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The Senate Committee on Post Audit and Oversight undertook an
evaluation of the alternative fuel vehicle industry. The evaluation
examines feasibility studies performed by Congressional committees,
the General Accounting Office, and members of the scientific com-
munity. The Committee reviewed the feasibility of both electric and
natural gas vehicles based on the information gathered from its
research as well as personal interviews conducted with parties
involved in the alternative fuel vehicle industry. The Committee also
researched and evaluated the Massachusetts Division of Energy
Resources alternative fuel vehicle pilot programs.

The Committee recommended and concluded:
The Committee recommends that, as a way to jump start the
alternative fuel vehicle market, the State require that the per-
centage of its new vehicle acquisitions that are powered by
alternative fuels be greater than the minimum percentage
required under the National Energy Policy Act of 1992
(EPACT).
The Committee recommends that the Administration, working
with the Department of Public Utilities and the Division of
Energy Resources, begin to mandate that gasoline station
companies owning more than one vehicle refueling station
provide a minimum number of pumps for the refueling of
natural gas vehicles. Also, the Committee recommends that,
in order to foster the development of an Alternative Vehicle
Refueling infrastructure, the Legislature act expediently to
pass legislation deregulating the sale of electricity and natural
gas as a vehicle fuel.
The Committee recommends that Legislature work with the
Administration and DOER to ensure the passage of further
increases in the tax incentives available to individuals and
companies who voluntarily participate in development of the
alternative fuel vehicle market in Massachusetts.
The Committee recommends that the Department of Public
Utilities encourage the electric and natural gas utilities
operating in Massachusetts participate in and help foster the
alternative fuel vehicle market in the Commonwealth.
Furthermore, the Committee recommends that DPU offer

EXECUTIVE SUMMARY

regulatory flexibility to those utilities participating in the
establishment of an alternative fuel vehicle market.
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On any summer day for the past several years, perhaps the past
twenty, pollution has put a choke hold on the inhabitants of large met-
ropolitan areas. Pollution caused, not by the industrial manufacturing
of products or the emissions of electric generating plants, but rather,
pollution caused by the noxious fumes being emitted from automobile
tailpipes. For every mile driven, automobile emissions can contain
enough pollution to fell even the mightiest 800 pound gorilla of which
I so frequently speak. Recent reports have cited health studies of indi-
viduals living in the most polluted urban areas. The studies point out
that those individuals have a shorter life expectancy than persons
living in non-polluted areas.

To counter this pollution choke hold, the Commonwealth has
imposed the strictest vehicle tailpipe emission regulations in the
nation. However, when you look across the landscape on a mid-
August day, you can still see that familiar yellow haze clinging to the
horizon. The tailpipe restrictions do not seem to be doing the trick.
There is another way to escape the strangle hold of pollution.
Alternative fuel vehicles.

Alternative fuel vehicles have emerged as a realistic solution to the
pollution woes of traffic congested metropolitan areas.

Several states hare issued mandates for the introduction of wide-
scale use of alternative fuel vehicles. Eleven northeastern states have
adopted a proposal requiring that an increasing percentage of all vehi-
cles sold in the participating state be powered by a “zero emission”
alternative fuel source. Everyone is not embracing the mandate path,
however. U.S. automobile manufacturers have filed suit to stop the
mandated sale of “zero emission” vehicles in all states except
California, The sticking point in this battle is technological feasibility.

Alternative fuel vehicle development, especially the development
of electric vehicles, has the potential of providing a groundswell of
jobs in Massachusetts. Despite this, Governor Weld recently
announced that he is considering a two year delay on the implementa-
tion of the state’s mandate. This is not the time for a governor to be on
the fence regarding such an important economic issue for the
Commonwealth. The Governor and the Legislature need to push
ahead with the mandates.

Technological advances have been occurring at a rapid pace in the
alternative fuel vehicle industry. New battery technologies are

FOREWORD
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constantly being developed and tested, fuel capacities are increasing
for vehicles, costs are decreasing and efficiencies are increasing. All
these factors are leading toward more affordable and efficient alterna-
tive fuel vehicles.

The Senate Committee on Post Audit and Oversight, in response to
approaching state mandates and opposing viewpoints being developed
by several involved parties, undertook an evaluation of the alternative
fuel vehicle. The evaluation examines feasibility studies performed by
Congressional committees, the General Accounting Office, and
members of the scientific community. The Committee reviews the
feasibility of both electric and natural gas vehicles. The Committee
also researched and evaluated the Massachusetts Division of Energy
Resources alternative fuel vehicle pilot programs.

I would like to thank the members of the Committee, the staff of
the Bureau, and all others who have contributed to the preparation and
completion of this report.

Sincerely,

Thomas C. Norton, Chairman
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Paced by a combination of regulatory incentives, technological
advances, and a growing interest in preserving the environment, alter-
native fuel vehicles are becoming evermore common on the high-
ways, byways, main streets and back roads of Massachusetts. Here in
Massachusetts, the strict air pollution programs being enforced under
the federal Clean Air Act Amendments of 1990 as well as the
National Energy Policy Act of 1992 (EPACT) have been catalysts for
the development of the alternative fuel vehicle. This report by the
Senate Committee on Post Audit and Oversight examines the alterna-
tive-fuel vehicle programs being administered by the Massachusetts
Division of Energy Resources. The report analyzes issues in the
development and production of electric and natural gas-powered
vehicles, reviews the state’s regulation of alternative fuel vehicles,
and makes recommendations about the future of the programs.

Most people agree that vehicles powered, not by gasoline, but by
fuels such as electricity and natural gas will make up a significant
portion of the automotive market by the end of this century. 1 Several
environmental and science groups, including the Union for Concerned
Scientists, have endorsed the use of alternative fuel vehicles as a
means to cut air pollution. Alternative fuel vehicles emit fewer pollu-
tants than gasoline-powered vehicles, thereby creating less acid rain
and green house gasses which have deleterious effects on the environ-
ment. According to some experts, alternative fuel vehicles are so
clean that some of them are more than 98 percent less polluting than
gasoline-powered vehicles. 2

In addition to Massachusetts, the states of California, Maine,
Maryland, New Jersey, New York and Pennsylvania have all
embraced regulations encouraging the sale and purchase of alternative
fuel vehicles. In response to the call for increased air pollution regula-
tions, some states, including Massachusetts and California, have used
legislative action to establish mandates for the percentages of “zero-
emission” vehicles that must be offered for sale in the state.
A zero emission vehicle is any vehicle which does not have any
tailpipe emissions. Under the Massachusetts mandates, zero emission
vehicles must account for no less than two percent of ail vehicles
offered for sale in 1998, five percent in 2001, and ten percent
by 2003.

Future's Here, \:

K /lichael Fui

INTRODUCTION
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The so-called “Big Three” auto makers, Ford, General Motors, and
Chrysler, have filed suit against several states, including
Massachusetts, that have zero emission mandates. The auto makers
are arguing that it will not be technologically feasible to meet the
mandated deadlines with vehicles that the average consumer will be
able to afford. Currently, the Environmental Protection Agency is
reviewing a proposal by the Big Three that would allow them to offer
“low-emission vehicles” instead of zero emission vehicles in all states
with mandates except for California. Governor Weld is currently con-
templating a delay in the mandate deadlines in order to accommodate
some of the automakers’ concerns.

With today’s technology, the only vehicles that are considered to be
“zero emissions” are electric. However, given the current pace of
technological advancements in alternative fuel vehicle research, elec-
tric vehicles may soon share this special designation with vehicles
powered by other fuels.

In general, the federal government has taken a positive step toward
increasing the realization of an alternative fuel fleet. In late 1992,
President Bush signed the Energy Policy Act of 1992 (EPACT). The
legislation provides tax credits for individuals and businesses pur-
chasing vehicles powered by either electricity, natural gas, ethanol,
methanol, propane, or more than one fuel. The tax incentives include
credits of up to $4,000 for individuals who purchase an electric
vehicle, and $2,000 for the purchase of vehicles powered by other
alternative fuels after July 1, 1993.

The bill also gives large tax breaks to those businesses that install
stations for the refueling of alternative fuel vehicles. The premise of
these tax incentives is not to favor any single alternative fuel over
others but rather to allow the forces of the marketplace to determine
which fuel will become more viable.3

President Clinton has also gotten into the act of promoting alterna-
tive fuel vehicles. He has called on the federal government to increase
its purchases of alternative fuel vehicles by more than fifty percent.

In the last four years, the Massachusetts Division of Energy
Resources has gone to great lengths to promote the application and
proliferation of alternative fuel vehicles. DOER established an alter-
native fuel policy in 1989 which, according to agency officials, is
“fuel neutral”. In other words, the agency is running pilot programs
on all potential alternative fuels, not singling out any particular one.
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DOER has also both sponsored and supported legislation over the last
four years aimed at opening the market for alternative fuel vehicles.
The legislation includes tax incentives and the deregulation of the sale
of compressed natural gas (CNG) when sold as a motor vehicle fuel.
While the legislation has yet to receive legislative approval, it has
moved further through the legislative process each year.

As recommended in the Massachusetts Energy Plan devised by
DOER in the Spring of 1993, these bills are aimed at encouraging the
increased use of alternative fuel vehicles in Massachusetts. Increased
use of such fuels will further diversity the state’s fuel mix, aid in the
fight for cleaner air, and encourage the development of an alternative
fuel infrastructure in the Commonwealth,

In order to focus attention on the most feasible and economically
viable types of alternative fuel vehicles, this report concentrates on
two: electric vehicles and natural gas fueled vehicles.

What follows is a general discussion of each type of vehicle, the
issues of concern associated with each, and the benefits each has to
offer. The report also discusses the efforts of the Division of Energy
Resources to foster a market for the alternative fuel vehicle in
Massachusetts, and the pilot programs being administered by DOER.

Electric vehicles are the only vehicles now considered to be “zero
emission” vehicles under a mandate requiring that at least ten percent
of all cars offered for sale in Massachusetts be “zero emission” by the
year 2010. Electric vehicles do not emit any direct air pollution and
therefore are an environmentally friendly substitute for gasoline pow-
ered vehicles, especially in urban areas where ambient air quality is
poor and may pose a health risk. A significant barrier to meeting this
goal is that many people feel that electric vehicles are unfeasible and
impractical. Electric vehicles have a limited range and cannot reach
speeds as high as gasoline powered vehicles. Moreover, electric vehi-
cles are expensive relative to conventional gasoline-power vehicles.
According to a report by the Congressional Research Service (CRS),
the most significant hurdle to the acceptance of EVs is their purchase
price. 4

Alternative Fuel Vehicles.

Electric Vehicles

Fuels Report, J.E. Sim lume 4, No 4, September 1992, at 1In
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The technology is quickly changing, however. Recently, Solectria
of Wilmington and Boston Edison have announced plans to unveil a
new electric vehicle they say will be ready for large scale production,
in Massachusetts, by 1997. The four passenger vehicle called Sunrise
(see Figure One) is expected to cost under $20,000 based on initial
orders for at least 20,000 vehicles. It is about the size of a Honda
Accord, which has a retail price of as much as $25,000. The Sunrise
will be constructed from high strength composite materials and
molded plastic. Lead-acid batteries powering a highly efficient brush-
less motor will provide the Sunrise with a range of 100 miles.
According to company reports, the vehicle’s range will be markedly

improved if a mass production nickel cadmium battery becomes avail-
able. While electric vehicles do continue to be hindered by minor
inconveniences such as limited range, the industry is continuously
making technological improvements. Until these inconveniences are

vercome, it is unlikely that the average individual commuter will
latch onto the EV concept

According to the Congressional Research Service, corporate and
ernmental vehicle fleets offer the largest opportunity for early EV

icnetration. Many fleet vehicles are centrally fueled at night and used

Figure 1. Soiectria's Sunrise
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during the day, thus easing electricity demands.s According to the
CRS report, municipal governmental fleets are an excellent target
market for EVs. 6 According to a recent GAO report, in 1988, the
average daily mileage of federal government light-duty vehicles
ranged from 25 to 50 miles, ideal for the EV. Also, eighty percent
or 283,000 corporate fleet vehicles could be replaced with EVs with
a 90 mile range.

Range
The distance an electric vehicle can be driven before it must be

recharged is called the vehicle’s range. One criticism of electric vehi-
cles is that they have a limited range given current battery technology.

While some companies have vehicles that can travel well over 100
miles before needing to be recharged, the average electric vehicle has
a range of 45 to 60 miles. This may not suit the commuter driving to
work in Boston from outside route 495, but it more than meets the
needs of the average person who drives no more than 35 miles per
day. According to one report, 28 million households in the United
States could substitute an EV for one of the vehicles held by their
household.8

Currently, most electric vehicles are run on lead-acid batteries. An
electric vehicle uses as many as 40 conventional lead-acid batteries in
order to operate efficiently, those in the DOER program make use of
between twelve and sixteen. The conventional lead-acid batteries can
store only limited amounts of power and tend to wear out and lose
efficiency after 30,000 miles of vehicle operation. The batteries also
take several hours to be recharged; using home-based technology, it
may take up to eight hours to fully recharge a conventional lead-acid
battery. Other recharging technologies, such as that offered by Boston
Edison’s Transportation subsidiary, are capable of reducing the
recharge time to as little as six minutes. 9

p trie d<

Fuels Report. J E. Sinor C

GAO,

May 19‘if Energy Ri
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Batteries, however, have gone through an immense amount of
technological advancement in the past few years. Many of the more
technologically advanced batteries are made using nickel, cadmium,
and titanium as well as other metals. Others are made from synthetic
polymers. Unlike the lead-acid battery, many of the most advanced of
these new breed of batteries are nontoxic, and 100 percent recyclable.

The new technology in batteries would make it possible to operate
electric vehicles for ranges much greater than with lead-acid batteries.
One such new battery made from nickel, titanium, zirconium, and
vanadium could extend the range of an electric vehicle to over 250
miles. The new battery, produced by Ovonic Battery Company of
Troy, Michigan would allow recharging in 15 minutes and have a life
span of at least 100,000 miles. lo Power Cell, a Cambridge based man-
ufacturer of an advanced battery technology, also offers highly effi-
cient batteries for electric vehicles.

Another breakthrough in battery technology is currently being
perfected by American Flywheel System Inc., of Seattle. The com-
pany has designed an Electromechanical Battery, a motor-generator
coupled to a flywheel. Flywheel battery technology is also offered by
Cambridge based Satcon. Flywheel technology allows the battery to
be recharged very efficiently and quickly. While the EV is charging,
the motor turns the flywheel at very high speeds in order to store
energy. When driving, the flywheel’s stored energy spins the genera-
tor, thus converting kinetic energy into electricity. Because the fly-
wheel is housed in a frictionless vacuum, it has an estimated life of
over 200,000 miles. 11

Currently, these new batteries are prohibitively expensive. Without
a major breakthrough in battery technology, it is unlikely that the
industry will be able to rely on the use of these batteries to extend the
range of electric vehicles in a cost effective manner.

Efficiencies
In 1989, the Electric Power Research Institute (EPRI) conducted an

analysis comparing the total emissions from electric minivans and
identical gasoline powered minivans. The analysis showed that, taking
into account all energy consumption, for both electric and gasoline
vehicles, from oil well to road, in urban use the electric vans

10 For Electric Cars. Future's Here. Boston Globe, July 13, 1992. pp.33.
1 The Clean Fuels Report. J.E. Sinor Consultants Inc., Volume 4. No. 4, September 1992. at 165.



1995] 15SENATE No. 1842

required only 60 to 75 percent of the energy consumed by the gasoline
vans. 12 According to the California Air Resources Board, when used
for urban driving, the converted Geo Metro made by Solectria of
Wilmington is approximately 63 percent as energy dependent as a
gasoline powered Geo Metro. 1 '

These efficiencies, as indicated in the studies, will have a net
improvement on the quality of our air. Despite the pollution emitted
from power plants supplying electricity to recharge the electric
vehicles, they are still less polluting than gasoline powered vehicles.
A study issued by the Union of Concerned Scientists concluded that
the use of electric vehicles is the most certain way to improve air
quality. They are much cleaner than any gasoline-powered vehicles,
including the future ultra-low-emission vehicle. 14

Given the strict and ever-increasing air pollution control standard
being imposed on electric generating plants, the net impact of electric
vehicles on air quality is likely to be even greater than anticipated. If
the electric generating plants used to recharge electric vehicles are
fueled by renewable or non-polluting resources such as solar power,
hydro-electric power or nuclear power, the overall air pollution asso-
ciated with electric vehicles will be relatively minor.

Studies have shown that, depending upon the type of fuel powering
the plant being used to generate the electricity for vehicle recharging,
electric vehicles can be up to 90 percent cleaner for nitrogen oxides
and 99 percent cleaner for carbon monoxide and other gases than
gasoline powered internal combustion engines. ls The California Air
Resources Board estimates that given all types of pollution, an electric
vehicle with a 100,000 mile road life is 200 times less polluting than
the cleanest models running on any other fuel, even when power plant
emissions are taken into account. 16

RoadAsain, Gill Andrews Pratt. T

E Road Aeain, Gill Andrews Pratt. Technology Rc

\4 P Electricity's Future, Robert Livingston, CoalVoice, Fall 1994

What Kind of Fuel Am !? Michael Fumento, American Spectator. November 1990, pp

5 Headline . Public Utilities Fortnightly
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Much of this reduction in pollution is because of the high efficiency
of electric motors. Most gasoline-powered engines are relatively
inefficient as compared to electric motors. According to the National
Coal Association, recent tests showed that vehicles powered by
electric motors got about three times the equivalent mileage of
conventional vehicles. In fact, an electric converted Geo Metro went
the equivalent of 126 miles per gallon of gasoline while a conven-
tional Geo Metro gets about 36 miles per gallon. These efficiencies go
a long way toward helping improve the quality of air in congested
metropolitan areas.

Electric vehicles are not the only alternative fuel vehicles becoming
available as a primary means of transportation. Other alternatively
fuel vehicles such as liquid and compressed natural gas vehicles are
becoming more available in the transportation world. There are cur-
rently over 30,000 natural gas fueled vehicles on the road in the
United States. Today, many corporate fleets and state governments
have established pilot programs to test the feasibility of natural gas
vehicles for everyday use.

In order to help promote the development of a natural gas fleet, the
federal government offers tax incentives to those individuals and busi-
nesses that purchase natural gas vehicles. Under the Energy Policy
Act of 1992, a tax credit of $2,000 is available to individuals who
choose to purchase a natural gas vehicle. Businesses that install filling
stations for natural gas or other alternative fuel vehicles are eligible
for a $lOO,OOO tax credit under the same law.

The government, aside from placing incentives for alternative fuel
vehicles on the table, has also begun to implement stiff requirements
concerning the use of alternate fuel vehicles in corporate fleets. This
trend is being led by the federal government itself. President Clinton
has committed the government to increase the number of yearly
purchases of alternative fuel vehicles by over fifty percent.

Under the Energy Policy Act of 1992 (EPACT), state governments
must assure that ten percent of their new 1995 vehicle acquisitions are
powered by alternative fuels. In 1990 fuel suppliers and utility compa-
nies must include alternative fuel vehicles in twenty percent of their
new vehicles acquisitions, and privately-owned fleets must do the
same by the year 2002. 17 The majority of these new alternative fuel
vehicles is expected to be natural gas powered.

Natural Gas Vehicles

Massachusetts Energy Plan at
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As a response to a potential new market, in June of this year the
natural gas vehicle industry received a big boost from the Big Three
auto makers— Chrysler, Ford, and General Motors. They announced
the development of a partnership aimed at developing a low cost
method of storing natural gas for use in vehicle operations. Because
natural gas is a popular alternative fuel, and because it costs less and
burns cleaner than gasoline, the partnership estimated that it will be
willing to spend between $8 million and $lO million a year in its
research effort between now and 1998.

Natural gas costs between 30 and 50 percent less than gasoline.
According to some studies, the annual fuel consumption of a natural
gas vehicle is roughly equivalent to the heating load of a single-family
home. 18 Because of the large reserves of natural gas in North America,
prices are not likely to fluctuate greatly in the upcoming years. l9

A fleet of natural gas vehicles can compete economically with
gasoline powered vehicles despite some uncertainties. According to
the United States Congress Office of Technology Assessment, natural
gas vehicles would cost $7OO to $BOO more than comparable gasoline
powered vehicles, but would be 1 0 to 25 percent more efficient.
Furthermore, the Office of Technology Assessment’s analysis con-
cluded that a single-fueled compressed natural gas or liquid natural
gas vehicle would break even with a gasoline-fueled vehicle when
gasoline costs between $0.75 and $2.23/gallon. The average price of
all motor vehicle gasoline in Massachusetts for the eighteen months
preceding September 1994 was $1.291/gallon. 20 Therefore, once the
initial difference in price is overcome, a natural gas vehicle becomes
less costly on a per mile driven basis.

Unlike electric vehicles, natural gas vehicles do emit a small
amount of pollution. Emissions from natural gas vehicles contain 25
percent less carbon dioxide, the pollutant linked to global warming.

The Clean Fuels Report. J E. Sinor Consultants Inc.. V

Environmental

Cost

19 Ren, Alternative Fuels for Livht-Di
A: Septi

' Division of Energy Resource
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than emissions from gasoline powered vehicles. Natural gas contains
virtually no nitrogen or sulfur and it does not mix with oil. Therefore,
it will not foul engine combustion chambers, engine oils, and spark
plugs as readily as gasoline, and may help to avoid the deterioration of
emissions control performance common in gasoline-powered
automobiles.21

One problem facing the natural gas vehicle industry is the lack of
refueling stations. Outside of the State of California, there are very
few natural gas refueling stations in the nation. One reason for this is
a “catch-22”: consumers are unlikely to purchase natural gas vehicles
until there are ample refueling stations and there are unlikely to be
ample refueling stations until there is a solid market for the vehicles.

Many industry experts believe that corporations will solve this
dilemma taking advantage of available tax incentives and following
the government regulation and put more alternative fuel vehicles on
the road. This will help get the natural gas vehicle industry off the
ground.22 In fact, Massachusetts is home to a number of companies
that have included natural gas vehicles within their corporate fleets. In
total, there are thirty-six companies that include compressed natural
gas vehicles in their fleets. Five other companies include propane fuel
vehicles in their fleets. In all, 256 compressed natural gas vehicles
and 30 propane fueled vehicles are on the roads because of the efforts
of Massachusetts companies.

While this seems like a mere drop in the bucket, more natural gas
vehicles are being put on the road every week. A complete list of the
Massachusetts corporations incorporating alternative fuel vehicles in
their fleet operation is included in Appendix One.

Even with more natural gas vehicles on the road, the fact remains
that there is a limited infrastructure for refueling natural gas vehicles.
As of May 1993, Massachusetts had a mere 8 compressed natural gas
filling stations. New England has a total of only 14, with Vermont and

Infrastructure

1 Replacing Gasoline: Alternative Fuels for Light-Duty Vehicles, Congress of the United States. Off
Technology Assessment, September 1990, pp. 99.

2 Saving Goodbye to Gasoline: Alternative-Fuel Vehicles Move From Lab to Car Lot, David Chandler,
Boston Globe. May 23. 1993.pp. I.
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Rhode Island each having one and Connecticut having the remaining
four stations. Table One illustrates the number and type of refueling
stations throughout New England. 2l' In order to construct a sufficient
number of public refueling stations for natural gas vehicles, the
Department of Energy estimates the capital costs at close to
$7.6 billion nationwide. 24

If and when an adequate refueling infrastructure is built for natural
gas vehicles, consumers cannot expect to drive into and out of a
natural gas station as they do today with gasoline. Given today’s tech-
nology, the current refueling method for natural gas vehicles, using a
system with gas stored at high pressure, takes at least twice as long as
a conventional refueling using gasoline. Compressed natural gas must
be delivered at a pressure of 3,000 psi requiring refueling stations
equipped with compressors must be constructed. To facilitate this
massive construction undertaking, joint ventures between local natural
gas distribution companies (LDCs) and gasoline station owners or
major oil companies may be needed to give LDCs access to sites for
filling stations. 25

According to the Congressional Office of Technology Assessment,
the outlook for any substantial shift to natural gas as a vehicle fuel,
especially for the general fleet, may ultimately rest on consumer
acceptance of a new and different refueling system.

Replacing Gasoline; Alternative Fuels for Light-D\ of the United .Stales, Office of
Technology Assessment, September 1990, pp. 104

The Clean Fuels Report, J.B. Sinor Consultants Inc . Volu 4. No. 4. September I9( J
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The development of markets for Alternative Fuel Vehicles is a
potential economic boom for Massachusetts. Greater use of AFVs
would spur growth in the high technology, research and development,
and manufacturing sectors. This, in-turn, translates into job growth in
each of these sectors. Currently, several Massachusetts companies
such as Texas Instruments, Textron, Solectria, Satcon, Power Cell,
NAVC Membership, and Kaman, just to name a few, are actively
involved in developing AFVs. With such interest and involvement in
the use of AFVs, the state should concentrate on helping the AFV
market develop.

To ensure that a market for alternative fuel vehicles develops, the
Massachusetts Division of Energy Resources has come to the fore-
front. DOER has taken steps to help in the development of efficient,
practical, and feasible alternative fuel vehicles through the develop-
ment of joint venture pilot programs with other state agencies and
private corporations. The actions taken by DOER have gone a long
way to aid in ensuring the realization of an alternative fuel vehicle
market.

To help foster the market for alternative fuel vehicles, DOER has
taken a number of steps. They have filed several pieces of legislation
over the last four years aimed at opening the market for alternative
fuel vehicles. This legislation includes tax incentives and the easing
of regulations on the sale of alternative fuels. Also, DOER has estab-
lished strong working ties with other state agencies and private corpo-
rations in order to develop pilot programs to help determine the
practicality of alternative fuel vehicles.

Legislation
DOER has filed legislation over the past four years aimed at

opening a market for alternative fuel vehicles. DOER proposed
establishing tax incentives for individuals and corporations that use
alternative fuels and that convert their vehicles to alternative fuel use
or that purchase alternative fuel vehicles. One such incentive is a tax
credit in the amount of ten percent of the amount paid during the year
for conversion costs or the incremental purchasing costs of alternative
fuel or electric vehicles. 26

DOER Actions For Alternative Fuel Vehicles

• 6 House Bill No. 106 1994
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DOER has also called for the deregulation of the sale of
compressed natural gas as a vehicle fuel. Under this piece of legisla-
tion, the “rates and terms for the sale of compressed natural gas by a
fueling station for use as a motor vehicle fuel shall not be subject to
regulation by the department of public utilities”. 27 The legislation
further goes on to mandate that sale of compressed natural gas by a
gas company must be recorded on “separate records, books and
accounts” so that the Department of Public Utilities can distinguish
these activities from the regulated activities of the gas company.

Pilot Programs
DOER has established several pilot programs to assess the

feasibility of alternative fuel vehicles
According to the Massachusetts Energy Plan “(t)he purpose of the

programs are to improve the understanding of the specific market role
for alternative fuel vehicles, address infrastructure issues that have to
be resolved to overcome market barriers and establish a commercial
alternative fuel market that utilizes Massachusetts produced alterna-
tive fuel vehicles and components.” The programs administered by
DOER have been the product of joint participation with private corpo-
rations and other state agencies in an attempt to accomplish these
goals

The pilot programs offer DOER and the project partners an oppor-
tunity to collect and analyze both qualitative and quantitative data on
the fuels and vehicles. In order to collect qualitative data, DOER
requires that persons or companies participating in the pilot projects
answer periodic surveys and questionnaires regarding vehicle perfor-
mance and satisfaction. Data of this nature may cover any number of
topics from vehicle performance at cold temperatures to driving
comfort. A copy of one of the surveys used in the electric vehicle
pilot program can be found in Appendix Two

Quantitative data collected during the programs allows DOER to
irn about the vehicles’ mechanical performance using the alterna
'& fuels. In order to get a better understanding of the effect the fuel:

hide, d acceleration, velocity, ran

motor temperature, as well as other variables are collected. The data
are then analyzed so DOER can make decisions about the practicality
if the fuel
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In order to collect the qualitative and quantitative data, DOER has
developed several pilot programs. The two most prolific programs
under the operation of DOER have related to the use of electric
vehicles and natural gas powered vehicles. These pilot programs
are helping to pave the way for alternative fuel vehicles in
Massachusetts.

In order to help foster the electric vehicle as an alternative means
of transportation in and around the Boston area, DOER has estab-
lished the Electric Vehicle Demonstration Programs, one of the most
renowned electric vehicle pilot programs in the nation.

With funding made available under the Congestion Mitigation-Air
Quality section of the Intermodal Surface Transportation Efficiency
Act of 1991, the Massachusetts Division of Energy Resources has
awarded a $700,000 contract for electric vehicles to the Wilmington
based Solectria company. This contract is at the heart of the largest
electric vehicle pilot project in the country.

With the aid of a $2.1 million federal grant and funds from local
utility companies, the Massachusetts Division of Energy Resources
has established a program whereby it plans to lease up to fifty electric
vehicles to commuters in the Commonwealth. To date, twenty
vehicles have been leased to people who commute each day from
their homes to either the Park and Ride in Newburyport, or the
Braintree or Alewife MBTA stations. The vehicles, which are Geo
Metros converted by Solectria Corporation of Wilmington, are
recharged at the commuters’ homes. Recharging is also available at
the Braintree and Alewife stations. According to data provided to the
Committee, the program participants drive an average of 27.86 miles
per day. Of this, 24.5 is spent commuting to and from the designated
parking areas (12.25 each direction), while the remaining 3.36 miles
is spent on personal use. The program participants, according to
DOER data, are good representations of the average commuter
nationwide travelling about 12 miles in each direction to and from
work.

In the second phase of the Program, DOER will purchase an addi-
tional ten to twenty vehicles through a competitive solicitation. Some
of these vehicles will be required to have more advanced battery
systems capable of travelling longer distances between recharges.

Electric Vehicles
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In addition, commuters will have the option of traveling from their
homes directly to their worksites if they participate in a carpool.
DOER expects to make these cars available during the fall of 1995.

Customer satisfaction is paramount to the overall acceptance of
alternative fuel vehicles as a means of basic transportation. According
to DOER survey results, customer satisfaction in the Electric Vehicle
Demonstration Program has been increasing each month. Based on
the results of monthly surveys, overall customer satisfaction with the
electric vehicle has ranged between 7.33 and 8.22 out of a possible 10
since the time the program began in April of 1994. This indicates that
those commuters participating in the programs are, to a great extent,
satisfied with their vehicle’s performance.

Program participants also provide useful comments about the
vehicles to DOER. Some of the comments provided to date relate to
the usefulness of the vehicle as a second car and for commuting, the
benefits of having no exhaust smell, and the lack of required mainte-
nance. Suggestions for improving the vehicles have ranged from the
need for air bags, and the desire for a fast recharge. A list of com-
ments is included in Appendix Three.

Because of the limited number of miles driven each day, there is
little chance the vehicles will run out of power anytime during the
day. To assess the viability of the different battery types, the DOER
program is using either lead acid or nickel-cadmium batteries in the
vehicles.

Information provided to the Committee indicates that lead acid
batteries can go between 34 and 43 miles without a recharge.
According to DOER, the lead acid batteries manufactured by Gates-
Genesis are able to provide enough power to allow for 39 to 43 miles
of travel before recharge whereas those manufactured by Sunnenchine
allow for 34 to 39 miles of travel before recharging is required.
However, the nickel-cadmium batteries manufactured by Saft allow
for travel of up to 50 miles before needing to be recharged.
Information on battery technology is still being collected by DOER,
and, therefore no conclusions can be made relative to battery perfor-
mance.

All the information obtained in the pilot program is valuable to the
successful development of the electric vehicle. By gathering data on
customer satisfaction, vehicle usage, and battery power, DOER is
helping to bring the electric vehicle concept to fruition.
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The DOER pilot project is just one of many across the country
which will help to study reliability and feasibility of the electric
vehicle and promote the use of alternative-fuel vehicles. At the same
time, while the electric vehicle program is of great interest, that is not
the only experimental vehicle program DOER is conducting. DOER
has not ignored other fuels such as natural gas.

In order to foster an atmosphere of acceptance and willingness to
cooperate with emerging technologies, the Massachusetts Division of
Energy Resources has developed and administered several pilot pro-
grams aimed at natural gas vehicles. A Steering Committee with rep-
resentatives of several executive branch agencies, including DOER,
the Department of Environmental Protection, the Executive Office of
Environmental Affairs, the Department of Purchasing and General
Services, and the Massachusetts Highway Department was established
to oversee the program results.

By forging strong working relationships with several state agencies
and private companies, DOER has been able to establish several small
scale pilot programs to test the feasibility of different types of natural
gas vehicles. One such program was conducted with the cooperation
of the Massachusetts Department of Environmental Protection and
Bay State Gas Company. Under this venture, DOER administered a
program which converted a total of four DEP vehicles to alternative
fuels. Two vehicles were converted to operate using compressed
natural gas as a fuel and two were converted to use propane as a fuel.
These four vehicles were operated by DEP in everyday use. Bay State
Gas, the second largest gas company in Massachusetts, provided
refueling facilities and expertise in the operation and maintenance of
natural gas vehicles. The performance of these four vehicles was
compared to the performance of two similar DEP vehicles which were
powered with gasoline. Based on the results of this program, the
Steering Committee concluded that natural gas vehicles are suitable
replacements for conventionally fueled vehicles in the state fleet.

Another project using natural gas as a vehicle fuel involved the
cooperation of the Town of Weston, the Weston School Department,
the Federal Highway Administration, DOER, and Boston Gas. Under
this ongoing project, DOER assisted the Town in procuring up
to three compressed natural gas fueled school buses. The
U.S. Department of Energy provided grant monies for the cost

Natural Gas
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differential between the compressed natural gas (CNG) buses and
conventional gasoline powered buses. Boston Gas has agreed to
provide refueling facilities and training related to (he operation and
maintenance of the buses.

The School Department has been operating these busses
since 1994, just as other buses are operated. DOER, in turn, is respon-
sible for helping in the administration of the program as well as
collecting data on operational performance of the buses. The data
collected from this project should help determine the effectiveness of
compressed natural gas as a fuel for vehicles which undergo operating
conditions similar to that of a school bus used in everyday operation.

Like the electric vehicle pilot program, DOER is demonstrating
that natural gas vehicles may be a feasible part of the solution to
urban air quality problems. The information gathered from the natural
gas vehicle programs will assist the industry in developing an alterna-
tive fuel vehicle that is reliable, economical and practical. The infor-
mation provided by the program will also help in the development of
infrastructure for the refueling and servicing of alternative fuel
vehicles.

The development of an alternative fuel vehicle market in
Massachusetts will aid in improving the air quality throughout the
state, especially in the congested metropolitan areas. The Division of
Energy Resources, in their commitment to developing a market for
alternative fuel vehicles in Massachusetts, has made ground breaking
strides in public-private joint ventures in assuring that alternative fuel
vehicle pilot programs are developed and administered so as to
achieve the best possible results from the information collected in the
programs.

Based on its analysis of alternative fuel vehicles and the programs
being administered by the Division of Energy Resources, the
Committee has developed several recommendations:

The Committee recommends that, as a way to jump start the
alternative fuel vehicle market, the State require that the per-
centage of its new vehicle acquisitions that are powered by
alternative fuels be greater than the minimum percentage
required under the National Energy Policy Act of 1992
(EPACT).

RECOMMENDATIONS AND CONCLUSIONS.
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The Committee recommends that the Administration, working
with the Department of Public Utilities and the Division of
Energy Resources, begin to mandate that gasoline station com-
panies owning more than one vehicle refueling station provide
a minimum number of pumps for the refueling of natural gas
vehicles. Also, the Committee recommends that, in order to
foster the development of an Alternative Vehicle Refueling
infrastructure, the Legislature act expediently to pass legisla-
tion deregulating the sale of electricity and natural gas as a
vehicle fuel.

The Committee recommends that Legislature work with the
Administration and DOER to ensure the passage of further
increases in the tax incentives available to individuals and
companies who voluntarily participate in development of the
alternative fuel vehicle market in Massachusetts.

The Committee recommends that the Department of Public
Utilities encourage the electric and natural gas utilities
operating in Massachusetts participate in and help foster the
alternative fuel vehicle market in the Commonwealth.
Furthermore, the Committee recommends that the DPU offer
regulatory flexibility to those utilities participating in the
establishment of an alternative fuel vehicle market.
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The following is a list of alternative fuel fleets (in numbers of vehi-
cles) in Massachusetts. The principal sources of data for this list are the
New England Gas Association and the General Services Administration.
Please note, this list does not include all the propane conversions.

Lowell Cogeneration 1
Massachusetts Air National

Guard 2
Norton Company 1
Park, Shuttle & Fly 1
City of Boston 1
Massport 6
Lowell Water Department 1
Airborne Express 2
DiLorenzo Corp. 2
BFI I
U.S. Post Office 2
Town of Wakefield 5
New England Gas

Association 1
Massachusetts Turnpike

Authority 2
Algonquin Gas 1
Warner Cable 26
New England Telephone 4
Pioneer Valley Transit

Authority 3

Lowell Regional Transit
Authority 2

Lowell National Park 3
Worcester Regional Transit

Authority 4
Ackerly Communications 2
Boston Gas 110
City of Newton 3
Anton’s Cleaners 1
Colonial Gas 43
Commonwealth Gas 2
Share-a-Ride 1
City of Everett 1
Town of Hudson 2
Town of Westfield 7
Massachusetts Electric

Company 6
Massachusetts Hospital

School 1
Health Consultants 2
Polaroid 3
City of Springfield Police

Department 1
Propane
Bay State Gas 5
Cape Cod Regional Transit

Authority 6
Doyle News Agency 14

Brockton Area Regional
Transit Authority 3

Methanol/Gasoline Flexible Fuel
U.S. Government General

Services Administration 436

APPENDIX ONE
ALTERNATIVE FUEL VEHICLE FLEETS

IN MASSACHUSETTS

Compressed Natural Gas

Montachusells Regional
Transit Authority 7
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DRIVER FORM
Vehicle ID No.

Odometer Readin,
Meter ReadingDriver Name

PhiMonth me
Overall opinion of vehicle

IdealOKPoor

3 4 5 6 7 8 9 100 1
(circle one)

What’s the main reason for your score?

For each of the following features of the electric vehicle please check OK or not OK and comment
where appropriate

Ride smoothness
Quietness or noise b
Driver comfort c
Steering and handling d.
Brakes c
Air conditioner f.
Heater g
Range between charges h
Instrumentation and layout i.

Top speed (cruising) 1.

APPENDIX TWO
ELECTRIC VEHICLE USER RESPONSE

Division of Energs Resources
100 Cambridge Street. Suite #l5OO
Boston. MA 02202

Please mail this form once a month to: Mr. David Dills

drs
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APPENDIX THREE
MASSACHUSETTS EV

DEMONSTRATION PROGRAM
USER COMMENTS

the vehicle is a useful second car
great for commuting and running errands
there is little maintenance required
the lack of pollution and exhaust smell is appreciated

the whine of the belt drive is too loud
charging and running the car causes on and off-board
radio interference
instrument lighting needs improvement
start-up and hill acceleration could be better
charging cord is sluggish when retracting
the brakes need adjustment

faster recharging
better range
air bags

COMMENTS:

SUGGESTIONS:
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