a recession, both nationally and globally, that we do Primarily by technology

yet know the depth of. That has a very direct impact on the fut. Improvements; it was driven

of baseload power development. We have a ldegn trend of ~ Primarily by policy and the way ga

very consistent 1% to 2% growth in baseload electric demand; 1 15 [P Ll el iy

has been the model for quite some time. And given the size of - 1an Copeland
baseload power supply and the amount of capital it requires to bring incremental megawatts into the
system, that ha created a massive amount of capital need in the past.
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But as of yeato-date 2009, electric generation consumption is down 5%, a trend that is accelerating.
Nobody really knows how far that is going to fall. A lot of people are scratching their headslang:

1 How oversupplied are we?

1 How long will it take us to work ourselves out of that oversupply position

9 Is this the right time to be talking about investing in more capacity in a dramatically demand
structure environment?

And finally of course theredit market collapse has been the subject of headlines every day. It has been
followed by the collapse of the equity markets as witlergy, as we all know, is an incredibly capital
intensive sector. And without access to capital, the music will stop geickly.

The good news is that a lot of capital is standing on the side lines: private equity, infrastructure funds,
sovereign wealth funds, the US government, and even banks that have a lot of capital. But the
uncertainties in the marketplace need te besolved before you are going to see that capital come back
and to support an overhaul and a transition of our ener:
economy generally and baseload power generation in particula
To justify the investment of time
Robert Shannon of Siemens Energy Technology & Innovatior znd resources in capital, baseload
generation requires a revenue
model that has as its cornerstone ¢
longterm, dependable revenue
streamt one that needs to be
foreseeable years before the plan i
actually brought into service.
- Jake Erhard

My contribution is from the perspective of a very large glob
company, Siemens, | represent Siemens Energy.

RELIABILITY, EFFICIENCY, EFFECTIVENESS, REGULATI(

What is a good model for cooperation between industry ai
politics? In the electricity industry, there are dain drivers:
greenhouse gas abatement, as an example, because it is a very strong driver that we all can sink our
teeth into. On the industry side, there afeur drivers for the energy marketwhat customers are
looking for, what is needed in this markédpe. What | am going to suggest is that if we get the same
kind of solutions in policy makirapndwe are all in synch, things will be much more effective:

1. Reliable electricity the anticipation of production What we need from policy then is losigrm
certainties in those regulatory measures. We cannot have annual plans for something that takes
ten years just to site and build, let alone-3fr 40- or 60year lifecycles on power plants. The
average power plant in the United States is at least 30 yeardloddbaseload is getting older by
one year every year, with no new coal plants coming on line.

2. Effectiveness, an optimal use of our investmentfe need an effective policy that has a very
strong impact on the economy and on sociefiy cannot just be a wislist.

3. Efficiency, in the sense of greenhouse gas abatemé&kie want to minimize the lifecycle cost
per ton of CO2 abatement if everyone wanted to capture and store CO2 tomorrow. There are a
lot of models about how expensive that would be. Of course watwar electricity to be, you
know, an equal part of our economy, but nobody wants to double or triple or quadruple their
energy bill overnight. So cost efficiency is always important.
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4. Efficient regulatory measuredf there ae market base incentives waoked into the policy, that
would probably be an effective approach. The standards have to be global. If you are talking
about the global energy system, the fuel supplies, other than coal, are global. Andchagns
to the atmosphere as a result of energyoduction is a global problem. So we need global
standards and of course we need a global distribution of the responsibilities for policy.

The easiest way to illustrate how we respond to policy and policy change is to take a look at what we
have been dimg to follow the stimulus bill that was passed a few weeks ago. We were following it very
closely to see how things were going to play out and to see how it would affect our industry so that we
can build that into our planning cyclefe stimulus packagbrings to mind for me three things where

we shouldpay attention to what is going to happen, what it is going to mean to the industry:

1. Energy efficiency and conservatiollVe are more in the production and distribution (P&D) end
of the business, so the bigayer there is the smart grid. Smart anything is really a buzz word,
but the smart grid means there are a lot of things that need to happen to make the grid more
tuned to allowing consumers to make some choices and allowing producers to make their
resporse to those choices more efficiently.

2. Increased emphasis, in fact overwhelming emphasis, on renewables major renewableas
wind energy and solar energyare intermittent by nature, so there needs to be energy storage
FYR @ &G NBa&LRy asSeupBenisis o, yoi &rg” goingttd tave Qaiburn more
natural gas, because those are the kinds of power plants that can respond to a drop in supply if
the wind quits tomorrow or in the next hour. The transmission grid improvements are going to
be in the formof more grids, because wind turbines, or solar power, or solar farms are going to
go in areas where the demand is nanto remote locations in North America for exampland
we have to get the power from one place to another.

3. Barriers to the continued usef fossil fuel, in the area of mitigating or evading the carbon
footprints: Carbon capture and sequestration is a natural way to go there. And we need to
establish the definitive climate policy.

Moderator:

I have two questions to pose to lan. First, iiear a lot about the distributed grid, which in some way
sounds like it is doing without the baseload and the power plant, the sort of central convention or
traditional organization of the grid we have known. Would you address what you see as the iiopdicat

of distributed grid for the role of central station power plants? Second, what is the -wéd& the
trends between new power plant construction at the center and the continuation of what we might call
life extension or rgpowering of existing powestations?

lan Copeland of Bechtel Power:

Obviously, there is a tremendous opportunity for distributed power, whether gniwll micreplants
using traditional technologies, small gas turbines, evemyeweratiort something that has not been
talked abouthere in the energefficiency world. There was a huge rup in the use and management
of cogeneration in the 70s and 80s as a result of Bublic Utility Regulatory Policy Act (PURPA)
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Today, a lot of people are talking about distributed mienod, wind itself, or solar. There are 130
AT gl GGaQ ¢2NIK 2F OF LI OAGe LRGSYGAlft Ay GKS
phenomenally smart ideas in terms of distributing generation where the load is. If you price the
extemalities of running transnission lines, the typical cost measure is, for every dollar in central
generation you have to put out the same amount of money into P&{pou can avoid that and put the
generation where the load is, it is a smart idea.

The question is whether you canive down the cost of that distributed power to grid parity at a
centralized plan level. And that takes a lot of doing because, although you might have technology that
might be nearly as cheap on a single installation basis, the cos

installation goes p because you are distributing the cost of thé

over many thousand sites. In addition, generally speaking, Smartanything is really a buzz

bigger the unit is, the more efficient it is. word, but the smart grid means
there are a lot of things that need

[LC9 9-¢9b{Lhb 9-t! b5({ ¢ | 9 | tohappentomake the grid more : ¢
tuned to allowing consumers to

As to life extension, in the nuclear business, plantatthwere make some choices and allowing
designed to have a 3@ear operating license are all in the proce: producers to make their response

of extending those licenses to 60 years. The US nuclear indu to those choices more efficiently.

over the last 10 years has also made a remarkable change in - Robert Shannon

way it operates: they have moved from availabilitythe high 70s and 80s at best to very nea@ist

the equivalent of creating about 10 new nuclear power plants, on a baseload fleet of about 104, and
adding 10% to the capacity in the US nuclear generation marketplace just by better management of the
fleet.

Life extension is there. If you really want to solve the climate problem and you are willing to deal with
the stranded asset cost of a bunch of old power plants that today are 28%, 26%, 25%, 30% nuclear
fission and you want to go to supercritical dtra-supercritical coafired power plants, you can solve

the climate problem tomorrow.

Moderator:

Jake, how do you see did changes evolving in terms of the types of projects and partners that you will
look for when we come back to building central statipower? You will be doing major finance in this
area; how will the financing look different from what it has been in the pastwill it look different?

Jake Erhard of ArcLight Capital Partners:

Like the price of ail, the answer to this question is vpojnt-in-time-dependent. The way we finance
corporations or effect project financing is not going to change. You have a very basic reliance on two
fundamental sources of capital: debt capital and equity capital. In the case of renewables, you also have
a significant reliance on what is referred to in the industry as tax equity. The means by which the federal
government is spurring renewable energy development is through the creation of production tax credits
and through accelerated tax depreciation.
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For the most part, the developer of a power plant, or even a small company that is attempting to build a
fleet of new renewable energy power plants, does not yet have income that it can use as a shield by
virtue of the use of those production tax credits and $katax depreciation benefits. So a market has
been created whereby corporate investors, by virtue of lease structures or other partnership structures,
can come in and provide capital to projects. In exchange, they receive all of the tax benefits from the
projects and the developer will receive cash that it can use to finance this project. The tax benefits in the
renewables space are by and large being transferred to the corporate space.

What has happened in the last couple of months is that as the corpsettor has suffered with the

rest of the economy generally, the appetite for investing in tax equity has significantly fallen off. Lack of
access to this source of capital is one of the very significant issues that is affecting renewable energy
today.

More generally, | think the basic building blocks of debt and equity capital will continue to exist in the
marketplace. They will be at different ratios and at different levels. But what people are demanding is a
different or a more consistent revenue modigr the assets themselves. The PURPA model was the
bane of many utilities that were basically forced to enter into leegn contracts with cegeneration
facilities to facilitate the development of more efficient power plants that use the waste heat jgosup

AYRAZAGNA L F LILX AOFGA2y&d L ybasédenRdekitatrelies naujisbahfax 6 S OF

incentives but on regimes set up to create lelegm revenue streams that will facilitate financing, bring

capital back into the marketplace andNB\ R3S (G 2RI 8Qa LISNA2R 27F dzy OSNJ

development cycle.
Moderator:

Bob, what aboutCO2 prices? We have a little laboratory going on. A CO2 price has bedowaés that
affecting plans for power plant and baseload construction?

Robert Slannon of Siemens Energy Technology & Innovation:

Carbon price means having a set of policies or an environment in which we know what the carbon prices
are based on, and we know how they are going to move forward, so that some reasonable marketing
models @an be projected out in time and planning can go forward with some reliability, based on the
price of carbon. We are all looking forward to what happens in the US government. There will be strong
and pointed debate on that in the coming year.

Audience Q&A:

Q1 Geothermal has been somewhat conspicuous by its absence this morning. Could the panel talk about the
limitations to enhanced geothermal systems, that is, the deep systems that give you tmeeg@@att

plants or 10s0f-megawatt plants? What are the pblems that are preventing that from being implemented
further?
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Robert Shannon of Siemens Energy Technology & Innovation:

Anecdotally, the last large prototype plant caused an earth tremor, so they shut it down, maybe not the
last one, but one recentlyAnd there are technological challenges in geothermal too: it seems like
0K2dzZZK @2dzdNB 2dzad OoONRYy3IAYy3A AGStHY 2dzi 2F (GKS 3IANERdz

lan Copeland of Bechtel Power:

It is a great technology and it has the lowest set cost ofteéity. But it has problems with scalability.
There are limited locations around the world where you can get to hot steam that is not very, very nasty
stuff. A lot of the cost of a geothermal power plant is in the pipe that goes down a hole. And just like
the oil business, you have a dry hole ri8k.toenhanced geothermal, if you think about the difficulties

that the oil patch has with respect to characterizing and making sure that they are actually managing a
field, think about putting drill hole dow and actually then fractionating ground in a way in which you
can drive it through. There are significant technical issues that are not above the ground.

Jake Erhard of ArcLight Capital Partners:

We at ArcLightown three 8@megawatt geothermal power phts located on the US naval base in China
Lake, California. Those projects were developed in the late 70s. They were projected, through the
depletion of the geothermal resource, to be operating at probably half of that capacity today. But
through life exénsion that is pretty unique to the geotherma!

industry, by enhancing the resource through water injection a

developing enhanced geothermal through binary fluid transfer, \ |t you really want to alve the

are operating at those plants gteatercapacity today. climate problem and you are

_ o ~willing to deal with the stranded
But geothermal is a vgrlimited resource and a very challengir jqset cost of a bunch of old power

one to exploit. Most of the viable geothermal resources in NoI pjants that today are 28%, 26%,
America have been identified and for the most part, exploited. \ 25%, 30% nuclear fission and you
are looking at some new, green field or field expansi want to go to supercritical or ultra
geothermal within our fadiiies. Frankly, they are not nearly a supercritical coafired power

efficient as they were 20 years ago. plants, you candlve the climate
problem tomorrow.

What it requires from the State of California is a politic - lan Copeland
willingness to pay a higher price for that type of power. The

California Public Utility Commission and the legislatgemerally has supported that political choice
whereby they are paying more for geothermal than they would for wind and certainly a lot more than
for fossitbased fuels. It is that kind of choice that will ultimately drive the development and exploitation
of more marginal geothermal resources.

Q2: Do any of you have concerns about seeing too much natural gas used in baseload power? | point out,
first, the price volatility, what that can do to the electric sector, and second, the energy security issue: if w
have a lot of natural gas in our electricity sector, would that mean we are using more and more natural gas
from foreign sources?
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Robert Shannon of Siemens Energy Technology & Innovation:

The natural gas market has become a global commodity; not tog kEgo, it was a set of regional
markets: a North American market, a Europe market, an Asian market. That has mostly been driven by
the buildout of liquefied natural gas (LNG) technologies, where there are ports being made and ships
being built and liceress being grantedf LNG builds out, then it will make it truly a global market. | am

not really a financial analyst. so | do not know if they kind of balance things out. But it seems to me that
that would put some balance, some dampening into the system.

lan Copeland of Bechtel Power

[ SG YS IRRNBaa dGKIFIGd 2SS o0dAtR Fo2dzi pm: 2F (GKS g2
to the volatility of gas in thenarketplace It has, to some extent, decoupled from the oil marketplace,
but not completly. Certainly it has become a lot more fungible with the LNG capacity around the world.

I do not think you ever get away from the fact that gas, like a lot of fuels, will have variabiliy

pricing If you have a lot of your system built on a partér fuel source, you run the risk of having
displacements. The amount of gas capacity that was put in play in the early 2000s caused a significant
disruption in the electricity supply marketplace, because it all came on at once and the market
collapsed. @s pricing went through the roof, because everybody was trying to get it. And there was too
much capacity on stream.

The problem today is those d@ar commitments in terms of building something or getting a permit.
Today in the United States, getting arpét for a coal plant is next to impossible.

Jake Erhard of ArcLight Capital Partners

Are we going to be, here in the US, a participant in the global LNG mdrk#i@ early part of this
decade, the consensus was yes, and very soon. A tremendous ambragasificationcapacity was
built on our Gulf Coast and along the East Coast here in the United
States that today is virtually empty, with the exception of a couple
Ly G2RI&Qa YI NJ ! oflegacy contracts, deals that are basically baseloading the energy
revenuebased model thatrelies  into the Boston meket. And a lot that has to do with what was

not just on tax incentives buton  mentioned earlier about the domestic supply of natural gas.
regimes set up to create lorgrm

revenue streams that will facilitate  Now the oil and gas companies have figured out how to exploit
financing, bring gaital back into  shale, this highly hydrocarbeintensive reservoir rock, actually a
UKS YEN]SULX FOS  yesource rock, throug a course of drilling and stimulation
period of uncertainty to a more techniques that is yielding incredible amounts of new domestic
e Ui e gas supply and has effectively displaced LNG. If you look at what
- Jake Erhard . . . .
the market is saying about how the public debt and equity at some
of the LNGocused plagers is performing, no one is expecting that situation to change anytime soon.
There is clearly a significant amount of natural gas here in North America. What the market knows is
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that when demand and commodity prices recover, a significant amount ahdriin be done to supply
and meet that need here.

Q3: Jake, how would the investment in renewables, and of course baseload, be affected by carbon trade, a
cap and trade? What would that do to investment models?

Jake Erhard of ArcLight Capital Partners:

In theory, the availability of carbon renewable energy credits and the ability to trade them and monetize
them at the marketplace clearly create some additional incentive to build, own, and operate renewable
energy plants.

But the trading markets have someal limitations; they really do not send loigrm price signals. You

can, at best, maybe go forward three or four years into the voluntary carbon markets and the Europe
carbon exchange. But three or four years is really not sufficient time to makendicsigt capital
investment.

And where you have seen a lot of renewable energy investment in the United States, as in California,
state renewable portfolio standards have been implemented whereby the utildies required to
procure increasing percentages their power from wind and other renewable resources. And that,
more than the prospect of trading credits, has fueled the massive amount of renewable energy
development in the state of California, for example
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Energy Storage for the Grid: How to DedivRenewables on Demand

Overview

The electricity industry has traditionally solved the problems of cyclicality and volatility of supply
demand, exacerbated today by increasing use of renewable energy sources, by building more |
plants. Storing energy has now become a viable and urgent alternative. This panel discusses tl
approaches to the challenges of energy storage, their achievis to date and their views on what
will happen next. Among the points discussed:

w d! [AGGES t26SNE ClLaidzsé @gaod a! [20G 2F t
w Renewables Threaten the Electricity Industry
w Innovation? The Same Old Technologies, Packaged Better
w Educating Regulators to Recognize the Market Value of Energy Storage
Panel

Gary Colello, CEO, Premium Power

Matthew Nordan, President, Lux Research

Ali Nourda, Manager, Distributed Energy Resces, American Electric Power
Moderator: John Parsons, Senior Lecturer, MIT

Moderator:

| was asked to give just a brief introduction. First, electricity is a very convenient form of energy for the
user, but it has one terribly important peculiaritst least in the form that we use it on the grid: the
amount of electricity produced has to exactly match the amount of electricity that is consumed at every
instant in time. That places major demands on how you run the electricity system.

Second, demandf electricity is very cyclical throughout the day, the days of the week and the seasons
of the year. In addition, electricity has an enormous amount of sterh volatility in demand that has
to do with things like weather. That cyclicality and that ¢krain volatility in demand, in a system that
has to be balanced at every instant between demand and supply, places great demands on the system.

At the moment, our main storage technology, the one that you do not really think of as storage, but
provides allof the backup ability to supply power at any point in time, is the construction of excess
capacity in the form of power plants. Today, however we are going to talk about the forms of storage
that could substitute for having to have many different kindspower plants on line at any point in
time.

A 2008 graph of wholesale electricity prices in the Boston area shows what the wholesale price of

St SOGNRNOAGE f221a tA1S® ¢KS TFIOG GKIFG AGQa aordd
supply and demand at every instant. The median price of electricity in the Boston area wholesale is
about $75 per megawatt hour, but prices often fluctuate to two and three times the median and a few
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times get up into the area of eight and nine times that prié&at is the economic reflection of our
inability to provide easily stored stocks of electricity to smooth out our delivery across the demand.

CKFGiQa GKS 2fR aid2NE Fo2dzi & Y2YSyi
problem in storage. On top of the very cyclipattern of demand,
we are now putting certain forms of electricity generation lik
wind and solar that themselves have cyclicality and volatility. might do it is imeshifting wind

matching dgmand and §upply }Jecom,ezs an e\A/en mgre diffic power, being able to Tivo the wind
LINEOt SY® 2 AUK UKFUZnewB&yNDBSURbE and solato use when thesunis U K'S
storage so that we can smooth out the production of electrici not shining or the wind is not

and lower the cost. blowing.

Why are we interested in storing
those electrons? One reason we

- Matthew Nordan

Matthew Nordan of Lux Research:

[ SGQa GKAYy]1l F2NJ I YAydziS Fo62dzi O2YY2RAGASAZ I 02d:
availability; where d we store them? So, where do we store the water?

Audience 1:

Tanks, reservoirs.

Matthew Nordan of Lux Research

Where do we store the grain?

Audience 2:

Silos.

Matthew Nordan of Lux Research

Where do we store the electrons?

Audience 3:

Cfry18ihax

Matt hew Nordan of Lux Research

'Y TFTLIINBLNARFGS yasSNE 06SOFdzaS ¢S R2yQie® LG Aa Gl
every bit of commerce and industry, every bit of your life depends on it in one way or the other, and we

do not have any plze of putting it. Imagine that when you had your computer and your computer had

022 Ylyeée GKAy3a G2 R2X A0 RARYQU RStle 2yS GKAy3T
asks you to install an additional microprocessor to handle the pea#t you had just for a second,
fAGSNItfes 2dzad F2NJ I aSO2yR® ¢ KI  Qfredduidingsthata S R2 A
may go once or twice a year but we keep them spinning all the time so we can precisely match supply to
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discuss today.

Why are we interested in storing those electrons? One reason we might do it isshiftieag wind
power, being able to TiVo the wind and solar to use mitlee sun is not shining or the wind is not
blowing.] Si@& dzyS (GKIFId 6SQNB 3I2Ay3 (2 |
: compound annual growth in installed solar and wind capa@yy
Ourgoalatthe endofthedayis  \ h vy 32 d20R KIF $S pcp IATLSLGGAD ¢KS
that every single application shoulc . . .
_ _ those sites, we 1@ going to install energy storage to buffer them
have multiple values. Otherwise, .
N so we can level out the load and get the benefit of the power at
we cannot keep justifying it on the } R ) )
net present worthvalue basis theA '[Im?S when generation is not necess,arllly at its peak., If thete )
_AliNourai #SNB pPnnan F 1Af26l G0 F2NJ GKFG ad2n
$11.3 bilion market.

That price is much higher than most utilities are interested in paying. That penetration rate is very low
compared to what you can ultimately achieve. Those humbers do not really matter. The point here is no
matter how you slice it, even thizne application alone is a multi, mulillion dollar market. When you

add other things on top of that, it starts to get really interesting. What are those other things?

[LEE[9 th29ws C!{¢3é +{Pd &! [h¢ hC th29wxZ ah

You can think aboutthektA y 34 &2dz Oly dzaS &ad2NJF3IS F2NJ 2y | 3INKI
YSSRKé¢ |YyR Ay GSNXYa 2FzX a452Sa A0 ySSR G2 o6S *Flai
GKSNBE IINB f26Ga 2F GKSYI TFlLff ANME2NBLRt &dOIZ30®d ¢ K
refer to as grid support, where you want to inject power very rapidly to do something, such as keep a

nice constant 6fertz cycle to overcome a voltage dip.

¢tKS 2GKSNJ o0A3d 06dz01SG Aa al HBR2ESTLaAGO2TFCKZ2ASNE Rz
AKATUAY3AY o6SAy3a 6fS (2 o6dz2 St SOGNROAGE RdzZNRAYy3 GK
day. This is load leveling, which is what tin& A F G Ay 3 NBYySslo6fS Aad LiGQA
distribution] mitigation if you are a utility and you need to build a new transmission line out to a new

housing development popping up, but regulations are likely to prevent you from doing that. Rather than
building new distribution, you could just store the dtaf the end of the existing wires at night and then

deploy that during the day. You do not have to build new T&D infrastructure. So there are lots of
NElFrazya (GKFG &2dz YAIKG glyd G2 R2 | 20 2F addzF¥T

These two marketegments end up being really, really different, no matter how you measure them. If
you look at market size, the grid support segment is under $1 billion, but it is still prettihbignbent
technology is here to do this, that is, banks of lead acid bseBut for the most part, people do not

use any kind of battery, or anything ejshey just build gafired turbines and turn them on twice a

year. There are other ways you could do this as well. You could store energy mechanically, you can have
a flywheel, something that you spin up and the storage comes in the momentum of the things spinning
around. You can do it with a more advanced form of battery that is faster and has higher energy density,

Neuron Global Inc -53- Conference Insight Report



\\\Al,/
< G

like a lithium ion battery. And you can store it in somaththat does not have any problem with
running out of charges, like an ultra capacitor. It will basically last forever.

For the bulk energy storage segm&nt af 24 2F adGdzZF¥3X odzi aftz2¢fexe GKS
tiny market: by our mathabout $120 million in 2007, but it is growing a lot faster. The conventional

ways of doing bulk energy storage are kind of tapped out. The oldest way is pumped hydroelectric,
GKAOK Aa olaAaolffe LizyLAy3a ¢l (SNJ ditidkestifting viayne G KSy
dam. The other is compressed air energy storageen the wind is blowingye use that to compress air

and then we sort of pull the cork on the compressed air and it will whoosh out. We can use that to drive

the turbine instead.

To count the progressive energy utilities in the U.S., you need both hands but not your toes. And they

are very interested in deploying systems like this, to the extent that it allows them to get around the

cost and environmental regulatory issues of buifl new plants, building new transmission

AYVFNF a0 NHzOGdzZNBd . dzi Ay GKS YFGK GKFG 6S KIFI @S R2y¢
some little niches if you have just one of these applications. You really need to get at least two of them:
onethat can do a lot slowly and one that can do a little bit fast.

So, how are we going to get around that? In a consulting study that we did looking at a new battery
technology, looking at just the peahaving application, as the math works out, you seis thig

negative number in net benefit per yeatl these batteries cost

@2dz Y2NB (KIy @&2dz 3Sd ol O1 ¥ 1K @Ay 3

(2 KI@®S 82YS 2GKSNJ @I £ dz8 adN LT €2d0QNE 42Ny AYy, 5 5
comes down to how many kilowatt

What does the future look like? Two radically diéfiet ways this hours per dollarin order to be
could go. One of them is the mainframe computer vision, that €conomically viable, you have to
KFEgS | 3IA3FyiAd 02E FyR ¢S a 'f“’“’dgcet;‘;géoragekfompo:em 1KS &2
a lot of people working on this. At the other end, it might loc or about Per .|owatt OI.Jr
) i ) . and about $250 pekilowatt, which

very different. It might look like a swarm, me like Kazaaor . .

) ] is essentially about half of where
Juiced where you have a lot of little boxes and you swarm the o« chemistries are now.
together so that you can reconfigure them to do bot _Gary Colello
applications.What is likelynot to be in our view, however, is
having hybrid electric vehicles plugged into the gridtes wnits that get swarmed. The main reason is
the cycle life: if you buy one of those carand we are just now to battery technology that lets you to
have enough cycle life to drive for five or ten years without replacing the batterf & 2 dzZQNB y 2 ¢ 3z
let the utility just charge it every night, are you going to be okay with tb@in the lifetime of my car in
half? No, | want you to pay n&So, at least until battery technology changes, we can disabuse ourselves
of the vision at the bottom.

Noura of American Electric Power:

l'a dziAftAGEe 3Fdeaz ¢S INB O2yOSYidNIXGAYy3a yR F20dza A
makes sense. And before even starting, | can say the biggest challenge we have is how to apply it
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properly such that we can&t £ AT S YdzZ GALX S @I fdsSad ¢KI{iQa
realize it or not.

RENEWABLES THREATEN THE ELECTRICITY INDUSTRY

One of the reasons that we started with energy storage in American Electric Power is that we noticed
five to seven yem ago that our business was being threatened, by something that everybody loves:
renewable power. The number of people who have been connecting their solar cells and other things to
our system in the last ten years went from kilowatt to megawatt. And dopdg may say, so what? It is
great. It is renewable. We love it, too, but we have no control over it. Imagine a significant percentage of
your energy is provided by somebody who may turn it off and on whenever he feels like it. He may not
maintain it. We annot detach it. That is a threat to our business.

¢tKSY ¢S Ia1SRZ d2KIdG FNB ¢S 3F2Ay3 (2 R2 Foz2dzi AGK
control and nonutility2 6y SR ISy SN} A2y o . SOFdzaS GKIFG At GKS 3
have that kind of energy whether we like it or not. So, that is why we got started.

TKS 1Seé @lfdzSs 6KAOK Aa faz2 0GKS FyagSN (2 Ylye |
2dzaAGATe &4dzOK SELISYy&aArdS &2 NelaArSkhere. Wé haliekas ecandmics (0 S 3 A ¢
model that we use it to find out the least negative present worth
value, or sometimes the positive, to choose a site. So, with that

Battery technology progress is 1AYR 2F I RNAOSNE GKS FANRG SySNHE
measured in decades or in al megawatt, ®Y 0 dzA f l:l 2 b ! { wa 2 F’Q A dzy adzt ¥
centuries, not in years or in working for three years beautifully. It shaves the peak, allows us to

quarters. The principles of nickel  defer capital.
chemistry, lithium chemisies go
way back far before any of us were By December 2008, we had put in six more megawatts of the

born. same type of technology. Each of the 2 megawatts at each
- Matthew Nordan different site is the size of a doubtiecker bus. One of them is for
dynamic islandingwhen the power goes out, those 6 megawatts
of batteries are put in to feed the neighborhood for hours and hours. It gives the utility plenty of time to
go and fix the problm or for the power to come back.

Going forward, we just had a contract with Beacon Power, a Boston @yeganythey provide
FfteogKSStd 2SQNB 3F2Ay3a (G2 KFEGS wm YS3ALglrald 2F Ffeécg
realize another valudrequercy regulation ancillary service. Our goal at the end of the day is that every

single application should have multiple values. Otherwise, we cannot keep justifying it on the net
present worth value basis. We started because of the Hemm strategic valugbut we have to move

into making it viable onitsownshet SNY o6l aAao {23 (KAa Aa GKS (KANR

This year we want to try community energy storage, which we believe is a-glaamger. This is similar

to the transformer that some of you mdyave in your backyard. People are used to it. They do not
object to it. The battery that goes in it, and it is the one that is going to be used in electric cars. That
battery has competition that keeps the price down. If we aggregate and control hundfdédem at the
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same time, it effectively does the job of big storage, except that it is closer to the load, it offers better
service reliability, and because of the competition, a synergy with the car industry, the price is going to
go down, not up.

If you notice, there are sets of service values and market values. Unfortunately, because of the
regulatory challenges, you either have to go this way or that way until regulators realize that we should

be able to monetize all those values. And | believe thisabA OF f t @ 02YS& R2¢y (23
OKIFffSyaSaKeé 2 Al K2 dzére e@hdmicthalleygészwhighSaie lara tryigto riekt ®y

multiple value strength and by regulatory challenge, where the solution is education.

Gary Colello of Premium Powe

LQY FNRY t NBYAdzY t26SNJ FYyR ¢S LJzi (23SGKSNJ a28aidSy
that we make are systems that apply four categories: standby power, which is generally a UPS
[uninterruptible power source]; renewable generation pediifng; demand management, which falls

under renewables in my mind; and utility infrastructure, which | watdtegorize as asset deferral. The

chemistry is very inexpensive to purchase, maintain and dispose of. And at the end of the day, cost will
fundamentally drive the acceptance of storage on the grid.

The machine is essentially what | would refer to as a regenerative fuel cell. We have taken hold of an
inexpensive chemistry to offer turnkey or black box products for utilities to use. We make thimgs f

2dzad | FS¢ (Aft2é6lGGax dzJ G2 KIFIEF YSALgLGlid b2 A
machine. We have bridged the gap from energy arbitragep's

answer services providers. So, we can in fact provide short bu

of power to deal wth regulation issues and also have a very lar The key for distributed is not that it

supply to feed those sort of loai S NY Y I NJ S & ischeaper. The key is national

finished supporting the grid. security. We do not want huge
storage facilities that can be blown

| put a couple of economic examples here because | go to th up. We would like to have

conferences every once in a while and everybody agks,2 ; thousand and thousands of them

YIye {(Af2gFGda LISNI T Af 23NI Y} throughoutthe system, sono 4| § § 3
82d2OQNB 62N]lAYy3I 2y GKS INARE matter what happens, deIibe.rate0|l-j 2 K26
hours per dollarin order to be economically viable, you have 1 natural, the system can s:frvwe. ,

produce the storage component for about $200 per kilowattih - All Noural

and about $250 per kilowatt, which is essentially about half of where most chemistries are now. We, in

fact, happily shift these costs. Again, not the sexiest chemistry, but certainly when it comes to dollars

per kilowatt hour, which is the question sk and get answered, it seems reasonable.

Moderator:

Has anything really been changing in storage technology? Are we interested in storage now just because
we have more demand for it and we are now going after technologies that have always been there?
Have there been incremental improvements in storage? Or has something changed in the background
that is giving us some opportunities that we did not have before?
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INNOVATION? THE SAME OLD TECHNOLOGIES, PACKAGED BETTER

Matthew Nordan of Lux Research

Ali

We have a bunch of approaches that we can take and then variations on those approaches. There is not
a lot new under the sun. Battery technology progress is measured in decades or in centuries, not in
years or in quarters. The principles of nickel chemisittyiuim chemistries go way back far before any of

us were born.

2 KFG Aa afA3akKidfte RAFTFSNByYyG y2¢ Aa yz2a NBFtfte i
understood technologies and they are more about engineering than about science and icaiples.
2KIFG Aa yS¢ Aa G GKS abF tAGGES oAlG 2F AGX NBFTfe@
exposing more surface area of electrodes in lithium ion technologies. At the cutting edge, a bunch of
things that are being worked on arpretty radical ideas. The
David BradwelDonald SadowawllHiquid magnesiumantimony
battery, which is designed to operate like an aluminum smelti \what we are seeing right now in
plant in reverse, is a totally radical, completely different approa energy broadly, not just in storage,
that is aiming to satisfy speedatisfy energy density, and to use¢ is large retailers and utilitiesvo
abundant materials. continue to have access to debt
financing becoming kingmakers,
Nourai of American Electric Power: because they can guarantee a

project, even if the startp
None of the highesimpact developments, like the Internet or ce involved has to build a

phones, have much innovative technology. They are the same manufacturing facility in order to
technologies, packaged bettdrthink that was the key word. The deliver it.

same applies to energy storage. Sodium sulfur, which we - Matthew Nordan

using, was an American invention more than two decades ago.

The Japanese packaged it a lot better and we started using it. When it comes to packaging, Premium
Pawer is one of the best packagers. They put their storage on a trailer. Now instead of spending months
installing, we can just drive or haul one of those trailers over the course of a matter of half a day.

The second part of the answer is renewables. Thathat is making a lot of people, politicians included,

wake up to the fact that we have to have a buffer. Storage is the buffer. We cannot just have the energy
when it is available. We need it when we need it. And storage has been recognized as tiansolut

¢ SOKy2f 238 Aa KIFILWLISYyAy3dIS A0Qa AYLINRGAY3A odzi y2ia |

Moderator:

L FY I FANY O0StASOSNI GKIFI(G 020K LRfAOE |yR o0dzZaAySa
like to hear a little bit about whether pieces the policy system regulatory rules, government policy,

the way we structure our industtyneed to get changed so that new technologies or the ability to

exploit the technologies are realizable.
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Ali Nourai of American Electric Power:

This question primarily goes back to the regulators and policymakers recognizing the value. Five or six
years ago when | started going to conferences for energy storage, you could only see engineers. Now
more than half of the room is filled with the venture capitalists and politicians. That basically tells that
GKS@QNB NBO23ayAl Ay3d Ado

There have been barriers. | even indicated this briefly when | spoke d@heuharket value of energy
storage versus seice value We cannot play both, because if | use my storage to make money in the
YEN]JSGZ L OFryy2id 32 (2 GKS NB3IdzA Fi2NBR FyR aleéez a.
GKS St STodireghlaoksi2yd@3 G £ £ 26 Y By s@git has 20ha 100% for $ie gedple. ¢ K
But those values are there. They help justify it. It takes time to recognize the many different values. It
has to be allowed. It is good for the society. There has been a strong resistance against that, which is
diminishing, fortunately.

But the other challenge is the utility side. It is not easy to have multiple values realized per application.
They have to work on their side in educating themselves and we have to work on our side to learn how
to do that. If you ddhese two, the two barriers are gone.

Audience Q&A:

vMY LQY GAGK I fFNBS /IFTEAF2NYAlL dziAfAdes { 2dzi KSNYy
which is generally already at abowearket prices and has to be subsidized by the taxpatremugh
investment tax credits or production credits, and then also subsidized by rate payers, through utility
incentives. And then because of the intermittency, it requires systems like these, which are very viable
solutions but add to the cost. And tngi to explain to some little old lady on a pension why her electric prices
FNB R2dzofAy3 Aad y2i0 &a2YSGKAy3 dziatAade SESOdziA@Sa
generators have to pick up, because it goes with the technology. Do you havdeas how to address

storage cost and who is going to pay for that?

Ali Nouraiof American Electric Power

The answer is not simple. We recognize again the strategic value as far as the sustainability of the
business. So, when we were thinking aboutyld A G F2NJ 6KS FANBG GAYST (GKS
adzNB ¢S OFy 3SG AG Ay (GKS NIXGS fAaidkKé ¢KS |yasgSNI
The economics may not be there, but we saw it as valuable enough to do it. And at the samedime,
have been working very hard with the regulators and other people to let them understand that this is
needed for everybody.

But then going back to the other side of your question, the old lady and renewables: well, you have to
put the old lady versushe environment. Do we want to keep burning coal, and making a lot g? OD
do we want to invest and reduce the environmental impact? Whether we put storage or investment, it
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decision: even though certain people may not benefit, society as a whole will benefit. Storage is one of
them.

Q2 How do you think that energy storage would affect ktegn capacity planning in both regulated and
deregulated regions? Theiis talk about how adding a lot of renewables in the grid may change the
generation mix, maybe less baseload, more peaking generation. And there is also talk about how well energy
storage could actually be used, maybe reduce some of the installed caibatityay not be utilized very

often. How much of that capacity could storage provide reliably?

Ali Nouraiof American Electric Power

The discussion should be on capacity, its value and how much of it we ndwed .utities have been

doing is building generator for a few days of the year, and the rest of the year it is wasted. Storage
does not need to be wasted. For a few days of the year, we dedicate it to peak shaving. The rest of the
year, we can play the market on energy. We can do frequency regulaEP started backup power.

The three storage units that we sent out, we deliberately picked the worst performance circuits in our
system, where the power goes out almost every other day. This adds value 12 months a year.

But how much of that igood? For peak shaving alone, we may not need much. But for backup power, it
is different. So, we look at different values until we find out what size we need. It does the peak shaving,
capital deferral for five, six days of the year. But the rest of the yeanvilleise it for other values. It is

such a simple asset.

Q3: Could you comment on the potential for distributed energy storage in emerging economies and
combining that distributed storage with distributed renewables?

Ali Nouraiof American Electric Power

From the time when we started to put storage in, | insisted on distributed. The key for distributed is not
that it is cheaper. The key is national security. We do not want huge storage facilities that can be blown
up. We would like to have thousands atmbusands of them throughout the system, so no matter what
happens, deliberate or natural, the system can survive.

Then we learned later that the closer the storage is to customers, the more reliable is the service. In
fact, in our 2009 plan, we are ggjro put it in the backyard for every four or five houses. It is almost
100% guaranteed service. We found out that three to four hours maximum is the storage you need for
90-plus% of the outages we have. So distributed is the answer for reliability afsery well as national
security.

Q4 Mr. Nourai, you mentioned multiple times that the key to making storage work is getting multiple
benefits and AEP in most of its market is a regulated utility. A lot of the energy used in the US is In
deregulated arear the Northeast, Texas, California. In those markets, pretty much by the way the entire
initiative is structured, the peak shift that you talk about goes to one entity, the T&D benefits go to another
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entity, which essentially means that the cost points @ and Mr. Colello were pointing out are cut in half.
What canwe do and what does that future look like?

Ali Nouraiof American Electric Power

Education is the answer. In the case of Texas, they opposed it at the beginning because in Texas, AEP is
wires only. We have 11 states, but that is the only one in which we are not allowed to have generation.
And they said storage is generation. You are producing energy. It took us some time to make everybody
understand that this is a shock absorber. We haweess shock at night; we absorb it. During the day we

need it, we release the energy. We do not generate it out of air or fuel. We just absorb it and release it.
And after six months of talking, we got unanimous approval.

Q5:Would AEP make deploymesitalepurchases of product from a staup company?
Ali Nouraiof American Electric Power

[ SG YS G(Stf @2dz ¢KIdG L ¢la (G2fR 2y GKS FTANRG LINRZ2
it in a real world application. It has to work. Your jobristiee line. Would you go to a staup company

who has never tried that? Of course not. However, we are working very hard to bring different
companies into this, because we need competition. We need price reduction. And | am sharing my
experience with a lbof startups: what is needed and what kind of packaging, etc., but we have not

tried a startup yet because basically, the attitude of people is this is not R&D.

Q6 In the wake of the financial crisis, all capitatiensive industry, including renewabénergy, has faced
difficulties in raising capital. Is the energy storage industry facing similar challenges?

Gary Colello of Premium Power:

| have seen a couple of orders delayed, but for the most part, we cannot build fast er@artginly
some researh is slowed a bit. But at the end of the day, everybody expects they are going to turn on a
light switch and get power.

Matthew Nordan of Lux Research:

t NEBYAdzY t26SNRa FAYIYyOAy3d LlaAiAilArAzy az2dzyRa OSNE 3;
actually make these things, the likelihood that yais, a starup, are going to get that financing to build

a $20, $50, $100million-dollar production facility asymptotically approaches zero. However, if you

have a big customer that is going to deplojotof what you are doing and they are willing to finance

GKFG FyR GKS& KI @S aINBFG ONBRAG FyR I O00Saa G2 OF LI

What we are seeing right now in energy broadly, not just in storage, is large retailers and utilities who
continue to have access to debt financing becoming kingmakers, because they can guarantee a project,
even if the stadup involved has to build a manufacturing facility in order to deliver it.
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Accelerating Change in Global Energy E=— MITENERGY CONFERENC

| do not think that is going to radically change. Your p@rd great one that these are very defensive
ai201aT (KSe@QNX OSNE RSTSyaAagdS AyRdAGNRASaAD t S2 LI S
doing well or poorly, so that it is the balance of power that moves.
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Afternoon Keynote Address: The Hoday InsleeUnited States House of
Representatives

Overview

Representative Jay Inslee of Washington State is atlorgadvocate of
clean energy, protecting the environment and addressing global
warming. His address suggests what audience members can do to
advance theséssuesand what Congress can do to help them bring
Fo2dzi GKS SO2y2YAO NB@2ftdziAazy
Gadzyl YAaé 2F SO2y2YAO R26y 0 dzNY
discussed:

The Hon. Jay Inslee
United States House of
f ARevolutionto Grow Gree@ollar2 68 I YR { I &S Representatives
Atmosphera Immediately
i The Energy R&D Budget: Equivalent to that of the Manhattan
Project?
9 The Power of Crisis to Bring About Change
i The US: the Arsenal of Clelanergy?

The Hon. Jay Inslee

I am here to say that it is time for Congress to sweep away old ways of thinking, old laws, old statutes. |
thought | wouldaddress three issues:

1. What role you can individually play in this cleamergy revolution

2. Why | believe the cleagnergy revolution will succeed

3. What the US Congress can do to assist you in your efforts to bringnéuseconomic
revolution to Americaand eventuallyto the world

WHAT ROLE YOU CAN PEAY REVOLUTION TO GROW GREBMN.AR JOBS AND SAVE THE
PP!'b9¢Q{ !¢ah{tloOw9X Laa95L! ¢9[,

Point #1:Let me tell you what | think you can do in this revolution. And | note that you, the students
here at MIT,the venture capitalists, the business leaders who are developing these scientific new
breakthroughs, are the people who are important in this revolution, not the politicians.

We know we need new technology to solve this problem. aléeknow we have twin lcallenges before

us that are very daunting, that hit us as two tsunamis at the same tiMehave had this economic

collapse at the very moment we have had this climatic collapse, and they both necessitate immediate
attention. They both necessitate a reutibn to grow greerO2f t  NJ 226a& | yR (2 &l
atmosphere.
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Point #2: Why do | believe we will be successful in this redatdearken to a son of Boston who
recognized a fundamental principle of American character. On March 21, 1961, John édy<eant in

front of the US Congress and said2e are going to put a man on the moon in 10 yea#s. the time, a

lot of people thought that was just a nutty thing to say. If you will recall, the Russians were killing us. Our
missiles were blowing up omé launch pad. We had nothing but a

rudimentary computerWe were way, way behind the curve.

But John Kennedy recognized a fundamental tenet of t John Kennedy recognized a
American character, which is that we have an energy source | fundamental tenet of the American
that is unrivaled in Saudi Arabian oil @8] the Chinese coal fields Z:i:;;‘i;uVrV:;CEe'fet?;att"lvse TR
anywhere on the planet. Earth. And th.at is thg Amencan intelle unrivaled in Saudi Arabian oil field
and the American engine of dynamic creativity and econor the Chinese coal fields, anywhere
growth. And as a result of his recognition, he rallied this country . he planet Earth. And that is the
this project and succeeded, aridspired people at MIT, whose American itellect and the
graduates designed the computer control system for the Apc American engine of dynamic

Lunar landing. Thank you, MIT, for doing that. creativity and economic growth.

Now we have the same situation facing us. And we now hi - The Hon. Jay Insle

another leader who is calling us to the same challenge, laam

LINR dzR 2 NBLIR2 NI G KI (-Statgof the UdibnGSpeetine lary $tils@archidgM®ati b 2 y
tocallit i1 KS @SNE FANRG GKAYy3I KS YSYyiA2ySR Aa ! YSNROLI C
muscle and dollars and strategy and enefmhind it. We have a new revolution. We have a new
inspiration and we have a new cause. | think it s very applicable to the original Apollo project and we are

ready to rock and roll.

THE ENERGY R&D BUDGET: EQUIVALEHNMAT@F THE MANHATTAN PROJECT?

Howare we going to accomplisill of thik L Qf f 2dzad y230S a2yS GKAw3Ia (KL
adjusted dollarswhen you compard¢he energy R&D budgets for the World War I Manhattan project

the Apollo moon project and ourecent efforts to savethe planet Earth and grow a greeollar

economy, tke last figure isdown in the swamp of nothingness. We need to make a national
commitment commensurate with the nature of this challenge. And#blis to get that budget up to a

level equivalent to the Agilo project. We are now heading in that direction, but that is #bb

b2¢r 6Ké R2 L 0GKAYy]l ¢6SQNB 3F2Ay3 G2 3SG GKSNB Iy
inventions? | just want to share sorstriesof the people | have been talking with in thest couple of
weeks:

f Three days ag¥inod Khoslaa big investorincleaBy SNH& NX &SI NOK (2f R YS:
our first manufacturing plant for concentrated solar in the last two decades in Neyadhve
just made a major significant breakthroughiemoving carbon dioxide from the flues of coal
fired plants and permanently sequesterinbe carbon dioxidein a cinder or cementype
building material like cinder block, so we do not have to have a negative geological cost for
sequestration
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1 The nextday Susan Petty of Green Lake, WA, described to me her engineered geothermal
system of pumping water down to hot rockarning it into hot water, bringing it up and driving
a generator with that. What does she need to do this? A little geologic chaizatien and a
pump that will work at 300 degrees in high pressure.

1 Ijusttalked to a friend today who is working at the A123Systems battery company. A123 has the
potential to stop Americdrom exchanging an addiction to Saudi Arabian oil for an addictio
Chinese and Korean lithium ion batteries. | am pleased.to
report that we got $2 billion into the stimulus package ft
advanced battery research and deployment in th
country, so that we can build lithium ion batteries here.

1 In a coffee shop on Bairidge Island, a guy comes up t _ _ )
YS IyR &ala&das a/2yaNBaavl their competitor has a price N2 0 S NI
My company is developing ways to produce chemice associated with carbon, we will set
indistinguishable gasoline from algae at commercia More capitaflows into this

Once there is a price on carbon,
once clean energy recognizes that

GAFofS NYGSa dzaAy3a al f gl industry. 2F dbe L
little skeptical when people tell me these things, so - The Hon. Jay Insle

a1 SR a52 @&2dz KI @S lye Y2ySé& O0SKAYR UKAAZ w20
88AY - YAffA2yA @Fe RENI LIBE®2 Y HSHOKE >! wRIKS &l &3

chief refinery operating engineer away from BritishiPeR f S\dz2f dwé, construction has
started on their first prototype plant.

I Three days ago, | read about a Seattle company that has developed a way to transport radium
SySNHe&s> (KS adzyQa Nleéax R2¢6y RSSLISN hyiti G§KS C
at 3 feet or 3 meters rather than just a few inches.

I cannot get out of my door without meeting the fruition of intellectual genius in this country. It would
the highest shame if we do not use the current crisis to allow this intellectual fartodolossom.

THE POWER OF CRISIS TO BRING ABOUT CHANGE

Point #3: What can Congress deo help the situatonZCA N&B G2 € S Qa Gl €1 |o62dzi K
people have said that as the Dow Jones went down, so should our commitment to the futuraf cle

energy. That is exactly backwards. The economic crisis we face is an event that should liberate America

to break the chains of our own old investment practices and methods of using and wasting energy, and

start anew. Why?

9 Itis economically necessary do this. Someone said yesterday, you see the stars best when it is
dark.The economies that yqun this room representare the brightest stars on the job creation
horizon. It would be a crime not to recognize and seize that in its highest dimension.

1 Aneconomic crisis creates the psychological conditions for change. People only change when
there is a crisis. So | believe we need to seize this monReasidentObam®) & | RGA a2 NJ wl
EmanueB AR AG 0Sady a,2dz aK2dzZ R ySOSNI I tft2g | ON

Soin the next several months, the Presideahd we in the House of Representatives and the Senate are

going to be committed to turning this crisis into green. Not just green ecologically, but green monetarily.

And | would like to talk to you about what vitend to do in that regard, théd S@Sy & Ydz2NI A€ 2F
energy economy.
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1. Level the playing field for clean energy technologieRight now, the game is rigged because
fossil fuels are getting a free ridey using the atmosphere as their personal dpimg grounds at
zero cost. V8 haveto fix the market system so that it sends the right signals to investors and
purchasers of products. And that is why we intend to pagsé@ andinvest bill that will

Cap the amount of carbon dioxide this nation putsa the atmosphere in a year

Use market mechanisms to determine who will have the rights to pollute via a system to
auction those permits

1 Pow back, at least in significant part, the revenues from that auction inédrilustry so we

can continue to germate capital and R&D dollars so these technologies can bloom.

1
1

Once there is a price on carbon, once clean energy recognizes that their competitor has a price
associated with carbon, we will see more capital flows into this industry.

2. Arenewable electical standard and/or a feedn tariff. Because the deck has been stacked for

so long against clean energy technology, we need some dessidedpull for this technology. And

we want to follow the 22 states that have adopted a

renewable electrical standardvith a variety of measures

eallinAg J‘or incre?sed measuresvof renewa?le energy ,in ' We have a grid system that Thome

St SOUNAOFf ANARD® ¢KS Y2zal Edison would recognize: it is FdQa o
for 25% by 2025 by Ed Markey of Boston. balkanized, it is localized, it is a

o o wonderful machine, but it is not
3. Improve our energy efficiencyEfficiency costs no money it for the national challenge that

It saves money, because it depends on an incredibly powel \ye have. We couldever have built
new technology of almost infinite applicability an@#ctually the federal interstate highway

in my basement. It is a caulking gun, okay? If we caulk system by leaving it up to cities an
houses, we can find megawatts of energy. McKinsey & counties. We clearly need a
concluded that 40%f all the things we have to do to reacl Nhational response to a national
our 80% CO2 reduction targets invahatopping the waste of Problem.

energyt net gains from an economic standpoint. VS Ui J2y 172l

4. Decouple utilities This would allow them to sell efficiency servickmdleveling services,
demand ma&aagement services, to try to reduce the generating requirements on the grid.

5. Adopt an efficiency standard not only for the automobile, but for utilities and for some other
appliances that remain unregulatedf we do this, we will capture money that hignow we are just
wasting.

6. Tackle our grid systemWe have a grid system that Thomas Edison would recognize: it is
balkanized, it is localized, it is a wonderful machine, but it is not built for the national challenge that
we have. We could never hawmiilt the federal interstate highway system by leaving it up to cities
and counties. We clearly need a national response to a national problem. Next week | will
reintroduce a bill that will call for a more national response for siting and planning affistvdocing

the capital needs to build this grid.
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7. Financing.Throughout this field we have huge, potentially productive investments without a
model of financing the capital it takes to do it efficiently. And we are looking for models. Here is one
idea lhave. Right now the federal regulators have a rule that when they determine whether you can
get a loan, they will look at some of the cost associated, but what they will not look at is your utility
expenditures. So if you ask your bank for a loan to weddbeyour house and reduce expenses, they
will not give you any credit for that, which makes no sense whatsoever and should be changed

THE US: THE ARSENAL OF CLEAN ENERGY?

My predictionis thatall of the things | just mentioned have a good chance of hapygthis year. We do

not have time to dither on this we cannot delay creating the 3 million jobs that the economists who
have evaluated this plan have determined it would create. And we do not have the luxury of ignoring
' YSNR Ol Qa 02y (wddningioi dn@hér eigjit ye@<TRedavbrid has always looked to us in
times of great global stress. We were the arsenal of democracy in World War Il and | encourage
everyone to start thinking of ourselves as the arsenal of clean energy now. This isstiny;debelieve
GSQNB F2Ay3 G2 FdA FAELE Al

Audience Q&A:

QL1: Purchase orders are the best source of innovation, particularly irugt@gmpanies. Unfortunately, the
electric power industry is regulated and an unintended consequence of the heavytioegwias the quote

we just heard from Ali Nourai of American Electric Power. He is under the gun not to innovate. Is there a
recognition among your fellow Congressmen and Senators on both sides of the isle that the best way we
could get the American enginef green energy innovation moving

would be to enable and encourage the power industry to buy fr
small companies? One of the good things about the
stimulus plan is that it didot seize
A: The utility industry has been wonderful in giving us relial on any silver bullet. We recognize

electricity. But today it spends less money on research ¢ thatwe need to have a very broad
development tha the dog food industry. It is not necessarily tt based research and development

fault of the leaders in the industry. Their whole regulato and deploymentstrategy.

structure has basically chosen to prize reliability over all ott e it Jay nele
issues. So we need to change the messages to the industrinserda demandpull to produce not just
reliability but also clean energy. That is what the renewable energy standard does. That is what the cap
and trade system does.

Q2 Some of us think a carbon tax might be a more efficient mechanism to achieve what you aregspieakin
rather than cap and trade. Can you tell us why you and the current Administration prefer cap and trade?

A: A couple of lessons from Europe are very, very clear.

w A gas tax, a carbon tax is grossly inadequate to drive the investments necessaryttosskat.
Europe had gas taxes of $2.50 a gallon equivalent, but they did not touch the problem. It
depends on behavioral changes that are unpredictable and frankly do not really work. If we
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want to improve traffic safety, do we just increase the ga®thio, we put up signs that say 35
miles an hour. A legally binding cap is an approach that directly affects behavior.

w When Europe started its cap and trade system, they gave the permits away, like Santa Claus.
They sprinkled those permits around at zexast. But it was a disaster, because they created no
essential price on carbon, and it was a scandal, because utilities turned around and charged the
implied value of those permits to their consumers.

So the experience from Europe is, get a ledailhding cap, auction the permits, and then if you want to
have a tax regimen as well, they are not mutually exclusive and at some point they may be considered in
tandem.

Q3: One area you have not mentioned is energy security. What are your views and the views of
colleagues and where does that enter into the energy debate?

A: My apologies for leaving that out, because it is obviously one leg of the stool. The push for clean
energy unites everybody in the country, you know? Théea group that wants to savéhe
environment, a group that wants to save our net assets and have a job, and group that worries about
security and obviously, this unites it all. There is very little conflict among those goals. Almost anything
we do to solve this global warming probleatso helps us on this issue.

One of the good things about the stimulus plan is that it did not seize on any silver bullet. We recognize
that we need to have a very brodmhsed research and development and deployment strat€e of

the good things in thestimulus bill is that it has a little bit for every potential technology that could
move forward, including coal sequestration. We need to have a bbaasegd portfolio.
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Managing Demand: Efficiency, Behavior Change, and Smart-Emnabled
Responsive Engy

Overview

Byusing available technologgymericanscould save 30%50% of the cosbf electricity in their
buildings by taking advantage of energy efficienéydzi (KS& R2y Qi ¢KS L
for demandside management, the barriers that prevent people from knowing the true cost of
electricity, and ways to incentivize utiéis to helppeoplebe more efficient consumers. Among the
topics discussed:

f 2K& I NBYyQi ! YSNEffGeny?a a2NBE 9y SNHE@

i Needed: A New Regulatory Construct

9 Prices the Missing Link in@nand Response

I Using All Demand Side Resources Simultaneously, or Choosing Among Them?

Panel

Sue Coakley, Managing Director, Northeast Energy Efficiency Partnerships
Tim Healy, Chairman & CEO, EnerNOC

Bernard Neenan, Technicaldextive, Electric Power Research Institute
Moderator: Harvey Michaels, Research Scientist, MIT

Sue Coakley of Northeast Energy Efficiency Partnerships

| want to explain a bit about the range of demand side resouyttesoptions that we have for demand
management. For example, we thinkligfhting use or load use within a building. The baseload is what a
standard lighting system might consume over a period of 24 hours. If you installed a more efficient
lighting system, you could see a very significant reduction that is called efficiehtyfoaare using a lot

less energy to do the same job.

We also want to address the high cost of power at system peak. At that time we can actually drop or

curtail load. It can be initiated in a number of different ways. It is not necessarily being fffiorers, it

is just doing without for a period of time. Another option is to shift out load to another time period. In

GKAa&d Ol &asSz &2dz 02dzZ R OKIy3S (GKS FIOAfAlGe@Qa 2LISNI
coinciding with the peak; yoare saving the need to build new power plants to meet a peak demand
requirement.

The issue that is near and dear to my heart is energy efficiency. It is the lynchpin to a clean energy
future. It is the cheapest option that we habecause

Itis clean

It is broadly available

It is everywhere

It is something everybody can participate in

= =4 =4 =4
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We have had some real progress, but despite our best efforts, it is still largely untapped. Why? Several
reasons: a whole lot of different barriers get in the way of doutngt ultimately is the right thing.

But first back to our load use for a minute. It is sobering as we look at climate change and the state of
our economy that buildings and homes use 70% of the power in this codhieyUnited States has the
highest pe capita energy usage in the world, and we have

responsibility to reduce thaand it is our buildings that we have tc

focus on. The good news is that in California, for example, ti Using current technology and best

have been able to maintain a per capita energy usage wl Practices, we can save cest

growing theeconomy.So 1 is possible to grow our economy an €ffectively 30% to 50% of the

be leaders in the world while reducing our energy usage. We energy us_ed_ wasted, | ShOUIO_'
. sayt in buildings today. That is
not have to give that up.

with current technology, before

Using current technology and best practices, we can save ¢ &"Y Innovation.

effectively 30% to 50% of the energy usedasted, | bould say
in buildings today. That is with current technology, before any innovation. It is the political will and the
barriers that are in our way. Efficiency has a high rate of return, typically 3.5¢ per kilowatt hour,
compared to new supply that mighebtsomething between 9¢ and 20¢ per kilowatt hou& ttollar bills

on the floor to be picked up.

- Sue Coakley

l'w9bQ¢ ! a9wlL/ 'EBRICIENTFWS 9 Db 9wD,

But there are reasons why we are not picking them up. The first is lack of information and awareness
about energyuse; we do not understand what it takes to do thingfere is a sobering fact: a Harvard
University study recently estimated the energy usage of a Google search and concluded that two of
them equaled the energy needed to boil a cup of water. We are ip,deat water just over our usage

of the web and the Internet! It shows that we do not know how we are using our energy.

We also have a consumer culture that says, just use more: plug this in, it solves things. There is a hassle
factor to making changesnaupfront investment that people have to make. There is also a problem like
split incentives, a situation where you rent your property, the landlord makes the leasehold
improvements, owns the air conditioner for example and the lighting. It is difficuthake efficiency
changes when they own it and you are paying the lighting bill. Who gets to make the investment, who
gets the benefit?

The potential for energy efficiency is enormolut how do we get at this resource? Here are some
things you should kne:

1 We have to treat efficiency as a resource comparable with supply. It should be able to
participate in markets, to get the price that supply gets, and indeed, we are creating market
mechanisms for that here in New England, where efficiency gets to demgbeng with other
demandside resources.

1 We also need information and price signals that consumers can respond to. They need a range
of technologies will help them understand the cost of what they are using, whether it is
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dashboard technolog within a home, or more sophisticated tools and mechanisms from
EnerNOC to give businesses information about their energy use.

1 We need research development and deployment. It has been a desert: a bit at DOE, a bit in
Californig alittle money is going into innovaty product and market innovation though the
recent Economic Stimulus BBut that is not enough.

1 We need programs that overcome the barriers, things that are targeted to make it easy for
consumers to make the energfficient decision when they are bugnsomething new or
building a house or a new industrial facility, and we need programs that overcome barriers to
making investments in current housing stock.

1 We need regulations that will set new baselines. We need building codes, we need appliance
standads, we need to regulate existing buildings.

1 We need toset minimum performance requirements for the existing stock of buildings if we are
going to achieve the kind of reductions we need to meet the climate goals that we have to
meet. This has to be donas a sustained effort statewide, coordinated regionally, and with
national efforts, because our markets are linked.

The Economic Stimulus Bill put $41 billion down on energy efficiency. We have never had that kind of
investment. Fortunately, we have t@end it pretty quicklywhichis very exciting amhl look forward to
further discussion about how we use this money.

NEEDED: A NEW REGULATORY CONSTRUCT
Tim Healy of EnerNOC:

The capital cost to build a new l@@egawatt peaking power plamanges betweer860 and $100
million. We have a regulatory construct which is built on our amazing history of electrifying Anm&fca.
did that by telling all these monopoly utilities, please go out and

spend capital to build power plants and all the transmission &

distribution infrastructure associated with thaand we will allow Here is a sobering fact: a Harvard
you and your shareholders to make a rate of return on that capi yniversity study recently estimatec
and recover your cost by billing your rate payers for all of tt the energy usage of a Google
infrastructure you built. search and concluded that two of

them equaled the energy needed
The existing regulatory constrijdowever, does not fithe new g hoil a cup of weer.

paradigm. 18 no longer, let's just go and build more, it is abol - Sue Coakley

how can we be more efficient with our resources, how can we

make better use of what we have? The other metric that goes along with these power plant®@s 5
metric tong the amount of CO2 emitted in 100 hours of power plant operation. The current construct
is costly, inefficient and dirty.

Enter an idea called demand response. EnerNOC and other companies like us can go out, spend
$900,000 and in my opinigmet the same efficacy as when that $60 to $100 million is spent to build
plants.
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T [SGQa 32 o06dzAf R | RSYFYR NBaLRyaS ySig2Nl =z Yy
commercial, institutional, and even the residential emskrs of electricity anddispatch
nonessential electricity use and turn it off
T [SGQa RAALI GOK I aAdaylf GKF4G |t 2 dhirdslightngd 2 G dzNJ
and turn off those energy hogs, the astiveat heaters that keep the frozen food section glass
doorsfrom fogging up
ISGQa GdzNYy 2FF GKS K2
[ SGQa GdzNy 2FF (K
building carry it through the day.

G 61 GSNJ aeaidsSyYy FT2NJ F2dzNJ Kz
S O2tR ai2Nr3as FroOAataidexr 1SS

=a =4

A system operator running our electric grid pressesitidm or picks up a phone to a power plant and

says,d lease throttle that power plant up or dowhz K& OF y Qi 6S R2 GKS alyYS ¢
AARSK 2Keé OFyQi 6S AyaidlyidlyS2dzateée RAALI G§OK RSYLlY
and demandin balance? That is the concept of demand response, and suddenly, through technology

that we have right now, we have a clean, reliable and dispatchable system, a network that can take the

place of building the next 1,500 1@fegawatt peaking power plant¥.ou can offset the next $46 to $76

billion in capital cost between now and 2030 by simply better ways to utilize the resources that we have.

Some of our nation's leaders realize that demand response is really the killer application of the smart
grid. This is important because this concept of the smart grid sounds neat, sexy, interesting, but it is
really the applications that are important. It is really about
thinking, how do we actually build something that is useful, that
Through technology that we have  extracts value from all # infrastructure investment we might

right now, we have a clean, reliablc ,5Ke in smart meters and communications infrastructure.
and dispatchable system, a

network that can take the place of |tQ@ a killer application because it is here and now. In just a few
building the next 1,500 160 short years, EnerNOC has put together a demand response
megawatt peaking power plants.  petwork of more than 2,500 megawatts of cagty. In other
-TimHealy 5145, we have built nearly 25 1@fegawatt peaking power
plants over the last several years without havingdtmanything except put in sulneters or metering
equipment and build an application at our network operation certteat allows s to instantaneously
take 2,500 megawatts off our North American electricity grid in a matter of minutes.

There are more than 3,000 utilities in the United States. Comparing our 2,500 megawatts, we become

the 79th largest utility in the United States. Cilter application is a complement to the other resources

that we are trying to build out: a complement to solar and to wind, because those are intermittent
resources. They are also not dispatchable resources, so as we put more and more renewable sesource
Ayid2 2dz2NJ yIFGA2yQa St SOGNROAGE INAR YR Ayid2 2dzNJ 3
more flexible, more dispatchable resource like a demand response resource. In the past, grid operators

have always had the ability to fire stufp and fire stuff down and dispatch: they have a set of tools that

allow them to control and keep in balance the supply and demand on the electricityAjraf. sudden

this demand response resource is a perfect complement to solar, wind and other itte@rtmesources,

and it also helps utilities meet renewable portfolio standards.
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Our national leaders and some utility executives and public utility commissions realize that we have set
some very aggressive renewable portfolio standaadsdwith the cradit crisis and other factors, we are

not sure we can meet those renewable portfolio standards if e

just focus on renewable resources. All of sudden they

broadening the definition of renewable resources to inclut gen people making good

demand response and energy efficiendfat is a great thing for decisions, if they do not know

this application. electricity, are going to spend more

_ _ _ on it than they would if they
The value of demand side management is housed in ene ynderstood what the true prices

efficiency, and demand response as a stepping stone to ene gre.

efficiency. With tools that we have built in a relatively short peric - Bernard Neenan

of time, we can comé and guarantee any commercial, industrial

or institutional customeme work with that we can identify 8% to 15% energy savimnigft out of the

gate. We recently began work with Boeing in one of their buildings in St. Louis. Within the first 2 1/2
months of running data through our power track platform we were able to find them more than 10%
energy savings by simple things: looking at an energy dashboard and seeing that you are bringing in hot
outside air and cooling it because you do not know if theriestat is broken.Where building
operators have that reaime information flow and can see that system, they can actually save a
tremendous amount of money.

Bernard Neenan of Electric Power Research Institute:

What drew me into the energy section wasat in the late 70s, coming off the oil crisis, we needed
energy independence. Waiting in line for gas at Christmas one yesiso | could drive around looking
for sugar told me that markets had fundamental problems. | was one of the original discipltee
Solar Energy Research Institute (SERI) in Bouldiera@o. We took cow poop and turned it into fuels,
we worried about the laminar flow over the blades of a windsllit would not blow upThen without
even knowingit, the air went out: the adimistration had changed, gas prices had changed, world
politics had change&ndthe 1,100 people at SERI had gone down to 350, and then me.

In the middle 90s, there was a second wabat for completely different reasondVe were going to
restructure theelectrical industry, break up utilities, have big open markets that were going to cause
this rush of innovation people would buy electricity off the wire. That collapsed with a bigger and
louder bang, again for political reasons, but a lot of it was pck bf will.

How do we keep this from happening again? How do you walk out and have this enthusiasm a year from
now or two years from now? How do you survive the change of will that is part of our society and our
politics? Let me propose an answer, the simig link that | have not heard talked about todagrices.

PRICES, THHHSSING LINK IN DEMAND RESPONSE

We are a transaction economy. We do not believe in Soviet command and ¢amtthat we should
make decisions for people. The marketplace is where [geppt their trust, hip checking each other out
2F GKS |AatsS |4 al Oingdome? didboditg audtiBnS Wel likel tBelé/ Bsderal R
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transactions, buyers and sellers duking it ,oahd we believe exchanging information is how we use
resources bst.

The one thing that we've never done with electricity is price it welhas been pricedpoorly but

effectively for the regulatory model. So consequently, during the middle of the day when the system is

stressed or we are just using highiced fueland the actual cost of electricity markets are clearing that

at a dollar, you are paying 7¢. So what incentive do you have to turn your air conditioning down? You do
not even know the price is highEven people making good
decisions, if they do not knowetricity, are going to spend more

Should a utility make money only N it than they would if they understood what the true prices are.

by selling more kilowatt hourand
building more infrastructure, or
should it be able to make money b
being more efficient?

Electricity prices do not reflect externalities. That has never been

a problem; we can choose the price externalities. We can set a

price for CO2, theeasult of a carbon market or an administrative
-Tim Healy decision, and we can add that price to electriatyd tell people,

G ldis is what it costs to aitondition yourself and it includes a
premium. If you decide to use electricity, we will supply it and take tkieaemoney that you pay
(because you are probably paying more than the cost) and we will buy green stuff and supply you in
green€ Transaction markets rely on prices.

LG d11848 Fy SEGNBYS LINAROS G2 3SiG LIS zobdbrdthesitod GG Sy i A
good pricing system is standards. They are a way to raise the bar socially but still give people room to
decide how they want to operate that litle bafTK SNBE A & | (G SNY OfitisayStRe ¢ h OO °
simplest solution is usually ¢hbest. We are missing a big part of the solution by not trying to fix prices.

Moderator:

[ SGQa Lizi 2dz2NESt @Sa Ay (GKS NRtSa 2F KIGAy3d | &dz 3
do not get a dramatic reduction in carbon emissions androwe the supply/demand balance in the

next couple of years, that there will be significant challenges. How do we move forward, how do we

make big differences in a short amount of time?

Sue Coakley of Northeast Energy Efficiency Partnerships:
Let's assuméhat we have 24 months to spend $41 billion. Whatvdewith it?

Send it on making buildings more efficienpt balancing state budgets

Createa robust infrastructure for retrofitting buildings

Qreating business opportunities for the EnerN®® make noney by saving energy

Establish new regulations, appliance standaatslibuilding codesas quickly as we can
Develop an infrastructure that can let us actually inspect and rate buildings

Spend some of it on the new technologies that we are going tan&éch as solid state lighting.
Make it in the interest of utilities and others to make money by saving eneajust by selling
energy

= =4 =4 =4 -4 -8 9
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Tim Healy of EnerNOC:

It really comes down to utility incentives: should a utility make money only by selling kilowatt

hours and building more infrastructure, or should it be able to make money by being more efficient? It
goes back to the fact that we electrified America through a regulatory construct whereby we assigned
monopoly regions to our nation's vertidalintegrated utilities and saidy D out, spend capital, we will
allow you to recover that capital through your next rate case and earn an incentive through your rate of
return.g

When you ask that utility to make an investment in energy efficiency yeuaasking them to do
A2YSUKAY3 6KAOK yS3IAFGAGSt e | T §eBicdst recev&y fozievedy A (1 & Qa
dollar that that utility spends in energy efficiency, it will never recover the lost throughphe fact that

they do not get to selihat kilowatt hour any longer.

So me innovative approach to utilities is something called Save a Watt, which is a clean and innovative
way of providing utilities with an economic incentive to consider energy efficiencBsiaf i K FdzSt I ¢
can actu#ly earn more money by investing in energy efficiency than in any other type of capital
investment. Other incentive models include voided costs and shared sabirtgsyou believe that the

utility should be your conduityou have tdix that 2@h-century construct and turn it into a Zt-century

construct.

Bernard Neenan of Electric Power Research Institute:

The smart grid gives us a point to rally around. It is a huge tent and it includes some very fundamental
things like making the transmission dibuition system operate more efficiently. Modern sensors and
communication equipment have made it possible to do things with a power grid that we have not done
before. We need to use the rounding cost of a smart grid to work on the entire-foeback probém:

what kind of generation do we want, hosho wemake sure we have enough, how do we know it serves
reliably, how do we bring customers in so they are more involved, how to encourage innavation
because we are going to need it.

Moderator:

Where there areconflictsand how do we chooseCan we, at the same time, go with the f&dhle utility
model strategy, a fulscale demand responsdone through the grid to manage control in buildings, and
a pricing strategy where consumers respond to price as thegsafdAre there places where we have to
make decisions and go one way or the other?

USING ALL DEMAND SIDE RESOURCES SIHOUBAN, OR CHOOSING AMONG THEM?
Tim Healy of EnerNOC:

| think we are already seeing it. We have introduced programs and initisdivésactivities associated
with reakime pricing. New England has demand response opportundiesCalifornia has introduced
opportunities where reatime pricing mattersQustomers that curtail electricity experience response in
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real time to prices wher you also have dispatchable demand response,-w&y communications
infrastructure and more distributed energy resources.

The smart grid is going to be like any other system, complex and with enormous chall@agegsid
needs to develop into something lot more intelligent, a lot more responsive, a lot more resilidnis

the equivalent of trying to do a complete overhaul of an airplane while that airplane is flying, and is not
allowed to hit the ground.

| think it is going to be about having a lmft pieces work in concert, as opposed to getting to one ideal
utopian state. It is probably going to be some sort of a stepinge process that gets us there: first an
emergency demand response, then more dynamic demand response, then more resilietimeea
pricing introduced in certain sectorBnally we start to move to a much more sophisticated réaie
resilient marketplace.

Sue Coakley of Northeast Energy Efficiency Partnerships:

We need all these demand side resources at the same tithey all have different values and different
results. Demand response is going to optimize our system, making the best use of the investment that
we have in power plant. But we have to commit ourselves to making everything more effistethie

same time, v ako need to get the price signals right so people understand the value of energy
efficiency.

Moderator:

We have opened up the issue between the utility being smart and pricing that requires the customer to
understand price and respond. We think our enegystem would work a lot better if somebody is a lot
smarter. A theme being worked on at MIT and elsewhere is the idea of responsive energy, modulation
done by the consumer in response to priceot standing there

and moving a switch up and down, but hayisome kind of

intelligent infrastructure that runs their home for thenbo we our grid needs to develop into

head toward a model that enables the consumer to be smart gsomething a lot more intelligent, a
shouldthe utility have control through the smart grid system? lot more responsive, a lot more

_ ) resilient.It is the equivalenof
Bernard Neenan of Electric Power Research Institute: trying to do a complete overhaul of

bell in th £ ori beli hat it i an airplane while that airplane is
| believe in the power of prices, | believe that it is wrong to eqt flying, and is not allowed to hit the

every home and to ration and tell peoplé,§rry, there is not ground.

enough electricity, you have all this equipment so you can hav - Tim Healy

slice of toasbor run your pool pumpor chill your beer take your

pické But the same model, the same technology the other way around simply &a3es,will have
standards so that all appliances have a chip that can communrédateou want to, you can subscribe to

a program where your prices change so yawda call option, and if you do not want that, then you pay

a default price that includes externalities and other things. That is the world | would like, but it needs all
the technology and a lot of behavior work to get people used to this idea.
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Tim Heay of EnerNOC:

The consumer will have the ultimate decision as technology and market structures evolve. EnerNOC has
built its business on going out and askismgme 5,000 commercial and institutional industrial sites to
elect to do something and get paidrfdoing it And in return, turn around and give that resource to the
utility to use in an agreedpon fashionA much more interesting collaboration starts with the choice on
theenddza SNAQ aARSO®

Sue Coakley of Northeast Energy Efficiency Partnerships:

Consumers need information to make the change, because they are ones using the energy, but utilities
need incentives to help their customers make those changes and choices and customers need help to
make the changesGiving them prices or information is noecessarily going to get their windows or air
conditioners changed. They need help, incentives, they need programs. And we need regulations to
attest that appliances meet minimum efficiency standards. Consumer empowerment is important, but it
alone won'tsolve the problem.

Audience Q&A:

Q1: The discussion about the rules of utilities and the information and incentives for consumers reminds me

2F gKIG L ¢la G2fR Fo2dzi GKS RSo0F0GS 20SNJ) aSFkGaoSft da
their lackof a financial incentive to put seatbelts in cars. They would not be able to charge more for a car
because it had a seatbelt, so Congress ordered the auto manufacturers to put seatbelts in the cars that no
2yS dzaSR YR Al (221 ssio2thz3tites saiggSwe are @Y to dekyShighiwayy 3 NB
money to the states if you do not change your laws to at least haviag

soft requirements of wearing a seatbelt. Now people generally wa

say they wear them because it makes them safe. What kind ohto | pelieve in the power of prices, |

love do we need for residential consumers in energy? believe that it is wrong to equip
every home and to ration and tell
Sue Coakley of Northeast Energy Efficiency Partnerships: peoldt $3 G{ 2NNEBZ i

. L electricity, you have all this
| think the top of the consumer tough love list is an ener . :
equipment so you can have a slice

performance ratinngf their homes. Right now, rﬂnostﬂpeople dor of toastorrun your pool pummr
even know what t8 A NJ K2 dza Sa Q Sy SN&aive M chillyourbeerii I 1| § @& 2 dznb

to other houses. We need to make a value for energy efficienc - Bernard Neenan

so when homes are sold or a property is leased, the energy rating

can be revealed to the buyer or the tenant. Then, once we have the energyg mticess in place, we
have to make a requirement that when a home is sold it has to meet minimum energy efficiency
performance requirements.

Q2: Tim, you mentioned the various initiatives that are available for utilities that can incentivize them to
promae efficiency. Could you say something about one of the dominant aesoupling?
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Tim Healy of EnerNOC:

Decoupling is basically a catah for disaggregating the incentive associated with the throughput. It
says,d want to decouple the revenues thatdould have made from that kilowatt hour that | am no
longer going to sell. | will somehow make it back, so | get not just cost recovery, but also recdkliery of
value of that kilowatt hour whose throughput | lost because | gave you that subsidizeéd CFL.

It recognizes that when a utility makes an energy efficiency investment, there are two forms of loss: one
is the loss associated with the fact that they are not going to be able to recover that kilowatt Thoir

other is an opportunity loss, because theould have actually gone and built a power plant to meet that
demand, spent some capital and recover it, plus a rate of return.
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Energy in Emerging Nations: The Role of Emerging Economies in Solving the
Global Energy Crisis

Overview

While everyone worries about energy demaneasi energy and greenhouse gases, most of the
problems actually reside today in emerging nations, along with most of the energy growth and
pollution. The panel discusses energy requirements and investment trends in developing count
models of clean engy development that have not yet appeared in the US or Europe, and the
advantages of doing business in countries where policy is more evolved. Among the topics disc

9 HumanDevelopment, Energy Security and Climate Change ared.ink

1 Why Emerging Markets are Attractive for Commercializing New Technology

f Smart Grids in India and China: Keeping the Lights On

9 Whatis Happening in Emerging Countries that Has not yet étaabin the US?
Panel

Daniel Goldman, Executive VO & C&€atPoint Energy

Lawrence E. Jones, Account Executive, Areva T&D

Neha Misra, Energy Economist, The Energy & Resources Institute, North America
Moderator: Joanna Lewis, Assistant Professor, i@etown

Moderator:

To frame our discussion, it is important to keep in mind why we are looking at energy use in emerging
economies. The energy consumption balance between OECD an®EOGD countries has been
changing over the last cple of decades. In 1980, most world energy consumption was taking place in
the OECD countries; today we expect most future energy consumption around the world to take place
within the nonrOECD countries.

We care about this because growing energy demandstrasg implications for global climate change,

for the growing carbon dioxide emissions that stem from energysumption. Looking at the average,
from projections put out by the US Department of Energy and the Energy Information Administration,
you can ee that the most rapid annual growth in CO2 emissions are expected in China, throughout Asia,
India, Brazil, Mexico, and the Middle East. And a lot of these emissions result from the fact that many of
these countries still rely on coal for the majoritythkir energy consumption for electricity production

and industry.

But investment trends for renewable energy technologies show that emerging markets are also
capturing increasing shares and investment flows for new capacity for manufacturing and farchesea
and development in renewable energy. So it is not just about coal. Some very exciting diversification is
happening within these countries, and very rapid scales of investment. China as of 2007 may have
invested even more in renewable energy than the. WYand power now dominates new capacity
investment globally, followed by solar photovoltaics and solar hot wagenewable energy investment
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flows, including technology, new capacity, research and development, plant and equipment for setting
up new manufaturing facilities for many of these technologies, totaled over $100 billion.

LY / KAYlF &LISOAFAOIffeT 6S KSFENI F f20 Fo62dzi Ay ONE
becoming a world leader in renewable energy development. China has a ridéesh renewable
energy law something that we do not have in the United States.
It has very aggressive targets to promote renewable energy across
In China specifically, we hear a lot many different technology categories. The Chinese use quite a bit
about increasing coal use, butwe of a relatively basic, but very efficiergmewable technology, solar
KSENJ I 204 f Sa&a hotwater. There are more solar hot water heaters on the rooftops
becoming a world leader in of China than in the rest of the world combined. China is now
renewable energy development.  ogtimated to be the largest producer of photovoltaic panels in the
T DES E W _ world, although most are being eafded to other marketslt is
renewable energy law something . . .
that we do not have in the Uretd also home to many leading global wind turbine manufacturers,
States which are manufacturing for the Chinese market. China is the
second largest market for new installed capacity in wind
technology in the world, followed by India abéhind only the US.
In terms of cumulative capacity, China now has the folatigest amount of installed wind capacity in
the world, again followed by India.

- Joanna Lewis

HUMANDEVELOPMENT, ENERGY SECURITY AND CLIMATE CHANGE ARE LINKED
Neha Misra of The Energy & Resoas Institute, North Ameria:

Letme begin with a very obvious connection that is as often missed in international pbiiese is a

link between human development, energy security and climate change. The extent to which we are able
to succeed in solvipthe global energy challenge and global climate change challenge depends, to a
large extent, on how we realize this linkage.

India has a 1 billioplus population and 1/6 of humanity. More than 88llion Indians live at an income

level of $1 a day. Thehallenge is not just to remove poverty, but also to provide jobs to more than 200
million people in the next two decades. Over 70% of the population lives in rural areas and has only
basic access to quality health, education and infrastructure servites Hliman Development Index,
which measures the quality of life as a whole in different countries, ranks India 128 out of 177 countries.

CKAAZ AYy (daNYy=Z Aa ftAY1ISR (2 LYyRALF Q&-lafestSeNay & S Odz
consumer in thevorld. That is one part of the coin; the other is that a huge number of Indians have not
seen modern energy in their entire lifetimes; 400 million people do not have any access to electricity.

The country has huge energy shortages. There are electsictytages; oil imports are rising. Already,
more than 70% of oil is imported and the level will be about 94% by 2030, according to International
Energy Agency (IEA) estimates. Coal, which was considered to be a mainstay of Indian energy sector,
now estmated in some studies tphase out in 40 years at pepkoduction.
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fourth largest greenhouse gas (GNG) emitter in the world. At the same time, per Giftaemission is

very small, primarily because of all the people who do not have electricity now, but as India proceeds
toward development, the people will come into the energy net and GHG emissions are going to
increase.

India's integrated energy poli@stimates that to eradicate poverty over the next 25 yeams to meet

its human development goals, India would need an economic growth rate of 9%. The primary energy
supply at the same time should increase by 5.8% per year and electricity generationtycapacld
increase by 600%. Hence, India's challenge is critical to solving the global energy challenge.

The Government of India realizes the huge challenge ahead of it. In the last 10 years, we have seen a
flurry of national level energy legislationtime country, which is a very good sign that the government is
cognizant of the problem.Recent legislation includesthe

Integrated Energy Policythis document hasll the elements of

enlightened public policy for energy and climate chanc Thereis alink between human

addressing engy efficiency, renewable energy, mas development, energy security and
transportation, energy pricing reforms and coal secteforms. ~ Climate change. The extent to.

Introduced in 2006, the policy received cabinet approval in 20 which we are able to succeed in

. . e . solving the global energy challenge
but it remains to be seen how it will be implemented. iy e 2
and global climate change

challenge depends, to a lag
extent, on how we realize this
linkage.

What India is doing in terms of ddessing these challenges? On
strategy is leapfrogging into renewable enerdyot long ago,
millions in India suddenly gained access to mobile phones. -
was brought about by regulatory reforms and innovati _

financing. It offers an important lesson ftre energy sector about bringing the energy haas into

the net. TERI has launched a Lighting a Billion Lives Camipalgimg people in rural areas, who now

use kerosene and paraffin wax for basic lighting needs, to leapfrog into using solar poatrerAgood
example iDelhi Metro. Introduced in 2002, has been extremely successful in showing how, if we create
better choices for the public, we can leapfrog to better technology, solving climate change and energy
security issues at the same time.

- Neha Misra

MeetA Y3 LYRAIFI Q& AYyONBlIaAya SySNHe ySSRaxr 3IABSy (KS
nature, will require technology, finance, strong institutional arrangements, coordination. We need to

bring all of these togethear not an easy task, but itam and must be dondt is no longer a matter of

choice, but of survival.

WHY EMERGING MARKETS ARE ATTRACTIVE FOR COMMERCIALIZING NEW TECHNOLOGY
Daniel Goldman of GreatPoint Energy:

| am going to give a quick commercial on GreatPoint Energy, but al$oassen example of some of the
things that make emerging markets, particularly in India and China, attractive for new technology
commercialization, and highlight some things that we in the US could do better. Our technology,
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HydroMethanation converts cal, petroleum coke, and biomass into pipeligeality natural gas.
Conventional technology converts these feedstocks into-ggs made up of carbon monoxide and
hydrogen and compatible with the existing natural gas pipeline. There are two reasons whg this
important:

1 From an environmental standpoint, this is a very clean coal technology: we capture all criteria
pollutantst sulfur, nitrogen, mercury, particulatesand can make available for sequestration all
the carbon dioxide in the process.

1 Economicswe can produce pipelinguality natural gas at a price of &6 dollars per million
BTU. The current price is around $7 and is highly volatile. It went up to over $14 last summer.

We can be very competitive with incremental sources of natural gas, fronemtigln and production or

from liquified natural gas sources from places like the Middle East and Africa. Our strategy is to scale up
this technology using a build/owoperate business model. We feel like there have not been a lot of
shovels in the groundo far in the gasification industry and so we want to gain control of the projects
we develop. Then, as a side business, we will license the technology in other parts of the world.

We have decided to locateur first commercial project in China. We werngpaoached about a year ago

by the secondargest power company in China, Datong, which uses 180 million tons of coal a year. They
are the largest coal consumer in the world, hence the largest
polluter. Our desire is to partner with Datong, build a first
commercial project in China, use its coal resources and ultimately
many instances are leading the build out largescale facilities with them in places like Inner
charge in terms of deploying smari Mongolia orShanxiprovince, and then sell gas into their power

grid solutions? Because in the US  plants, which they would then locate down the pipeline outside

Why is it that China and India in

and Europe, you have a lot of Beijing or Shanghai.

legacy systems ardgacy

regulatory policies that make it From an environmental standpoint, this has enormous advantages
difficult to deploy smart grid for China. It stops them from building cgadwered power plants.
technologies. It produces very lovcost natural gas that they can then use not

-Lawrence E. Jone only in more efficiengaspowered powerplants, but also in town
gas systems, which also use a lot of coal. The market in China is
better for a number of reasonshey pay a higher price for gas because they are importing enormous
amounts of liquefied natural gas (LNG), and we can build thet féeter and less expensively, by
leveraging domestic design and engineering firms.

We are very excited about working with Datong and getting our first project operational in China. It
opens up an enormous market there and also allows us to bring the tdogy back to North America

and leverage equipment suppliers and sourcing of equipment in China as well as engineering services in
China to produce largscale projects for North America.
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SMART GRIDS IN INDIA ANDNZ2H{ KEEPING THE LIGHTS ON
Lawrence EJones of Areva T&D:

L gbyd G2 GFrt1 Fo2dzi 6KFG L OFfft aYlFINISNI INARRA
nuclear power company in the manufacture of nuclear equipment. Areva also has a transmission and
distribution arm, which is the groupam with. We deal with network management systems, developing

IT systems that are used to operate the grid, electricity marke@ADAsupervisory control and data
acquisition) systems and other solutions that will keep the lights on and the marketsgun

There is no generic definition of a smart grid. So instead of trying to define what a smart grid is, let's
decide what it should doAs you begin to look at the situation in India and China, what is important is
what it is supposed to do and whatié supposed to accomplish.

As with other technologies like cell phones, the deployment of smart grid in developing countries is
going much faster and more easily than in the US and in Euwdpe.is it that China and India in many
instances are leading theharge in terms of deploying smart grid solutions? Because in the US and
Europe, you have a lot of legacy systems and legacy regulatory policies that make it difficult to deploy
smart grid technologies. In the developing countries, they are leapfroggitigeievolution of the grid.

They are not having to go through legacy regulatory systems or other policy mechanisms.

Let me give two examples of what is happening, one in China, one in India. North China Grid, a very large
power grid operating in the ntin of China, had some serious challenges around the Olympics. They
faced the situation of making their grid operable and reliable during the entire Olympics, and for that
they needed to design decision support tubes. Why are decis

support tubes part osmart grid? Remember, smart grid is al¢

keeping the lights on. If you do not put the right tools in tt On the policy side, we see in some

control center for a dispatcher to make the right decisior ©merging markets either a more

reliability is going to be threatened:; blackouts and things occur, €Velved policy framework, as in
India, or better alignment between

So they implemented arpject with Areva. Working with them, government policy and the

we developed advanced applications for the control cente Strategies of the companies

Some of those applications have not yet been implemented e\ €X€cuting those policies.

in the US. Because of the apparent lack of what | would - Daniel Goldman
regulatory gridlock, you can getrs@ of these investments in smart grid made very easily. One of the
tests of the success of the system was the fact that there was no blackout in China during the Olympics.

In India,the conceptof micro-grids is going to explode. And the reason is usesgidthough you might
build them from a transmission perspective, in many villages it is much easier to put ingridsoWe

are seeing deployment of new technology based on microwind solutions, combined with solar and
various kinds of power electronicedices all put together. These create smart grid solutions for power
supply to villages.
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In the US today, we are struggling to put in place the right interconnection standards for distributed
generation in a number of utilities. By the time they start tfing these systems in India, hopefully,
our regulatory system will have caught up and we will actually be importing some of the smart grid
solutions from India.

Moderator:

I would now like to ask our panelists to elaborate a bit more on some ofhiames that they have all
talked about. First, what is happening in the emerging economies that is not yet happening in the
industrialized world? Second, what are the incentives or motivations for looking at the deployment of
these technologies, particularlg China and India?

Neha Misra of The Energy & Rmsces Institute, North America

First, in solar energy last year, the government introduced generdttimed incentives for reconnected

solar power. There are a lot of programs, a lot of national poligietaking solar power and renewable
energy to rural areas. The Rajiv Gandhi Grameen Vidyutikaran Yojana is the universal electrification
scheme. It has subsidies and franchising arrangements in place tst&itkhe inclusionof more rural
households ind the net of clean energy.

The Energyction Plan has solar missions, but thesedast been detailed yet. It is anticipated that in

the coming months the government will lay out what exactly it intends to do. And a lot of policies are in
place. Many stas have come out with renewables standards althoegiperience has been varied.
Gujarat recently came out with a generatibased incentive for up to 500 megawattethough the
central government put a cap of 50 megawatts for such incentives in the EtevieYear Plan.

WHAT IS HAPPENING IN EMERGING COUNTRIES THAT HAS NOT YET HAPPENED IN THE US?

Daniel Goldman of GreatPoint Energy:

We look at it in the context of policy, markets and finance. On the policy side, we see in some emerging
markets either anore evolved policy framework, as in India, or better alignment between government
policy and the strategies of the companies executing those poli€ies Chinese partner, Datong is a
state-owned enterprise. The government tells Datong, we want you tecsg¢he best coato-natural

gas technology, develop the technology here with your partner, and implement it. From that
perspective it is a lot simpler than current US policies, which are a checkerboard between state and
federal initiatives, or largely uradined.

From a financial standpoint, we have an enormous problem in terms of financing new energy
technologies in the US, particularly in the area of commercializatioan guarantees only help to a
certain extent and there is really no equity in the metrtkPartners like Datong and those we are talking

to in India like Reliance and Tata SR are -vagitalized companies even in the current market
environment. The financial markets are more attractive in emerging markets today than in the US.
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Regarding themarket environment, we are more certain about market fundamentals in places like
China, whichhas a long term supphdemand imbalance relative to natural gas. While transparency
around market signalsnight not be complete, we at least know that market filamentals and the
I32BSNYYSYy (i Qa RN wifleadtd MatBactv\ihiket BrgdDd wrmR { &

Lawrence E. Jones of Areva T&D:

One of the reasons why smart grid deployment in many countries is not as complicated is because a
smart grid is typicly an integration of many already existing technologies. Once you have the
backbone the IT infrastructure in place, the rest is about system integration, bringing together
control devices, sensors and measuring devices that are fairly inexpensive. Fgdo @erspective,
financingis less complicated, because you are not looking at huge infrastructure. As to building extra
high-voltage transmission, which can also be made smarter by adding different kinds of applications to
it, financing comes mainly frothe World Bank, from multilateral funding.

Moderator:

Cansome of these technologies that you have mentioned really change the current energy mix within
countries like China and India? Can renewables, smart grid technologies, different forms ciliquifi

of coal and biomass really help to diversify away from coal? Could you comment a bit on the scalability
of some of the technologies you mentioned in the broader enera:-

mix what you see looking forward?

One of the reasons why smatrt grid
deployment in many countries is
not as complicated is because a
smart grid is typically an integratiot
of manyalready existing

Daniel Goldman of GreatPoint Energy:

The only way China and India can move away from dwal
power generation is to find cosffective alternatives. While some
renewable technologies might get there in the ngéamm, they are technologies. Once you have the
still expensive compared to grid parity. Our process of produc . i hone the IT infrastructure
natura gas gives a lot of flexibility to countries like China a jn place, the rest is about system
India, both from an energy security standpoint and as a mean: integration, bringing together
allowing them to use that natural gas in power generation or oth control devices, sensors and

uses, particularly in towagas systems. measuring devices that are fairly
inexpensive.
A great opportunity eists to transform the way emerging market - Lawrence E. Jone

use energy and natural gal.you take some of the things that

Lawrence is suggesting about the smart grid and implement them here, layering energy efficiency on
top, we could save anywhere from 20% to 30% ofenargy demand going forward. That would free up

an enormous amount of generation capacity. When we look at the market in North America for
renewables, | worry that with the implementation of smart grid and energy efficiency, we may have an
awful lot of sm@re capacity for the next 20 or 30 years and it may be hard for new capacity to compete
with that embedded system.
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Lawrence E. Jones of Areva T&D:

To answer your question, | will just broaden it by adding the next frontier markétca. You have, say,

500 million people in Africa and another 500 million in India who do not have access to basic lighting.
Imagine the impact of the project Neha mentioned, providino

lighting for 1 billion people in Africa and in India. Africa and In

could actually be thse markets that will bring about the scale i \yhen we look at the market in

terms of not relying on fossil fuels, or coal. North America for renewables, |

worry that with the
implementation of smart grid and

. . . . energy efficiency, we may have an
One more question for our panelists. We are in the middle . J v
awful lot of spare capacity for the

negotiating an international climate treaty for the period afte next 20 or 30 years and it may be

2012. The role that themerging economies will play in this treat 4.4 for new capacity to compete

is high on the agenda, including ways in which the internatiol with that embedded system.

community can transfer technology innovation and deployme - Daniel Goldman

and better facilitate financing and investment in these

technologies throughout the deoping world. Would you comment briefly, based on your experiences
in some of these countries, on what are the one or two things that you think an international climate
treaty could do to help facilitate some of the projects that you are trying to ddherground?

Moderator:

Lawrence E. Jones of Areva T&D:

The area that definitely needs some focus is the clean development mechanism (CDM). The way it is
designed today does not take into consideration the fact that in emerging economies most CDM
programs will not reah the scale necessary to pass that threshold. The CDM regime needs to be
modified to take into consideration things like deforestation and deploying smart grid technology that
will make grids more efficient, to factor in the local realities facing thaserging economies.

Daniel Goldman of GreatPoint Energy:

We support a broad climate agreement on carbon legislation. We would also like to see CDM improve
because it would be very beneficial to countries like China and India and beneficial to us assayctonp
develop projects and enhance the benefits of building lasgale plants. My concern about legislation is
how unintended consequences will come out of the interaction of carbon legislation andrfaadffs

and other renewable energy portfolio stdards that might be enacted either domestically or
internationally. No one has thought through how that might work.

Neha Misra of The Energy & Rmsces Institute, North America

The first thing the international community can do is lead by exampleteTias not been much of an
example so farNow that the policy scene is changing, this might also change and we could see much
more aggressive clean energy policies going forward.
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One area that calls for stronger collaboration is institutional arrangemebé&veloping countries do not

have institutional capabilities in place to meet the challenge on the scale that is required. For example,
F2N) SELISNASYOSR SySNH@& |dzZRAGZ2NBI LYRAIFQa . dzNBI dz
process. At hie institutional level, we need more partnerships between research universities and
government, and sharing best practices in clean energy across local, state and federal levels.

Audience Q&A:

Q1: | am from Brazil. | am running a project which a veryelaigphant grass crop. We are using 5,000
hectares to produce 30 megawatts, the price of our biomass is $15 per dried ton, and we are getting 60 tons
per hectare without irrigation. How can we integrate international

using our biomass experience in Bfagonsidering Daniel Goldman

work, is it possible to use our feedstock to go to the natural ( The CDM regime needs to be
equation? modified to take into consideration

things like deforestation and

Daniel Goldman of GreatPoint Energy: deploying smart grid technology
that will make grids more efficient,

Our technology certainly works with biomass. We are at an ear to factor in the local realities fang

stage in developing the technology. Butdet the cost down to those emerging economies.

competitive levels, we really have to build scalable facilities & - Lawrence E. Jone

one of the challenges with biomass is aggregating enough in one place so that you can build something
that is 2,000, 4,000 tons a day of uniform feedstock. We areitgoto figure out a design basier

scaling down to maybe 1,000 tons per day and produce natural gas. The beauty of our technology is, if
we use biomass and sequester the CO2, we can produce negative carbon natural gas. It could be one of
the first opporunities to supply natural gas that has a negative carbon balance.

VHY LQR FLIINBOAFGS GKS LI y St QdownOgidbas8dycaniraliz2d/eneaight S NI f
solutions versus highly distributed villageale utilities of slum energy solutions

Lawrence E. Jones of Areva T&D:

It depends on the situation. The example | show in India is clearly going to be a hqttaqmproach,

because when you start putting micgrids in place, you are talking about not a centralized supply but a

local villagesupply system. And then when you look at the-tibpwn approaches, the metric you should

dzZaS A&z ! NP LIS2LX S 3ISdaGAy3a | 00Saa (G2 St SOGUNROAGE
work in a village environment. If you go to an urban enwinent, you might still need to go with a
centralized approach, which is tafpwn.

Q3. Emerging economies like China and India learn from Europe and the US and they are given the
knowledge to leapfrog. How can Africa leapfrog? When will it start?

LawrenceE. Jones of Areva T&D:

Africa, at present, has one of the fastegbwing cell phone industries in the world, and that leapfrog
occurred in a space of less than 10 years. | think the same thing will happen in Africa with smart grid
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solutions. Ghana hasrahdy placed an order for a fiweear program to deploy smart meters. There are
states in the US have not done that yet. So the learning curve is going to be pretty short.

The problems are: 1) Financing 2) Policy confusion. Policy confusion is a prelsiusd often you take
a policy that has worked in Sweden, Germany or the US and you try to apply that same policy in some
' TNRAOFY O2dzyiNBE® LG R2SayQi lFfglea ¢2N]J P ,2dz YySSR

We have not talked about microfinancingn parts of Africa, people are using cell phones in very
interesting ways for trading, for running their businesses. The same thing is going to happen when it
comes to solar technologyl have my solar lamp, | can rent it, | can leasesit there are a lobf
innovative ways that these technologies will be financed in emerging economies.

Neha Misra of The Energy & Resources Institute, North America:

TERI has opened an office in Africa, because we want to promote cooperation and there are lessons to
be leaned in disseminating clean energy technologies and renewable energy. We are doing a lot of
work on biomass gasification in Uganda. We are taking the Lighting a Billion Lives Campaign to Africa in a
big way; we are receiving so many requests from Afrigau would not think a simple thing like a light

would generate so much demand.

Moderator:

From the entry of China and India into manufacturing technologies like solar panels and wind turbines,
we are already seeing huge implications for cost reductionshiesd technologies, and for the
accessibility of this technology to countries in Africa that may be looking for much-tmsesolutions

in some of these renewable energy technologies. From some data | have seen recently, wind turbines
made by some Chinesaanufacturers are up to 608%0% less expensive than the same wind turbines
from some of the European and US manufacturers.

Q4: 1 would like to know more from Neha about what TERI is doing about the linkage of energy security,
human development and clirteachange. What are the cardinal technologies or the key projects you are
working on right now in that framework?

Neha Misra of The Energy & Resources Institute, North America:

Lighting a Billion Lives aims to do exactly that. We are trying to give peopleal areas access to solar
power. We have done a project in West Bengal 8addarbansvhere we have trained rural women to
become solar entrepreneurs. We are trying to create businesses around renewable energy and then
linking them with health and adtation programs. The transformation has been tremendous.

Neuron Global Inc -87- Conference Insight Report



\\\\1,/
< G

Overcoming Barriers to Sustainable Globaknsportation

Overview

LF G4KS '{ YR 2G4KSNJ O2dzy iNASa | NB 3I2Ay3 G2
contribution to greenhouse gas levels, alternatives to the traditional internal catitiuengine
electric, hydrogen, biofuetsmust become practical and affordable. The panelists argue that, whi
some of these, like electric and phirghybrids, are getting there, political considerations, plus real
improvements in internal combustion tenology, mean that traditional technology will remain
dominant for the foreseeable future. Among the topics discussed:

I Saying No to Coaland Using Only Renewable Energy to Do It

1 Advanced Technology, With Isadloney, More Focus, More Partnership

f ¢SOKy2f238 al NOKS& hys o6dzi D2@PFSNYyYSyia

9 By 2050, Movement Away From Petroleum, but Still a Small Share for Alternatives
Panel

John Casesa, Maging Partner, Casesa Shapiro Group

John Viera, Director, Sustainable Business Stategies, Ford Motor Company
Sven Thesen, Utility Operation & Sustainability Stratey, Better Place
Moderator: Daniel Snow, Assistant Professor, Harvard University

Moderator:

We are going to start with Sven and some contrarian questibaskal myself, "If we werdo take all

200 million automobiles in th&nited States and somehow wagemagic wand and turned them into
electric vehicles overnight, what would that require in terms of electricity generation?" By myoback
the-envelope calculatin, we would need to build 500 nuclear power plants or 50,000 jumbo windmills.
That seems like a pretty daunting sort of proposition.

Sven Thesen of Better Place:

At night time most people go to sleep and turn things off in a big way. A huge amourdesfsepower is
available at night, ofpeak. So it is about 200/300 square miles of photovoltaics that we would actually
need to power those automobiles, plus the excess capacity of the giidut a fifth of Rhode Island.

Moderator:

One of my pet peeves ihearing someone call an electric car a zero emission vehicle, because those are
actually displaced emission vehideso carbon going into the atmosphere, it is going out of a power
plant someplace. Are we deceiving ourselves by thinking that an elgetricle is something that's good

for the environment?
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SAYING NO TOOAL AND USING ONLY RENEWABLE ENERGY TO DO IT
Sven Thesen of Better Place:

The US grid is half aband the rest is much clean€fFhe great thing about electric vehicles is, you can
time their charging. Just like your cell phones, when they are plugged in, they are not always charging.
You can time that charging to harvest wind. So under the Better Place model we use only renewable
energy.

You are buying a service. You know how mugdh going to cost if you estimate how any minutes you
talk. You have a fixed price for the amount you talk and you take this widget and you attach it to your
hip so it now knows where you are all the time. You also charge it at night. So everybody's vaith me
the cell phone model; it is subscriptidrased. If you take the cell phone model and apply it to dedicated
electric velicles, we can actuallydo a big thing for the
transportation sector. The Better Place mission is to end that oil

If you teke the cell phone model  addiction and enablsustainable personal transportation.
and apply it to dedicated electric

vehicles, we can actually do abig How do we do that? Batteries. In electric cars you must have
thing for the transportation sector  reasonable batteries and they are expensive, so[Better Place]
-Sven Theser own the battery. You sign up for a subscription, a certain number

of years, and the cost dfransportation of that electric vehicle is fixed. Better Place is not the
automobile company, nor are we the utility; we install infrastructure. That is a simple charge spot at
home and a charge spot at work and a charge spot somewhere in between. B teelwange
problent because we all have friends that show up at 3:00 in the afternoon saying, "We want to go
skiing right now," and it's a 20@ile driver the batteries are exchangeable, and it is just like buying
gasoline except you do not go there thatend.

The vehicleare not made by us, they are made by real car companies. They are not golf carts or sedans.
They are Suburbans, they are sports cars, with a batteryisttned by us, that is exchangeable, plus a
nice photoelectric system that tellgou where those battery exchange stations and charge spots are.

Now from a1 energy power perspective, the great thing about electric vehicles is, you can charge them

when you want ta charge time, two, three, four hoursbecause most of the time they areugiged in

and we do not drive that long. We can time that charging to wind energy. We can selectively harvest
wind energy through this timing of the charge and US consumers will not see this at all. Obviously, we
are not going to charge on peak, we wantpmtect the peak save do not drive theneed for new

power plants. If you do need to charge during that time, you can either go to a battery exchange station

or hit an override

We can deliveall sorts of ancillary services that benefit the electric dgidd:example, on those few days
when the electric grid needs that energy, you will have one, two, four miles taken out of your car, with
millions of other cars, and uploaded to the grid to avoid a brownout or a blackout. You can do all those
things with eletric vehicles.

Neuron Global Inc -89- Conference Insight Report



il
=

Moderator:

John Viera, one of the concepts in project portfolio management is this need to balance existing money
making projects and those that may pay off in the future. How are you able to balance priorities and
projects at a companyke Ford in an economic climate like the one we are in today? How do you think
about staying in business by selling big trucks while putting money into programs that are going to help
develop green technologies and help in the future?

ADVANCED TECHNOLOGMH LESS MONEY, MORE FOCUS, MORE PARTNERSHIP
John Viera of Ford Motor Company:

We do have less money to spend on the advanced technology side today. So does that mean that we are
stopping working on advanced technology? Absolutely not. We have to niakedleat those advanced
technology implementations are ready as time goes on. But in the past we had enough money to work
on multiple advanced technologies almost equally. What we have had to do now is focus on certain
technologies more than others. The dwsources that we were looking at were electrification and
hydrogen, hydrogen fuel cells or hydrogen internal combustion engines, but we have made a conscious
decision to concentrate our advanced R&D work on electifon.

We see it being shorteterm than hydrogen.
The two sources that we were

Also, as we work with universities, we are more focused nc looking at were electrification and
telling the universities these are the types of projects we ned hydrogen ... but we have med

you to work on. We needocus on particulartéms that support Conscious decision to concentrate
our focused efforts our advanced R&D work on

electrification. We see it being
Finally, in the past, we diall of the R&D mternally. What we have shorterterm than hydrogen.
now is a lot more collaboration. We are sayingyé want to get -John Viera
into electrification of our vehicles andnderstand how we interface with the grid, maybe we need to
employ other companies. We are going to be dangt more of partnering in terms of working on the
advanced technology, and one of the biggest partners we want to work with is probably the largest
venture capitalist out there right now, the federal government.

What do we in Sustainable Business s work on for Ford? Probably you've heard of the triple
bottom line, the environmental, the sociahd the economic piece.

1. Economic sustainability All the strategies we put together for the company have to have
economic reality and economic goodne¥ge're nota philanthropic department.

2. The social sideWe have a huge focus right now on influencing working conditions in our
supplier plants throughout the world.

3. Environmental sustainability Thisconcerns putting together our strategies and letegm goals
for both our products and our manufacturing facilities. Our manufacturing is involved with
energy efficiency, reduced material to landfill, reduced water use, but | spend most of my time
on product sustainhility. The key factors CO2 reductionrofuel economy. | define the future
as, what vehicles that we need to have in the next five years, ten years, twenty years globally:
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what sizes of vehicles, what technologies to put in those vehicles, so that we address first,
climate change, and secondustomer demand and customer affordability in all the major
regions throughout the world.

Our strategy? In the near term we are still going to be doing a lot of work on gasoline and diesel vehicl
efficiency. We are working oa lot of advanced technologs, but if we want to have an impact on
climate today, by improving the efficiency of our gasoline azs

diesel vehicles, we could see affordable improvements of 15%

20% on millions of vehicles. If we want to have an impact on

_ _ ) climate today, by improving the
Near term, we are also working on vehicles that run on usts. efficiency of our gasoline and diest

We want to have a large percentage of our vehicles able to run vehicles, we could see affordable
biofuelst not biofuels from fooebased sources, but from improvements of 15% to 20% on

cellulosic sources. millions of vehicles.
- John Viera
The third element is electrification. How are we getting ready for

electric vehicles to become higlolume vehicles? We are introducing a battery electric commercial
vehicle in 2010 and a battery electric small car in 2011. We are going to be able to accelerate those
throughout the world, but they need to become affordable.

It is a portfolio approach. If we arleaning more toward one fuel, our manufacturing facilities are
flexible enough to be able to produce vehicles in high volume for that fuel.

Moderator:

John Casesa, who do you see as the winners and losers coming out of the current technological and
financial flux in the auto industry? Is what we are saying today going to mean that we stick with the
internal combustion engine for another 30 yeaos is this going to &sten the departure of some old

line companies in the industry and let some new compariome up?

¢9/ 1 bh[ hD, a!'w/19{ hbZXZ .| ¢ Dhx9wba9b¢{ twhe¢9/ ¢
John Casesa of Casesa Shapiro Group:

| think the disruption we are already experiencing with new technology is going to be clouded greatly by
politics. There is lonterm demand for cleaner cars, there is both a consumer pull and a regulatory push
for lower emissions and higher fuel economy that is unstoppable, but the auto industry is imploding.
The US, Japanesend European companies are all capitalensive, employmenintensive and
therefore voteintensiva politically sensitive. | am afraid we are going to see the rise of some economic
nationalism that will probably muddy the waters quite a bit. | think the US government does not want to
see General Motors or Chrysler ihdpter 11 and will seek to accomplish some kind of a reorganization
out of court. Wealsosee aid packages in Italy Germany, Sweden, Kareh]apan.

Underneath that highly disruptive cyclical environment, you will continue to see long-ttemds
toward cleaner vehicles. The starps in the green tech world that have new business models for
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manufacturing cars, for electric vehicles, for infrastructure and the whole value chain will have an
enormously disruptive influencenothe legacy players. But sligerm economic reality will soften that
disruption.

Moderator:
Do you see any windows of opportunity for the young tech st that are playing in this space?
John Casesa of Casesa Shapiro Group:

Absolutely. Technology marches on. Battery technpl@gimproving every day, companies like Better
Place are making enormous progress iropting the public sector to commit to infrastructure. | see
companies creating new ways to manufacture cars, | see Chinese and Indian automobile companies
skipping whte stages of development because they can go out and buy styling services and power
trains and other kinds of things that can make an auto company. Notwithstanding the headwinds of
lower oil prices and the economic crisis, these forces, the regulatory, plaslconsumer pull to more
sustainable transportation are unstoppable. The hits may be a little bit longer in coming. And while
world governments are protecting these legacy industries, they are also writing checks to underwrite
this innovation. The Deptment of Energy has allocated $25

billion to the auto industry alone in the US. That's a lot of mon

for a company. Thats a moment of opportunity that smé the Us, Japanese, and European
companies can seize. companies are all capitattensive,
employmentintensive and

therefore voteintensive

di hn C h sl hat th politically sensitie. | am afraid we
Responding to John Casesa, when we ut what the auto are going to see the rise of some

industry needs to do moving forwardhe focus has always beel o.onomic nationalism that will

on technological innovation and there is still going to be a lot propably muddy the waters quite a
technological innovation, if it is battery or bfaels or whatever. pit.

But the other area that | think nesdas muchif not more - John Casess
innovation is the business model. We cannot do business the way

we used to. | think the economic pressures and the reality of what we are seeing today are going to
cause that to change, but if you are in a business school out thteiek there is huge potential for a lot

of exciting innovative ways of doing business moving forward.

John Viera of Ford Motor Company:

Audience Q&A:

Q1. If T. Boone Pickens were here, he would be asking about natural gas. China and India have enormous
coal reserves and there is techngjdor coalto-liquids for transportation. We are working on enhancing our
natural gas production, both synthetic and natural, from the ground. The Brazilians obviously have moved
towards an ethancebased transportation system. Where in the thinking of & auto manufacturers do

natural gas and liquids fit?
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