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Preface

The final documentation for the Connecticut Electronic Tolling and Congestion Pricing
Study has three components:

e Volume 1: Summary of Findings, which presents key material on tolling and conges-
tion pricing and summarizes the findings of the analysis of electronic tolling and
congestion pricing options in Connecticut.

e Volume 2: Background Report, which provides details relating to implementation
considerations of electronic tolling and road pricing in general on a variety of topics,
as well as detailed technical analysis of options in Connecticut.

e Volume 3: Technical Appendices, which provides further detail on methodology and
results.

This is Volume 2: Background Report
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1.0 Introduction

B 1.1 Background and Overview

Connecticut is at a crossroads when it comes to looking into the future of transportation
finance and congestion relief. The Connecticut Department of Transportation (ConnDOT)
Reform Commission has explored alternative delivery mechanisms. Connecticut now has
an opportunity to rethink how it funds transportation and how it addresses congestion
issues. When Connecticut removed its last toll booth in the mid-1980s, the collective
impression of 1-95 was of long lines of cars and trucks every 10 miles or so waiting for
what seemed like forever to use a token worth 17.5 cents. Although no one was excited
about having to pay, what really annoyed people was the unsatisfactory experience of
stopping so often and the travel time delays incurred. The deadly crash at the Stratford
tolls in 1983 that took seven lives also had a role in tolls being eliminated in Connecticut,
as did an agreement with the Federal government to use Federal dollars to maintain and
rehabilitate I-95.

Tolling has changed a lot since then. All-electronic tolling is a reality in Toronto,
Australia, Chile, Israel, Texas, and California. E-ZPass is in use from Virginia to Maine,
and the Port Authority of New York and New Jersey (PANYN]) is seriously looking at the
idea of making their bridges and tunnels entirely cashless. Tolls are no longer about just
raising revenue to pay for a new highway, bridge or tunnel - tolls are being used to mod-
ify traveler behavior to relieve congestion and fund viable transit alternatives.
Implementation of congestion pricing in London is a particularly strong example of how
congestion pricing and better transit work hand in glove. In the Northeast U.S., the only
states without highway tolls are Connecticut
and Vermont.

The goal of this study was to prepare a docu-
ment that lays out as many options as possible
with respect to electronic tolling and congestion
pricing, sets the context for informed decision-
making, and provides a knowledge base with
respect to tolls and congestion pricing in
Connecticut. In doing so, we cast a wide net for
potential electronic tolling and congestion
pricing applications in Connecticut, from tolling
single lanes to pricing all roads. In evaluating
these potential applications, we considered the
effects on the transportation system, anticipated
toll revenues, implementation costs, financial
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viability, and a variety of other factors: environmental, economic, equity, safety, and
implementation considerations.

From the outset, this study assumed that any future tolls in Connecticut would be done
without traditional toll booths at full highway speeds with no stopping or slowing down.
This is sometimes called all-electronic tolling (AET) or cashless tolling.

Structure of this Report

This is Volume 2 of a three-volume series of reports that provides details on the analysis
that is summarized in Volume 1: Summary of Findings. Volume 1 is an integral piece of this
report, and should be read before considering the details in this Volume 2. Further meth-
odological and computational detail is provided in Volume 3: Technical Appendices.

Section 2.0 of this Volume 2 report reviews the institutional and legal considerations of
implementing congestion pricing. Section 3.0 covers the operational and deployment
challenges associated with all electronic tolling. Section 4.0 focuses on the potential for
public private partnership opportunities and potential contractual issues. Section 5.0 dis-
cusses the potential issues surrounding privacy for these concepts, and Section 6.0 deals
with public acceptance.

This study also considered eight different concepts of electronic tolling and congestion
pricing of varying degrees of complexity and coverage. Within each tolling concept, there
are one or more illustrative projects that we explored, some of which involve considera-
tion of different toll levels. The intent is to provide some basic information about the
transportation system implications, dollars and cents, and other facets of these concepts.
If any of these concepts were to move forward, there are countless other variations which
could be analyzed, including alternative toll levels, toll variations by time of day, and
ways to address equity concerns that impact certain classes of drivers, among others. Any
concepts which move forward into alternatives analysis, environmental review and final
design would undergo a much more thorough and varied analysis.

Sections 7.0 through 15.0 consider each of the eight concepts in detail:
e 7.0: Concept A - New Tolled Express Lanes:

— 1-95 between Branford and the Rhode Island line (A-1);
— 1-84 between Waterbury and the New York line (A-2); and
— A-1and A-2 combined.
e 8.0: Concept B - Border tolling at the border crossings of all limited access highways

in the State, tested for three different tolling levels for four different classes of vehicles
(autos, vans, single-unit trucks, and tractor trailers).

e 9.0: Concept C - Tolling all trucks on all limited access highways in the State, at three
different tolling levels for three different vehicle classes (vans, single-unit trucks, and
tractor trailers).
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e 10.0: Concept D - Converting the existing High-Occupancy Vehicle (HOV) lanes to
HOT lanes on:
— 1-84 east of Hartford (D-1);
— 191 north of Hartford (D-2); and
— D-1 and D-2 combined.

e 11.0: Concept E - Converting existing shoulders on I-95 and Route 15 from the New
York border to the Bridgeport area to HOT lane operation.

e 12.0: Concept F - Adding a general purpose lane in each direction, and tolling all traf-
fic lanes at three different toll levels:
— 195 from Branford to the Rhode Island line (F-1);
— 1-84 from Waterbury to the New York line (F-2); and
— F-1 and F-2 combined.

13.0: Concept G-1 - Tolling all limited access highways in the State.
e 14.0: Concept G-2 - Tax all vehicle miles of travel (VMT) in the State:

— As an augmentation to the existing state motor fuel tax; and

— As areplacement for that tax.

15.0: Concept H - Tolling congested corridors. We selected the I-95/Route 15 corridor
from the New York border to the Bridgeport area as a demonstration.

The chapters for each concept include the following analytical sections:

e Project description;

e Institutional and legal;

e Technology and deployment;

e Potential public private partnership approaches;

e Privacy;

e Transportation impacts;

e Toll revenue estimates;

e Implementation requirements and toll collection costs;
¢ Implementation strategy;

e Environmental;

e Economics;
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e Equity;
e Safety; and

e Financial.

In the rest of this opening section, we provide an outline of the methodology used for the
topical areas.

B 1.2 Methodology

The first four topics described above are qualitative in nature: institutional and legal;
technology and deployment; potential public private partnership approaches; and
privacy. The other topics are more quantitative in nature. An overview of the
methodology used for the quantitative sections is provided below, with further details in
Volume 3, Technical Appendix.

Transportation Impacts and Toll Revenue

The traffic and revenue analysis methodology is unique to each alternative and is
described in each concept section. In general, we made use of available data, and devised
analysis methods intended to provide a feeling for how drivers would respond to tolls in
the different situations, how that would impact traffic on both the tolled facility and other
facilities, and how much revenue could be collected. In all cases, sketch-planning tools
were used that were appropriate to the data sources. All revenue and costs (including toll
rates) were assumed to increase at an annual rate of inflation of three percent.

Toll Collection and Implementation

In order to collect revenue, all concepts would involve the development, construction, and
operation of toll collection facilities. These would not be toll booths in the traditional
sense, but modern toll collection systems capable of collecting tolls at high speeds without
the use of cash. Such systems are still in their infancy and the technology changes quickly.
IBI Group took the lead on this analysis, and developed reasonable assumptions for the
steps that would be needed, the kinds of technology that would be appropriate, and the
costs that would be involved.

We identified the implementation requirements in terms of the technology options and
scope of support functions needed to deploy the specific concept, project and toll rate
option as discussed in the earlier Phase 2 report. This included identifying the specific
equipment needed at each tolling point to support the functional needs of that concept.
We then extended these requirements according to the size of the project in terms of
length of instrumented roadway, number of tolling points, number of transactions and
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total revenue. A major assumption used in this analysis is the need for a tolling point on
every segment of the tolled facility to ensure that even the shortest trips between adjacent
exits are tolled. Further analysis might find that some segments could be left toll-free
without significantly affecting revenue, or impacting perceptions of equity, thus saving
the capital and operating costs associated with that tolling point.

We also made assumptions about the characteristics of the tolling program, including the
potential for leveraging existing E-ZPass accounts from other states, the potential cus-
tomer base in relation to account volume, the ability to require use of transponders on the
facilities, and the level of customer service that would be required. We estimated the
number of vehicle tags that need to be purchased over the life of the program from the
number of accounts and anticipated lifetime of the tags.

We estimated back-office costs based on four factors: the number of accounts that need to
be maintained, the amount of video toll processing that needs to be undertaken, the reve-
nue volume that would be processed, and the level of customer service distribution that
would be required in terms of walk-in centers and retail locations. The financial transac-
tion costs in terms of credit card, bank, and collection agency processing fees were
estimated based on the expected percentage of revenue collected via the different means.

Both minimum size of back-office operation for smaller projects and anticipated econo-
mies of scale for larger project have been taken into account to generate these conservative
estimates. It is possible that improved coordination with existing services and greater
efficiencies in the processing of large volumes could be achieved; however, this would
require significantly more detailed analysis of the specific expected distribution of
transactions and tolling points if a concept was to be pursued further.

Our estimates of overall operating costs also incorporated initial estimates for the staffing
of the program to oversee the planning, procurement, design and testing of the toll collec-
tion system. We also identified costs associated with additional law enforcement and
roadside assistance personnel based on the goal of the project and the length of roadways
covered. Capital cost estimates take into account the estimated component lifetime and
replacement costs over the 30-year project span.

Table 1.1 shows a summary of typical toll collection costs:
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Table 1.1 Typical Capital Costs of Toll Installations

Typical Capital Costs

Tag $18
Large gantry system for a single tolling point (four to six lanes) with tag readers,

bi-directional image capture $1,100,000
Small gantry system for a single tolling point (single lane) with tag readers,

bi-directional image capture $350,000
DMS sign $100,000
Static sign $10,000
Vehicle detection station (per lane) $20,000
Vehicle classification unit (per lane) $40,000
Vehicle separation unit (per lane) $20,000
Roadside computing unit, power connection, and fiber equipment per tolling

point $420,000
Back office mobilization cost $1,000,000

Typical Operational Costs (Yearly)

Small Back Office - 80,000 accounts $1,327,500

Large Back Office - 3,000,000 accounts $93,750,000

Walk-in center $500,000
Environmental

The environmental impacts analysis was performed at a macro level. The conclusions
regarding the potential for impacts is intended to assist in the decision-making process by
identifying any potentially significant impacts which may be considered a ‘fatal-flaw’ for
implementation of the concept, and to assist in determining what level of formal environ-
mental documentation may be appropriate if the concept is carried forward to the next
stage. If a concept is forwarded to design, a more in-depth environmental analysis will be
required to comply with the National Environmental Policy Act and related state laws and
regulations and determine what, if any, mitigation of impacts may be required.

A full range of natural, social, and cultural resources was considered for the collective
tolling alternatives. For this final report, only those resources which would have potential
for some level of impact for one or more of the concepts were documented. In the case of
community resources, these are considered collectively under the heading of community
disruption and refer to the potential for impacts to cohesive communities or neighbor-
hoods.
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Resources not noted in the impact summaries and tables should suffer no significant
adverse impact. Where there is some potential for impact, the order of magnitude is cate-
gorized as beneficial, neutral, minor-adverse, or potentially significant-adverse. The
general locations of impact are shown on maps provided in each section. The analysis
provided in this report is intended to be a ‘snapshot’ of conditions and impacts that can be
quickly and easily interpreted by the reader.

In all concepts, tolling gantries are expected to be located within the highway right-of-
way. It is assumed that the footprint of the individual gantries will be limited such that
the potential for construction-related impacts to environmental resources will be minimal
and/or there will be an opportunity to avoid any sensitive resources.

Economics

The economic impacts of roadway pricing on local, regional, and state economies is a criti-
cal component of any public discussions about such proposals, raising issues such as:

e Is congestion perceived to be a significant economic problem that residents and busi-
nesses would like the government to address?

e Are the pricing proposals aimed at addressing these congestion problems, and
publicly perceived as part of the solution to congestion problems or merely as a way of
raising funds?

e Are there any funding strategies linked to the pricing proposal that would help
address potential impacts of those proposals (e.g., supporting transit in the same travel
markets), or funding other public investments that newly tolled travelers would
support (e.g., road or bridge maintenance)?

The potential for economic impacts - positive and negative - will primarily depend on the
size and nature of the pricing proposal. Modest tolls lessen the fear of negative economic
impacts, but also would have fewer impacts on travel decisions and congestion levels.
However, relatively high tolls may be necessary to get meaningful changes in travel
patterns.

The biggest economic concerns typically relate to so-called spatial competition differences
created by a congestion toll - will a congestion toll on the highway segments in a particu-
lar area of the State put residents, travelers and businesses in that area at a disadvantage?
Ideally, toll costs would be balanced by somewhat faster, more reliable trips due to
reduced congestion, improved freight movements, and similar benefits, along with possi-
ble toll-supported expansion of transit services.

The following factors are included in this analysis:

e The economic value of congestion and its relief;

e The coverage of the tolling program;
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e Spatial competition issues;
e Existing highway travel markets and available alternative routes and modes; and

¢ Potential interstate economic issues.

Equity

Equity issues involve the incidence of a given form of tax - or toll in this case; i.e., who
exactly would pay the toll and how would these payments be distributed among different
groups, localities, industries, etc. These issues include two basic types of equity:

1. Horizontal Equity - How groups or individuals with similar needs or resources are
treated under a given proposal - what most people mean when the phrase “fairness” is
used; and

2. Vertical Equity - The treatment of groups that are unequal in some manner (usually
income).

Key factors analyzed to assess these equity issues include:

e Geographic distribution of the travelers who would being paying the tolls;

e Distribution of travel markets involved - work trip, shopping, business travel, etc.;
e Likely truck markets involved - long-haul interstate, local service and delivery, etc.;
e Time savings in tolled versus untolled routes;

e DPotential for substantial and unavoidable tolls;

e Potential impacts on low-moderate income groups;

e Auvailability of convenient alternate travel routes; and

e Auvailability of effective transit services.

Safety

The safety impacts of the concepts were assessed by analyzing the complexity of the
operation of the tolled road, and any likely impacts of diversion to other routes.

Financial Analysis

The preliminary financial analysis combines the revenue and cost numbers to look at the
overall financial performance of the concept over a 30-year period from 2015 to 2044.
Since there are so many ways that a particular project might be financed, the analysis was
kept simple, comparing the present value of the revenue stream minus the present value
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of operating, maintenance, and rehabilitation costs. This represents the revenue available
for project delivery - either on the highway being tolled itself, or somewhere else. This
provided a baseline from which to make other observations for projects that might be
financed through revenue bonds or public private partnerships relating to the additional
costs of financing.

The financial analysis was predicated on several assumptions:

Project open to traffic by 2015;

Project development period based on reasonable assumptions considering the com-
plexity of consensus building, design and construction;

Inflation rate and construction cost escalation rates both at 3 percent, based on long
term historical averages;

Uncollectible toll revenue of 5 percent; and

Nominal discount rate of 4.9 percent, consistent with OMB Circular A-94.!

Differences in any of these assumptions could change the findings of the financial
analysis.

An overview and comparison of the financial implications of all of the concepts follows
the concept-by-concept summaries.

! http:/ /www.whitehouse.gov/omb/ circulars/a094/a%94_appx-c.html.
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2.0 Institutional and Legal
Considerations

The last tolls were removed from Connecticut roadways in 1989. Any effort to bring tolls
back or institute congestion pricing will be subject to existing Federal and state laws and
to the requirements of the various institutions that play a role in managing Connecticut’s
transportation system. This section explores the legal and institutional issues that would
be involved in implementing tolling and congestion pricing. A detailed concept specific
review occurs in Sections 7.0 through 15.0.

B 21 Legal Implications of Past Actions

Typically roads paid for with Federal funds must be free from tolls. One notable excep-
tion was a provision in the 1978 Surface Transportation Act that allowed toll roads on the
Interstate Highway System to receive Federal money earmarked for resurfacing, restoring,
rehabilitating, and reconstructing. In order to qualify, the state had to remove all tolls
once the costs associated with construction, debt service, and toll removal had been raised
from tolls. At this point, the mileage on the former toll road would be factored into the
state’s apportionment formula for Federal resurfacing money. In 1983, Connecticut
became one of the few states to execute this agreement, removing tolls from many of its
roadways. As a result, Connecticut is obliged to keep tolls removed from the portions of
I-95 and 1-395 that was the Connecticut Turnpike, just like any other Interstate highway.
The former Connecticut Turnpike included I-95 from the New York border to near New
London and I-395 from New London to near the Rhode Island border. Some of the more
recent Federal demonstration programs that are discussed later allow tolling on Interstate
highways under certain circumstances. The toll removal agreement states that “When
freed of tolls, the Connecticut Turnpike toll road subject to this Agreement on the Inter-
state and Primary Systems at the date of this Agreement, shall be treated the same as any
other portions of the Interstate and Primary Systems which were constructed with Federal
aid.” This implies that the former Connecticut Turnpike would be eligible for the new
Federal demonstration programs.

In 2005, the Safe Accountable Flexible Efficient Transportation Equity Act: A Legacy for
Users (SAFETEA-LU) afforded greater flexibility for states to operate toll roads while
receiving Federal funds. Included in SAFETEA-LU are five programs that allow tolling on
the Interstate system (detailed in Section 2.2 below). Additionally, the U.S. Department of
Transportation (DOT) has sponsored an Urban Partnership Program and Congestion-
Reduction Demonstration to facilitate the creative use of tolling in congested urban areas.
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The reauthorization of SAFETEA-LU, which expires on September 30, 2009, may include
additional opportunities for tolling on Federal-aid highways. In Sections 7.0 through 15.0,
these programs, as well as other legal and institutional considerations, are discussed in
relation to the tolling and congestion pricing concepts identified in the Phase 1 report.

B 2.2 Federal Laws Related to Tolling and Congestion Pricing

Title 23 of the United States Code governs the use of tolls on Federal-aid highways. Gen-
erally, this law prohibits the collection of tolls on highways constructed with Federal
funds. However, the following provisions allow for tolling on Federal-aid highways
without the penalty of a reduced share of Federal funding.

Interstate System Reconstruction and Rehabilitation Toll Pilot Program

This pilot program was established under TEA-21, and continued without change under
SAFETEA-LU. It allows for tolls to be collected on up to three Interstate facilities (high-
way, bridge, or tunnel) in order to fund needed reconstruction or rehabilitation. Under
TEA-21, the Federal Highway Administration (FHWA) actively solicited pilot project
applications, with limited response. After the application deadline was eliminated in
favor of an open-ended, first-come first-served invitation, two of the three available spots
became reserved for Virginia to toll I-81 and Missouri to toll I-70. However, as Virginia no
longer plans to pursue its tolling plan, two slots remain.?

A state must demonstrate that the facility could not be adequately maintained or func-
tionally improved without the collection of tolls. Federal funds allocated for maintenance
may not be used for a facility on which tolls are being collected, and toll revenues must
only be used for 1) debt service; 2) reasonable return on investment of any private person
financing the project; and 3) any costs necessary for the improvement of and the proper
operation and maintenance of the toll facility, including reconstruction, resurfacing, resto-
ration, and rehabilitation of the toll facility.

Pennsylvania recently submitted an application to FHWA so that it could toll I-80, but the
application was rejected, as it violated the revenue use requirements. Although toll reve-
nues may be used to pay annual lease payments, the lease payments must be based on an
objective valuation of the asset being leased. In Pennsylvania, the annual lease payments
were set by the legislature and not related to the value of the concession, which resulted in
the rejection of the application.

2 Tollroad News, VDOT Issues Death Notice on 1-81 Truck Toll Lanes Concession Proposal, http://
www.tollroadsnews.com/node/3349, January 16, 2008.
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Of the concepts and projects we are studying in Connecticut, the improvements to 1-95
from Branford to Rhode Island and I-84 from Waterbury to New York could potentially
qualify for this program, if the State is interested in tolling these corridors.

Express Lanes Demonstration Program

This demonstration program was created under SAFETEA-LU, and allows for tolling on
any Interstate highway, bridge, or tunnel to manage high levels of congestion, reduce
emissions in a nonattainment or maintenance area (as defined by the Clean Air Act), or
finance added lanes for the purpose of reducing congestion.

The effects of the tolling concepts are located throughout all counties in Connecticut. An
exceedance in a county would cause an area of that county, or the entire county
depending upon the pollutant, to become classified as nonattainment for that pollutant.
The current air quality monitor locations, exceedances, and attainment designations for
the six criteria pollutants in Connecticut counties are displayed in Table 2.1:

Table 2.1 Connecticut Air Quality Status

Number of CT
Pollutant Monitors Exceedance (2006) Attainment Status
CO 5 None Attainment
Ozone 11 At 10 monitors Nonattainment in all areas of Connecticut
PMio 6 None Attainment
PM35 13 At six monitors Nonattainment in Fairfield and New Haven counties.
Attainment in all other areas.
NO; 3 None Attainment
SO, 7 None Attainment
Lead 0 - Attainment

For transportation projects, the criteria pollutants of greatest concern are CO, ozone, and
PM. CO and ozone are predominantly influenced by motor vehicle activity. In addition,
the entire state is listed as nonattainment for ozone. Thus, projects or programs that
reduce overall vehicular pollutant emissions will have a positive effect on air quality.
Projects or programs that result in increased emissions will have a negative effect on the
ambient air quality.
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Existing Interstate or non-Interstate lanes that are modified or constructed to create toll
lanes also are eligible, as are existing Interstate or non-Interstate HOV lanes.®> The Express
Lanes Demonstration Program is authorized from 2005 to 2009, and its continuation
would have to be renewed in the reauthorization of SAFETEA-LU, as discussed in a later
section. The program includes slots for 15 demonstration projects; however, FHWA cur-
rently does not list any demonstration projects reserved or approved.

Under this program - in addition to debt service, reasonable rate of return on private
financing, and operations and maintenance costs - revenue may be used for any other
highway or transit project, carried out under Title 23 or 49 of the U.S. Code anywhere in
the state, provided that the facility being tolled is adequately maintained. Automatic
(electronic) toll collection is required for express lanes, to avoid congestion and delays. In
addition, there is no requirement that a demonstration project should consist of only one
facility. A network of facilities managed under the same oversight agency or agencies can
qualify as a single demonstration project.

The Federal contribution to projects tolled under this program may not exceed 80 percent.
Revenue that is not needed for operation of the facilities can be used for other eligible
transportation projects, which also would give the state more freedom to set toll rates
(variable by time of day, level of traffic, or number occupants) at the level needed to man-
age congestion or improve air quality as well as to fund alternative modes, such as transit.

Of the concepts we are studying in Connecticut, the express lanes on I-95 between
Branford and the Rhode Island line and on I-84 between Waterbury and the New York
line could potentially qualify for this program.

Value Pricing Pilot Program

The Value Pricing Pilot Program (VPPP) is an experimental program that develops initia-
tives aimed at learning more about the potential of different pricing approaches for
reducing congestion. It was initially authorized in the Intermodal Surface Transportation
Efficiency Act (ISTEA) in 1991 as the Congestion Pricing Pilot Program, carried over into
TEA-21, and renewed in SAFETEA-LU. Funds are available to support efforts by gov-
ernments or public authorities to establish pilot programs that provide for implementa-
tion, monitoring, and evaluation of value pricing projects, and to report on their effects.
This is the only program intended to support studies and implementation of tolling or
pricing projects.

The VPPP can be used for projects that manage congestion on highways through tolling
and other pricing mechanisms. In fiscal years 2006-2009, $3 million of the annual funding
allocation was set aside for value pricing projects that do not involve highway tolls, and
$5 million is set aside for metropolitan regionwide pricing studies. Examples of

% Federal Register 73(23), Notices, [http://frwebgate.access.gpo.gov/cgi-bin/getdoc.cgi?dbname=
2008_register&docid=fr04fe08-85.pdf], February 4, 2008.
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congestion pricing concepts that do not involve highway tolls include innovative parking
pricing strategies and pay-as-you-go insurance. The remaining $4 million is not allocated
for a specific type of study. Funding will not be awarded for congestion pricing concepts
that have become mainstream, such as conversion of High-Occupancy Vehicle (HOV)
lanes to High-Occupancy Tolling (HOT) lanes.

In 2006, ConnDOT and the South West Regional Planning Agency (SWRPA) independ-
ently submitted applications to the VPPP. SWRPA proposed to study electronic tolling
and value pricing in southwestern Connecticut, while ConnDOT proposed to study cor-
don tolling and the conversion of existing HOV lanes to HOT lanes in the Greater
Hartford Area.* The FHWA had stated that it would no longer fund HOV to HOT lane
conversion under the VPPP. Thus, the ConnDOT application was rejected, in part, due to
the mainstream nature of HOV to HOT conversion, and both were rejected largely due to
a Federal official’s statement that the FHWA was interested in funding implementation
projects rather than studies.

ConnDOT reapplied to this program in 2007, citing the need to study congestion pricing
to determine its feasibility in Connecticut. In this second application, ConnDOT solicited
the endorsements of a half-dozen state regional planning agencies, including SWRPA, to
show that the study constituted a statewide need.

With the November 7, 2008 deadline to apply for VPPP funding under SAFETEA-LU,
there is no longer an opportunity for Connecticut to reapply for funding under this pro-
gram. However, the VPPP has been a popular program, and it is possible that it will be
continued in the reauthorization of SAFETEA-LU, in which case it, or its successor, may
take on renewed significance for the implementation of any of the electronic tolling or
congestion pricing concepts under study.

Urban Partnerships and Congestion-Reduction Demonstration

The U.S. Department of Transportation’s (DOT) National Strategy to Reduce Congestion
on America’s Transportation Network, otherwise known as the Congestion Initiative, con-
sists of Urban Partnership Agreements with model cities that make a commitment to
implement “broad congestion pricing.” The deadline for partnership applications was
April 20, 2007 and selected cities received Federal funding to implement congestion
pricing initiatives. The selected cities were New York, Miami, Minneapolis/St. Paul, San
Francisco, and Seattle. Participating cities create a broad congestion pricing plan
involving tolling, transit, telecommuting, and technology (referred to as the “four Ts”).
The New York’s proposal for cordon tolling did not achieve the needed legislative
authority to move forward, so that project has been canceled.

* South Western Region Metropolitan Planning Organization, Meeting Minutes. http://www.
swrpa.org/pdf_files/ Y2006/ mpo06-0424minfinal. pdf April 24, 2006.
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As a follow-up to the Urban Partnership program, the U.S. DOT created a Congestion-
Reduction Demonstration Initiative with a deadline for applications of December 31, 2007.
The cities of Chicago and Los Angeles were selected for their congestion reduction plans
also involving managed lanes, transit, and parking management.

Because the participants for these programs already have been selected, Connecticut is not
currently eligible to apply. However, similar programs created by the reauthorization of
SAFETEA-LU may be useful in managing congestion in urban areas in Connecticut.

High-Occupancy Toll (HOT) Lanes

A High-Occupancy Vehicle (HOV) lane is one in which vehicles carrying a minimum
number of passengers, most often two, are permitted to enter a designated lane and
bypass congestion. A High-Occupancy Toll (HOT) lane is a variation on an HOV lane, in
which solo drivers who wish to use an HOV lane during periods of congestion may do so
for a fixed or variable toll. HOT lanes run the risk of becoming inefficient if too many
drivers choose to use it; thus varying the fee according to congestion levels at different
times of the day can help to maintain free-flow conditions in the lane.

SAFETEA-LU grants states the authority to charge tolls to vehicles that do not meet the
established vehicle occupancy requirements for HOV lanes, if the state produces a plan for
vehicle selection, variable tolling, and violation enforcement. This forms the basis for pro-
viding authorization for states to convert HOV lanes to HOT lanes. For HOV to HOT
conversion, a toll agreement must be executed between the FHWA, ConnDOT, and oper-
ating agencies but there is no limit to the number of agreements that can be approved. For
the proposals in this study, conversion of HOV to HOT lanes on I-91 and -84 would be
influenced by these provisions.

Interstate System Construction Toll Pilot Program

This pilot program allows for tolling on up to three newly constructed facilities on the
Interstate Highway System, by a state or a multistate group. The new construction of I-73
through South Carolina received approval through this program in 2007, and although the
State of South Carolina was the applicant, other states also may construct their sections of
I-73 as a toll project, using the same slot. The remaining two spots in this program are still
available. Applications must be received by FHWA before August 10, 2015.

Applicants must identify the proposed facility and its age, condition, and intensity of use.
Relevant MPOs must be consulted on toll placement and number of tolling points, and an
agency must be selected to oversee the implementation and administration of the pro-
gram. A facility management plan must be created showing an implementation plan, a
schedule, and a financial plan. The applicant also must show that financing the facility
with the collection of tolls is the most efficient and economical way to advance the project.
Tolling can be one of a number of financing options.
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Under this program, automatic (all electronic) toll collection is mandatory, and the toll
revenue may only be used for debt service, reasonable return on investment to any private
person financing the project, and necessary costs for the improvement and proper opera-
tion and maintenance of the toll facility. Federal funds allocated for maintenance may not
be used for facilities on which tolls are being collected. Noncompete agreements are pro-
hibited, meaning that the state may not enter into an agreement with a private entity that
prevents the state from improving or expanding capacity of adjacent roads to address
conditions resulting from diverted traffic.

Since Connecticut does not envision building new Interstate highways, this program is not
currently relevant.

The FHWA Tolling Application Process

States interested in submitting to any of the programs administered by FHWA need to
follow a four-step application process:®

1. Submit an Expression of Interest that provides the rationale for funding or tolling
authority and the intent of the project. An optional template is available on the FHWA
web site.® The FHWA will respond with the appropriate tolling pilot program for the
project.

2. Submit a Phase 1 Application that provides details about the roadway selected for the
project, the existing operational and financial status, and the proposed rehabilitation
and reconstruction plans. The FHWA will work with the applying agency to issue
“provisional acceptance” of the project and assign an available program slot.

3. Prepare a Phase 2 Application that includes an environmental document prepared in
accordance with the requirements of the National Environmental Policy Act (NEPA).
The FHWA will review the application and decide on environmental approval and
final tolling authority. The result will be a formal Federal tolling agreement.

4. The project will then proceed to implementation based on an agreed-upon
implementation schedule and facility management plan included in the formal tolling
agreement. Initial activities will include toll facilities, bridge and roadway reconstruc-
tion and rehabilitation, maintenance activities, and sign installation.

> Federal Highway Administration, Tolling and Pricing Program, http://ops.thwa.dot.gov/
tolling_pricing/announcement/ tolling_announcement.htm.

¢ Federal Highway Administration, Safe, Accountable, Flexible, Efficient Transportation Equity
Act: A Legacy for Users (SAFETEA-LU); Opportunities for State and Other Qualifying Agencies
to Gain Authority to Toll Facilities Constructed Using Federal Funds, http://ops.fhwa.dot.gov/
tolling_pricing/announcement/ tolling_announcement.htm.
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Speculation on Tolling and Congestion Pricing under the Reauthorization
of SAFETEA-LU

In December 2007 the report entitled Transportation for Tomorrow: Report of the National
Surface Transportation Policy and Revenue Study Commission was released. This report is the
product of the commission mandated by SAFETEA-LU to recommend new transportation
funding sources and policy. While the contents of the report are only recommendations
for the content of the reauthorized legislation, it is an indication of where debate over the
new legislation will begin.

Several aspects of the report are relevant to discussion of tolling and congestion pricing in
Connecticut. The report specifically recommends congestion pricing to manage conges-
tion and fund transportation in metropolitan areas of one million people or more, as
defined by the U.S. Census, even where they cross state boundaries. For Connecticut, this
would include the Hartford metropolitan area and the New York City metropolitan area
(which includes southwest Connecticut). While the report did not provide details of how
this might be legislatively or financially encouraged, it does recommend removing barri-
ers to tolling and congestion pricing to allow state and local governments greater
flexibility to implement such a program.

As there is a current general prohibition on tolling highways that are part of the Interstate
system (except as part of one of the above programs), the report also recommends
allowing greater flexibility to implement tolls on the Interstate system. First, it recom-
mends the allowance of tolls for funding new Interstate capacity and flexibility to manage
the congestion on that new capacity. Further, the report recommends allowing tolls on
new and existing capacity within metropolitan areas of one million people or more. This
could come in the form of high-occupancy toll (HOT) lanes, express toll lanes, full facility
pricing, or areawide pricing. There would be strict criteria about what the revenue could
be used for but it could include other nonhighway transportation projects.

Altogether, there is a strong emphasis in the report on congestion pricing as a way to meet
the growing transportation budget gap and bring U.S. transportation infrastructure up to
a state of good repair. It also emphasizes giving states more flexibility to plan and fund
their own transportation systems. The emphasis on congestion pricing in the committee’s
report suggests that there may be more opportunities to use tolling and congestion pricing
in future authorizations of the nation’s transportation program. If so, this may create
more opportunity for either statewide tolling or congested corridor tolling in Connecticut.
These concepts are explained in more detail below.

B 2.3 Connecticut Statutes

Title 23 of the United States Code, Section 301, generally prohibits tolling on any high-
ways that were constructed with Federal funding - including, but not limited to, the
Interstate highway system. However, SAFETEA-LU has provided some exceptions.
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Tolling state roads that were not constructed with Federal funds generally does not
require permission from the FHWA.” In order to reinstate tolls and congestion pricing in
Connecticut, the State Legislature would need to pass legislation re-enabling their use of
tolls.

The Legislature also will need to specify whether a government agency will collect and
manage the toll revenue or if a public-private partnership will be used. While a private
agency does not need state permission to borrow money, the State agency managing the
tolling operations will need legislative permission to issue bonds for construction of
tolling infrastructure. The legislature also will need to establish the terms and conditions
governing use of Electronic Toll Collection (ETC) systems and requirements for account
holders. This legislation needs to allow ETC operators access to motor vehicle registration
data and allow the use of video technology for prosecution of toll violators.®

B 24 Legal and Institutional Aspects of Enforcement

Automatic toll collection would most likely be achieved through a car-mounted electronic
device that is read by roadside equipment and processed off-site. One method for dis-
couraging those without an electronic device from using a lane designated for tolling or a
congestion pricing scheme is through video enforcement.

Video enforcement in the United States is relatively new and the legality surrounding it
varies from state to state and municipality to municipality. In Connecticut, while cameras
are used for public safety in limited ways, their use for law enforcement has historically
been a political non-starter. Currently, the State Highway System is equipped with a net-
work of over 300 cameras that can be rotated 360 degrees and can be zoomed in and out.
The cameras are monitored by state DOT staff for coordination of a quick response to any
incidents. If an incident occurs, staff also can activate highway message signs to provide
detours for motorists. However, state law has only provided for use of these cameras for
monitoring highway safety without the recording of any footage. The State of Connecticut
has not passed any laws that further allow recording of footage for law enforcement
purposes.’

7 Federal Highway Administration, Safe, Accountable, Flexible, Efficient Transportation Equity
Act: A Legacy for Users (SAFETEA-LU); Opportunities for State and Other Qualifying Agencies
to Gain Authority to Toll Facilities Constructed Using Federal Funds; http:/ /ops.thwa.dot.gov/
tolling_pricing/announcement/tolling_announcement.htm.

8 Federal Highway Administration, Tolling and Pricing FAQs, http://www.ops.thwa.dot.gov/
tolling_pricing/faq/index.htm.

® Wernau, J., State’s Highway Cameras See But Don’t Tell, TheDay.Com, http:/ /www.theday.com/
re.aspx?re=b708cbfc-3b10-4870-a433-8c140809c9d8, November 11, 2007.
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Beyond legal barriers to using the cameras for law enforcement, there also are technologi-
cal and institutional barriers to using the current highway camera equipment to record
images. Many of the cameras are not placed in such a way as to be able to read license
plates and they do not see in the dark. In addition, Federal money used to buy the cam-
eras did not authorize their use for law enforcement. A higher level of coordination
between ConnDOT and the police also would be necessary if the cameras were to be used
for law enforcement.™

Even if these technical and institutional barriers can be overcome, gaining political sup-
port for video enforcement may be difficult. Earlier this year, Connecticut Governor
M. Jodi Rell proposed legislation that would have allowed the use of highway cameras to
enforce the speed limit on a particularly dangerous stretch of I-95." However, due largely
to privacy concerns, the State House Public Safety and Security Committee voted against
allowing the bill to proceed. 12

In 2006, there was an earlier attempt to pass legislation that would have permitted the use
of red light cameras in Connecticut to increase safety at certain intersections throughout
the State. However, after opposition from the American Civil Liberties Union of
Connecticut (ACLU-CT) and other groups concerned with privacy infringements, the bill
was voted down in the State House Judiciary Committee.*

Legally, the authorization of law enforcement cameras can be granted by the State. U.S.
courts have found no legal problems with law enforcement cameras - only occasionally
with the specific practices of agencies or third-party vendors who manage the programs.
However, due to historic opposition by the ACLU-CT and citizens concerned with privacy
issues surrounding camera enforcement, any video enforcement enabling legislation may
face a difficult battle for political approval. A more detailed treatment of the privacy issue
is contained in Section 4.0 of this report.

B 2.5 Institutional Considerations

Various agencies could play roles in a Connecticut toll or congestion pricing implementa-
tion. This includes ConnDOT, various transit operating agencies, and Connecticut’s 15

10 Tbid.

'Sipe, C., Proposal to Install Radar Cameras in Connecticut — Illusion of Solution, Associated Content,
http:/ /www.associatedcontent.com/article/ 622177/ proposal_to_install_radar_cameras_
in.html?cat=17, February 28, 2008.

12 Keating, Christopher and Tracy Gordon Fox, Panel Rejects I-95 Plan (Gov Rell CT radar cameras),
http:/ /www .freerepublic.com/focus/f-news/1982180/ posts, March 7, 2008.

13 National Campaign to Stop Red Light Running, April 2006 Legislative Update, http://
www.stopredlightrunning.com/html/legislation.htm, April 2006.
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Regional Planning Organizations. Federal agencies such as the FHWA and Federal
Transit Administration (FTA) also might have an interest in some implementations of
tolling and congestion pricing in Connecticut.

Laws pertaining to congestion pricing are all at the Federal level, and are largely products
of the Safe Accountable Flexible Efficient Transportation Equity Act: A Legacy for Users
(SAFETEA-LU). While there are no existing laws at the State level that expressly relate to
congestion pricing, the Connecticut legislature has banned all tolling in the State.’ State
laws pertaining to transportation funding and camera enforcement also would apply to a
congestion pricing plan, however, and will need to be considered.

The following sections lay out the objectives of each agency, focus on an end goal of a
comprehensive tolling and congestion pricing system, and then discuss methods of inter-
agency coordination.

Connecticut Department of Transportation

The stated mission of ConnDOT is “to provide a safe, efficient, and cost-effective trans-
portation system.”"> ConnDOT has statutory responsibilities for the following:

¢ Roads;

e Bridges;

e Bus and rail services;

e Ferry services, the State Port Complex; and

e Airports.

A congestion pricing or tolling plan in Connecticut would affect many aspects of travel in
the State such as the impact that a highway tolling or pricing plan could have on the traffic
volumes of adjacent free roadways. This could lead to more wear and tear on non-
highway roads and greater congestion, as local roads are not designed to move large vol-
umes of traffic as quickly as highways. A thorough analysis of the final tolling and
congestion pricing proposal will need to account for this issue and ensure that the balance
of traffic throughout the entire traffic network is studied.

Revenue collection and redistribution of tolling or pricing proceeds would either be han-
dled through the Special Transportation Fund (STF) or a separate agency fund created for
this purpose. Established by the Connecticut General Assembly, the STF provides

14 Connecticut General Statutes, Title 13a, Chapter 239. Tolls, http:/ /www.cga.ct.gov/2005/pub/
Chap239.htm, November 17, 2008.

1> Connecticut Department of Transportation Mission and Goals, http://www.ct.gov/dot/cwp/
view.asp?a=1380&q=259714, September 9, 2003.
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dedicated funding for the financing of the State Transportation System, and covers all the
operating costs of ConnDOT and its services. The STF is comprised of money from the
following sources:

e Motor fuels tax;

e Motor vehicles receipts;

e License, permit, and fee income;

e FTA operating assistance grants;

e Interest income;

¢ Oil company tax;

e Department of Motor Vehicles collected vehicle sales tax; and

e General fund transfers.
The Fund currently is responsible for funding the following:

e Transportation Bond Debt Service;
e ConnDOT operations;

e Pensions and Fringe Benefits for ConnDOT and Department of Motor Vehicles
employees;

e Department of Motor Vehicles operations; and

¢ Town Aid Road Grants.

Revenue from a state congestion pricing or tolling plan would likely be assigned to the
STF. Placing the money into a dedicated transportation fund, rather than the general
fund, will have the added bonus of reassuring the public that the money will be used for
transportation projects. State legislation will need to be passed to dictate how this addi-
tional revenue will be spent.

Finally, a congestion pricing or tolling plan could have an impact on transit demand. This
is discussed in more detail in the following section.

Transit Agencies

ConnDOT’s Bureau of Public Transportation includes commuter rail, state-owned bus
service (CITRANSIT), other public bus services, and paratransit/ ADA bus services.'® The
New Haven line commuter rail service is operated by Metro North, a subsidiary of New

16 Connecticut Department of Transportation, Public Transportation, http:/ /www.ct.gov/dot/cwp/
view.asp?a=1386&q=259356&dotPNavCtr= .
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York’s Metropolitan Transportation Authority (MTA), under a contract with ConnDOT
and the MTA. Amtrak operates the Shore Line East Service under a contract with
ConnDOT. Combined fare options allow commuters to use both Metro North and the
Shore Line East systems on one fare card.

Tolling or congestion pricing concepts will encourage some drivers to shift to transit, so
transit operators will be important players in the creation of any comprehensive conges-
tion pricing or tolling plan. In order to assure the public that alternatives will be available
at the outset and to actually accommodate the mode shift from the date of implementa-
tion, transit agencies must provide the necessary capacity from the day a congestion
pricing system goes into place. This means that before a congestion pricing or tolling
system can generate any revenue, some portion of the capital funds should be directed to
transit agencies. Otherwise, most transit agencies will not likely be capable of providing
additional capacity. If a congestion pricing system is adopted, a study will need to deter-
mine anticipated service needs in post-implementation phases.

Any plan that considers tolled express lanes also should engage transit authorities on
whether these lanes also could accommodate express buses and other forms of public
transit. Drivers along those routes, when faced with a choice of paying a toll or taking a
toll-free express bus to their destination, may well be persuaded by such a visible
alternative.

Transit agencies may wish to advertise themselves as a toll-free alternative to further
encourage the shift to transit. This could take the form of conventional advertising medi-
ums, or also appear on highway signs next to toll lanes, or at the bottom of monthly
mailed expense statements to toll road users.

While most transit agencies that serve Connecticut operate solely out of Connecticut,
MTA’s Metro-North Railroad operates out of New York and serves locations in both
Connecticut and New York. One of the MTA’s Metro-North Railroad’s lines, the New
Haven line, has 49 percent of its peak-hour ridership consisting of commuters to
Manhattan with 51 percent consisting of reverse commuters who live in New York City
and commute to suburban employment centers in New York and Connecticut.’’ If a
congestion pricing or tolling plan were adopted that affects drivers between southwestern
Connecticut and New York City, the shift to certain Metro-North lines could be signifi-
cant. Specific considerations regarding how MTA would use any Connecticut state
congestion pricing revenue would have to be made.

17" Connecticut Department of Transportation, http:/ /www.ct.gov/dot/cwp/view.asp? A=1373&Q
=332922, 2006.
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Regional Planning Organizations (RPO)

The State of Connecticut is organized into 15 Regional Planning Organizations (RPO),
consisting of a number of member municipalities. These RPOs perform comprehensive
planning functions and provide a forum for addressing intermunicipal concerns on issues
pertaining to state and Federal programs. The 11 largest RPOs also serve as Metropolitan
Planning Organizations (MPO) for Federal transportation funding purposes. Since 1962,
MPOs have been required by Federal law in any urbanized area with more than 50,000
people for the distribution of Federal transportation funding. Their function is to ensure
that all transportation planning is done in “a continuing, cooperative, and comprehensive
(“3-C”) planning process”®® and that all Federal transportation funding is channeled
through this process.*

One of the SAFETEA-LU programs, the Interstate System Construction Toll Pilot Program
(ISCTP), has a Federally mandated stipulation to consult metropolitan planning organiza-
tions where a proposed project affects a metropolitan area. The FHWA must receive
assurance that local MPOs have been consulted about toll placement and number.
However, Connecticut’s congestion pricing or tolling plan will not likely use this program
to build new highways. In any case, RPOs could serve as an important outlet for commu-
nity outreach. Aspects of the congestion pricing or tolling plan could be disseminated
through the local RPO, many of which have voiced strong support for a pricing or tolling
proposal. In addition, any Federal funding the State receives for implementation of a con-
gestion pricing plan will need to be channeled through the relevant MPOs.

Interagency Coordination

The implementation of any tolling or congestion pricing program in Connecticut will
require all of the agencies discussed above to be involved in the planning process. In
addition, one agency or person should act as the primary facilitator and coordinator for
the planning process. This will allow for program outreach, consensus building, and
coordination among stakeholders to be conducted in an equitable and straightforward
way. It also is important that the planning process be transparent and visible and that all
information on planning and implementation is distributed to the public.

18 Paradis, D, About DOT, http:/ /seedeater.ct.gov/dparadis32/cwp/view.asp? A=11&Q=254118,
2003.

19 Tbid.
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3.0 All Electronic Tolling -
Operational and Deployment
Challenges

This section has two major subsections related to deploying all-electronic tolling: an over-
view of all-electronic tolling functions and operations and the major deployment
challenges.

B 3.1 All Electronic Tolling - Operational Program Functions

This section describes those components and external services required to successfully run
the functions required for an All Electronic Tolling (AET) operation. An AET program
comprises three high-level functions (see Figure 3.1).

1. Customer Services - Registering users, distributing on-board units, taking payments
and providing support where necessary;

2. Toll Management - Determining the usage of the road, setting appropriate tolls, and
communicating those toll to drivers; and

3. Toll Processing - Detecting the toll liability, processing roadside data, calculating
charges, processing payments, obtaining vehicle owner details for nonregistered cus-
tomers, and collecting unpaid tolls from nonpaying customers.

Some of these functions have a sequential order, (denoted by arrows), for some, order is
unimportant.
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Figure 3.1

Draft Final (February 2009)
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The Customer Services functions are those necessary to deal with the driver as a customer
of the toll program.

Register User

This function deals with the registration of users with tolling systems which use tag,
video, or GPS technologies. This will include the creation of user accounts (which might
include prepay or postpay options), and recording personal details, payment means and
vehicle information.

Distribute On-Board Units

This function is needed for systems using tag or GPS technology. The toll program will
need to procure, personalize, distribute, and possibly install these OBUs. This function
also will need to reconcile issued devices to user accounts, as well perform audits of dis-
tributed and nondistributed stock. Depending on the device ownership policy (owned by
customer or owned by authority), this function also may need to track returns to inven-
tory or disposal.
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Take Payment

This is the primary function through which users pay their tolls. An AET program can
offer three main ways in which a user can pay their tolls - through establishing an
account, video post billing, or “one off” payment, described below. Payment types (for all
types of account) can include credit, debit, automated bank transfer, checks, and cash.
Payment channels can include web, phone, kiosk, walk-in counter, or mail. The toll sys-
tem may offer a text service whereby users can authorize payment from a preregistered
card via SMS text message using their cell phone. Such a service currently is offered by
the London Congestion Charge, which allows the registration of credit and debit cards
that users can authorize for toll payment using SMS text message. Kiosk and SMS pay-
ments have not been implemented in the U.S. to date. However, partnerships with retail
chains have been implemented to provide a broader number of locations for toll account
payments.

Establish Accounts

Currently, all U.S. toll systems require electronic toll users to establish an account in
advance of using the facility. Accounts can be prepay or postpay depending on policies,
but most U.S. toll tag-based systems have prepay policies to avoid extensive collections
operations. Most current postpay tag accounts are restricted to commercial accounts that
establish a surety to guarantee payment. Both prepay and postpay can be used with tag,
video, and GPS technologies.

With a prepay account, the user can add credit to it when they want, or the toll system can
provide an “auto top-up” arrangement which replenishes the users account when it
reaches a preagreed level. With a postpay account, this function will notify users that they
have accrued tolls (usually on a monthly basis) and accept payment of those tolls from the
user, either in person, through a mailed check or through an automated method such as
Internet. If postpay bills are not paid within the agreed timeframe, this function will initi-
ate the appropriate action to obtain payment.

Most programs allow for customers who wish to remain anonymous. Anonymous
accounts are only possible with OBUs, because a video account relies on license plates,
which - by definition - are not anonymous. When an anonymous account runs out of
credit the user is required to either replenish or obtain a new OBU. If the credit runs out
the user would be considered a violator and their personal information obtained from the
Department of Motor Vehicles. The system handles these anonymous OBUs like standard
prepay accounts.

Video Postbilling

With video postbilling, license plate images are captured by the toll collection equipment,
the vehicle owner information is retrieved from the appropriate vehicle registration data-
base, and the vehicle owner is billed on a periodic basis after incurring tolls. In effect, an
account is created after the first use of the system. Since this option relies on the accessi-
bility and accuracy of vehicle registration databases there is an inherent loss of revenue
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associated with this process. To counter this loss, most facilities charge a higher toll and/
or a video post billing administrative charge.

In this scenario, all users are treated as customers until they fail to pay their post bill
invoice(s) at which point they become toll violators and are handled by the violations
process.

One-off Payments

A further payment option is to provide for infrequent or one-off customers who do not
wish to register an account. This can be achieved by allowing the user to provide their
license plate along with a toll payment. The system then attempts to match the license
plate given by the user to its own video records. If a match is made, the video record is
marked as paid. If a match occurs, there is no need to retrieve vehicle owner information
from a vehicle registration database.

With this method, the primary responsibility for determining the toll liability lies with the
user, who is expected to determine and then pay the appropriate charge. By making a
user responsible for making payments based on their usage as opposed to sending users
an invoice, the return can be maximized and the costs related to a video-based toll collec-
tion program can be reduced. Furthermore, since payment would be received even if the
camera failed to get a clear image of the vehicle and there is no vehicle registration look
up, there is less loss associated with this payment method when compared with other
video tolling approaches.

This method effectively creates a temporary account for that vehicle (using only the
license plate as identification) holding just the single toll payment. This payment can then
be used to pay the toll when it is detected and processed by the back office.

The program might allow users to make a one-off payment either before (effectively a
temporary prepay account) or after the toll has actually been accrued (effectively a tempo-
rary postpay account). The program can set an “allowed timeframe” in which users can
make these one-off payments (London allows such payments up to 24 hours before/after
the toll is/was accrued). If the payment is not received within this timeframe, appropriate
follow-up action is taken.

This approach also allows users to remain relatively anonymous; if they are able to pay by
cash at a kiosk, the only personal information they need to supply is their license plate.

While highly suited to simple toll programs such as cordon or bridge, where a customer
only has to pay the price communicated to them at the time of toll accrual, more complex
tolling programs such as express lanes or tolled highways are less suited to one-off pay-
ments because the user needs to calculate their own toll based upon the number of toll
points traveled.
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Support User

This function will provide support to the toll customers, such as responding to user
inquiries, updating user accounts, responding to correspondence and complaints and
technical problems such as OBU failure. This function should offer a variety of contact
channels, such as web site, e-mail, phone, text, mail, or walk-in, utilizing technologies
such as Interactive Voice Recognition.

Toll Management

Communicate

Monitor

Toll Management Road Usage Set Tolls

Tolls

The toll management functions allow for the ability to determine traffic usage on the
tolled roads, set toll rates, and communicate those toll rates to the drivers. The interaction
between traffic levels and toll rates and the intensity of the need to communicate is highly
dependent on whether tolling is being used as a congestion management tool.

Monitor Road Usage

How roadway usage is monitored primarily depends on if a static or dynamic toll rate is
being used for congestion charging. If tolls are fixed and do not vary by time of day then
there is substantially less need to monitor road usage.

Traffic levels can be monitored in several ways - vehicle speed, volumes, or density (a
combination of speed and volume) - using a variety of traffic monitoring technology:

¢ Cameras, which can be viewed manually from a control office, can provide a real-time
view of the traffic conditions on the road. New technology allows for automated traf-
fic evaluation to be conducted from the camera images.

e Automatic portable counters consist of automatic recorders connected to pneumatic
road tubes, laid across the road. These machines provide traffic count data which
would be used for static toll setting.

¢ Automatic permanent in-road counters such as inductive loops are sometimes built
into the pavement and used for long-term counts. This equipment can be expensive
and disruptive to install.

e Automatic roadside or overhead vehicle detectors such as microwave, infrared, or
acoustic devices have been widely used to provide vehicle count and density data.
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Set Tolls

This function sets the appropriate tolls. Depending on the objectives of the system, the
charges might be set to minimize congestion, maximize revenue, or a combination of the
two. Toll systems can be open or closed; vary according to vehicle type, occupancy, or
time of travel; be flat, static, or dynamic; and apply to a single direction or both. The most
sophisticated toll systems may utilize a combination of several approaches.

Open versus Closed Tolling

An illustration of open and closed tolling concepts is shown in Figure 3.2. In an open
tolling scheme, there are toll detection points along the road at set intervals, but not at
every entry and exit point on the road. Open tolling systems minimize the number of toll
points but only roughly reflect the length of the toll road used. Open systems also allow
for some toll-free travel.

There are two open tolling variations, “open point tolling,” and “open trip tolling.” Under
open point tolling, users are charged for every toll point they pass and their ultimate
charge simply reflects the sum of the charge assessed at each toll point.

Under open trip tolling, the system still detects the vehicle at each toll point passed, but it
only calculates the total charge once the driver has completed their trip (e.g., left the pro-
gram). This allows intelligent charging to be applied which can be controlled by business
rules particular to the program, for example offering discounts for certain journeys or
offering tolls specific to certain segment combinations (i.e., one price for the next segment,
another price for all or part of the remaining segments of a facility). This method of
pricing is available in the MnPass system as well as Washington SR 167 and California
SR 125.

For example, in Figure 3.2, a driver entering the system at point A, traveling through three
tolling points before leaving at point X may be charged a different toll than a driver
entering at point C, traveling through three tolling points, and leaving at point Z. In each
example, the program only calculates the final charge due when the user leaves the
system.

Open toll systems do not need a toll point at every segment; however any segments with-
out a toll point risk having certain drivers avoiding a toll for that “uncovered” section.
The decision on number of toll points will therefore need to balance tolling point con-
struction costs with desired coverage levels.

Closed systems have toll points at every entry and exit into the tolled road system. There
is no toll to enter the system and the user is only charged when they leave the system;
with the charge paid reflecting the distance driven or the particular combination of entry
and exit points. These configurations provide a better link between the charge and the
distance driven but generally require a far greater number of toll points than open toll
systems.
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Toll systems such as the New York Thruway and Pennsylvania Turnpike that use ticket-
based tolling are examples of a closed toll system.

Figure 3.2 Open Trip and Closed Tolling Concepts

Open Trip Tolling
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Open trip tolling with a mainline gantry at every segment is very similar to a closed sys-
tem with gantries at every entrance and exit point (because no traffic can avoid passing a
toll point). However, it is not truly closed because the program is still required to inter-
pret that a user has left the system (usually by assessing the time since they last passed a
toll point) and then calculating the correct toll.

Mainline gantries (potentially covering many lanes of traffic) are generally bigger, more
expensive, and take more time to install than smaller entry or exit ramp gantries which
only need to cover one or two lanes.

Hence, the choice of whether to offer open trip or closed tolling needs to consider the
potential difference in costs that arise from the different size gantries required for each
approach.

Variation in Tolls by Vehicle Type, Occupancy, or Time of Travel

Most toll systems have toll rates that vary by type of vehicle, with trucks paying more
than cars. Each toll facility has its own policies in this regard. Starting in the 1970s, some
facilities started offering discount rates for carpools, and the advent of HOT lanes in the
1990s further emphasized discounts or free travel for HOVs. There is longstanding auto-
matic technology available to distinguish types of vehicles. Distinguishing vehicle
occupancy, on the other hand, still requires human eyes, although ongoing research is
trying to automate this function.

Changing tolls by time of day is relatively straightforward, especially in electronic tolling
environments. The toll policy needs to be clearly stated and communicated, and the
equipment set up to handle the toll schedule. Cashless systems accommodate time-of-day
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tolling more easily than those with attended toll collection since it eliminates the need to
know at what time of day cash was collected.

Flat, Variable, and Dynamic Tolling

There are three ways that tolls can be set: flat, variable-static, and variable-dynamic.

A flat toll is the simplest. A segment of highway or a specific trip has a set toll rate that is
the same whenever the highway is used. Rates might be assessed at a single point (as
with the former Connecticut Turnpike and Merritt/ Wilbur Cross Parkways) or on a dis-
tance basis (as with the Massachusetts Turnpike and New York State Thruway). Flat tolls
have the least need for intense traffic monitoring - the main driving force of monitoring is
for toll audit and reporting purposes.

A variable-static toll rate is published in advance and can be set by time, day, vehicle
type, and/or occupancy if congestion pricing is the goal. Static tolls can be changed as
often as weekly or monthly if there is a need to spread peak demand by adjusting the
time-of-day parameters. Road usage needs to be monitored after the fact to make sure
traffic congestion policy objectives are being met, so that tolls can be adjusted accordingly.

With a variable-dynamic system, toll rates are set based on current and potentially antici-
pated traffic levels, meaning that traffic needs to be constantly monitored and analyzed.
Dynamic tolls are better suited for programs which have excess tolled road capacity in
addition to non-tolled capacity (such as a tolled express lane). By adjusting the toll rate
dynamically in response to road conditions, the system can achieve the desired traffic flow
by raising the price at times of high demand and lowering the price at times of reduced
demand. U.S. examples include SR 167 south-east of Seattle, I-15 north of San Diego, and
MN/1-394 west of Minneapolis.

Communicate Tolls

The method by which toll rates are communicated to customers varies by the type of toll
collection. Static tolls can be communicated on printed literature and on toll operator web
sites, as well as with standard road signs. Dynamic tolls require a Dynamic Messaging
Sign which can be updated electronically to display the current toll charge.

Interestingly, existing toll systems like the Massachusetts Turnpike and New York State
Thruway that have distance-based tolling have no immediate means to communicate toll
rates to their electronic tolling customers. These detailed toll tables would be impossible
to communicate on road signage, but those customers that use the electronic tolling sys-
tem do so optionally, and do not seem to miss this information. They find out the toll they
paid when they receive an end-of-month statement. This could be a bigger issue in a
cashless tolling environment with occasional users. Road signing that indicates per-mile
rates may be an appropriate tool.

Highway 407 north of Toronto, Canada, which is a distance-based toll system, uses a vari-
able-static approach (based on time of day and vehicle class) but does not display this

3-8 Cambridge Systematics, Inc.



Draft Final (February 2009) Connecticut Electronic Tolls and Congestion Pricing Study -
Draft Final Report — Volume 2: Background Report

information at the roadside; instead all users need to consult the published toll rate chart
on the program’s web site.

Toll Processing

Obtain Coll
" . Determine Process Process Vehicle ° e‘.::l
Toll Processing 0H Liability Data Payment Owner Unpat
Details Tolls

This function detects the vehicle, calculates the toll rate, and processes the payment.
Regardless of the technology used, the basic structure of detecting and paying for tolls is
the same, as shown in Figure 3.3.

Figure 3.3  Processing Different Payment Options
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Under AET, the system initially attempts to identify the vehicle by communicating with
any On-Board Unit (OBU) in the vehicle (1).

If this is successful (2), the system then matches the read to the user’s account which may
or may not have sufficient funds to pay the toll.

If the system is unsuccessful (3), either through technical difficulties or because there is no
OBU in the vehicle, the system will attempt to use video images to identify the vehicle.
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If the video read is unsuccessful (4), the system cannot levy the toll and this constitutes
lost revenue.

If the video read is successful (5), the system attempts to match the vehicle’s license plate
to a user account, which may or may not have sufficient funds to pay the toll, or any one-
off payment made by the user (6).

If no account or one-off payment is matched (7), the system will need to employ alterna-
tive methods (such as vehicle registration database lookups) to collect the toll.

Determine Toll Liability

In order to determine the toll rate, the system needs to detect the vehicle and determine
the vehicle class. Some systems may require a method for distinguishing HOV.

Vehicle Detection Technologies
The three primary technologies deployed for detecting the toll liability are:

1. Video;
2. Tag;and
3. GPS.

Video - This approach uses utilizes Automatic License Plate Recognition (ALPR) video
cameras to read the license plate of passing vehicles. The cameras and image processing
also may detect a number of characteristics of the image of a vehicle such as size of head-
lights, bumper location, etc. (known as the vehicle’s “fingerprint”) for improving the
matching images of the same vehicle taken at different times, such as for matching toll
entry and exit transactions.

Successful use of video technology can be disrupted by factors such as:

e Poor weather (snow, fog, and rain);
¢ Nonstandard plate fonts;
¢ Cloned/falsified license plates; and

e Nonstandard placement of plates (e.g., on trucks).

Typically this technology is more costly than using tags because it is less accurate and
therefore requires more manual intervention. The user may or may not have a video
account with the program. If they do, their license plate is matched to it and the appro-
priate toll levied. If they do not have an account and the program accepts one-off
payments, the license plate is matched to the license plate data given at the time of pay-
ment. If neither is true, the system will use its license plate data to obtain the vehicle
licensing information from the appropriate vehicle registration database and initiate
alternative collection methods.
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A user without an account who does not pay and who cannot be traced from the vehicle
registration look-up represents lost revenue. There may be data sharing costs for certain
state registration databases and there can be additional challenges in data sharing with
international authorities.

Tag - Vehicles carry a tag (also called a transponder) that is read by a roadside antenna
typically using radio frequency communications although systems are available that use
infrared communications. Antennas are accurate enough to locate vehicles in a particular
lane and also can be read at full highway speeds. Under this approach, video images of
the vehicles are taken in the event that the tag read fails or no tag exists in the vehicle.

Tags can be read-only or read-write. Read-write transponders allow information to be
sent back to and stored on the transponder (e.g., the last time that the transponder was
read). E-ZPass currently uses read-write tags.

Tags, until recently, have been packaged in small plastic cases that are generally mounted
with Velcro strips to the windshield of a vehicle. The case is required for the internal
electronics, battery, and any lights or tones. Recently, passive powered tags have been
packaged as stickers (or decals) that are applied to the windshield of a vehicle. Some
vehicles have windshields that block transponder signals. For these vehicles, an exter-
nally mountable tag is offered, typically designed to attach to the vehicle’s front license
plate mounting points.

The fitting process can be performed by the toll program, outsourced to a commercial
entity such as an auto garage, or conducted by the users themselves. However, given the
relative ease with which tags can be fitted to vehicles, by far the most cost-effective
approach is to mail out the tags with instructions on how to fit them. Prices can range
from less than $10 to $40 apiece, with most battery powered or plastic cased transponders
costing between $20 and $35 per unit and sticker tags currently are as low as $8.50 per
unit.

Valid tag reads are matched to the user account and the appropriate toll levied. If a valid
tag is not read, the license plate will be captured and most tag deployments will attempt
to match this license plate to the tag account. If nothing matches, and no one-off payment
is made, then the system will use the license plate read to obtain the vehicle ownership
information from the vehicle registration database and initiate alternative collection
methods.

GPS - Charging systems that use GPS as the on-board unit use location obtained from
satellites to determine when the vehicle is on a charged road, and what the toll will be
based on the location, and if applicable, the time. The cost of an OBU is estimated at
between $100 and $400, depending on the level of sophistication of the device.

This technology lends itself to distance-based tolling (because the OBU can accurately cal-
culate the distance traveled) and tolling in large areas (because less roadside detection
equipment is required than for tag or video). GPS satellites can resolve a vehicle’s loca-
tion down to about 10 feet, however this may not be accurate enough to distinguish
between parallel running lanes, hence this technology is not well suited to lane tolling.
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The GPS OBU may be combined with odometer readings to develop accurate mileage-
based charges with the GPS identifying the tolling rate for each mile based on current
location.

The process for fitting these OBUs can be performed by the toll program, outsourced to a
commercial entity (such as an auto garage), or conducted by the users themselves; how-
ever, given the complexity of these units self-fitting is probably not a good option.

This location data is used by the toll system to determine toll liabilities, which can either
be calculated inside the OBU (so-called thick client OBU), or processed in the back office
(thin client OBU where travel data are sent via wireless communications). Where toll
charges are calculated in the OBU, the charge can either be deducted directly from a smart
card located in the on-board unit or stored for later uploading and charging against the
customer’s account or by billing the customer.

Under this approach, roadside equipment is not required to read the OBUs except for
validating the correct functionality of the OBU and compliance with the program by
ensuring vehicles are equipped with an operating OBU. The largest deployment of GPS
toll collection is the truck tolling scheme in Germany. This deployment has over 300 gan-
tries to collect video data from non-equipped vehicles and validate OBU compliance as
well as over 250 mobile compliance units. Compliance can be validated by communica-
tion with the OBU as well as using tamper protection built into the device. Compliance
also can be performed by using a network of cameras and comparing the license plate
reads to the data from the OBU.

Depending on how many roads the toll covers the program may offer video billing for its
non-GPS customers. If the toll covers a limited number of roads then it may be feasible to
set up a network of cameras; however if the toll covers a substantial number of roads, it
may prove too complex and costly to set up enough video cameras to provide video
billing.

GPS tolling has been shown to be technically feasible and is in use for trucks in Europe.
However, there are a number of barriers to deploying GPS which need to be considered:

e Cost of deploying units across the vehicle population;

e Public perception that all their movements can be tracked even though privacy protec-
tions are put in place; and

e The need to offer alternatives for infrequent and through traffic. Unlike European
trucking programs, it would be impossible to require all vehicles entering Connecticut
to be equipped with GPS units or to pay for their intended vehicle miles traveled via
kiosk.
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Vehicle Classification Technologies

The system may require a means of automatically
classifying the vehicle, typically cars, different
sizes of trucks and buses, as well as special
vehicles (e.g., oversize/overweight). Some
approaches include:

e The number of axles can be determined by a
“treadle” (shown in the ground in photo to right). Treadles are speed independent
axle-sensing systems that consist of sensors mounted in a metal insert. The metal
insert is installed directly into a treadle frame in the road surface. By installing the
treadles at an angle across the roadwayj, it also can be used to distinguish between sin-
gle and dual tire vehicles (the Port Authority of New York and New Jersey do this at
the Lincoln Tunnel). Treadles are used extensively by cash tolling systems, but would
be unusual in cashless systems.

e The profile of a vehicle can be determined by light curtains and laser profilers, which
use radar for velocity sensing and a profiling sensor to develop a profile of the vehicle.
Some systems generate side profiles (which also can count axles) through multibeam
transmissive light curtains (see images below), while others generate overhead profiles
through a reflective overhead scanning laser.

e The length, speed, and number of axles can be determined by Advanced Inductive
Loops embedded in the pavement (see photo to right). Inductive loops comprise a
conducting loop installed in the roadway to detect the metal
content of passing vehicles. Traffic monitoring apparatus
energizes the loops and detects the passage of vehicles over
the loops to provide for the classification of vehicles by axle |
count, with some systems also measuring vehicle profile, |
speed, and length.

e The vehicle class also can be encoded on a tag or entered into
the vehicle OBU. This may require the customer to provide
evidence of their vehicle type when registering the account.
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Vehicle Occupancy Detection Technologies

If the toll program includes HOT lanes or otherwise varies the toll by vehicle occupancy,
the system requires a method of counting or declaring the number of occupants of the
vehicle. Technology options for counting or validating vehicle occupancy are emerging to
meet the needs of the marketplace. Recent advancements with infrared cameras appear to
be able to detect human skin in a vehicle; however these have not yet been proven effec-
tive in actual toll environments. For now, then, the only method of validating occupancy
remains visual police checks.

There is quite a bit of experience with HOT lanes around the U.S., and the most common
approach, as utilized in Minnesota’s 1-394, is described below:

If a HOV user enters a HOT lane (1),

no toll is applicable. Some programs el
require HOV wusers to use HOV- [
encoded tags which do not deduct @Eﬁgﬂ

any toll from the account. However
to ensure compliance, police can per-
form checks using mobile tag )
readers.  These tag readers will
inform the police whether the tag in : .
the car is I;or a HOV, and hegnce [(Noton] e, N ©)
whether a fee is applicable.

Non-HOV

Alternatively, for certain HOT lanes [ Manual | [ Automated |

which use video billing, HOV users
are required to preregister their license plate. When this license plate is processed, no tolls
are subsequently levied. Here compliance checks are required to be performed visually.

If the vehicle is not a HOV, then a toll is applicable. Compliance is performed on a spot
check basis by verifying that vehicles observed as non-HOV have registered a paid trans-
action on entry. Most programs require HOT lane users who are non-HOV to preregister
for a tag account from which the appropriate toll is deducted (2).

If the vehicle has not preregistered they are identified as violators and appropriate checks
need to be performed to determine this noncompliance (3). These checks can either be
manual (visual) or automated (using occupancy counting technology). Some programs,
such as Washington State’s SR 167, encourage other drivers to report noncompliant users
by phoning a hotline.

Some systems utilize separate lanes at the tolling point for HOV users so they are not
charged via tag or license plate.

Process Data

This function processes the roadside data and then calculates the appropriate toll.
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As vehicles pass the toll points, they are detected and classified. This roadside vehicle
data is collected by roadside computers which process the data collected at each toll point.

For tag-based systems, this data will include the tag ID, as well as the toll point ID at
which it was collected along with a collection timestamp. Video footage also will be col-
lected, which may involve processing ALPR and OCR data at the roadside. Typically
with a tag-based system, video images are only retained for tags that are determined as
being associated with bad accounts or for vehicles that appear not to be equipped with a

tag.

The roadside computers may apply business rules to this data (such as discarding certain
images or tag reads), or assessing tolls based on the collected data, or may pass the entire
data to the back office for manipulation.

Once the back office has received the data from the roadside, it will need to calculate the
correct toll for that vehicle. It will use the vehicle identification data (such as a tag ID or
license plate) to search for a corresponding account or one-off payment. By comparing the
roadside data against its business rules, it will then determine any discounts for which the
vehicle is eligible, before calculating the final toll to be levied. If no account or one-off
payment can be found from the roadside data, it will pass the vehicle data onto the
“obtain vehicle owner details.”

Current tag-based systems also support license plate-based payments to tag accounts
known as video tolls (V-Tolls) or image tolls (I-Tolls). Before moving to “obtain vehicle
owner details,” license plates are checked against those associated with tag accounts. If a
match is made then the toll can be posted to the account. The E-ZPass network provides
license plate data exchange to support this function between toll agencies.

Process Payment

Assuming a user account or one-off payment can be identified for the vehicle, this func-
tion applies the toll:

e For prepaid accounts the account’s credit is debited, as shown in Figure 3.4;
e For postpay accounts the account is debited, as shown in Figure 3.5;

e For one-off payments received before the toll is accrued, the single payment received
is debited, as shown in Figure 3.6; and

e For one-off payments received after the toll is accrued, the single payment received is
debited, as shown in Figure 3.7.

If the prepay account holds insufficient credit (or if the minimum credit threshold is
approaching), then this function will initiate appropriate mechanisms to notify the user
and obtain payment.
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Any tolls accrued by interoperable tags which are registered to accounts with other toll
programs also are processed here and the appropriate charges passed on to those pro-
grams. This approach ensures that customers can use an entire interoperable network
with one account and one tag (see later section on Interoperability for further details).

Depending on data handling rules, this function will need to dispose of the data once
payment has been successfully taken within a certain timeframe.

Figure 3.4 Processing Prepaid Accounts
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Figure 3.6  Processing One-Off Payments
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Figure 3.7 Processing One-Off Payments After Toll Is Accrued
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Obtain Vehicle Owner Details

If a toll has been accrued but not paid and the toll cannot be matched to an account or one-
off payment, the program needs to obtain the vehicle owner’s details from the appropriate
external vehicle registration database using the license plate as the identifier. If the license
plate has recently been looked up, the system will use the cached results from that lookup
rather than incurring additional costs for the same license plate.

Some toll agencies will perform this action for customers who have accounts with insuffi-
cient credit, as a means of double checking the vehicle owner.

If the tolling program offers video postbilling for users without accounts, this information
will be used to initiate a video post bill which is sent to the owner of the vehicle. Under
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this approach, users are not violators at this stage - they are simply customers who have
yet to pay.

If video postbilling is not offered, this information is passed to the “collect unpaid tolls”
function for legal collection methods with users deemed violators at this stage.

According to the U.S. Bureau of Census, 17 percent of Americans change their residence
every year. As a result, hit rates for successfully obtaining current names and addresses
from the DMV are generally between 80 percent and 90 percent.

Collect Unpaid Tolls (including Legal Interfaces)

This function deals with those users who have accrued a toll, but not paid it within the
allowed timeframe; this might be 24 hours for one-off payments, or up to 30 days for
postpay accounts. Often programs will apply a service processing fee to cover collection
costs, in addition to the toll amount.

Experiences from other toll authorities and similar programs (e.g., parking tickets) indi-
cate that a number of people will pay their toll and service processing fees upon receipt of
a demand letter. A second means of enforcement for in-state violators is placing a hold on
the annual vehicle registration renewal process until outstanding tolls and related fees are
paid. Since all electronic tolling is being pursued in a number of states, there are several
activities underway to try to improve violation collection across state lines. Collections
processes also can be initiated to trace the owner of the vehicle and attempt to obtain
payment.

However, for the ultimate collection of toll violations, toll programs must look to law
enforcement agencies and the local courts. As with any traffic or parking ticket, some
violators will wish to appeal the citation to the courts which may result in costs and reve-
nue loss for the program. Figure 3.8 outlines which function ultimately handles the user.
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Figure 3.8  Collecting Unpaid Tolls
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B 3.2 All Electronic Tolling Deployment

This section outlines the components that need to be deployed to realize the functionality
described in the previous section. For each high-level function described above there are a
number of basic, required components or design elements that all tolling concepts will
need to include. Figure 3.9 summarizes the various basic program and roadside compo-
nents and external services.
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Figure 3.9 Basic Program, Roadside Components, and
External Services Diagram
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Roadside Components

This section outlines the roadside components which require deployment to operate a tra-

ditional tag-based AET system. Figure 3.10 illustrates typical roadside components for an
AET system.
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Figure 3.10 Roadside Components of AET Systems
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For tag-based AET systems, the program must install overhead
antennas to capture the identification number of the passing tags.
The antennas typically emit radio frequencies to communicate
with the tags. The tag readers process the signals received from
the antennas to read the tag data and generate signals to send
messages for storage on the tag. Readers may be installed in a
standalone box at the roadside or may be part of the antenna
housing.

Image Capture

All AET systems require the use of Automatic
License Plate Recognition (ALPR) video cameras
to capture images and read the license plates of
passing vehicles. ALPR systems use Optical
Character Recognition (OCR) to read the license
plate, and commonly take advantage of infrared
to allow the camera to function at night and
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improve recognition accuracy. Recent advances include high-resolution cameras and use
of ultraviolet-sensitive cameras to enhance the amount of data that can be extracted.
Cameras are typically installed overhead to ensure a clear view of the vehicle license plate.
The capture of images of drivers is prevented by legislation in some states and most toll
operations generally try to avoid this for privacy protection reasons.

Some vehicles, such as tractor-trailers, may have different license plates front and rear.
Others, such as motorcycles or cars from certain states, may only have rear-mounted
license plates. For most deployments with mixed vehicle class traffic, video cameras
would need to be both forward and rearward facing to ensure a license plate read is
achieved for all vehicles.

Gantries

A gantry is the roadside structure on which tag I“——
readers, cameras, and signs are mounted and is the R i
major civil construction component required to |

support AET. Gantries are commonly used in
multilane highways, when signs posted on the
side of the road would be difficult for all drivers to
see. Gantries can have legs on both or only one
side of the road depending on road layout.
Advanced gantry design include protected walk
ways and tilt back equipment mounting that allow
maintenance of the gantry without disrupting traf-
fic flow or creating a potential safety issue.

For a multilane installation (e.g., across a freeway),
the gantry is required to be rigidly secured on both
sides of the roadway to prevent movement and
vibration. It is possible to cover a single lane (such
as on a ramp) with a cantilever and pole mounting
provided this is close enough to the monitored
lane. However, to prevent movement effecting
camera or classification equipment accuracy, most electronic toll systems utilize an across
the road gantry design.

Where both front and rear images of vehicles are required, it is recommended that two
gantries be installed to allow the same trigger point to be used to capture both front and
rear images. This maximizes the ability of the system to correctly match up the front and
rear images of the same vehicle. The exact spacing of the gantries depends on a toll sys-
tem vendor’s specifications and algorithms. In some locations, a single rectangular gantry
structure covering many feet of lane length is used instead of two gantries.

In comparison with sign gantries, toll gantries need to be rigid to prevent movement of
equipment but are not subject to the same level of wind loading due to the mounted
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equipment and therefore do not need to be as strong. Low-cost gantries typically use a
box frame type of construction.

Roadside Computing

All AET systems require roadside computing units to process and store the data from the
readers and cameras. These units also can perform actions on the data before sending it to
the back office (such as OCR processing). These units are typically installed close to, or
attached to, the gantries.

Communications

A communications network will be required to transmit data from the roadside equip-
ment to the back office. Typically, this will be achieved through a combination of fiber
optic cabling and telecommunications network services.

Law Enforcement

In addition to any automated technology, some programs may utilize law enforcement
officers to provide additional enforcement capability. These officers may be proactive
(e.g., checking that vehicles are in compliance with program rules such as number of
occupants for HOT lanes) or passive (e.g., just providing a visual deterrent) and may util-
ize alerts generated by roadside equipment if a blacklisted or violating vehicle is detected.

Maintenance

Maintenance crews will be required to maintain the roadside toll equipment and commu-
nications connections. While AET leverages highly reliable technology, often in
redundant configurations, rapid response maintenance will be required to minimize any
potential for revenue loss. An ongoing preventative maintenance program also will be
required, particularly to maintain camera image quality.

The importance of proactive preventative maintenance cannot be overstated. With AET,
the entire revenue stream of the toll organization is dependent on reliable operation of the
system. It absolutely must be maintained to the highest standards, or customers will lose
faith in the ability of the system to capture transactions, thus creating a downward spiral
of revenue loss.

Toll Program Central Operations

This section outlines the aspects of the central operations necessary to operate a tolling
program. Figure 3.11 illustrates a typical arrangement for the central components and
external interfaces of an AET program.
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Figure 3.11 Toll Program Control Operations
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The core component for any AET program is the back office. The back office comprises
both hardware and software to support the central functions such as account establish-
ment, processing toll transactions, and addressing collection issues. The back office
system will be connected to the communications network to receive transaction data from
the roadside equipment and to communicate with the external services. The back office
system will include the functionality to support automated account access such as via the
web and interactive voice response telephone system.

Front Office

The program’s primary customer interface is through its front office operation. This com-
ponent will perform the customer management functions such as account creation and
management. The front office is typically housed in a Customer Service Center and offer
contact channels such walk-in counters, mail, web site, phone, and e-mail.
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Web Site

The vast majority of tolling deployments in the U.S. offer web-based services whereby
users can register new accounts, view their toll transactions, update their account infor-
mation, purchase tags, and add credit to their accounts.

Staffing

The program will require extensive staffing and management to operate the system. The
primary staffing areas include management, customer service, financial, and systems.
Staff will require a variety of skills and will work across all functions of the program, with
customer service representatives operating the front office and technical and management
resources operating the back office.

Customer Kiosks (Optional)

The program may wish to use customer kiosks to enable customers to pay their tolls,
replenish their accounts, and possibly perform basic account updates without the need to
contact the Customer Service Center. Kiosks provide a potential way to allow for one-off
cash payment options. A basic kiosk would utilize a touch screen to update account
information and be capable of processing different payment types. More advanced kiosks
based on vending machine type technology also can issue tags. Germany’s Toll Collect
system is a prominent example of this facility; the kiosks let drivers without OBUs enter
their route information and pay any subsequent charges.

External Services

AET programs require interfaces to a number of external services to perform their
operation.

Vehicle Registration Databases

In the United States, each state maintains its own vehicle registration database. Toll pro-
grams require an interface to these agencies to obtain vehicle owner details to support
video billing or for the collection of unpaid tolls via a violations enforcement process.

For out-of-state vehicles, it is necessary to obtain access to the registration information
from the vehicle owner’s home state. Separate interfaces are required for each database
(i.e., there is no single interface to all databases) or a commercial provider can be utilized.
Many states provide look-ups at no charge once the interface is established; however, fees
can range as high as $8.00 per license plate look-up. A few states do not provide external
look-up capabilities. Most states provide automated remote network access although
some still require an electronic copy of a file to be provided on disc. Third-party commer-
cial providers typically charge between $0.50 and $1.50 per plate look-up for the states
they support. When implementing toll programs involving license plate look-ups, the
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recommended approach is to pursue direct connections to state databases that represent
the highest percentage of home states for vehicles using the facility. Using this approach,
it is feasible to obtain in excess 90 percent of plate look-ups with no ongoing costs other
than maintaining the interface.

Access to international licensing information is more problematic because there currently
are no vehicle data sharing agreements with Canadian and Mexican authorities.

A further consideration in this process is the accuracy of these databases. Due to the high
percentage of individuals who move their residence each year (17 percent), the databases
are at best 90 percent accurate at any one time due to delays in updating information.
Mail forwarding will find many of the incorrectly located vehicle owners but some per-
centage, on the order of 5 to 10 percent, will not be located through this process. This
represents a leakage in the video tolling process and increased follow-up costs through
services such as skip tracing that should be accounted for in the program. For this reason,
it is important to maximize use of transponders and encourage travelers to proactively
register their plates or make one-off payments.

Payment Providers

Under AET, toll programs require an interface to the appropriate payment providers
(such as credit cards and banks) to obtain payment for tolls once authorized by their cus-
tomers. Typically, the back office provider will enter into a merchant account agreement
with a payment provider such as a bank. Due to the rules dictated by payment providers,
the back office operation must employ extensive security measures, both physical and
electronic, to prevent access to user financial data by unauthorized parties. This will
require compliance with the Payment Card Industry Data Security Standards (PCI DSS).

Depending on the type of payment being processed, the provider will charge a transaction
fee plus a percentage of the payment being processed. Use of automated clearinghouse
transactions (ACH) that directly debits a user’s bank account is most cost-effective as
there is no percentage fee but just a small transaction charge usually in the $0.10 to $0.20
range. However, this method of payment can take several days to a month to clear,
increasing the possibility that a prepaid account holder can develop a significant arrears
balance.

Credit card transactions typically incur a $0.08 to $0.20 transaction fee plus a 1.5 percent to
3 percent percentage fee per transaction. The rates vary between payment providers and
card types processed.

Collection Agencies, Law Enforcement, and Courts

For those violators who do not pay their outstanding tolls after letters from the toll pro-
gram, an interface to the law enforcement and legal system is required. The following
processes can be employed:

3-26 Cambridge Systematics, Inc.



Draft Final (February 2009) Connecticut Electronic Tolls and Congestion Pricing Study -
Draft Final Report — Volume 2: Background Report

¢ Collections - A collections company will typically take unpaid accounts for a contin-
gency fee of between 10 percent and 20 percent of the collected amount. They employ
skip tracing techniques to locate the individual and direct telephone contact to attempt
to obtain payment. Depending on the policies of the agency, they also may mark the
credit records of non-paying individuals.

e Court - The legislation in many states allow summonses to be issued to non-paying
customers to require them to appear in traffic or civil court. Additional penalties are
usually applied at this stage. In addition to supporting legislation, this requires close
coordination with the court system and development of interfaces for summons file
exchange. This process can be treated primarily as a deterrent by publicizing cases
that are successfully prosecuted or as an income-generating process if sufficient vol-
ume can be handled by the court system.

e Administrative Hearing - In some locations, such as Massachusetts and Illinois,
administrative hearings can be held instead of utilizing the court system. Since these
processes are set up outside the constraints of the court system they can typically han-
dle more cases. Supporting legislation would give these hearings similar powers to
the courts along with definition of the required due process that would be subject to
similar standards to court proceedings.

e DMV Interface - In order to provide the necessary incentives for individuals to com-
ply with court or administrative hearing judgments, most states also allow a
placement of a hold on vehicle registrations or driver license renewals for unpaid toll
violations. While holds on driver licenses can be more effective, the time between
renewals and the large inconvenience caused if an error is made means that holds on
registrations is often a more appropriate choice.

Retail Channels

Some AET programs may form partnerships with retail outlets such as service stations on
highways or grocery stores to expand the capability for customers to obtain tags, pay their
tolls, replenish their accounts, and possibly perform basic account updates. These retail
outlets would require some interface to the system and also appropriate training for their
staff. Recent expansion in Florida included an agreement and interface with the Publix
grocery chain. In this implementation, account holders make payments at the grocery
store using a keychain barcode to identify their account and permit the store to transmit
the transaction to the back office.

Interoperable Facilities

The need for interoperable toll programs arises from the customer desire of “one tag, one
account.” Toll programs can be interoperable on two levels:
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Tag Interoperability

Under this model, the same transponder can be used with each toll program, but the cus-
tomer must set up separate accounts with each. This occurs in the Northeast U.S. where
“companion accounts” are sometime set up at other E-ZPass agencies when discounts are
given only to local customers.

System Interoperability

With this level of interoperability, account information is exchanged between programs
such that the customer needs only set up one account and use one tag. The E-ZPass net-
work is a good example of system interoperability where a tag issued in one E-ZPass state
can be used at any E-ZPass facility within the 16 states that participate.
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4.0 Consideration of Public-Private
Partnerships and Contractual
Issues

As this report discusses the implementation options for the various congestion pricing or
tolling alternatives, Connecticut needs to consider the extent to which the private sector
can or should be involved in any of the alternatives. Since Connecticut does not have
legal authorization for a transportation-related public-private partnership (PPP) financial
program, the State would need to decide how many tools it wishes to have available for
application on transportation projects, how to create such a program, and how such a
program would be administered. Connecticut does have provisions for traditional non-
financing PPP’s such as Design/Build. It is beyond the scope of this report to offer infor-
mation on how to implement a PPP program, but significant resources are available on
that subject from the FHWA, accessible at http://www.thwa.dot.gov/ppp/index.htm.
Using this available information, this section of the report offers a primer on a variety of
PPP project delivery and financing approaches, overall issues to address in creating a state
PPP program in particular with respect to tolling and pricing, and how to decide when to
implement a project through a PPP.

B 4.1 PPP Approaches

The 2004 U.S. DOT Report to Congress on Public-Private Partnerships defines a PPP as
follows:

A public-private partnership is a contractual agreement formed between public
and private sector partners, which allow more private sector participation than
is traditional. = The agreements usually involve a government agency
contracting with a private company to renovate, construct, operate, maintain,
and/or manage a facility or system. While the public sector usually retains
ownership in the facility or system, the private party will be given additional
decision rights in determining how the project or task will be completed.

PPP approaches can be loosely classified in two major groupings: 1) project efficiency;
and 2) project financing. The first set of approaches are designed to accelerate the delivery
of a project or increase the efficiency by which the project is delivered. The second set of
approaches is aimed at the entire life cycle of the project, involving other parties in
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executing ongoing functions and in paying for the initial and ongoing expenses of the
project. All these approaches can be contrasted to the traditional means by which public
agencies execute projects - generally known as the Design-Bid-Build approach.

In the Design-Bid-Build approach, the design of a project is executed and completed sepa-
rately from its construction, although both stages usually involve a private firm under
contract to the public sector. Long-term ownership, maintenance, and operations of the
project are typically the province of the public sector, even if the project’s capital costs are
financed through tax-supported or revenue-backed debt financing. One shortcoming of
this traditional method is that it does not match incentives, risks, and rewards during the
life cycle of a project, because the sequential nature of the project delivery process, silos of
organizational responsibility, and separate pools of funding for each project development
element rarely connect to reveal how different decisions can affect the efficiency of down-
stream project elements. Examples of these mismatches include:

e Materials specified in design plans may not reflect the latest technological advances,
nor are they necessarily chosen for lower life-cycle maintenance costs. Procedures for
approving new materials or changing standard specifications are administered by a
risk-averse public sector primarily concerned with keeping initial capital costs low and
reducing the risk of material failures.

¢ Construction contractors might have experience that could identify materials or alter-
nate construction techniques that could offer savings in construction costs. But, the
contractor bids a fixed, lowest cost price, so the firm has no incentive to offer cost
saving ideas other than those which would inure to the contractor’s benefit.

e If construction costs are increasing at a rate of 10 percent a year, it may make sense to
offer a sizeable bonus to a design engineer to complete the plans earlier than con-
tracted so that the project can go to construction sooner. Yet, if engineering contracts
are negotiated and managed (or measured) as a percentage of the original project
estimate rather than a system that would share the savings from quicker bid letting
with the design firm, then the design firm has no reason to finish early.

PPP approaches which focus on project efficiency include these four:

1. Fee-Based Contract Services - Contract with private sector firms for services typically
provided by public sector employees, which might include construction management,
pavement maintenance, consulting engineer management, or call center operations.

2. Construction Manager at Risk - Contract with a private sector firm selected during
design, in which the firm reviews design plans for constructability and bid quantities,
and agrees with the public sector owner on a guaranteed maximum price for con-
struction, and the firm then selects and manages the contractor(s).

3. Design-Build - Contract with a group of firms, including engineers and contractors,
with which the public sector executes one contract for the completion of design and
construction of a project for a guaranteed maximum price.
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4. Design-Build with Warranty - Same as a design-build contract, but the design-build

entity warrants the performance of materials and construction for a certain amount of
time; i.e,, a pavement warranty for 20 years (or a certain number of axle loadings)
during which the firm performs all pavement maintenance services.

PPP approaches which focus on project finance include these four:

1.

Design-Build, Operate, Maintain (DBOM) - Performance-based contract with a
group of firms for the design, construction, and operation and maintenance of a facil-
ity for a specified period of time, bid as a guaranteed maximum price for the entire
period covered by the contract.

Design-Build, Finance, Operate (DBFO) - Similar to a DBOM, but the private firms
are responsible for a portion of the financing of the project, in return for the ability to
keep user fee revenues over the life of the contract, while the public sector retains
ownership of the underlying asset. The public sector may bid the contract for an up-
front fee, for the lowest public subsidy, and/or a share of project revenues.

Build, Operate, Transfer (BOT) - Similar to a DBFO, the private firms also would
own the transportation facility and the right to collect project revenues, and agree to
transfer ownership of the facility to the public sector at a certain time and meeting
certain standards for remaining useful project life (through reconstruction
requirements).

Build, Own, Operate (BOO) - Contracts under which all responsibility and risks are
transferred to the private sector, and the private sector retains ownership of the facility
and its project revenues for perpetuity.

Table 4.1 is a summary of the relative public and private sector project responsibilities
under these eight PPP approaches, compared to the Design-Bid-Build method.
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Table 41 Types of PPP Approaches in Surface Transportation Projects

PPP Approach Responsibility for Project Element

Design  Construction Maintenance Operations Financing Ownership

Traditional Design Bid Build

Fee-based Contract Services

CM @ Risk

Design Build

DB with Warranty

DB Operate Maintain

DB Finance Operate

Build Operate Transfer

Build Own Operate

. Private Sector

Source: Cambridge Systematics analysis, definitions of approaches from User Guidebook on Implementing
Public-Private Partnerships for Transportation Infrastructure Projects in the United States, Final
Report 05-002, July 2007, FHWA.

Public Sector Public/Private Sector

B 4.2 Institutional Considerations in Establishing a
PPP Program

The 2007 FHWA User Guidebook on Implementing Public-Private Partnerships for Transportation
Infrastructure Projects in the United States offers extensive advice to states ready to imple-
ment PPP programs. Just as Connecticut has executed this report to consider cross
cutting, policy-level considerations in tolling, and road pricing rather than jump to
project-level analysis, Connecticut would do well to spend time deciding what kind of
PPP program they want to have before executing a program to advance road pricing pro-
jects. The 2007 FHWA PPP Guidebook offers a series of questions to prompt internal
discussions of PPP program development:

What is the institutional context for the PPP program? States having implemented PPP
programs do so to address a variety of problems. For some, PPPs might address internal
agency capacity constraints to manage mega-projects; for others, PPPs appear to be a
means of bringing private capital to address state funding shortfalls; for others, ongoing
entreaties from the private sector may be the cause for creating a program to handle the
requests. A state should be clear about what kind of criteria it will use to assign projects
to PPP delivery (addressed in the next subsection).
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Does the sponsoring agency have the statutory and regulatory authority for PPPs?
Having the necessary legal authority to proceed with PPP projects is a necessary condition
for a state; otherwise, private firms would have no assurance that a PPP contract with the
State will be binding and enforceable. Since Connecticut has no such authority for PPP
projects, the State would have to craft a statutory and regulatory regime that offers the
flexibility to solicit PPP proposals to implement alternatives in this report or to solicit or
accept PPP proposals for other greenfield road or bridge projects.

What are the potential public and private partner responsibilities, risks, and returns?
PPP projects are likely to be most successful when they balance the risks and returns
between the public and private sector in a way that shares rewards and mitigates risks for
both parties. Careful delineation of risks and rewards is a productive step in crafting a
sustainable, productive PPP program. Table 4.2 lists some of the risks and rewards that
must be addressed in the statutes and procedures creating a PPP program.

Does the sponsoring agency have the capabilities and resources to develop and manage
a PPP program and the resulting projects? While a new PPP program will likely require
specialized advice for program definition and procedures, the State would be wise to care-
fully connect the PPP procedures with the overall agency mission and responsibilities,
rather than create stand-alone organizational structures that fail to recognize that PPPs are
a means of advancing the interests of the agency, not an end unto itself. Therefore, part of
the PPP program development process should be an analysis of the public sector
resources necessary to implement the program. This not only requires an assessment of
the kinds of knowledge, skills and abilities required of program personnel, but also what
kind of outside assistance would be necessary to analyze proposals and draft contract
documents. Consultant contracts must balance the public sector’s need for independent
analysis and its need for decisive action; otherwise, consultants might endlessly bill hours
or cut corners to achieve project execution incentives.

What kind of procurement approach should be used to select qualified PPP teams? CS’
2007 report for the USC Keston Institute for Public Finance and Infrastructure Policy,
Protecting the Public Interest: The Role of Long-Term Concession Agreements for Providing
Transportation Infrastructure, offers a thorough discussion of how the PPP procurement
process can be designed and executed in a way that protects the public’s interests as it
secures the resources of the private sector for projects, including various suggestions for
how proposals are structured, solicited, evaluated, awarded and administered. While
many PPP resources focus on procurement processes to attract the private sector, the
Keston Institute report concludes that if the procurement process is designed with suffi-
cient and appropriate transparency, then the PPP process is much more likely to achieve
and sustain the public acceptance and political support it needs to be successful.
Connecticut should strive for a PPP procedure that attracts private competition but is
transparent enough to satisfy a skeptical public.
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Table 4.2 Potential Rewards and Risks of PPP Approaches by Partner

Potential Rewards to Public Sponsor Potential Risks to Public Sponsor

¢ Reduced financial constraints/increased financial |e Transaction/administrative costs to procure and
capacity; monitor PPPs;

e Expedited project initiation and faster delivery; ¢ Taxation constraints;

e Access to innovative techniques and specialized e Moral hazard;
expertise;

e Control over transportation assets and toll rates;

e Integration of project development and deliver
o8 proje . p y o Public acceptance;

with life-cycle cost incentives;

e Greater choices in project approaches; ¢ Compensation and termination clauses;

¢ Increased competition and accountability; and * Environmental/archeological clearance;

¢ Risk transfer to entity better able to manage. * Permitting costs; and

¢ Right-of-way costs.

Potential Rewards to Private Partner Potential Risks to Private Partner

e Higher rate of return compared to conventional e Change in law;

j li h;
project delivery approac « Economic shifts;

¢ Greater control over assets/operation/ user fees; . L.
e Public acceptance/protectionism;

L life-cycl ts;
* howerHiecyclk costs o Currency/foreign exchange;

e Increased revenues from financial transactions; . .
¢ Political support/stability;

¢ Opportunity to apply best practices and new
technology to increase productivity and meet

performance standards at lowest life-cycle costs; ¢ Project development/maintenance costs;
and

e Moral hazard;

o Project delivery schedule;
¢ Opportunity for value capture from direct users

and indirect beneficiaries. ¢ Financial feasibility/traffic and revenue levels;

o Liability for latent defects;
¢ Prohibition against noncompete clauses;
¢ Compensation/termination clauses; and

e Transparency requirements.

Source: User Guidebook on Implementing Public-Private Partnerships for Transportation Infrastructure Projects in the
United States, Final Report 05-002, July 2007, FHWA, page 82.
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4.3 Applying PPP Approaches to Projects - Theory

This section has offered information on the various PPP approaches, and information to
consider as Connecticut develops a PPP program. This subsection discusses the process of
how to apply PPP delivery to a given project.

Generally, the public sector could consider a PPP delivery under the following circumstances:

The public agency has legal authority to use a range of PPP mechanisms;

A large and complicated project ($500 million or more in cost) has been identified that
addresses significant transportation needs and/or brings public benefits;

The project enjoys strong support from community leaders, elected officials; and
agency management;

The public sector lacks the organizational o