Responses to Questions for Peter Bradford

Londonderry, June 5, 2003

Basics

How is electricity generated?
Basically by spinning a magnet inside a coil (usually copper) to set electrons in motion.  The source of the motion to spin the magnet can be steam, falling water or moving air.  In a battery electricity is produced through chemical reaction, and in solar photovoltaics by direct conversion of light into electron flow.

Where does it go after it is generated?
To a substation where it is converted to transmission voltage, then through transmission lines to a point at which it may be delivered to a large customers or converted to lower voltage to move through the distribution system to end-use customers.

How is electrical energy bought and sold?
Customers pay monthly at a per kilowatt hour rate approved by the Vermont Public Service Board.  Larger customers have rates based not only on their actual usage but on the size of their load.

The electricity is supplied by distribution companies like Central Vermont Public Service Company.  These companies may be vertically integrated with generation and transmission facilities or they may buy those services separately.  CVPS buys from Vermont Yankee and Hydro-Quebec.

Electricity is also bought and sold on short-term (spot market) basis in a market administered by the New England Independent System Operator (ISO-New England).

Is there energy generated that goes unused or is wasted?
Basically, the system must generate what the customers demand – no more and no less – at any time.  Electricity cannot be stored to any meaningful degree.  Some is, however, lost in transmission and distribution.

Can electrical energy be effectively stored on a large scale?

No.  Fuel can be stored, of course.  And pumped storage hydro-plants permit a sort of storage equivalent by pumping water uphill when demand is low and releasing it when demand is high.

Electrical Grid

· What is an “electrical grid”?
Essentially the transmission and distribution system described above.  In this area, the relevant grid is the New England Power Pool, though transactions with Canada and New York also can and do take place.
· How is it (are they) structured?
The transmission network is managed by ISO-New England, which also operates the wholesale marketplace.  Distribution systems like CVPS can own their own power plants, contract directly with power suppliers or buy from the spot market.  The wholesale system is regulated by the Federal Energy Regulatory Commission.

The distribution companies then distributed and sell the power to retail customers.  Prices in this retail market in Vermont are set by the Vermont Public Service Board.

· How does it work?  

See above.

· How does it affect us in Vermont?

For power supply purposes, Vermont borders don’t matter much.  Power can move freely to and from Londonderry from most of New England.

· How is the electrical grid managed so that supply and demand are balanced? 

· Who does the managing?

The overall managing is done by ISO New England.  Power plants are generally dispatched according to bid prices.  Some of the units at any given time follow the load the same way that a home generator does, though on a much larger scale.

· What is the affect of introducing an erratic source of supply i.e., wind energy, into the Southern Grid, is judged unstable by the State Power Commission?

If a source of power varies in its output, one or more of the other units on the system will have to vary to match it.  While this adds some complexity, it is not as much a challenge as having a 1000 megawatt unit shut down suddenly.
I don’t understand the reference to the “state power commission” or “the Southern Grid”.

Co-Generation

· What does “co-generation” mean?

Cogeneration takes place when the steam from a boiler (aka generator) is used both to generate electricity and directly in some other process.  Paper mills, for example, use steam for drying and for generation.  Even a greenhouse near a power plant can use the steam for heat while it is also passed through a turbine to generate.

· How does it work?

There are different ways to pipe the steam where it can be reused after passing through the turbine.  The efficiencies of cogeneration units are higher than stand-alone generators.

· Are there reduced CO2 emissions for a project like Catamount’s when there is the need for co-generation and VT's electrical energy production uses little or no fossil fuels? 

The impact of the Catamount project can be assessed in different ways, and more information is needed to know which one is most valid.  If it is being built to satisfy demand for renewable energy occasioned by laws in other New England states, then the impact of not building this project would be zero.  This is because those requirements are going to be satisfied by renewable energy projects, whether or not this one is built (though, of course, there might be some increase in CO2 emissions if the alternative renewable project burned wood or methane).
On the other hand, if the project is competing with new generation from all sources, then the competition includes natural gas and the probability of some CO2 reduction is larger.  But if the same amount of money were spent on energy efficiency, the likely CO2 reduction would be much larger than from this (or any) power supply project.
Finally, comparisons often assume that this project is simply inserted into the New England mix (for reasons set forth above, Vermont’s nonfossil mix is not really relevant to this calculation).  This calculation will show savings, because the generation displaced will probably come from gas or oil (or conceivably coal) most hours of the year.  However, the calculation is also misleading, because the right way to calculate displacement is to estimate what will be done instead of building this project. 
· Given the need for co-generation to offset the erratic nature of wind energy, can wind energy ever replace nuclear energy in Vermont?

I think the phrase co-generation is misused in this and the previous question.  Back-up generation seems more nearly what is intended.  In any case, nuclear power is a baseload generator.  The nation’s nuclear units now have capacity factors approaching 90%, compared to 25-30% for wind.  Furthermore, there is no reason (except a catastrophic accident or a war) to assume that all nuclear units might be closed at once, whereas wind power over a fairly large region can be unavailable on a calm day.  

Nuclear power does not normally follow the load in the manner described above.  That function is performed by the fossil fuel units.  Therefore, wind energy will almost always displace fossil units, not nuclear units.

Another way to express this is that wind power basically displaces fuel, not power plants.
Capacity yield

· What is “capacity yield”?

I’m not familiar with this term.  If capacity factor is what is meant, it is the number of kilowatt hours a plant generates (or is expected to generate) as a percentage of the total number of kilowatt hours it could generate.  For a year, the denominator of this fraction is the output of the plant multiplied by 8760 (the number of hours in a year.

· Is it important?  Why?

For fossil and nuclear units, it is one important measure of the efficiency at which the plant is operating.  For wind, it will tell the developer something useful about the likely rate of recovery of the construction cost.

· How can we determine/evaluate capacity yield for the Glebe Mountain project?

· Are their target yields that create some efficiency?

I don’t know the conversion factors for wind, and – in any case – these estimates are probably not going to be very precise until detailed annual wind measurements are completed.
Alternative Energy Development Incentives

· What are Production Tax Credits?  How do they work?

The wind energy production tax credit is 1.5 cents per kilowatt-hour.  It goes to the developer but is likely to be reflected in the price to the extent necessary to sell the output.  The current credit expires at the end of this year.  Congress is considering renewing it.

· Are there federal subsidies available?

The production tax credit is a subsidy.  So are the requirements to purchase and renewable energy funds available in some other New England states.  On the other hand, other energy sources are also subsidized, and it may be that wind is no more subsidized than the rest.

Wind Generation Facilities

· What is their utility in our current electrical energy production “system”?
Wind energy is useful as a buffer against rising gas prices.  It also displaces the air emissions from fossil fuel plants.  It may also keep some money in the region that would otherwise go to fuel suppliers in other regions, though this is an uncertain calculation.
· What is their potential given current technology?
The costs of wind energy have been coming down.  This trend may continue, though it may also to some degree depend on using greater and greater heights.  The costs of natural gas and perhaps other fossil fuels seem to be rising.
· What is their utility in Vermont?
Vermont’s wind resources are apparently adequate in some locations, though not as good as New England offshore or other parts of the U.S., notably the prairie states.  Because they need to be located on ridge lines, wind energy facilities pose siting challenges for mountain states.  Once exemptions to ridgeline protection are granted for these towers, it will be harder to deny permits to other types of development, no one instance of which will have nearly the impact of the wind towers.

· Is there an accepted objective opinion on the viability and utility of the current technology of wind generation facilities?
· How can we derive one?
Not that I know of.  They are clearly viable with the tax credits, but responsible people differ as to whether they are viable without them.  Then again, some who say they aren’t argue that they would be if all energy sources were required to pay the full costs of their environmental impacts.

Demand for energy

Given current technology, what is the more effective path toward relieving pressures on the environment and enhancing national security, demand reduction or  utilizing alternative energy resources? 

Energy efficiency is more important.  This is not a close question.  Automotive mileage standards alone would do far more (except as to sulfur oxides, aka acid rain) than any renewable effort using a comparable amount of money.  Furthermore, wind in particular does not do much for security, because almost no oil from insecure regions is used to generate electricity.  Wind’s security effects are indirect, i.e. the natural gas that it frees up may displace a certain amount of heating oil, which is more likely to come from the Middle East.

On the other hand, wind unquestionable has favorable environmental effects, for reasons discussed above.

Energy Regulation

· Generally, what entities are subject to federal and state energy regulation?
Wholesale markets are federal; retail are state.
· What is an “Independent Power Producing” company?
A company that builds power plants but does not own distribution or transmission systems, therefore not an electric utility.

· Catamount Energy refers to itself as:
· A “non-regulated, independent power subsidiary of CVPS”
· What does that mean?  
· How does that affect the way they may operate?
· What is their effective connection with CVPS
In the context of a project within CVPS’s monopoly service territory, this is a problematic situation.  The history of utility regulation, including electric power generation, is replete with cases in which companies like CVPS have given improper (or even legal) favored treatment to subsidiaries like Catamount.  In fact, if the ultimate sale of the output is to CVPS, the Vermont Public Service Board will need to scrutinize this arrangement with extra care to protect CVPS customers and the power supply marketplace.  
As a regulator myself, I would never allow a utility subsidiary to build a power plant to sell to its own parent.  There are plenty of other developers.  The potential for abuse is large, and the challenge of policing it overwhelming.  In the case of a developer with no other experience, the danger that they might the captive customers of their parent to pay for their training wheels in an additional concern.
Vermont Public Service Board

· Does the PSB evaluate the financial capability of an organization such as Catamount with revenues of $3.9MM to take on a $58MM project or is that left to the financial markets?

The viability of this plant is less a function of Catamount’s size than of its contract to sell the power.  If they have contracts with distribution utilities or other financially viable customers to sell the power, then their current revenues won’t be much of an issue.

The Board is not likely to be overly concerned with the developer’s probability of failure, except as it might affect Vermont power supply (not much) or the likelihood that funds might not be available to decommission an abandoned project.
Alternative Sources of Energy for Vermont

· What sources of energy are available to VT?

As indicated earlier, New England is really the relevant market. Alternative sources include energy efficiency, natural gas, wood, waste and landfill methane.  In addition, Hydro-Quebec is a potential source of hydro-electricity.  The nuclear industry claims that by 2012 it will be offering new designs that are fail-safe, even against terrorism, and cost competitive.  While they have made similar claims unsuccessfully before, they appear likely to get substantial federal support (much larger than wind and other renewables) in pending legislation. 
· What is the availability of natural gas generation? its capacity factor? Reliability? CO2 emissions and cost?

I don’t have CO2 emission numbers at my fingertips.  Gas is better than coal or oil, but still significant.  The capacity factor of gas plants can be around 90%, but because they often follow load and be dispatched on the basis of the price of gas, they may not achieve that number.  Also, there are significant differences among different gas generation technologies.
· What is the availability of hydroelectric power? its capacity factor? Reliability? CO2  emissions and cost?

There are not many new hydro sites in New England.  Of course there is ample potential in Quebec, though with socio-environmental issues of its own.  As with natural gas, the capacity factor of hydro units varies by type.  Units with storage are dispatched differently from run-of-the river units, and both are dependent on annual precipitation.  

Large new hydro installations do have CO2 emissions associated with them, from various forest impacts.  I don’t have these in front of me.  The cost is likely to be determined by the buyers’ and sellers’ senses of the price of New England’s alternatives.

· What is the availability of nuclear generation?  its capacity factor? Reliability? CO2  emissions and cost?

As discussed above, new nuclear generation is neither imminent nor predictable.  However, the owners of many nuclear installations have indicated plans both to expand the capacity of their units (up to 20%, or 200MW) and to extend their lives.  The costs of this “new” nuclear generation are likely to be quite low (less than three cents per kwh), though the market price from many of the units will be a function of the cost of the alternatives.  As indicated earlier, nuclear capacity factors in the U.S. now approach 90%.
