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1.

There are no silver bullets

While wind, solar, hydro and biomass can all
play important roles, decarbonizing the
energy system in an expeditious and costeffective way will require a portfolio of
everything we've got.
Here for example is output from a cost minimizing
EPRI model.

Source: EPRI
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China has important activities
in several "wedges"
Sources:solarcellcentral and PVMagazine

PV is important
but be careful
Source: Westinghouse
and UXC

Source: WRI
Source: ABB and Zeng et al.

We should study early adopters
Steve Brick of CATF has been examining the German
Energiewende. When he does a simple extrapolation
to 2050 there appear to be big problems:

MWe

Images courtesy of S. Brick. Please do not circulate without his approval.
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Steve Brick…(Cont.)
2050 Installed Capacity
Image courtesy
of S. Brick.
Please do not
circulate without
his approval.

This is a first-order "back of the envelope" assessment.
We have a new student who will do a more refined analysis,
but these results certainly suggest there may be a problem.
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2.

One needs to be careful about
the use of subsidies and
incentives

There is good historical evidence that as the quantity
of a technology that is sold goes up, the cost per unit
usually goes down:
Cost
per
unit
Quantity sold
So, if the technology is socially desirable, there may
be a case to subsidize early deployment to "get
down the curve."
BUT again, be careful…6

BUT…in other
cases, assessment
suggests it will never
get there.

Quantity sold

Cost at which
technology
would become
attractive in the
market

Quantity sold

Cost at which
technology
would become
attractive in the
market

Cost per unit

In some cases,
technical assessment
suggests that for large
enough Q, the
technology will
become competitive…

Cost per unit

The technical details matter
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In my view, over the past couple of decades, wind was in
that first category, solar PV was probably not.

Aimee Curtright, M. Granger Morgan and David Keith,
"Expert Assessment of Future Photovoltaic Technology, "
Environmental Science & Technology, 42(24), 2008.

For wind it was a matter of transferring and integrating a
number of existing technologies:

Photo sources: Conrail, www.acronautic.com,CivilDB

Wind versus Solar PV

BUT, if what you care about is
affordable electricity, this has
not been the case for current
generation PV. For that we
should be investing in R&D
not promoting deployment.
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A paper about to go to Energy Policy
Shelly Hagerman, Paulina Jaramillo, Granger Morgan, "What is 'Socket'
Parity and is Rooftop Solar PV There Yet Without Subsidies?"
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And…think about what
technology to focus on
I think a strong argument can be made that
solid state power electronics is as or more
important as solar cells.
Power electronics plays a key role in
determining the cost of many other energy
technologies (e.g. transmission, storage, and
end use) as well as PV.
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Learning curves don't just go down
In the case of both SO2
scrubber technology and
in the case of NOx control
technology, my colleague
Ed Rubin and his coworkers show that costs
rose significantly after
problems were
encountered with the
design and performance
of the first few plants.

Source: Rubin et al., IJGGC, 2007.!
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3.

Many people do not realize…

…just how major a transformation is involved in
decarbonizing the energy system. I will illustrate with the
the U.S., but the challenge is even greater for China.
Fossil fuel to:
Electricity

Heat

Transportation
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1x1012

Producing
kWhr
would require roughly:
60 large coal plants
like this one:

1

Today's U.S. power system involves a broad portfolio of
generation technologies, However, if all of the 4x1012 kWh were
(and could be) done with one of the three technologies shown to
the left, it would take 240 of the largest coal plants, 480 large
modern nuclear plants or 144 times as many wind farms as now
in West Texas.

5
4

1012 kWh

Or 120 of the newest
nuclear power plants
like this one:

Or 36 times as many
wind farms as twenty
wind farms in West
Texas.
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Decarbonizing just U.S. electricity

1012 kWh

4
20 Years: Slope -1.5:10
40 Years: Slope -1:10
60 Years: Slope -0.5:10

Slope ~ 1:10
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2
~70% emits CO2
In 20 yr
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Decarbonizing the entire
U.S. energy system
20

Energy equivalent of
direct fossil fuel
consumption by the
transportation sector

1012 kWh
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20 Years: Slope -10:10
40 Years: Slope -6:10
60 Years: Slope -3:10

12
Energy equivalent of
direct fossil fuel
consumption by the
residential, commercial
and industrial sectors
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Slope ~ 1:10
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In 20 yr

In 40 yr

~70% of electric
generation emits CO2
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Finally…
this just
out through
RFF Press
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Thanks
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