Connecticut Electricity Overview
Electricity is something we have learned to rely on over a very short time span. Thomas Edison electrified a few buildings in the Wall Street area of New York City in 1880. Electricity in rural homes did not become the norm until the 1930’s.  In less than 100 years electricity has become so ubiquitous that it is now a commodity that is taken for granted.  The production, transmission and regulation of electricity is a complex system of which the general public has little awareness. This brief overview attempts to portray the complexity of Connecticut’s electrical system, it is a simplified version of a very complex system.
Delivering Electricity

Demand for electricity is rising. Thirty years ago, a teenager’s bedroom might have an electric clock, a radio, a desk light, and if he was really lucky, a stereo. Today, that teenager’s bedroom probably has all of that, plus a TV, computer, cordless phone, various games and chargers, and more. The bedroom isn’t the only change. Each room in our homes uses more electricity than ever before.
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Regionally, more electricity is used in urban areas than in rural areas. In Connecticut, that means our use is concentrated in the Connecticut River valley and the southwestern coastal area. Most of our electricity is generated in large power plants and delivered to customers. There is a growing need for distributed generation, which is electricity both produced and used at a business or industry site. 
While Connecticut’s electricity needs 
are growing, most of our power 
generation is getting old. In fact,
 more than 36% of the power plants 
in the State of Connecticut will be 
40 years old or older by 2013. 
The industry rates the service life of 
many of these power plants at 40 
years; therefore some of these units 
are due for retirement.  Our power 
lines are also aging. In addition, the 
southwestern portion of Connecticut 
has seen significant growth in electricity 
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demand. The combination of an old 
transmission system, the “infrastructure,” and rising electricity use requires that Connecticut address these issues through a combination of conservation of electricity, construction of new power plants, and transmission system upgrades. 

The “Grid”, New England’s web of power generators and the transmission lines that move the electricity, are all part of the energy story of Connecticut. Some of the power we make goes out of state, while at other times, we import power. For a stable system, we need to produce enough electricity where and when it is needed. Currently, with the aged transmission lines, we cannot fulfill all of our needs—either by moving power around the state or bring in power from out-of-state. Areas of concentrated need—specifically Southwestern Connecticut, do not make enough power to meet their needs. New generation and more energy conservation are needed to balance the scales.

Siting power plants means finding a balance, to be both close to the fuel delivery routes and to where the power is needed. Distance from either increases costs, such as bringing coal, oil or gas deliveries to the plant, or line-losses, electricity that is lost in transmission over miles of wires. The cost-effective, efficient delivery of electricity to customers requires the transportation of fuel, electricity and, more often than not, a combination of both.

A Power Plant for Every Situation

Electric use in the state is not constant throughout the day. More is used in daylight hours, when businesses and households are active, with peaks in the afternoon hours when both are most active. Seasonally, we use more electricity in summer, when our businesses and homes require the additional load of electric-powered air conditioning. ISO New England, the Independent System Operator of our electric “grid” orchestrates the call for power from the generators. Need, location, and cost of generation are all part of the protocol they use to determine which plants are online, generating electricity, and when. Throughout the state, we use a mix of different power plants and fuels to meet the varied demand for electricity each day, and throughout the year.
Electric generating facilities located in Connecticut are capable of producing approximately 7,000 megawatts of electricity during the summer peak period. This figure does not include transmission import capabilities that bring power in from other areas to help Connecticut meet its peak demand. 
Connecticut currently does not have the capacity to generate all of the electricity needed to serve the state during peak periods. Peak periods tend to occur during the summer months when there are three or more consecutive days where the temperature reaches over 90 degrees. When this occurs households are more likely to leave air conditioning units on all day instead of turning them on in the late afternoon when they return home from work. Electric demand is also increased in businesses with higher cooling loads. 

Connecticut has set a goal to reduce peak electrical load by 10% by 2010. In theory, this reduction of 10% should not be difficult to attain. During the summer of 2005 the peak electric demand reached 7011 MW. A reduction of 10% to a peak of 6300 MW could be attained through energy efficiency measures. Ironically, the system only exceeded 6300 MW for 134 hours during all of 2005. (There are 8760 hours per year, 134 hours is less than 2 % of the year)

Unfortunately, instead of decreasing, the peak has been increasing. During the summer of 2006, Connecticut reached a new all time high electrical peak of 7700 MW. This was 7% higher than the summer peak of 2005. 

Base-load plants are designed to operate at full output all the time and are built to meet base-load needs. Base-load is the minimum amount of electricity required at all times; night or day, summer or winter. Base-load plants are typically the most efficient to operate and therefore generally have lower operating costs. They take a long time to start and are most efficient when they are operated at full output for long periods of time. Base-load plants in Connecticut are typically the nuclear fueled plants, hydroelectric plants, and other cost effective plants. In other states wind turbines and solar photovoltaic units are categorized as base-load plants. Because they can only make electricity when the wind is blowing or the sun is shining, they are used to displace energy from other base-load power plants.
Peaking power plants, those used primarily to meet spikes in electricity demand, have operating costs that are much higher than base-load plants. They are also more polluting and therefore less desirable to have in service. This is because cleaner plants are used before dirty ones and thus the cleaner plants are already being used during peak periods. Peaking plants start quickly and have become more important in recent years. In addition to being used to meet peak demands during the hot summer months, they also can be used when other plants are out of service or when problems arise with the transmission. Peaking power plants are relatively small and typically fueled with oil or natural gas.

A responsible and efficient energy strategy uses a combination of power plants and fuels that:

· Serve all the system loads at all times of the year 
· Deliver electric power at the lowest total cost, and  
· Balance environmental impacts and public perception. 
This mix must necessarily include a combination of base and peaking power plants and include a diversity of fuels. This will be discussed further on, first a who’s who in Connecticut electricity.
The Players 
Federal Energy Regulatory Commission, or FERC, is an independent federal agency that regulates the interstate transmission of electricity, natural gas, and oil. FERC also reviews proposals to build liquefied natural gas (LNG) terminals and interstate natural gas pipelines as well as licensing hydropower projects.  FERC has the authority to impose Federally Mandated Congestion Charges (FMCC) on regional transmission organizations in order to encourage development of energy efficiency measures or the construction of new power generation and transmission resources. FERC’s objective is to match the energy need in a region with locally-produced electricity. FMCC has been imposed on the Connecticut region in response to high electric demand in southwestern Connecticut along with lack of reliable electricity during times of high electrical use. 
New England Independent System Operator (ISO- New England) is the not-for-profit corporation responsible for the reliable operation of bulk power generation and transmission, serving Connecticut, Maine, New Hampshire, Vermont, Massachusetts and Rhode Island.  ISO New England has three primary responsibilities: provide minute-to-minute reliable operation to ensure constant availability of electricity for New England’s residents and businesses; provide oversight, development and administration to the regional wholesale electricity market; and plan for New England’s electricity future.
Connecticut Light and Power (CL&P) and United Illuminating (UI) are the two major electric utilities in Connecticut. In addition to these two, there is also a small group of municipal utilities that provide services to individual towns. Since deregulation occurred in Connecticut in 1998, both major utilities are prohibited from owning generating facilities and producing power. CL&P and UI are responsible solely for the transmission of electricity to residential, commercial and industrial users in Connecticut. These two utilities must purchase electricity contracts from the electricity production market. Electricity contracts are set at a fixed price for the length of the contract.  Rates for electricity are regulated by the Connecticut Department of Public Utility Control (DPUC)

[image: image2.emf]
Connecticut Department of Public Utility Control, or DPUC, has full regulatory responsibility for investor-owned, gas, water and telecommunications companies in Connecticut.  It also regulates the state’s electric distribution and electric generation companies. Its purpose is to ensure that utility customers receive adequate service at reasonable rates and that the utility companies are operating efficiently.  The DPUC acts as a substitute for the competitive market with nearly every utility industry providing service as a monopoly.

Electric Generators Connecticut has approximately 80 independently owned electric generating facilities. Each facility is unique; therefore each has a different cost for producing electricity. These costs are based on facility size, location, age, fuel type, fuel cost and available technology. With the current system all power plants can sell their electricity to the market at the price of the most expensive generator even if their generating costs are much lower. 

Fuel Sources used for electric generation
There are six general categories of fuels used to produce electricity at generating facilities in Connecticut. They are oil, nuclear, natural gas, coal, solid waste and hydroelectric. Each type of fuel has benefits and burdens associated with its use, but in the long term, it is better for reliability and pricing to have multiple fuels available for producing electricity. This dampens the volatility caused by an over reliance on any one fuel. 
 “Connecticut has approximately 7,000 MW of in-state generation capacity. The largest component is fueled by oil (2,700 MW) followed by nuclear (2,000 MW), gas (1,400 MW), coal (550 MW), hydro (130 MW), and other sources (200 MW).”1 
Conventional coal Coal plants combine moderate construction ($800/kW) costs with high availability and cheap fuel (about 1 cent per kWh) for inexpensive base-load power. Connecticut generates about 7.3 percent of its electricity from coal-powered plants. Coal is reliable, inexpensive and abundant (there’s a 250- year supply of coal in the United States alone,) but coal plants require time to make electricity and cannot respond quickly to meet peak load problems. Conventional coal pollutes the air (global warming, smog and ozone, and acid aerosols) and produces additional pollution through coal pile runoff, particulates and mercury. There are also costs associated with transporting coal via rail and the safety issues often related to coal mining. Finally, coal ash is difficult to dispose of properly; about 28 percent is buried in landfills.

Clean coal Supercritical-pulverized coal is one example of a ‘clean coal’ technology that burns coal more efficiently and with fewer emissions than conventional coal. This is an emerging technology with limited construction history in the United States, although it has been used more extensively in countries such as Germany. Currently, there are no clean coal plants in Connecticut, but they could be constructed. Such plants can burn coal or bio-mass. There are still pollution costs related to clean coal, but they are dramatically reduced.

Natural gas Natural gas plants rely on a relatively expensive fuel (3 cents per kWh), but their low construction costs ($500 / kW) make the economics of natural gas well-suited for Connecticut. Because of fast start-up times and high reliability, they’re an important and growing part of Connecticut’s electrical generation mix. About 20 percent1 of Connecticut’s electricity is generated from natural gas. This is expected to increase in the near future as oil burning plants are shifted to natural gas. It has lower emission rates than coal technologies, lower capital costs and shorter construction times. Also, it can be easier to build such a plant due to the public’s perceptions about how they operate. Natural gas pipelines can run directly to a plant, eliminating the need for railroad cars filled with coal. There’s no solid waste to be trucked away and the footprint for the plants themselves is smaller. However, about half of the U.S. demand for natural gas is met by imports. And the price of natural gas used for electricity has proven to be volatile. Approximately half of Connecticut’s natural gas plants are dual-fuel, meaning they can operate on either natural gas or oil as price and availability dictate.
Oil Oil fired plants have the capacity to generate approximately 37% of Connecticut’s electric needs. This is expected to decrease as more plants are converted to dual-fuel with natural gas. Operating costs are on par with natural gas as natural gas prices have risen more dramatically in recent years. Oil fired power plants are responsible for more pollution than natural gas fired plants.
Nuclear energy Operating costs for nuclear plants (roughly $100/kW-year) are more than twice that of comparably-sized coal plants, but nuclear delivers cheap base-load power by combining very low fuel costs (about 1/2-cent per kWh) with high reliability. The old age of many coal and nuclear plants minimizes the effect of their capital costs and keeps their generation costs low.

Nuclear power is generated by utilizing the heat from controlled fission of nuclear fuel to drive steam through conventional turbines. About 2,100 megawatts of nuclear capacity are currently available in Connecticut at the Millstone power plant in Waterford. Connecticut’s nuclear facilities, Millstone 1 & 2, are only taken out of service when refueling is needed. Refueling occurs, on average, every 18 months lasting approximately two months at a time. These breaks are scheduled for spring or fall when electricity demands are at their lowest. 
Conventional nuclear power plants produce essentially no associated air pollution, they’re reliable and the cost of fuel is inexpensive. But the operating and maintenance costs are high due to regulatory and safety concerns. And until Congress approves a site for permanent storage of nuclear waste, there will be continued concerns about the short-term storage of radioactive waste on plant sites. Because of public challenges and lawsuits, the return on investment in a nuclear plant is currently too long to interest most utility companies, and may be the single largest cost factor. In time, the advent of new ‘pebble-bed’ reactor technology could reduce construction times and dramatically enhance safety, which could make building ‘next generation’ nuclear plants economically attractive. 

Hydroelectric power The majority of hydro sites in Connecticut are fully developed; some additional capacity could be achieved by upgrading existing units. Although there is no associated air pollution with hydro power, it can disrupt aquatic ecologies. In fact, the trend in the United States is to remove dams, not add them. The cost of building dams is higher per kilowatt hour of electricity produced from any fuel source except solar photovoltaic. Hydroelectricity in Connecticut has been utilized for hundreds of years. Old hydroelectric plants that are fully depreciated and utilize free fuel are often the least expensive source of electricity. Hydroelectric plants are reliant on precipitation and, therefore, deliver only about 50 percent of their rated capacity annually. 
Solid Waste Approximately 3% of Connecticut’s electricity is produced from solid waste and methane capture at landfill sites. In addition to trash-to-energy plants here in the state, there is one tire-to-energy plant in Sterling, CT. Along with generating electricity, trash-to-energy plants reduce the volume of waste that must be buried or disposed of. Air and water pollution is of concern with these plants.

Wind turbines Wind turbines have limited availability. However, relatively low capital costs (roughly $1,000/kW) and free fuel can make well-sited wind generation competitive with natural gas generation. The advantages of wind are that it produces no associated air, water or thermal pollution, and it can have economic benefits for landowners — usually farmers — who allow wind turbines to be built on their property. But wind has intermittent availability—it doesn’t blow all the time,  and winds usually blow the least when the power is needed the most — in the summer. Also, opponents argue that wind turbines create noise, spoil landscapes and kill birds in their blades. Currently there are no commercial wind installations in Connecticut.
Solar photovoltaic Solar electricity is most commonly generated using grid-tied PV technology that converts sunlight directly to electricity. Solar electricity can also be generated using large-scale thermal systems that utilize steam turbines. Another type of solar energy, the use of solar heating in homes for domestic hot water (solar thermal) can conserve electricity produced by other means. The advantages of solar PV is that the fuel is free, produces no associated pollution and, unlike wind, is generally most available when it’s needed, during the summer months. Despite relying on free sunlight, electricity generated by solar photovoltaic technology is expensive due to a combination of high capital costs and low availability. This is changing and prices have dropped dramatically in the past 10 years due to improvements in the technology.
Transmission and Distribution of Electricity
The “Grid”, New England’s web of power generators and the transmission lines that move electricity, are all part of the energy story of Connecticut. Some of the power we make goes out of state, while at other times, we import power. For a stable system, we need to produce enough electricity where and when it is needed. Currently, with aged transmission lines and increasing demand, we cannot fulfill all of our needs, either by moving power around the state or from out-of-state. Areas of high, concentrated need, specifically Southwestern Connecticut, do not generate enough power to meet their needs. New generation and more energy conservation are needed to balance the scales.
It is not possible to tag electrons as they move through the transmission system so it is not possible to know exactly where the electricity that is produced is used. Electrons only move as far as they need to, so an area close to an electric generating facility is the first area served by that electric generating facility. When electricity use is high, for example on a hot summer day, the area served by that power plant is small in comparison to the area that is served during the night when electricity use is less. 
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Electric Market in Connecticut





Since 1998 Connecticut electrical power production has been deregulated. This change separated electricity generation from electricity distribution. Prior to 1998 utilities could do both. Deregulation limited them to distribution. Electrical generation is now a market commodity. Electricity is bought and sold through Wall Street investment banks and large energy companies which usually do not own power plants, but instead purchase contracts for electricity at a set price from multiple power plants, which they then sell to the electric utilities. These intermediaries take on risk, in the form of rising costs for fuel while guaranteeing a fixed price for the contract term.  





























































