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CHAPTER 3 - VERMONT'S
ENERGY USE:
PAST, PRESENT, AND FUTURE

To understand the unique challenges and opportunities facing Vermont as we plan our energy future, this
chapter focuses on Vermont's past, present, and future energy use. Section one of this chapter presents a
history of Vermont's energy sources and background information about recent energy legislation and statewide
energy planning. The second section analyzes Vermont's current energy use among sectors, end uses, and
fuels, presents graphs of the state's energy use during the past 20 years, and outlines how future trends and
issues will influence energy use. Section three presents a base case forecast of Vermont's expected energy use
during the next 20 years, given expected changes in the state's economy and population. Chapter 3 thus
provides a resource for future energy decisions based on information about our past, present, and possible
future energy use patterns.

I. HISTORY AND BACKGROUND

Looking back at our history can create a new understanding of where we have come from and the problems
and opportunities that have been encountered. Reflecting on the past also sets current conditions and
challenges in perspective and helps in the process of generating new ideas and solutions. In this section, we
review some of the major trends and milestones in Vermont's use of energy sources since the time of the state's
early settlements. This review of past events is an important preliminary step in assessing our current situation
and directing future energy decision making, topics addressed in sections Il and III of this chapter.

A. Energy Sources and Uses During Earlier Times

Prior to 1900, Vermont's energy sources were primarily wood, flowing water, and coal. After 1900, electricity
and automobile transportation began to play an important role, and the pace of technological change began to
increase. As the demand for electricity expanded, new resources for producing it were developed, and
growing transportation networks allowed new energy sources to be imported. This overview of energy in
earlier times is divided into two parts; major energy sources and uses before 1900 and those after 1900.

1. Pre-1900 Energy Sources

Native Americans lived in the northeastern area of the present U.S. for hundreds of years before Europeans
arrived. These early inhabitants used wood fires for cooking, heating, and making pottery. They built canoes
to travel the lakes and waterways of northern New England. A system of pathways was developed by these
early inhabitants to use for trading, negotiating, fighting, and visiting. Europeans began coming into eastern
Canada and the New England area after 1650, and the period from the 1670s to the 1760s was a time of
conflicts and wars as the French, English, American colonists, and Native Americans tried to hold claim to
areas of New England. Many Native Americans migrated to safer locations in far northern New England and
Canada. After the wars with the French and British ended, settlers from the areas that would become New
York, Massachusetts, and Connecticut came in growing numbers to the territory that became Vermont in order
to work the land and build houses and communities, developing energy sources to meet their needs.

Vermont became a state in 1791, ending disruptions that resulted from conflicting claims between New
Hampshire and New York and establishing the rule of law under the state constitution, first drafted in 1777.
The constitution guaranteed clear title to land and the legislature granted charters for corporate activity. With
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this security, settlers came in increasing numbers. Some came with oxen or work horses and used animal
power as they cleared and began working the land, but the only source of power most of the original settlers
relied on was their own strength and resourcefulness. Communities formed and then grew rapidly. Finding
energy sources was essential to survival and a key to success.

Wood and waterways have long been Vermont's abundant, basic energy sources. Burning wood provided heat
and light from open hearths and fireplaces. Over time, numerous improvements were made to hearths, stoves,

and boilers used to produce heat or mechanical power. From the early settlement period, wood has fired ovens
for cooking and manufacturing. For cash-poor settlers, potash from wood burning produced an income.

Later, wood powered the first steamboats and locomotives transporting passengers and merchandise in and out

of the state.

In the early times, manufacture of wood products depended on another of Vermont's abundant resources: its
waterways. Water-powered mills cut logs into lumber and supplemented the manual labor required to build
boxes, chairs and furniture, wagons, and other wood products. Rivers were also used to transport timber to
major markets. In 1786, Ira Allen constructed the first sawmill at the lower falls in Winooski, and in 1794
Steven Mallet began sending log rafts of Vermont white pines to Québec and growing markets in the north
(Meeks, Vt.'s Land and Resources, 1986, 248-9). Smaller sawmills were built in villages and cities to meet
local demand for lumber. As land was cleared of trees, it was used for construction sites for new buildings,
for growing grain and food for human consumption, and for livestock, all of which created greater demand for
energy.

Early settlement patterns illustrate the importance of streams and rivers. Flowing water was harnessed for
mechanical power; first using the undershot wheels that moved in direct relation to the speed of the water
pushing the paddles. Later, more efficient overshot wheels were predominant, designed to deliver a steady
flow of water to the wheel, making the weight of the water the propelling force. Dams, flumes, and other
improvements were built to increase and stabilize the water supply and to make more efficient use of water.
Increasingly, waterways provided the energy to develop Vermont's prime resources -- wood, wool, and grain --
into products for local consumption and distant markets.

A pattern typical of many early Vermont communities is described in the Town of Jericho's Comprehensive
Plan, 1991.

As the wilderness that greeted the early settlers gave way to farms and supporting services,
the waterpower provided by Jericho's three streams attracted settlement and industrial
development along their banks. It was not long before saw mills, grist mills, woolen mills
and various factories and shops appeared (Town of Jericho, 1991, 5).

At about this same time, other towns report having a pottery shop, creameries and cheese factories, carding and
clothing mills, distilleries, an ashery, a starch factory, box making factories, wagon shops, etc. The mills and
their water power had become the economic heart of communities.

Occasionally conflict arose over how waterways were used. In its 1787 session, the Vermont General
Assembly produced a law to protect then-plentiful fisheries. According to the law, dams were not permitted
that would impede fish passage, excepting "necessary mills." Nevertheless, dam building continued in earnest
(Williams, 1966, 253).

In many towns, centers of commerce were built near waterfalls, and the natural flow of rivers and streams was
modified to make use of potential water power. In Glover a small dam was built on the Barton River to form
Mud Pond, which held water to power the mills serving the community. In an effort to increase the water
level in Mud Pond, a group of townsmen went upstream to enlarge the outlet from Long Pond, the
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source of the Barton River. On June 6, 1810, they expanded the outlet and unintentionally released Long
Pond, called Runaway Pond after this event, allowing it to rush down river and wash out most everything in its
path, including much of Glover.

Use of energy from water power continued to grow despite setbacks such as Glover's washout and other floods
that are recorded locally and regionally in the state during the 1800s. By the 1840s large woolen mills were
operating, the American Woolen Mill on the Winooski being one of the first. With the opening of the
Champlain Canal connecting the Lake with the Hudson River and southern markets, sawmilling, particularly in
the western part of the state, increased rapidly, and the cost of a shipment of goods, including lumber, fell from
about $30 to $10 per ton. Exports of lumber and agricultural products grew, accelerated by improved water
transportation. By the 1840s, forest resources in the western part of the state were showing signs of overuse.
Finished lumber became Vermont's primary product, and peak production was reached in 1873 when 170
million board feet of finished lumber was produced, ranking Burlington third in sawlog production nationally,
following Chicago and Albany (Meeks, Vt.'s Land and Resources, 1986, 177-8, 250, 252).

New Modes of Transportation and Expanding Uses for Coal

Early Vermonters were eager to develop export markets for the state's resources, which required improving the
primitive transportation network of trails and waterways and reducing the many natural hazards. By the
1850s, new energy sources and transportation innovation brought dramatic change to Vermont towns. As
early as 1791 work had begun on the Connecticut River at Bellows Falls to make it navigable to points down
river. By 1830 canals had been built at several points along the river to handle boat traffic around falls and
rapids. On the west side of the state water transportation also improved with the completion of the Champlain
Canal in 1823. Steamboat traffic began on the expanding network of waterways in 1809, with wood as the
primary fuel. The Town of Saint Albans Plan reports that two steamboats, the Franklin and the MacDonough,
were built in 1827 and 1828 by the St. Albans Steamboat Company, chartered in the fall of 1826 by the
legislature. Growth of steamboat traffic in St. Albans is reported by Zadock Thompson in his 1840 History of
Vermont:

There is, during the summer, a daily line of steamboats, each way between this place and
Burlington, by way of Plattsburgh and Port Kent. There is also a daily line of stages each
way through St. Albans village, besides some which are less frequent (St. Albans Planning
Commission, 1993, 11).

Vermont had no coal or oil. Both of these fuels were imported from Pennsylvania and sources further away,
and efficient transportation systems were needed before it was economical to import them on a large scale.
Coal shipments to Burlington began after 1850, and by the late 1850s steamboats, the first means for
transporting coal, were burning primarily coal. In 1880, about 70,000 tons of coal came to the Burlington area
by water. Coal shipments grew and by 1893 nearly all coal to Burlington came by rail.

Vermont's railroads grew rapidly, starting in the early 1850s. Well into the 1880s, the primary locomotive fuel
was wood. Fuel depots were located along the railways, and inland wood that had formerly been valueless was
bought by the railroad companies for as much as $5 per cord (Meeks, Vt.'s Land and Resources, 1986, 251).

Reports from the Vermont Railroad Commissioner to the General Assembly, starting in 1856, document the
growth of railroads in the state and their use of wood and coal as locomotive fuel. According to the
commissioner's 1856 report:
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In 1846 we commenced building our first railroad, and the last of 1849, and early part of
1850, our two great roads, the Vermont Central and the Rutland & Burlington, whose
united length is 236 miles, were opened for business; and before the close of 1855, we had
500 miles of railroad in operation (Vt. Board of Railroad Commissioners, 1856, 3).

Other railroads were rapidly building, connecting Vermont with Canada, southern New England, New York,
and the growing national railroad network. From their outset, the railroad companies dealt with financial
situations that led to receiverships and corporate reorganizations.

Fuel use by the Vermont Central Railroad, parent company of the Central Vermont Railroad, shows a pattern
of increasing fuel consumption and the conversion from wood to coal. In 1858, this railroad reported that
15,490 cords of wood were used as locomotive fuel, costing $74,279.12, or approximately $4.80 per cord (Vt.
Board of Railroad Commissioners, 1858, 17). Information reported for this railroad in 1864 shows that the
company used 38,614 cords to fuel its locomotives at a cost of $111,472 or $2.90/cord. In this year coal is
also listed as a fuel, but none was used as a locomotive fuel. However, 40 tons of coal is reported under the
category "fuel use at the stations," along with 1,721 cords of wood, indicating that the railroads first used coal
to heat the passenger waiting stations. Another section of the Central Vermont Railroad's report for 1864,
shown in Table 3.1.1, indicates that coal was being purchased by railroads and was starting to compete with
wood by the mid-1860s.

Table 3.1.1 Excerpt from Central Vermont Railroad's Fuel Inventory, 1864

Value of Materials on Hand

22,470 cords of wood $54,415.58 (about $2.42/cord)
56 tons of coal $ 542.50 (about $9.70/ton)

Source: Vt. Board of Railroad Commissioners, 1864, 31-33.

During the third quarter of the 1800s, coal replaced wood as the preferred fuel for steam driven transportation,
and it was also fueling manufacturing facilities and furnaces in railroad stations, businesses, and homes. By
the early 1890s regular coal shipments were coming into Vermont by rail, and coal had totally replaced wood
as the fuel used by locomotives. For the period 1898-1900, the Central Vermont Railroad reported 81,886
tons of bituminous coal (average cost at distribution point: $2.75/ton) as its locomotive fuel, and zero cords of
wood (Vt. Board of Railroad Commissioners, 1900, 144).

As coal began to replace wood as a transportation fuel, fuel vendors also began to see their heating market
transform from chunk wood to coal. The Henry M. Tuttle Company of Bennington was founded in 1857 and
began selling coal to homes and businesses around the time of the Civil War. Ease of handling and higher
fuel content per pound accelerated the switch. Coal was sold in several sizes -- chestnut, pea, rice, and barley
-- to suit different stoves. Elaborate coal delivery systems involved bulk shipments delivered by rail and
placed in silos via conveyors. Coal dust and frozen rail shipments were the fuel dealer's nightmare. By the
early 1900s coal was widely used for heating purposes.
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Introduction of Manufactured Gas

The use of "manufactured" gas in the 1800s is sparsely documented, but by the mid-century manufactured gas
for interior and exterior lighting was available in many Vermont towns, and there were numerous municipal
gas companies. The gas, produced by separating the gaseous fuel in coal from the solids, was distributed
through a network of buried pipes. Since many of Vermont's early private corporations were formed through
charters approved by acts of the legislature, the founding of Vermont's manufactured gas companies can be
traced through the Acts and Resolves Passed by the General Assembly.

In 1852 the Vermont legislature granted the Rutland Gas Light Company:

... power and authority to construct the necessary building and apparatus to manufacture
gas, to be made of bituminous coal or other materials, and sell the same for the purpose of
lighting the streets, buildings, manufactories, and other places situated in the village of
Rutland.

The corporation shall be empowered to lay down gas pipe and to erect gas posts, burners,
and reflectors in the streets, alleys, lanes, avenues and public grounds . . . and to do all
necessary things to light said city . . . provided public travel shall not be unnecessarily
impeded . . . (and) no private property shall be taken without consent of the owner (Vt.
Legislature, 1852, 143-4).

Burlington Gas Light Company was also chartered in 1852. Street lighting, promoted as "the silent
policeman" and providing a compelling reason for about a dozen towns to incorporate gas companies, was not
actually installed anywhere in Vermont.

Burlington Gas Light Company was in operation by 1854, and by 1855 there were gas light companies in
Montpelier, Northfield, Windsor, St. Albans, and St. Johnsbury. An 1855 law provided $2,500 to bring gas
lighting to the statehouse legislative chambers. The volume of gas produced and the numbers of customers
served by these and numerous other similar companies are undocumented. Industrial and domestic gas
lighting increased fire hazards and was by no means a clean-burning source of light, but villagers looked on the
bright side; manufactured gas lighting was a modern improvement. The 1860 census reports that Burlington
Gas Light Company produced 240,000 cubic feet of gas, worth $9,000, with a plant valued at $77,000
(Bassett, 1992, 83).

The growing importance of the gas light companies is also reflected in a bill that the Vermont legislature
passed in November 1888, permitting gas light companies to own and operate electrical lighting systems
(Tucker, 1986, 72). This bill enabled the gas light systems to get in on the newly developing market that they
recognized as their serious competition. Burlington Gas Light Company expanded its business during the
1890s, and several electric companies were consolidated with this company shortly after the turn of the
century. The gas operations continued, but electricity was replacing manufactured gas as the main energy
source for lighting. However, as the early gas and electric companies were offering their services in the larger
towns and cities, it was only a small percentage of Vermont households that had either gas or electric lighting
in 1900. For the rural areas and many small towns, candles and kerosene lanterns continued as the primary
source of lighting into the 1940s.

Early Electric Companies

Private Companies. One of the first reports of electric generation and use in Vermont appeared in the
Burlington Free Press on June 6, 1881 when the Van Ness House, a Burlington hotel, began lighting its office,
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dining room, parlor, and veranda with four lamps using power from a 15 horsepower boiler installed on the
premises. A great crowd was present when the machine was first set in motion; throughout the evening the
hotel was thronged with sightseers. The newspaper reported that:

Each light had a diffusive power equal to seventy gas jets . . . (and) in illuminating power
is greatly superior to every other kind of light in use (Tucker, 1986, 52).

Another precedent-setting event occurred in 1882 in Middlebury, when a group of local businessmen received
a charter from the legislature to establish the Middlebury Electric Light and Power Co.:

.. . for the purpose of lighting the streets, public and private houses in said Middlebury and
also furnishing motive power (Tucker, 1986, 53).

This Middlebury Company never became operational, but soon others' efforts to establish central generating
stations and hydroelectric plants were successful.

Rutland was one of the first Vermont communities to have an operating electric distribution system. Rutland
Electric Light Company was organized in 1885. It strung lines, wired buildings, and built a steam-powered
generating station downtown. The October 9, 1885 edition of the Vergennes Vermonter reported:

Rutland was lighted by electricity Saturday evening for the first time, by the new Electric
Light Company. There are 253 Edison incandescent lamps used of thirteen candle power
in about forty of the leading business houses. The light gives satisfaction (Tucker, 1986,
53).

Burlington's electric distribution system began operating in 1886, according to the Burlington Free Press and a
corporate history prepared by Green Mountain Power. The initial system was said to consist of a two mile
circuit with power supplied from a small hydroelectric station located on the Burlington side of the Winooski
River. This plant was the first utility-operated hydroelectric installation in Vermont and perhaps the state's
first example of hydroelectric generation (Tucker, 1986, 54).

The advent of electric energy in Montpelier follows the experience of Burlington and Rutland. In March,
1886 the Thompson-Houston Electric Company sent to Montpelier a small engine, boiler, and generator, which
were mounted on a railroad flat car. Six street lights were set up and wired for the demonstration. According
to a local newspaper:

The moon hung up on a string . . . was what a little girl called the first electric light she
ever saw in Montpelier (Green Mountain Power, 1984, 1).

Within a month, local businessmen started the Standard Light and Power Manufacturing Co. and in September
the first lights were hung, powered by "water motors" which had been installed in the city's water mains that
carried water down from Berlin Pond (Tucker, 1986, 55). This new company purchased an old mill on the
Winooski in 1888, installed five waterwheels and two steam engines, and before the end of the year extended
lines from this new plant to Barre. Service during these early days was available when and if the generating
station was operating, which was supposed to be from nightfall to ten o'clock every evening except Saturday,
when it was operated until midnight because the stores remained open longer (Tucker, 1986, 55).

Municipally-Owned Electric Companies. In additional to numerous private companies, municipally-owned
electric companies started up during the early 1890s. The City of Vergennes obtained authorization from the
legislature in 1886 to provide electric lights; two years later Richford and Rutland Town were authorized to
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purchase an electric light plant and contract for power and service to run it. Swanton, having obtained
legislative authorization in 1890, was the first municipality to actually provide service. However, a private
rival, Sunset Electric Co., also received authorization from the legislature to supply electricity. Following a
series of public meetings to discuss the issue of lights, the town decided to proceed with developing municipal
facilities for generating electricity. A municipal site was selected and the town purchased an old grist mill at
Highgate Falls. In 1893 a new powerhouse was constructed along with a five mile transmission line to serve
the street lights, stores and houses in Swanton village. Formal operation started in January 1894, and on
February 9, 1894, the Swanton Courier reported that:

The Village has the best and cheapest plant and lowest rates in the United States (Tucker,
1986, 65).

In 10 communities, the municipality took the lead in starting electric energy service so that by 1900 municipal
systems were operating in the villages of Swanton, Morrisville, Hyde Park, Northfield, Enosburg Falls,
Johnson, Hardwick, Lyndonville, Barton, and Wells River. Except for Wells River, these municipal electric
systems continue to operate today.

Other Companies That Generated and Sold Electricity. Electric energy also became available as commercial
businesses began generating electricity first for their own needs and then as a service that could be sold to the
surrounding community. Woolen and grist mills generated electricity to sell and some steam traction or
electric trolley companies hooked up customers along the trolley lines. (See below for more about electric
trolleys.) Vermont Marble, which began generating electricity around 1890 for lights in its stone cutting
sheds, soon expanded and provided service to Proctor (Tucker, 1986, 72).

2. 1900 and Following: Major Energy Sources and Uses

By 1900, Vermont's primary energy sources were electricity (generated from hydro and coal burning facilities)
coal, manufactured gas, and wood, with electricity and coal steadily increasing and oil gaining usage after it
became available in the 1920s. Energy markets grew rapidly, as sketched out below. Little is known about
the companies that sold coal and oil, or their customers, rates, and terms of service. Similarly, little is known
about the volumes and uses for wood fuel, and prices paid when wood was purchased. In contrast, more is
known about the electric and gas companies because they came under state regulation after 1906, and
information about the regulated companies providing service in the state began to be published in the Biennial
Reports of the Public Service Commission, as required by state statute.

Coal, Oil, Kerosene, and Propane

During the first decades of this century, coal was the primary energy source for locomotive fuel, as well as for
many commercial and industrial processes, and it accounted for a significant portion of home heating. Boilers
built to withstand coal's high combustion temperatures hastened the introduction and installation of central
heating systems, offering greater convenience and comfort in homes and businesses. In the 1910s coal was
priced at $10-$15 a ton, a price that doubled over the next 30 years.

In the 1910s oil products began to break coal's grip on the heating fuel market. Long burned for rural lighting,
kerosene gained market share for use in crude oil-burning stoves and furnaces. During the 1920s furnaces
fired by fuel oil, which burned cleaner than kerosene, were introduced. By the 1930s, central heating systems
using fuel oil were greatly improved, providing the advantage of automatic firing.
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Frequently coal boilers were refitted to burn oil; many remain operating in Vermont's older homes and
businesses.

The coal industry responded by bringing automatic stokers to market, but continued to lose market share to oil.

For a brief period around World War 11, coal regained some ground when the government warned of oil
shortages that never materialized. The anthracite coal industry even subsidized the sale of coal-burning
equipment in the 1950s to promote sales but never managed to gain a major portion of the market.

Kerosene, originally used for lighting, was sold at general stores for about five cents a gallon. Later, when
used as a heating fuel, a delivery man would carry two 15 gallon containers at a time (210 1bs.) into customers'
homes to fill the 55 gallon drums serving their furnaces and boilers. Fuel oil sold for about 10 cents a gallon
in the 1930s. Bulk shipments of fuel oil into Vermont were first delivered by rail. Eventually, road tankers
took over most of the rail shipment of petroleum products (Walter Noyes, retired employee of Henry M. Tuttle
and Company, Rutland, personal communication, June 1995).

Liquefied petroleum gas, or propane, appeared in the Vermont fuel market just before World War I1.
Although it is a petroleum product like kerosene, there were several significant distinctions that weighed in its
favor. Propane was odorless and much easier to handle than coal and wood, the other commonly used
cooking fuels. Sold in 100 pound cylinders, propane quickly gained popularity in rural communities. Later,
propane dealers in a few locations were able to acquire distribution systems built by manufactured gas
companies, and propane service expanded briefly until these old distribution systems were closed down by the
state for safety reasons.

Manufactured Gas and Natural Gas

After 1900, companies producing manufactured gas continued to operate in at least eight Vermont cities.
Although manufactured gas was displaced as a fuel for lighting after 1920, the gas systems continued to be
used for cooking, heating, and commercial purposes.

The advantages of using manufactured gas are promoted by the Rutland Chamber of Commerce in a 1926
publication, Industrial Survey of the City of Rutland, Vermont:

It will also be interesting to note that the progress in the use of gas in Rutland is shown by
a recent installation whereby the Hotel Bardwell is completely heated by the use of gas,
and in addition all water for domestic and laundry purposes, and all steam tables and other
cooking utensils are completely supplied with gas for fuel. The total boiler horse power
required for heating is 96, in addition to which additional boilers are installed for the
purpose of heating water and for laundry use (Rutland City, 1926, 54).

In 1931 the Public Service Commission issued General Order 18, setting standards and practices to be
followed in the manufacture and sale of gas, addressing heating value, purity, pressure, pressure variations,
meter testing and records, and other pertinent issues related to gas service. No funding had been authorized
for the development of these initial standards, but upon request, the legislature subsequently increased the
Commission's appropriation so that an investigation of property, revenue, expenses, and rates of all gas
companies in the state could be done. Each of these manufactured gas companies reports rates for categories
of service such as General Service, House Heating, and Industrial Service. The typical general service rate
was $1.00 for the first 200 cubic feet or less per month. Companies providing gas service and the number of
customers as of December 31, 1931 are shown in Table 3.1.2.

Table 3.1.2 Vermont Companies Providing Gas Service, 1931
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Gas Company Location Customers

Capital City Gas Montpelier *

Central Vermont Public Service Corp. Rutland 3,385
Green Mountain Power Corporation Burlington 7,323
Twin State Gas & Electric Company Bennington 1,559
Twin State Gas & Electric Company Brattleboro 1,581
Vermont Lighting Corporation Barre 2,142
Vermont Lighting Corporation St. Albans 1,048
Vermont Lighting Corporation Springfield 930

*No figures reported.
Source: Vt. PSC, 1932, 37-40 and 1934, 19-21.

The 1934 Commission notes that there has been a steady decline in the gas business and that there is a "need of
some means of bringing output sold up nearer capacity of the works owned" (Vt. PSC, 1934, 21).

Later, some of the manufactured gas systems in Vermont's cities were used to distribute propane. The gas
systems continued to operate (using propane instead of manufactured gas) supplying energy for cooking, water
and space heating, and manufacturing processes as late as the 1960s.

In 1965 Vermont Gas Systems, Inc. obtained a certificate of public good to serve as a public utility and bring
natural gas to Vermont consumers. After service began the company acquired the existing manufactured gas
system in Burlington, a propane system in St. Albans, and completed construction of a natural gas transmission
pipeline from the Canadian border to connect Burlington with the TransCanada pipeline system transmission.

Vermont Gas started with 6,400 customers in Franklin and Chittenden counties; gas service is available now to
more than 27,000 residential and business customers for a variety of purposes including heating, water heating,
cooking and clothes drying, industrial processing, electric generation, and fueling vehicles (Sheri Larsen,
External Affairs Manager, Vermont Gas Systems, personal communication, June 1995).

Automobiles, Highway Transportation, and Gasoline

The automobile and the internal combustion engine that burns gasoline were introduced in Vermont in 1897,
when there were 13,000 miles of public highway (Wilgus, 1945, 85). However, a law passed in 1894 entitled
"An Act Related to Steam Traction Engines on Highways" indicates that steam powered precursors to the
automobile were the first type of motorized vehicle to travel Vermont highways, and their impact on other
modes of highway traffic was rather disruptive.

The owner or person in charge of a carriage, vehicle or engine propelled by steam, except
road rollers, shall not cause or permit the same to pass over, through, or upon any public
street or highway, except upon railroad tracks, unless he sends, at least one-eighth of a mile
in advance of the same, a person of mature age to notify and warn all persons travelling
upon or using the street or highway with horses or other domestic animals; and at night
such person shall, except in an incorporated village or city, carry a red light. A
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person violating the provision of this act shall be fined not more than ten dollars for each
offence (Vt. Legislature, 1894, 71).

We have no further information to report about the steam traction vehicles that are the subject of this early
example of traffic regulation, but steam powered vehicles did make a brief appearance in Vermont as
evidenced by the steam wagon built by W.A. Lane in Barre in 1900 (Vermont Life Magazine, Autumn 1959,
12). (See Figure 3.1.1.)

At the turn of the century, gasoline-powered motor vehicles were perceived as recreational vehicles for the
well-off. Automobiles were oddities on Vermont's road, which were used by pedestrians and persons riding or
driving one or more horses or other draft animals. From 1900, automobiles traveling the state's public
highways steadily increased. Automobiles did not initially displace either the trolleys or trains; it was horse
drawn vehicles that were replaced. The growing importance and popularity of the automobile is reflected in a
number of state statutes. In 1904, the legislature introduced automobile registration; driver's licenses and
speed limits soon followed.

The registration fee . . . shall be three dollars for each motor vehicle of 20 horsepower or
less and five dollars for each motor vehicle of more than twenty horsepower. . . . The
secretary of state shall furnish to each person registering a motor vehicle . . . two enameled
iron plates . . . with the number given to such motor vehicle . . . placed before the letters
"Vt." ... The fee for a license for operating a motor vehicles shall be two dollars annually
(Vt. Legislature, 1906, 110).

In his Biennial Report of 1902, the Commissioner of Highways reports on the status of roads and travel
conditions.

With improved roads we have the motor bicycle and the automobile, the latter, especially, a
menace to people who travel by team. The rapidly moving automobile is a terror to most
horses on the highways. One instance was brought to our notice of a heavy automobile
containing four men, running 11 miles between two Vermont villages in 24 minutes. Of
the runaways along the route only two proved serious. Statute law regulating the speed of
horseless carriages along the highway would seem prudent (Farrington, unpublished
report).

A 1906 state statute established that:

No motor vehicle shall be run . . . in a careless or negligent manner. . . . A rate of speed
exceeding 25 miles an hour outside a city or incorporated village, or at a rate of speed
exceeding 10 miles an hour within a city, incorporated village or the thickly settled part of
atown . .. [is] evidence that the motor vehicle was run carelessly or negligently (Vt.
Legislature, 1906, 109).

By 1910, several statutes indicate that there were efforts to make traffic on the "public highways" suitable for
automobiles and at the same time make automobile owners compatible with other highway users, or face fines
up to one hundred dollars. For example:

An automobile or motor vehicle while being operated shall be provided with an adequate
brake, a muffler, at least two lighted lamps on the front, and one on the rear . . . which shall
display a red light . . . and with a suitable bell or horn or other means of signalling;
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the person in control or charge of such automobile or motor vehicle shall, in going around a
curve in a highway, or on approaching an intersection of the same, signal with such bell or
horn (Vt. Legislature, 1910, 138).

Figure 3.1.1 Steam Wagon, Designed and Built in Barre, Vt., 1900
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Source: Reprinted with the permission of Vermont Life Magazine, Autumn 1959, 12.

Roads and highways were prerequisites for automobile use. Legislation established Vermont's Commissioner
of Highways in 1898, and in 1906 the State Highway Department was created, followed in 1927 by the Motor
Vehicle Department. Road improvements became an area of ongoing concern, particularly at railroad
crossings. First the Railroad Commission and then the Public Service Commission regularly reported progress
in eliminating "grade crossings" and the number of fatal and non-fatal accidents occurring annually. With
increasing numbers of automobiles, railroad companies built more overpasses to eliminate "grade crossings"
and reduce the number of accidents involving automobiles and trains.

The first stretch of concrete road was built in 1922 in front of Fort Ethan Allen, as a result of agitation by
Army Officers for an improved highway between Winooski and Essex. With the War Department paying half
the cost, and Essex Junction contributing $10,000, the Highway Board had the necessary funding for the
improved road from the Fort to Essex Junction. Improvements at the Winooski end came later. Following
the 1927 flood, the Highway Board and the legislature authorized an $8 million bond issue for repairing flood
damaged roads and bridges. Approximately 700 projects were approved and all were completed by November
1930 at a total cost of $11.8 million in bond, federal, and local funds (Farrington, unpublished report).

The automobile had a tremendous impact on the decline of railroad passenger service (Vt. PSC, 1906, 15).
Railroad service was at its peak around 1900, with more than 1,100 miles of operating rail line. As
automobile ownership and use grew in the early 1900s, railroad service declined, and electric trolleys that
flourished prior to 1920 could not stay in business after the mid-1920s.

By 1945, railroad milage had decreased by 14% from the time of its peak, to 969 miles, and the decline
continued rapidly. The Public Service Commission's 1960 report cites numerous applications by railroads to
be relieved of operating passenger trains, petitions to close agency stations, and severe operating losses for the
state's last major railroad, the Rutland Railroad.

After World War II, the automobile became a symbol of necessity rather than luxury. Urban and suburban
growth made it necessary to have an automobile to get to work or to shop in one of the new shopping centers.
The weekend excursion on the electric trolley of 1910 or the hazardous rigors of a motorcar tour of the 1920s
and 1930s became an afternoon drive for a growing number of Vermonters and tourists by the 1950s when
automobiles became the dominant means of passenger travel (Meeks, Time and Change, 1986, 203).

The number of registered automobiles in Vermont gives an indication of the growth and importance of this
energy use. Automobile registrations grew rapidly and then declined during World War II. This trend was
paralleled by the vehicle miles traveled (VMT) in the state. Between 1920 and 1940, VMT grew from about
.1 billion miles to .7 billion miles. (See Table 3.1.3 and Figure 3.1.2.) Miles of public highway also
increased, reaching approximately 14,000 in 1943. By 1943, 9% of the highway miles were paved and 51%
were graveled, leaving 40% partially improved or primitive (Wilgus, 1945, 85).

After 1950, the automobile was the predominant means of passenger travel, and energy consumption for
transportation took off. The 1950s and 1960s were characterized by stable supplies of cheap oil which fueled
growth in the transportation sector. Between 1950 and 1973, statewide vehicle miles traveled (VMT) grew
from 1.2 billion miles to 3.3 billion miles, and motor fuel use grew from just under 100 million gallons to
almost 250 million gallons. (See Figure 3.1.2.) The fuel efficiency of American cars during this time actually
decreased, from 14 miles per gallon in 1958 to less than 12 in 1973, due mainly to increased car weights. By
1970, cars and trucks accounted for 75% of all U.S. transportation energy consumed, with cars in urban areas
accounting for the largest quantity consumed and the largest proportional increase of any category (Huffman,
1974, 157-8).
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Table 3.1.3 Vermont Automobile Registrations, Vehicle Miles Traveled, and
Population, 1906-1990

Vehicle Miles Vermont
Automobile Traveled Population
Year  Registrations (Billions) (Thousands)

1906 373 351
1920 30,000 1 352
1929 90,000 3 358
1942 88,000 5 353
1956 123,396 1.4 385
1960 132,679 1.6 390
1970 163,481 2.6 445
1980 254,849 3.7 511
1990 326,997 5.8 558

Source: Wilgus, 1944, 85 for registration information up to 1942; Vt. Motor Vehicle Registries, R.L. Polk
Directories for registrations in 1956-70; Vt. AOT for registrations in 1980-1990; Vt. AOT for VMT (1929,
1942, and 1956 are estimates); Bureau of the Census for population information (1906, 1929, 1942, and 1956
are estimates).

In October 1973, the first of two energy shocks within the decade hit, and oil prices skyrocketed. The 1973
energy crisis was precipitated by Arab OPEC countries placing an embargo on exports to the U.S. in response
to U.S. support for Israel during the Yom Kippur War. This embargo was lifted in March 1974, but oil prices
remained high. In response to shortages and increased gasoline prices, energy efficiency in the nation's
transportation sector became more important. A nationwide 55 mph speed limit was imposed in 1974, and
automobile efficiency standards went into effect in 1978. Through the combined effects of oil price shocks,
regulation, and technical progress, the fuel efficiency of new American lighter weight vehicles almost doubled
between 1973 and 1985, from 13 to 24 miles per gallon (U.S. Congress, OTA, 1991, 153). This improvement
in fuel efficiency led to both lower energy use and emissions per mile traveled.

Although new cars made gains in fuel efficiency in the 1970s and early 1980s, the total VMT in Vermont and
nationwide continued to increase. Vermont's VMT grew from 3.3 billion miles in 1973 to 4.2 billion miles in
1983 (Vt. AOT, Vt. on the Move, 1991, 44). At the same time, motor fuel use in the state fluctuated in
response to federal fuel efficiency standards and another oil price shock in 1979 from OPEC price increases.
In 1981, motor fuel use in Vermont was at almost the same level as in 1971, due largely to high gasoline prices
(Vt. DMV Fuel Report). (See Figure 3.1.2)

Since the early 1980s, however, motor fuel use, VMT, and corresponding air pollution problems in Vermont
have steadily increased due to relatively low oil prices, an increase in the interstate speed limit from 55 to 65
mph, lack of further gains in fuel efficiency for new cars and trucks, and a trend toward light truck and sports
utility vehicle purchases. Motor fuel use between 1981 and 1994 grew from about 233 million gallons to 304
million gallons, a 30% increase (Vt. DMV Fuel Report). Over the same time period, statewide VMT grew
from 3.8 billion miles to around 6 billion miles, a 58% increase (Vt. AOT, Vt. on the Move, 1991, 44).

Although the pre-1973 conception of oil as "cheap and plentiful” is gone, gasoline prices remain low and
Vermont's demand for petroleum remains high. (See Figure 3.1.3 for an overview of changes in Vermont's
gasoline prices.) Transportation energy use in Vermont continues to grow at rates similar to the rates in the
1960s and early 1970s, with no sign of slowing. (See the Transportation and Motor Gasoline sections later in
this chapter.)
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Figure 3.1.2 Vt. Gasoline Use and Vehicle Miles Traveled, 1920-1994

Growth of the Electric Utilities and Electricity Demand

Many electric companies began operation during the 1890s, many merged, competed with gas light companies
and either bought them out or were bought up by the gas light companies. Expansion and changes in
ownership were common occurrences. In 1900, 52 Vermont communities had electric service, provided by 46
electric distribution systems. (See Table 3.1.4)

Demand for electricity was growing and three important trends emerged: efforts to build stability and provide
public oversight of electric and gas companies; recognition of the importance of having electric service and
making it available throughout the state; and using new resources and technology to meet the demand.

Expanding Demand for Electricity. After the turn of the century, electric service started being considered a
highly desirable commodity, if not a necessity, particularly as new uses for electricity proliferated. The
Rutland Railway Light and Power Co., formed in 1906 with the consolidation of electric, gas, and
transportation companies, gives a picture of the service, facilities, and rates that were typical of this transitional
period. Two coal fired generating plants provided electricity, and the company's circuits covered about 25
miles of streets and a three mile lighting circuit for farm customers near Rutland.

Figure 3.1.3 Vermont Gasoline Prices, 1973-1995
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Average dollars per gallon (1994 dollars)

Electricity was used for lighting, and lighting rates for this company were 15 cents per kiloWatthour for the
first two kWh, with a drop as low as 7.5 cents per kWh as use increased. Minimum rates were $1 per month
per incandescent light (CVPS, 1979, Section 14-Rutland). In St. Albans, customers were billed on the basis
of lights installed in a home or shop, and the rate was the same whether the lights were operated for five
minutes or five hours. Some bills were calculated on the number of rooms in a house, with owners of larger
homes paying more for electric service (CVPS, 1979, Section 18-St. Albans).

At this time Rutland Railway Light and Power also reports that 700 meters were on the company's distribution
circuit. They could be read by two men in three days, but they were not used for billing purposes. It is
unclear how customer bills were actually prepared, but in the early 1900s as electric utilities were building
their distribution systems and adding customers, they were also establishing precursors to standard rates and
measured service.

Another early use for electricity was the street railways, also known as the trolley or traction line, which
replaced horse-drawn trolley systems that had operated in Rutland, Burlington, and other growing cities, or
offered new services in Brattleboro and Montpelier. This application of electric energy to transportation
peaked in 1912, when 10 trolley systems were operating. In 1913 the Rutland Street Railway Co., the largest
street railway in the state, reported carrying over 3 million passengers on its routes through Rutland and
extending to Lake Bomoseen, Fair Haven, Castleton, and Poultney (CVPS, 1979, Section 14-Rutland).

The electric trolley companies rapidly declined during the 1920s, when the automobile started taking over as
the preferred means of local transportation, but other emerging uses for electricity continued to increase the
demand.




Source: Tucker, 1986, 68.
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Table 3.1.4 Vermont Communities with Electric Service, 1900

Town First Electricity Utility Operating in 1900 Source of Power
Barnet 1894 Pioneer Electric Light Company hydro and steam
Barre 1887 Consolidated Lighting Company hydro and steam
Barton 1894 Village of Barton hydro

Bellows Falls 1888 Bellows Falls Electric Light Co. hydro and steam
Bennington 1887 Bennington Water Power & Light Co. hydro and steam
Bethel 1895 Bethel Electric Light & Power Co. hydro

Bradford 1897 Bradford Electric Lighting Co. hydro and steam
Brandon 1889 Neshobe Electric Company hydro and steam
Brattleboro 1888 Brattleboro Gas Light Company steam

Bristol 1892 Bristol Electric Company hydro and steam
Burlington 1885 Consolidated Electric Company hydro and steam
Charleston 1895 Village of Barton hydro

Chelsea 1899 Chelsea Electric Light & Power Co. hydro

East Berkshire 1897 John Robb hydro

Enosburg Falls 1896 Village of Enosburg Falls hydro
Samsonville 1897 John Robb hydro

Essex Junction 1893 Peoples Electric Light & Power Co. hydro

Fair Haven 1894 James Langdon hydro

Hardwick 1893 Village of Hardwick hydro and steam
Hartford/ WRJ 1893 Mascoma Electric Light and Gas Co. hydro and steam
Hyde Park 1895 Village of Hyde Park hydro

Island Pond 1895 Island Pond Electric Light & Power Co. steam

Johnson 1894 Village of Johnson hydro

Lyndon/

Lyndonville 1896 Lyndonville Municipal hydro
Manchester 1896 Reuben Colvin and DeVere Houghton hydro
Middlebury 1890 Middlebury Electric Company hydro and steam
Middlesex 1896 J.S. Viles hydro
Montpelier 1886 Consolidated Lighting Company hydro and steam
Morrisville 1894 Village of Morrisville hydro
Newport 1891 Newport Electric Light Co. hydro and steam
Northfield 1895 Village of Northfield hydro
North Troy 1896 C.O. Fowler hydro
Poultney 1896 James Langdon hydro
Proctor 1893 Vermont Marble Company hydro and steam
Randolph 1898 White River Electric Company hydro
Richford 1888 Sweat-Comings Company hydro and steam
Rochester 1897 Rochester Electric Light & Power Co. hydro and steam
Rutland 1886 Rutland City Electric Company steam
St. Albans 1888 St. Albans Electric Light & Power Co. steam
St. Johnsbury 1888 St. Johnsbury Electric Company hydro and steam
S. Londonderry 1894 Charles Alexander hydro
Springfield 1891 Springfield Electric Company hydro and steam
Stockbridge/

Gaysville 1897 J. E. Safford hydro
Swanton 1894 Village of Swanton hydro
Vergennes 1893 Vergennes Electric Company hydro
Waterbury 1899 Consolidated Lighting Company hydro
Wells River 1891 Village of Wells River hydro
Wilmington 1894 Wilmington Electric Light Co. steam
Windsor 1890 Windsor Electric Light Co. hydro and steam
Winooski 1887 Consolidated Electric Company hydro and steam
Woodstock 1893 Woodstock Electric Company hydro and steam
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The electric motor, several different models of which Thomas Davenport of Brandon had developed and
obtained patents for in the 1830s, had evolved and been adapted for many new, labor saving uses. Many
Vermont businesses were getting started or growing, and new equipment was purchased and used. In the first
decades of the century a new era of home appliances began, changing the performance of tasks of sewing,
laundering clothes, and cooking. Electric refrigerators soon made iceboxes obsolete. As more household and
business equipment relied on electricity, electric utilities advertised in newspapers and promoted sales,
acquainting customers with the care and use of appliances through cooking schools, demonstrations, and
service calls by the Home Services Department (CVPS, 1979, Section 3-Historical Notes from Annual
Reports).

Building Stability and Regulating Electric and Gas Companies. During the first decades of this century, new
companies were established and many of Vermont's small electric companies were consolidated. Mirroring
the electric industry nationally, systems were rapidly expanding in the 1920s, credit was easily obtainable, and
small investors were pouring their savings into utility stocks, whose prices were climbing. Capital was
flowing into utility holding companies. There was speculation in Vermont utility properties along with
mergers, acquisitions, and consolidations carried out by utility holding companies that in some cases involved
improper inter-company financing. Mergers and buyouts that resulted in the formation of the state's major
electric companies, Green Mountain Power, Corp. in 1928 and Central Vermont Public Service Corp. in 1929,
are well documented in their respective corporate histories (GMP, 1993 and CVPS, 1979). When Congress
passed the Public Utility Holding Company Act of 1935, the era characterized by rapid expansion, risky
financing, unsound accounting practices, and utility mismanagement ended. Utility ownership was
reorganized and gained stability.

Financial stability, service, and safety related to Vermont's electric and gas companies were matters of public
concern from the time these companies were established; however it was 1908 before the legislature revised
the state's regulatory body, changing its name from the Board of Railroad Commissioners to the Public Service
Commission and extending its authority to "supervision of all persons doing a public service business in this
state" (Vt. PSC, 1910, 10). Beginning in 1909, the Commission's Biennial Report included information about
telephone and telegraph companies, electric and gas companies, as well as the long established sections on
steam and electric railroads. At this time, 71 telephone companies and 65 gas and electric companies
submitted the requested information that was then published in the Biennial Report. Several companies are
noted for failing to do so. The Commission had very limited resources and funding for any investigations had
to be obtained through special authorizations from the legislature.

In 1937 the General Assembly proposed a tax to support full time, independent staff, enabling the Public
Service Commission (later called the Public Service Board) to be more independent and active in its regulatory
efforts. This regulatory framework continued until its restructuring in 1981, when the legislature separated the
Public Service Board into two distinct offices: the Department of Public Service and the Public Service Board.

The Board retained the judicial and rule-making role in utility proceedings. The Department was charged to
carry out the tasks of representing the public in proceedings before the Board, planning for the state's future
energy and telecommunications needs, handling consumer affairs, making and administering contracts on
behalf of the state, and other regulatory functions.

Extending Electricity Service. After the turn of the century, the web of power lines grew quickly in Vermont's
populated communities, but was slow to advance into rural areas. Ultilities were reluctant to extend their lines
further into rural areas. The farming community was seriously concerned about the "power haves and
have-nots" and predicted they would forever live by lamplight and manual labor.
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In 1930, Vermont had about 82,000 domestic customers. While 63% of all Vermont homes had electric
power, only 13% of the farms did (Meeks, Vt.'s Land and Resources, 1986, 202). By the mid-1930s, political
pressure was growing at local, state, and federal levels to bring power to farmers and rural areas of the state.
Major efforts were made at the federal and state levels to make electric service widely available and consistent
with standards set by regulatory entities. The federal government responded to popular rural sentiment with
the National Rural Electrification Act (REA) of 1935 that had a significant impact on Vermont, creating low
interest, long term loans to farmer's cooperatives, and state and local governments so they could provide farms
with electricity for lighting and improved farm equipment. From the time he first entered politics in 1931 as
the representative from Putney (population 835), George Aiken worked to counterbalance the power of utility
companies with public involvement in energy issues so that his constituents as well as people in other rural
areas could have electric service at a low cost, as residents of more urban areas did. As governor starting in
1936, Aiken strongly promoted public power and rural electrification, and he continued this advocacy when he
went to Washington as a U.S. Senator in 1941.

The Biennial Report for 1937-1939 describes a major effort to extend electric service throughout the state.
With support from Vermont Farm Bureau and other organizations, the Public Service Commission sent
questionnaires to owners of all electric systems within the state requesting information about their miles of
rural line and number of farm customers for the years 1937 to 1939.

Information gathered from these questionnaires is shown in Table 3.1.5. The state's REA cooperatives --
Washington Electric Cooperative, Inc., Vermont Electric Cooperative, Inc, and Halifax Electric Cooperative --
were under construction and just starting to serve customers in 1939.

As the Biennial points out, the actual percentage of customers and lines attributed to the cooperatives in 1939
is relatively small, but rural line construction and farm customers both grew more than 10% between
1938-1939, over twice the rate for the prior year. From their first year of reported service, the cooperatives
had a major impact, getting service to 436 farm customers with 166 miles of rural line. Washington Electric
also had 212 miles of line under construction with 556 customers signed up for service as soon as it was
available; similarly Vermont Electric Cooperative would soon have about 200 additional miles of line serving
about 400 more farm customers, and Halifax was building 68 miles of line to serve 170 users (Vt. PSC, 1939,
10-11).

Table 3.1.5 Vermont's Progress with Rural Electrification 1937-1939

Miles of Rural Line
1937 1938 1939
Municipal Utilities 467 486 515
REA Cooperatives 0 0 166
Private Utilities 2.876 3,011 3,179
Total 3,343 3,497 3,860

Farm Customers

1937 1938 1939
Municipal Utilities 1,386 1,465 1,536
REA Cooperatives 0 0 436
Private Utilities 7.566 7.926 8,422
Total 8,592 9,391 10,394

Source: Vt. PSC, 1939, 10.
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In its Biennial for 1945-1946, the Public Service Commission reports that it conducted a statewide field survey
of rural electrification "... by having all highways in the state perambulated by a member of the PSC staff in
his automobile; some 14,300 miles in all". This survey identified 21,872 farms in Vermont, and 14,940 or
69% were electrified. Information was recorded and maps were marked so that the 6,932 farms without
electricity could be connected. The Commission also met with the state's utilities and a "postwar rural
electrification building program" was set up with each utility, including progress reporting. By November
1946, electricity was available to 90% of all farms in Vermont, ". . . not just the best farms in the state, but
90% of all establishments which by any stretch of an enthusiast's imagination might be called farms." The
goal was to connect 97% of the state's farms by the end of 1948 (Vt. PSC, 1946, 1-17). Hundreds of miles of
distribution line were added each year during the late 1940s. Victory and Granby, with their 101 residents,
were the last Vermont towns to be linked to the grid. The year was 1963.

Meeting Vermont's Need for Electricity: New Sources. Reflecting the national trend, electricity use in the
state of Vermont grew dramatically from the beginning of the century until the oil crisis of 1972 , as customer
counts were building and uses for electricity were being developed and marketed. Over the decades, the real
cost of electricity declined, and consumers responded by using more for an expanding number of energy
consuming products. In Vermont the average price of electricity fell steadily from about 40 cents per kWh in
1940 to less than 10 cents in 1972 (both in 1991 dollars,) as average usage per residential customer rose by
about 800%, or about 25% per year. (See Figure 3.1.4.)

In the 1940s, as the state's electric utility industry passed its 50th anniversary, there was growing concern about
potential future energy sources for generating electricity and how the state could assure that Vermont
customers got low cost, reliable power to meet their needs.

The Biennial Report for 1937-1939 indicated that:

.. . practically all the electricity generated and used within the state is produced by water
power. Small amounts are produced by steam or diesel power, but they are relatively
unimportant.

In addition, out-of-state companies, New England Power Association and New England Public Service Co.,
controlled major power stations on the Connecticut and Deerfield Rivers, and moved a major portion of this
generation out of the state.

The combined Vermont generation of these two companies was 87% of the state's total,
exclusive of municipals, of which 58% was exported (Vt. PSC, 1939, 29).

The Public Service Commission and the legislature were beginning to look for new sources for supplying the
state's growing need for electricity while protecting Vermont's remaining potential hydro sites from the
out-of-state power companies that were interested in buying them. Several large scale facilities on the
Connecticut and Deerfield Rivers as well as rivers within the state were controlled by out-of-state power
companies and a significant portion of this power was exported. There were growing concerns about allowing
further control of the state's potential resources by outside interests.

The legislature had given a clear message about developing potential future sources in 1931 when a bill related
to flood control and cooperation between the state and private utilities was considered. If passed, this new law
would have given power companies broad authority to build dams and reservoirs on potential power sites
throughout the state. Despite strong backing by legislative leaders and interest groups, the bill was voted
down in the House Conservation Committee. The representative from Putney, George Aiken, led the
opposition to the bill on the grounds that this bill would enable private utilities to buy up every dam site on
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Figure 3.1.4 Vermont Residential Electricity Prices, 1940-1992
Cents per kWh per year (1991 dollars)

nearly every brook in Vermont where 500 kiloWatts of power could be generated and utilities would thereby
gain "control of the destiny and development of the state." In spite of support by the Speaker of the House,
the power companies, and railroads, the Conservation Committee voted against the bill, and it died (Oakes,
1995, 148).

To keep pace with the growing demand for electricity after World War II, the Public Service Commission,
Vermont's Congressional representatives, and those concerned with energy policy in Montpelier were working
to get large scale, long term blocks of "firm power" (guaranteed power) from sources outside the state.
Vermont utilities were addressing the need for new power sources by starting to develop contracts for
purchasing power and considering new generating plants.

Contracts with New York Power Authority (NYPA). In 1955 the legislature made the Public Service
Commission the state's designated agent for the state's power purchases, and in 1957 the legislature gave the
Public Service Commission authority to proceed with power purchases from the St. Lawrence Project. The
Vermont Electric Power Company (VELCO), formed by a group of Vermont utilities and led by CVPS, was
authorized to construct transmission lines and facilities so that Vermont could receive deliveries of power
from the New York Power Authority (then called the Power Authority of the State of New York (PASNY)).
In 1958 the legislature authorized a contract with the New York Power Authority for the purchase of 100 MW
of power from generating facilities at Massena, NY, for distribution to Vermont consumers.
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Before the first NYPA contract was finalized, the search was on for additional sources. Vermont was able to
contract for an allocation of Niagara power, under the terms of a federal preference project, whereby the New
York Power Authority was required to export a reasonable amount of the power generated by these facilities to
municipally-owned electric companies, cooperatives, and public bodies. With authorization from the
legislature, the Public Service Commission negotiated a contract for 50 MW of Niagara power and allocated it
to "preferential bodies" in the state.

From 1958 through 1985, NYPA hydropower was an important source of Vermont's electric energy, providing
approximately 65% of the state's requirement in 1962, a proportion that steadily decreased thereafter as the
state's requirements grew. By 1985, NYPA was providing 19% of Vermont's energy requirements. NYPA
contracts were renegotiated to continue until 2002, but Vermont's allocation of power was greatly reduced so
that less than 2% of the state's requirement is currently being provided by NYPA contracts.

Nuclear Power Plants. In the search for additional sources, plans were announced in 1954 for construction of
New England's first nuclear power station, sponsored by 11 investor owned utilities including several Vermont
utilities. Yankee Rowe Nuclear Power Station, located in Rowe, MA just south of Vermont's border, was
completed on schedule in 1960. It was New England's first nuclear plant.

In the mid-1960s Vermont Yankee Nuclear Power Corporation proposed to build a 540 MW nuclear power
plant at a cost of $88 million, to be completed by 1970." At this time Governor Philip Hoff was negotiating to
bring in a substantial amount of power from the Churchill Falls (Labrador) Hydroelectric Project. Early in
1966 the enabling legislation passed the Senate, ". . . but in the House all hell broke loose. In my entire
experience I have never seen lobbying like that in the state of Vermont. And much of it was of very doubtful
probity" (Hoff, 1995, 138). The House eventually sent its version of this bill to a study committee,
terminating this option for acquiring new, long term sources of power. In August, 1966 the Public Service
Board issued a Certificate of Public Good to the Vermont Yankee Nuclear Power Corporation in anticipation
of the construction of an "atomic plant" in the state (Vt. PSB, 1966, 33). Vermont Yankee Nuclear Power
Station, located in Vernon, Vt., went on line in December, 1972, two years late and at a cost of $220 million,
more than twice the original construction estimate.

In 1973, its first full year of operation, Vermont Yankee supplied about 26% of the state's electric energy
(3,447,212 kWh) (Vt. PSB, 1974, 50). Its contribution has been as high as 38% in 1975, moving back to the
26% range by the late 1980s. Vermont utilities owned 55% of the unit or 277 MW during the early period of
operation, increasing to 281 MW as of May 1995 when a new turbine generator was installed, increasing the
plant's output. (See Table 3.1.6)

Table 3.1.6 Vermont Utilities' Ownership of
Vermont Yankee, 1995

Central Vt. Public Service 31.25%
Green Mountain Power 17.86%
Vermont Electric Cooperative 1.07%
Washington Electric Cooperative .62%
Lyndonville Electric Dept. .61%

Total ownership by Vt. Utilities 55.00%

Source: Vt. DPS
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Power Contracts. In addition to building generation plants, Vermont utilities also pursued power contracts.
During the early 1960s, VELCO began making arrangements for purchase and transmission of wholesale
blocks of power for resale at cost to Vermont utilities. The Public Service Commission found that this form of
pooling for power purchases and transmission was advantageous for Vermont utilities and customers (Vt. PSB,
1968, 30). The New England Power Pool (NEPOOL) was established in 1970, in response to a major
regional blackout in 1965, and consisted of private, municipal, and cooperative utilities from all six New
England states. Under the direction of NEPOOL, there is central dispatch for most of the generation and
transmission in New England. Power contracts have provided a significant portion of Vermont's electric
energy supply since they were first established.

Contracts with Hydro-Québec and Ontario Hydro. Vermont's ties with Canada for electricity date back many
years, when small companies on the Canadian side built hydroelectric sites and began serving customers, some
of whom were located in Vermont. These hydropower contracts were continued after Québec's electrical
facilities were consolidated and Hydro-Québec was created in 1944. The state negotiated with Ontario Hydro
for 52 MW of electricity for the period 1980-1985, which was later renegotiated and extended. In 1984, the
Department of Public Service executed a contract with Hydro-Québec for 150 MW of firm power and up to 1.3
billion kWh of energy annually for a 10 year period. Following the completion of NEPOOL's high voltage
converter in Highgate, Vt. and 7 miles of transmission line linking Vermont to the Québec transmission
system, Vermont received power from Hydro-Québec under this contract for the 10 year period that ended in
September 1995. Fifteen Vermont utilities are now purchasing firm power from Hydro-Québec under a
follow-up contract. This purchased power is expected to increase from 250 MW at the beginning of 1996 to
310 MW by 2000. After 2011, portions of the contract expire and the contract amount declines to 5 MW for
the period 2017 to 2020.

Renewable Energy Sources. The percentage of Vermont's electricity use generated from renewable energy
sources has historically been relatively high and is likely to remain so.

Vermont's abundant hydro sites have been used since the 1890s, and in-state hydro plants continue to be an
important energy source. A significant amount of in-state electric generation comes from the 46 utility owned
hydro sites, the 19 independently owned hydro sites known as qualifying facilities, and the many smaller hydro
sites around the state (Vt. DPS, 1994, Vt. Twenty Year Electric Plan, 4-30).

Similarly, wood has long been an important energy source for home heating, and more recently has expanded
its role to contribute to Vermont's in-state electricity generation. In 1984, the 53 MW wood-fired McNeil
Station opened in Burlington; it was the largest wood-fired generator in the world at the time. Vermont's
second wood-fired plant came on-line in 1992 in Ryegate, with a capacity of 20 MW. The McNeil Station
will continue its role as a leader in the next several years by constructing one of the first wood chip gasification
systems as a demonstration project. (See the Electricity from Wood section for more information.)

Vermont also was the site of a wind turbine test project in the early 1940s, and is expected to be the site of
another wind test project in the next few years. In 1941, for the first time anywhere in the world, power from
a wind turbine constructed on a hill 12 miles west of Rutland was fed into Central Vermont Public Service's
transmission line and carried to Rutland and nearby communities. Subsequently, the wind turbine (known as
Grandpa's Knob Windmill) went off-line for about three years of test operation, during which it operated in
winds up to 70 mph, withstood gales as high as 115 mph, and generated up to 1,500 kW. The turbine went
on-line for electricity generation again in 1945 for 23 days. The project ended when one of the 8 ton blades,
measuring 70 feet long and 11 feet wide, broke loose (CVPS, 1979, Section 6-Grandpa's Knob Windmill).
(For more information, see the Wind Energy section.)

Energy Efficiency Programs and Demand Side Management. Beginning in the 1970s, energy efficiency
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programs that reduced the need for electricity began to be recognized as valuable resources that could postpone
and potentially eliminate the need to add new supply resources to meet peak loads. First came new rate
designs and load control programs that (together with consumers' new awareness of energy efficiency efforts)
began flattening Vermont's seasonal electricity use pattern and slowed the growth rate in statewide electric
sales.

By the 1980s, conservation experience in Vermont and elsewhere made it clear that there was great untapped
potential for improving the efficiency of electric power use. The cost for acquiring electric energy resources
through investment in energy efficiency and other "demand side" resources could be less than the cost of new
generation or other supply resources. In the 1983 Vermont Twenty Year Electric Plan, the state's electric
utilities were advised and encouraged to treat commitment to or investment in energy efficiency options as
seriously as options to purchase additional power or build additional power plants.

In the late 1980s, policy makers, the legislature, and regulators directed Vermont utilities to undertake least
cost integrated planning (LCIP) and to prepare integrated resource plans (IRPs) in which each utility forecasts
its customers' long range demand for energy and develops a set of least cost options for meeting this need.
The procedure for selecting this set of resources must give comparable treatment to generation, transmission,
distribution, and demand side management resources, which are typically energy efficiency programs.
Environmental costs are also to be taken into account in the selection of resources, along with robustness
across a variety of potential futures, potential risks, and the value of diversity.

The recently published 1994 Vermont Twenty Year Electric Plan reassesses the state's current and long term
needs for electric energy, and reconfirms the principals of integrated resource planning for the state's utilities,
as does the Public Service Board's 1990 Order in Docket 5270 and a related statute (30 V.S.A. §218c) which
requires integrated resource planning by all the state's utilities. (See the Utility Efficiency Programs section
later in this chapter.)

Recent Energy Trends

Since the turn of the century, energy use in Vermont has undergone major changes. Use of fuel sources such
as coal, kerosene, and manufactured gas has declined dramatically, while usage of oil, electricity, nuclear
power, hydroelectric power, natural gas, and propane increased substantially. A multitude of new energy end
uses were in place by the 1970s and 1980s, especially electricity-using appliances and machinery and oil-using
vehicles.

Between 1970 and 1995, there were major shifts in the price, supply, and consumption of energy nationally
and here in Vermont. During the late 1970s, consumers responded to higher oil prices or uncertain oil
supplies by reducing their use of oil, shifting to other types of fuel, and purchasing and using more efficient
appliances, machinery, and vehicles. Initial reductions of oil consumption were achieved by a stoic
"do-without" approach, but later this approach was replaced by using oil and other fuels more efficiently in
heating systems, buildings, vehicles, and manufacturing.

At the national level, the oil market shifted from a federally regulated market (with respect to price and
distribution) to a deregulated market in 1981. For much of the 1980s, these competitive markets, along with
worldwide oil surpluses, helped to stabilize fuel prices. The late 1980s showed renewed and fairly rapid
growth in some energy use areas, particularly in transportation, electricity, biomass, and natural gas use.

As illustrated by Figure 3.1.5, Vermont's energy use, electricity use, and gross state product (GSP) have
increased at different rates since the mid-1970s. Because GSP has increased more quickly than total energy
Figure 3.1.5 Vt. Energy Use, Electricity Use, and GSP, 1976-1994
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use, the state's energy intensity has decreased. Part II of this chapter gives a more complete analysis of energy
trends since the mid-1970s, including other graphs of energy intensity and graphs for energy use among
sectors, end uses, and fuels.

As Vermont and the nation plan for future energy use and development, several current trends will likely shape
decisions and patterns of use. These trends include relatively low fossil fuel prices; continued concern about
global warming around the world; far-reaching air regulations that will continue to limit emissions of nitrogen
oxides, sulfur dioxide, particulates, and dozens of toxic compounds; efforts to restructure the electric industry,
which likely will lead to increased customer choice and new methods to ensure ongoing protection of the
public good and societal interests; and changing directions for national energy policy proposed by the 104th
Congress. (See the following sections of this chapter for more information about these trends). In
conjunction with these trends, energy demand is projected to continue to increase, especially in the
transportation sector. The context for future energy development in the Northeast is currently characterized by
an excess capacity in the electric utility sector and relatively flat economic conditions. The ways in which
these and other trends will influence future energy decisions is one of the main topics of the remainder of this
Plan.

B. Recent Energy Planning Efforts and Legislation
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Since the prior version of the Vermont Comprehensive Energy Plan in January 1991, important legislation has
been enacted at the federal and state levels that will affect energy policy for years to come. In addition,
international conferences and ongoing local discussions resulting from them have expanded the understanding
of links between energy, the environment, and sustainable economic development. The following is an
overview of a few milestones at the international, national, and state levels that indicate progress and new
directions in energy planning, energy efficiency, reliance on renewable and alternative fuels, and the protection
of environmental resources damaged by energy use.

1. International Energy Efforts

U.N. Conferences on Environment and Development: Earth Summit

The United Nations Conference on Environment and Development, held in June 1992 in Rio de Janeiro,
Brazil, brought