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coal (as well as hydro in certain locations) have become more competitive economically,

and these options are now the subject of renewed interest by electricity suppliers while

interest in new natural-gas-fired capacity has declined in other regions of the country.

A baseload coal plant would dramatically increase Vermont's GHG-emission footprint

unless it was augmented with CO2 capture and sequestration (or "CCS") technology.

Coal-fired plants also generate other air-borne and water-borne pollutants that degrade

the environment locally and regionally and that in some cases may also be detrimental to

human health. Important progress has been made over the past two decades in reducing

emissions of sulfur oxide (Sax), nitrogen oxide (NOx) and particulates from coal plants,

and regulations have also now been put in place to reduce mercury emissions. However,

the reduction or elimination of CO2 emissions is still an unresolved problem.

What is the potential for Vermont to consider using CCS technology as an alternative to

nuclear power, including the VY Station, to provide baseload power to the state and

region?

It is now increasingly widely recognized that if the world's very extensive resources of

coal are to be enlisted in meeting pressing global energy needs while simultaneously

reducing CO2 emissions, the critical enabling technology is CCS, and this is now the

focus of growing research, development and demonstration activities in the U. S. and

elsewhere. The MIT Future of Coal Study carefully analyzed the current status of CCS

technology. It concluded that although there are no fundamental technical obstacles,

CCS cannot be regarded as a viable option until all of the major components of a CCS
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1 system-that is, CO2 capture, transportation and storage-have been demonstrated at full

2 scale and in an integrated manner. This must include demonstration of the operational

3 feasibility of carbon-capture technology in a commercial power-plant setting as well as

4 demonstration of a properly-instrumented, CO2-storage site operating within a

5 comprehensive regulatory framework that includes criteria for site selection, injection,

6 surveillance, certification, closure and the conditions for eventual transfer of liability to

7 the government.

8

9 None of the components of a CCS system has yet been demonstrated individually at

10 scale, let alone in an integrated fashion, and an appropriate regulatory framework has yet

11 to be developed. The MIT study further concluded that even with adequate funding,

12 which until now has not been available, the applied research, development and

13 demonstration program that will be required to establish the feasibility of CCS will take

14 on the order of a decade to complete.

15

16 Since the cost of electricity from a coal plant with CCS would be considerably greater

17 than from a conventional coal plant, implementation of CCS would only occur if it was

18 prescribed by regulatory fiat or if the economic incentive for implementation was large

19 enough. The MIT Future of Coal Study estimated that a carbon-emission charge of

20 roughly $100 per tonne would be sufficient to stimulate CCS adoption. This would add

21 35% to 60% to the cost of coal-fired electricity and thus further increase the economic
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penalty that electricity customers would have to pay to replace Vermont Yankee with a

coal plant.

In sum, for the world to meet its energy needs while addressing the problem of global

climate change, the development and demonstration ofCCS is one of the highest-priority

tasks on the agenda. There appear to be no fundamental technical obstacles in the way of

eventual CCS implementation. But even with adequate funding, the development and

demonstration of CCS systems will take a decade or more to complete, and thus it is not

feasible for a new baseload coal plant with CCS to be built to replace Vermont Yankee

on a schedule consistent with the retirement of the latter in 2012.

What about natural-gas-fired capacity as an alternative to the VY Station?

At the present time, the all-in cost of electricity from natural-gas-fired power plants is

greater than that from conventional, pulverized-coal plants. Natural-gas-fired plants emit

fewer pollutants than coal-fired plants, including only about 40% of the CO2 emissions.

Even so, replacing the VY Station with gas-fired plants would result in a roughly thirty-

fold increase in CO2 emissions per unit of energy output. In principle, gas plants could

be augmented with CCS (although not all of the carbon-capture technologies currently

under development for coal-fired generation could be adapted for this purpose). But as

with coal, the incremental economic penalty associated with CCS for gas plants would be

large, and also as with coal there is essentially no possibility that CCS systems will be

available in time for the retirement of the VY Station in 2012.
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What are some of the other baseload alternatives to the VY Station that the Board might

consider?

Other potential alternatives to Vermont Yankee include wind and solar electric. The

application of these technologies is expanding rapidly around the world, though from a

very small base. In addition to having very low lifecycle-GHG emissions, wind and solar

have the additional advantage of not emitting other atmospheric pollutants such as NOx,

sax, particulates and mercury. A major drawback, however, is that power from these

sources is supplied only intermittently. This is a particularly challenging problem in the

present situation, when the capacity to be replaced operates in baseload mode.

In general, when intermittent power sources are added to existing power networks, they

must be backed up by other generating units on the system (or, in rarer cases, by storage

capacity), and they are therefore credited with a capacity value lower than their rated (or

"nameplate") capacity. The extent of capacity discounting depends on the local

conditions (e.g., wind-speed distribution, solar insolation), the design features of the

technologies themselves, the characteristics of the rest of the network and the

characteristics of the load being served. In the past, capacity credits assigned to wind

farms have ranged from as little as 13% to more than 30% of the rated wind-turbine

capacity. In general, the larger the share of intermittent power on the network, the more

challenging the grid-integration issues become and the lower the credit assigned to the

intermittent sources.
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1 One way to mitigate the problem of local wind intermittency would be to take advantage

2 of the asynchronous nature of wind-speed fluctuations by siting wind farms at different

3 locations around the region and connecting them through the transmission grid. Recent

4 studies have shown, however, that even for interconnected arrays of wind turbines, the

5 overall output-power level that could be guaranteed with a reliability comparable to that

6 of a baseload nuclear or coal plant (about 90%) would only be a small percentage of the

7 total rated capacity of the turbines. The actual level would depend on the specific local

8 wind conditions. According to one study of a hypothetical array of 19 interconnected,

9 Midwestern wind-farm locations using actual windspeed data for the locations, such an

10 array would provide reliable power (that is, with a reliability of about 90%) at a level of

11 less than 15% of the total rated power of the array. On its own, this strategy would

12 therefore be a prohibitively costly way to provide baseload supplies.

13

14 An alternative approach would be to supplement the output of a distributed windfarm

15 array with peaking turbines fueled by, for example, natural gas or diesel. But this might

16 add to the cost and would also introduce GHG emissions. Physical limits on the rate at

17 which thermal units can ramp up and down in power to offset wind-power fluctuations

18 would be another important factor to consider in this case.

19 Q20. What about solar power?

20 A20. The intermittency issues associated with solar-photovoltaic technology are somewhat

21 different from those of wind, but the basic problem of obtaining high-reliability power

22 supplies from this source is similar. Moreover, the cost of generating electricity from
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photovoltaic systems is at present substantially greater than the cost of wind power. For

current photovoltaic-module prices of about $3 per peak watt, the delivered cost of

photovoltaic electricity, at around 30 cents per kilowatthour, is two to three times the

price of electricity paid by typical U. S. retail customers. Photovoltaic costs have been

declining quite rapidly, however, and further reductions will occur as manufacturers

exploit scale economies and as manufacturing efficiency and electrical conversion

efficiencies continue to improve.

Summarize your conclusions with respect to alternative baseload sources of power

supply.

There is no precedent for completely replacing a large central-station baseload unit,

providing power at a constant level with high reliability, with intermittent power sources

such as wind or solar. If sufficient existing reserves were already present on the grid,

new wind or solar capacity could be used to offset at least some of the displaced supply.

But even then, in the case at hand the cost of this electricity would very likely be several

times higher than the marginal cost of continuing to operate the baseload unit. 9 In the

more likely event that new backup peaking capacity would have to be built to maintain

overall reliability levels on the grid, the costs would further increase and new sources of

GHG emissions would also be introduced.

9 For nuclear plants, these costs are mainly comprised of fuel and operating-and-maintenance costs. Combined
operating expenses for the U.S. nuclear-power plant fleet as a whole averaged between 1.8 and 1.95 cents per
kilowatthour between 2001 and 2006 (U. S. Energy Information Administration, Average Power Plant Operating
Expensesfor Major u.s. Investor-Owned Electric Utilities, 1995-2006,
http://www.eia.doe.gov/cneaf/electricity/epa/epat8p2.html).
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Now address the role that nuclear power could play in providing baseload power to

Vermont and the region.

As I have previously noted, nuclear power is today the leading contributor on the supply

side to the mitigation of carbon-dioxide emissions from the global electric-power

infrastructure. Compared with fossil-fuel generation, nuclear power also provides other

environmental benefits including the avoidance of the so-called 'criteria pollutants' (SOx,

NOx and particulates) as well as mercury. Finally, in the particular situation at hand the

expenses incurred in continuing to operate the VY Station will be a small fraction of the

all-in cost of supplying electricity either from new renewable electricity plants or new

coal-fired plants with associated carbon capture and sequestration.

Of course, these benefits must be evaluated in the context of the challenges facing

nuclear power. The most important of these are safety, nuclear waste and proliferation.

14 Q23. Let's begin with safety.

15 A23. The safety of nuclear-power plants is of paramount concern. In part because of the

16

17

18

19

20

21

22

accidents at Three Mile Island in 1979 and Chernobyl in 1986, a great deal of public

attention has focused on reactor safety. Although no nuclear-power-plant design is

entirely risk free, modern designs achieve a very low risk of serious reactor accidents.

Safe operation also requires effective regulation, a competent management committed to

safety and a skilled workforce. Over the 50 years of commercial nuclear-power-plant

operations in the United States, no member of the public has been killed or injured as a

result of exposure to radiation from these plants, and there has been only one accident
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involving major core damage (the accident at Three Mile Island, which resulted in no

injuries or fatalities and led to no significant offsite release of radiation). The nuclear-

power industry has also had a substantially better occupational health and safety record

than most other industries.

5 Q24. What about management of spent fuel?

6 A24.

7

8

9
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11
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Another important issue concerns the management of spent-nuclear fuel. Spent fuel

discharged from nuclear-power reactors will remain highly radioactive for many

thousands of years. The primary goal of spent-fuel management is to ensure that the

health risks of exposure to radiation from this material are reduced to an acceptably low

level for as long as it poses a significant hazard.

Most spent fuel from U.S. nuclear-power reactors is currently being stored at reactor

sites, either in water-filled pools or in air-cooled casks. During the 1980s, the nuclear-

plant operators signed contracts with the Department of Energy (or "DOE") that

obligated the latter to accept spent fuel beginning in 1998. Delays in the government's

program to establish a geological repository for spent fuel and other high-level waste at

Yucca Mountain in Nevada have prevented DOE from accepting the spent fuel, and this,

coupled with capacity limitations at some spent-fuel-storage pools, have required

operators to build additional, dry-cask storage facilities. More dry-storage capacity will

be needed at some reactor sites given the continuing accumulation of spent fuel and the

continuing uncertainties surrounding the schedule at Yucca Mountain, which is not now

expected to begin accepting spent fuel for at least another decade. The DOE has been
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1 found by the courts to be liable for the failure to meet its obligations to accept spent fuel

2 from the nuclear utilities. Some claims for financial damages have been settled, but

3 many others are still pending.

4

5 The situation at the back-end of the nuclear-fuel cycle is thus unsettled. At the same

6 time, it is important to remember that the technology of deep geologic disposal of high-

7 level waste has been studied extensively for several decades, and there is a high level of

8 confidence within the expert scientific and technical community that this approach is

9 capable of safely isolating the waste from the biosphere for as long as it poses significant

10 risks. This was also the conclusion of the MIT Future of Nuclear Power report.

11

12 Moreover, spent fuel can be stored in dry casks safely and securely and at modest cost for

13 a period of several decades or more. Indeed, the MIT Study recommended that interim,

14 spent-fuel storage should be incorporated into the design of the overall spent-fuel-

15 management system as an integral part of that system's architecture, on the grounds that

16 it will provide greater logistical flexibility as well as additional opportunities to benefit

17 from future advances in the science and technology of geologic disposal. Another

18 important benefit of a period of extended interim storage is that the decay heat from the

19 spent fuel will be substantially reduced after several decades, and this decay heat is an

20 important determinant of repository design, cost and performance.
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1 Q25. Now address nuclear-weapons proliferation.

2 A25.

3

4

5

6

7

8

9

10

11

12 Q26.

13

14 A26.

15

16

17

18

19

20

21

22

The final consideration is nuclear-weapons proliferation. The principal proliferation risks

associated with the nuclear-power-fuel cycle have to do with the spread to other countries

of certain nuclear-fuel-cycle technologies and facilities that can most readily be used to

produce nuclear-weapons materials. The most important of these are uranium-

enrichment technology and facilities, which can in principle be used to produce highly-

enriched uranium suitable for use in nuclear weapons, and spent-fuel reprocessing, which

in the current generation of facilities produces a stream of separated, weapons-usable

plutonium. A decision to continue operating the Vermont Yankee plant and to store the

resulting spent fuel either at the reactor or in dry cask storage in centralized facilities will

have no material bearing on these risks.

Entergy VY has asked to continue operation for a 20-year term. During that period, what

are the prospects for technological progress or alternative supply-side resources?

All of the supply- and demand-side options I have discussed in my testimony are likely to

undergo significant technological or economic advances over the next 25 years.

Though not certain, it is reasonable to expect that CCS technology will be ready for

application in commercial fossil-fired power plants by the end of this period.

Photovoltaic electricity generation costs are very likely to continue to decline for some

time to come, and there is a good chance that both solar- and wind-power technologies

will be more competitive with conventional power systems in 25 years than they are

today. Technological progress is also likely in the integration of intermittent and
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1 decentralized power sources into regional power networks. Next-generation nuclear-

2 power systems now under development may by the end of this period be capable of

3 providing electricity at lower cost and with even better safety performance than their

4 current counterparts. And major additional gains in energy-use efficiency are highly

5 likely.

6

7 In short, with the passage of another 25 years the menu of cost-effective,

8 environmentally-benign, demand- and supply-side alternatives to the continued operation

9 of Vermont Yankee is likely to be considerably longer than it is today. It is thus more

10 plausible to expect that the retirement of Vermont Yankee will be achievable at that time

11 without sacrificing Vermont's commitment to GHG-emission reduction or its status as

12 the lowest per-capita source ofe02 emissions in the United States.

13 Q27. Summarize your testimony.

14 A27. Fossil-fuel combustion in U.S. electricity-generation facilities is the biggest contributor to

15 the nation's carbon-dioxide emissions, and the task of de-carbonizing the electric-power

16 infrastructure to reduce the risk of climate change will be one of the strongest influences

17 on the evolution of the U.S. electricity industry over the coming decades. Nuclear power

18 is today by far the largest supply-side contributor to reducing the power industry's GHG

19 emissions, while improvements in end-use efficiency are the largest contributor on the

20 demand side.
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1 Vermont has both the highest level of dependence on nuclear power of any state in the

2 country and one of the nation's most effective energy end-use efficiency strategies. This

3 is in many ways the ideal combination for addressing the challenge of global climate

4 change, and Vermont is unusually well positioned to respond to this challenge with a

5 minimum of economic sacrifice.

6

7 The benefits of this posture will only grow if, as seems increasingly likely, a national

8 policy initiative to internalize the costs of GHG emissions is adopted. A decision to close

9 Vermont Yankee in 2012 would likely incur significant economic penalties and probably

10 also result in considerable increases in the state's GHG emissions, since for the next few

11 years the options to replace the VY Station with low-carbon alternatives will remain very

12 limited. On the other hand, if the decision to close the VY Station is deferred for another

13 20 years, it is reasonable to expect that a much broader array of economically competitive

14 low- or zero-carbon alternatives will be available at that time. The Vermont Yankee

15 plant can therefore serve as a bridge to a sustainable low-carbon future for the state's

16 electric-power sector.

17 Q28. Does this conclude your testimony?

18 A28. Yes.


