Keynote Address: Lars G. Josefsson, President and CEO, Vattenfall

Overview

Lars Josefsson, head of one of the largest power utilities in Europe, has
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 have a 41-year
window of opportunity to “redesign society,” creating a new

infrastructure of clean energy. If we carry on with business as usual,

however, that opportunity will pass forever. Among the points discussed: Lars Josefsson
President and CEO,
e Toward Carbon Neutrality: In 41 Years, Everything Can Change Vattenfall

e The Cost? Half of 1% of Global GDP
e |s Electricity Today Too Cheap, Too Expensive or Correctly
Priced?

Lars Josefsson:

| joined Vattenfall in 2000. At that time, our company was Swedish-based and very clean, because in
Sweden 100% of our electricity is based on hydropower and 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 new situation: 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 handling it. | also 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
industry is now much more forthcoming.

The meaning of making electricity clean is becoming carbon neutral. Vattenfall is today one of Europe's
largest power utilities. That also means that we are one of Europe’s largest emitters: we emit something
like 80 million tons 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 fantastically a big 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 means that every day we
will have a choice: have one meal or buy a T-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 new infrastructure. To do that requires time. And that is a big advantage: we have that
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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, we can change 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.

My plan is to first say, “What can we do and what it would cost?” We have done a lot of work together
with McKinsey 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 Copenhagen.

. . . . If sci Il h ill
The work that we have been doing together with McKinsey is to MBS el E]8 US el 1 0

. . be allowed an emission of
produce what we call abatement cost curves. What is being done .
approximately 1 ton of carbon per

is to make a forecast of world development to 2030, from both an year per capita, what does that

economic and a technological point of view, and forecast | oan? it means that every day we
emissions for many sectors, regions and the major countries in the il have a choice: have one meal
world. You get a “business as usual” scenario, which is the trend  or buy a T-shirt or drive a car 20

we are on right now, leading to emissions of about 38 gigatons  kilometers.

CO2 equivalent per year in 2030. Then we take the total inventory - Lars Josefsson
of all measures known today to abate or reduce emissions. If you accumulate all the technical measures,

at the cost of less than €60 per ton of CO2 equivalent, there is a possibility to reduce by 38 gigatons.

If you look at additional measures like behavioral changes and very expensive measures, you can add
about 9 more gigatons. And if we then say we’re going to stabilize the atmospheric concentration at
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 | think it 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 solution—it will 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, for usinindustry,  return.

for you at MIT or for policy

markers, is, “If this is the future, 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 going to which means they should be profitable. Many of the profitable

invest in, in order to be atthe right 504 are in the field of energy efficiency. But if there are so many

i ?
spotin 10 or 20 years: things that are profitable, why don’t they happen? The simple

- Lars Josefsson . .. T

f answer is that the decision makers are asked as individuals, and
we are not economically rational as individual human beings—we 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.

If we look at the different 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 renewables—solar
wind, biomass—have about 40% of the power potential, nuclear half of that, and carbon 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 society; 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 are

projected to be saved from energy efficiency, 12 from low-carbon

energy supply and 12 from terrestrial carbon. In addition, 5 Itis so obviousthat CCSisa
gigatons could be saved from technical measures with high costs, ~ nhecessary component to solve the

and 4 from behavioral changes. [climate] problem, yet it is
extremely difficult for policy

I must caution you, this modeling says this is the potential, it  makers to support this
doesn’t say that it will happen. The key question, for us in  development standard, despite the

industry, for you at MIT or for policy markers, is, “If this is the fact that the money required is

future, how are we going to design our strategies, where are we relvely Nimliee

. . L . . - Lars Josefsson
going to invest in, in order to be at the right spot in 10 or 20 f
years?” Researchers can ask, “Where should we put our efforts in order to get great leverage for the

future?” Policy makers can say, “If | want this to happen, how am | going to design my policies?”

How can you, as a policy maker, do that? On the left-hand side of the curve, we human beings are not
very rational, so we need help 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 sustainability.

On the right-hand 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 underestimate the need for this. For example, it is so obvious that CCSis 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 partnerships can 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

What does it all cost? The 2030 projection says that it will cost about €300 billion. The good news is that
in a relatively optimistic case, where we have good policies and companies are aligning their strategies
accordingly—that is only about half of 1% of global GDP. There will be dynamic effects here; as we go
along we learn more, etc. We will probably lower the cost.

Is half a percent, or €300 billion, a lot of money or relatively little money? One striking comparison is
that this figure is about the same 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. It is a question of leadership, of
course. Leadership and policy, those are what is in short supply. We need leadership from the political
level, but also from business, because it is in business’s best interest to make sure that this dramatic
change that is before 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 steps will be in a peaceful way where people’s lives improve. This is the

through storage, and that seems background.

relatively straightforward, if crude,
Vattenfall is a large emitter, but we made ourselves a roadmap for

but we will see developments in
the chemical and biological area as 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 solutions. neutral by 2050. In 2030, we still will have a lot of fossil fuels, but

- Lars Josefsson e 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 oxy-fuel technology. We can already see that technically it is possible to do 100%.

The question is if it is economical 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% target for 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 a very high rate
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 fuels, because the world is so dependent on them. The United
States uses 50% coal-fired 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 bridge over 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 cars. This is a long-term 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.

European energy 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 should be

averaged over the EU. For instance, Sweden has a commitment to
If nothing is happening in the US, it

is probably because you have time;

have 49% renewable energy by 2020. The Swedish government

also changed its position on nuclear, saying that we will remain in -
normally when political systems

have difficult problems and do not
have to decide, they do not do
anything.

nuclear and will allow the rebuilding of new nuclear plants, among
other things.

We are now in a financial crisis- there is doom and gloom
. - Lars Josefsson
everyday. On the other hand, now you have a lot of stimulus
packages and so on. If politicians are wise, they will use a lot of this money to start rebuilding the

infrastructure in the direction | just spoke about.
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. [Most responders indicated energy is too cheap.]

Well, this was very interesting. In a way it shows your expectation. And of course, there will be higher
prices as a result of fixing this problem. We talked about €40—€50 per ton of C02 abated. In the
European energy system, that would result in, say, €25 per megawatt hour more expensive electricity.
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, when they think it through, will say, “This, clearly
will do.” We have all the opportunity by applying the right strategies, the right political policies and, of
course, by investing in R&D to lower that bill quickly. At an electricity summit last October in Atlanta, the
real breakthrough was that nearly all of the attendees agreed that we can reach a 60%—-80% reduction in
emissions by 2050. | was very optimistic leaving that summit.

Audience Q&A:

Q1: Am | right that the nuclear issue, as far as waste is concerned, still seems 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 company in charge 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 US, 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 Swedish government 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 number of 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? How confident are 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
question 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 well as we can. How bad it will be? We will know
when we get there. But 350, 450 or 550 PPM—it is 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 today, we 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 the first period they will certainly not do
employment and industry point of as 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
-l oo the direction. If we can get them to take on commitments, we will
also be able to trade. When 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.

Q4: You are in the business of selling electricity, but one of the 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 efficiency, 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 promoting, but we are
giving a lot of know-how 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 you think 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 next-generation nuclear, you will have to have a lot of
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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