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Executive Summary 
The transportation sector of the United States economy consumes fossil fuels on an enormous scale. 
Cars, trucks, SUVs, buses, motorcycles, and heavy-duty vehicles devoured 170 billion gallons of 
gasoline in 2010, enough to drive about 3 trillion miles, which is the equivalent of about a thousand 
trips to Pluto. Despite the unprecedented levels of mobility this figure represents, the fact remains that 
this amount of gasoline results in in the emission of 1.7 billion metric tons of carbon dioxide – by far 
the most significant greenhouse gas – into the atmosphere each year.  
 
Fortunately, innovations in intelligent transportation systems (ITS) and information and 
communications technology (ICT) offer ways to make our transportation systems more efficient, less 
costly, and more environmentally friendly. The purpose of this report is to demonstrate the extent to 
which ICT and ITS can reduce fuel consumption and carbon dioxide emissions, if implemented on a 
national scale. In addition to national-scale projections, this report also presents four use cases that 
provide compelling examples of how these technologies can be implemented to save fuel and improve 
sustainability in transportation.  
 
The report provides projections of the potential fuel and emissions savings for the following four 
categories of ICT and ITS technologies, and includes the following results: 
 

• Vehicle Technologies: These technologies include factory-installed systems such as adaptive 
cruise control, cooperative-adaptive cruise control, and cylinder deactivation. Wireless 
connectivity triples the ability of vehicle technologies to reduce fuel consumption and carbon 
emissions. If adopted into the light-duty vehicle market at a slow but steady rate, cooperative-
adaptive cruise control can accumulate fuel savings on the order of 110 million barrels of oil or 
20 million metric tons of CO2 over a ten-year period.  

 
• Traveler Information Technologies: These technologies, such as car sharing, eco-cruise control, 

and eco-navigation, provide information about road conditions and environmentally-friendly 
driving behavior to drivers through the use of wireless internet connections. If adopted into the 
light-duty vehicle market at a slow but steady rate, eco-navigation systems, which utilize real-
time traffic data and analyze road geometry and elevation changes to compute the most fuel-
efficient route, can accumulate fuel savings on the order of 420 million barrels of oil or 70 
million metric tons of CO2 over a ten-year period.  

 
• Infrastructure and System Operations: These technologies utilize advancements in robotics, 

computer science, and wireless communications to improve the efficiency of the existing 
transportation infrastructure. Proven ITS technologies such as real-time adaptive signal control, 
for instance, can accumulate fuel savings on the order of 117 million barrels of oil or 19 million 
metric tons of CO2 over a ten-year period if built out across the United States.  
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• Alternative Fuel Technologies: The alternative fuel powertrain technologies covered in this 
report include gas-electric hybrid, plug-in hybrid, battery electric, hydrogen fuel cell, and 
compressed natural gas vehicles. Plug-in hybrid and battery electric vehicles represent the 
biggest fuel efficiency gains on a per-vehicle basis when compared to the average conventional 
gasoline light duty vehicle, offering fuel savings equivalent to 409.8 gallons per year for plug-
ins, and 361.5 gallons per year for battery electric vehicles – thus making these types of 
vehicles powerful options for mitigating the environmental effects of the nation’s 
transportation system. According to current sales trends, however, gas-electric hybrid vehicles 
represent the single largest source of potential fuel savings, potentially accumulating fuel 
savings on the order of 2 billion barrels of oil or 170 million metric tons of CO2 over a ten-year 
period.  

 
The four use cases presented in this report detail the following real-world ICT and ITS deployments: 
 

• Ellicott City, Maryland implemented a smart parking system that uses sensors to detect 
which parking spaces are open and relays this information to drivers in real time. This 
system also allows municipalities to adjust the prices of parking spaces based on demand. 
Smart parking systems can reduce cruising by 21%, leading to associated fuel and emissions 
savings.   
 

• The Smithsonian Institution implemented a telematics system across its 1,500 vehicle fleet 
that uses GPS tracking and wireless communications to provide fleet managers access to 
information such as vehicle location, driving characteristics, engine diagnostics, and 
maintenance needs. This system helped the Smithsonian Institution reduce the fuel 
consumption of its fleet by 52% against its 2005 baseline.  
 

• The city of Pittsburgh, Pennsylvania implemented an adaptive signal control system in its 
East Liberty neighborhood. At each intersection, a small computer monitors incoming 
traffic, creates a new timing plan once per second, and sends that timing plan to each 
downstream intersection. This adaptive signal control technology has reduced carbon 
emissions by 21% and travel time by 25%, and it saves 247 gallons of fuel per day in that 
neighborhood alone.  

 
• Similarly, Los Angeles County, California introduced a traffic signal synchronization program 

to ensure successive green lights on major arterials. The improved throughput of vehicles 
resulting from this program is saving 31.3 million hours of travel time, 38 million gallons of 
fuel, and 337,000 metric tons of carbon dioxide each year.  
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Introduction 
The Problem 
The transportation sector of the United States economy consumes fossil fuels on an enormous scale. 
Cars, trucks, SUVs, buses, motorcycles, and heavy-duty vehicles devoured 170 billion gallons of 
gasoline in 2010, enough to drive about 3 trillion miles, which is the equivalent of about a thousand 
trips to Pluto. Despite the unprecedented levels of mobility this figure represents, the fact remains that 
the consumption of this amount of gasoline results in in the emission of 1.7 billion metric tons of 
carbon dioxide – by far the most significant greenhouse gas – into the atmosphere each year.  
 
However, the size of the problem should not daunt us, nor should it prevent us from confronting the 
specter of an unsustainable transportation system with the tools we have at our disposal. Such tools, 
which include intelligent transportation systems (ITS) and information and communication 
technologies (ICT) can help mitigate the negative effects of transportation systems on the environment 
and on the economy. When applied to transportation systems, recent advancements in wireless 
communications, computer science, robotics, and alternative energy offer the keys to reducing fuel 
consumption and carbon emissions, just as they offer ways to improve safety and mobility.  
 
This report presents the extent to which ICT and ITS technologies can potentially reduce fuel 
consumption and CO2 emissions in the United States over a ten-year period, if these technologies are 
applied on a national scale. The technologies analyzed in this report are grouped in the following 
categories: 
 

• Vehicle Technologies; 
• Traveler Information Technologies; 
• Infrastructure and System Operations; and  
• Alternative Fuel Technologies. 

 
In addition to national-scale projections, this report also presents four use cases that provide 
compelling examples of how these technologies can be implemented to save fuel and improve 
sustainability in transportation. The four use cases presented in this report detail the following real-
world ICT and ITS deployments: 
 

• Smart Parking in Ellicott City, Maryland  
• Advanced Fleet Management at the Smithsonian Institution  
• Adaptive Signal Control in Pittsburgh, Pennsylvania 
• Traffic Signal Synchronization in Los Angeles County, California 
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Structure of the Report 
First, this report illustrates real-world ICT and ITS deployments through the four use cases mentioned 
above. Each use case first presents the key results of the deployment in a series of bullet points. The 
rest of each use case provides background, a brief explanation of how the technology works, the key 
results of the deployment, possible implications or future plans, and finally, a select bibliography. 
 
The next major section of the report is meant to be accompanied by graphical representations of the 
fuel savings potential of each technology. This section describes the visuals which represent the 
potential fuel consumption savings of each technology. This section also provides descriptions of each 
type of technology. The explanatory notes of this section, in combination with the accompanying 
graphics, present the results of our potential fuel consumption savings projections. 
 
The next major section of the report is similar to the previous section, in that it is meant to be 
accompanied by graphical representations of the carbon dioxide emissions savings potential of each 
technology. This section describes the visuals which represent the potential CO2 emissions savings of 
each technology. The explanatory notes of this section, in combination with the accompanying 
graphics, present the results of our potential carbon dioxide emissions savings projections. 
 
The report then presents a full description of the data sources, methods, and assumptions used to 
make the projections. This section includes the formulas used to create the projections. 
 
Finally, the report presents a select bibliography of the sources used throughout the entire report. The 
select bibliography includes data sources, peer-reviewed journal articles, government reports, and 
interviews. 

The Results 
These are the results of our national-scale projections of potential fuel consumption and carbon dioxide 
emissions savings. 
 
Vehicle Technologies: These technologies include factory-installed systems such as adaptive cruise 
control, cooperative-adaptive cruise control, and cylinder deactivation. Wireless connectivity triples 
the ability of vehicle technologies to reduce fuel consumption and carbon emissions. If adopted into 
the light-duty vehicle market at a slow but steady rate, cooperative-adaptive cruise control can 
accumulate fuel savings on the order of 110 million barrels of oil or 20 million metric tons of CO2 over 
a ten-year period.  
 
Traveler Information Technologies: These technologies, such as car sharing, eco-cruise control, and 
eco-navigation, provide information about road conditions and environmentally-friendly driving 
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behavior to drivers through the use of wireless internet connections. If adopted into the light-duty 
vehicle market at a slow but steady rate, eco-navigation systems, which utilize real-time traffic data 
and analyze road geometry and elevation changes to compute the most fuel-efficient route, can 
accumulate fuel savings on the order of 420 million barrels of oil or 70 million metric tons of CO2 over 
a ten-year period.  
 
Infrastructure and System Operations: These technologies utilize advancements in robotics, computer 
science, and wireless communications to improve the efficiency of the existing transportation 
infrastructure. Proven ITS technologies such as real-time adaptive signal control, for instance, can 
accumulate fuel savings on the order of 117 million barrels of oil or 19 million metric tons of CO2 over 
a ten-year period, if built out across the United States.  
 
Alternative Fuel Technologies: The alternative fuel powertrain technologies covered in this report 
include gas-electric hybrid, plug-in hybrid, battery electric, hydrogen fuel cell, and compressed natural 
gas vehicles. Plug-in hybrid and battery electric vehicles represent the biggest fuel efficiency gains on a 
per-vehicle basis when compared to the average conventional gasoline light duty vehicle, offering fuel 
savings equivalent to 409.8 gallons per year for plug-ins, and 361.5 gallons per year for battery 
electric vehicles – thus making these types of vehicles powerful options for mitigating the 
environmental effects of the nation’s transportation system. According to current sales trends, 
however, gas-electric hybrid vehicles represent the single largest source of potential fuel savings, 
potentially accumulating fuel savings on the order of 2 billion barrels of oil or 170 million metric tons 
of CO2 over a ten-year period.  
 
These are the results of the use cases included in this report: 
 
Ellicott City, Maryland implemented a smart parking system that uses sensors to detect which parking 
spaces are open and relays this information to drivers in real time. This system also allows 
municipalities to adjust the prices of parking spaces based on demand. Smart parking systems can 
reduce cruising by 21%, leading to associated fuel and emissions savings.   
 
The Smithsonian Institution implemented a telematics system across its 1,500 vehicle fleet that uses 
GPS tracking and wireless communications to provide fleet managers access to information such as 
vehicle location, driving characteristics, engine diagnostics, and maintenance needs. This system 
helped the Smithsonian Institution reduce the fuel consumption of its fleet by 52% against its 2005 
baseline.  
 
The city of Pittsburgh, Pennsylvania implemented an adaptive signal control system in its East Liberty 
neighborhood. At each intersection, a small computer monitors incoming traffic, creates a new timing 
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plan once per second, and sends that timing plan to each downstream intersection. This adaptive 
signal control technology has reduced carbon emissions by 21% and travel time by 25%, and it saves 
247 gallons of fuel per day in that neighborhood alone.  
 
Similarly, Los Angeles County, California introduced a traffic signal synchronization program to ensure 
successive green lights on major arterials. The improved throughput of vehicles resulting from this 
program is saving 31.3 million hours of travel time, 38 million gallons of fuel, and 337,000 metric tons 
of carbon dioxide each year.  
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Use Case – Smart Parking in Ellicott City, MD 
Key Points 
 

• Smart parking systems that know where open parking spaces in real time can reduce cruising 
by 21%, leading directly to fuel economy and emissions benefits. 

• Ellicott City, Maryland, implemented a smart parking system in its downtown area that also 
resulted in a 9.5% increase in parking turnover, which correlated with a 12% increase in local 
business revenue. 

• Smart parking systems use information and communications technologies to detect whether or 
not a spot is unoccupied, and relay that information to both drivers and city parking managers. 

• Parking data analytics allow city parking managers to realize improved parking revenue through 
dynamic pricing. 

• When used safely, smart parking systems such as Streetline’s “Parker” app allow drivers to plan 
their route more efficiently, cutting down on travel time, fuel consumption, and emissions. 

Use Case 

Free parking isn’t smart parking 
As UCLA Professor Donald Shoup famously argues, free parking isn’t actually free. Sometimes it 
actually comes at a high cost. Anyone who has had to hunt for an open parking space while running 
late to an important appointment knows this. This agonizing cat-and-mouse game, referred to by 
Shoup as “cruising for parking,” has an enormous environmental and economic impact when viewed in 
the aggregate. In his seminal 2005 book The High Cost of Free Parking, Shoup observes that over the 
course of one year, drivers within a 15-block area of the Westwood neighborhood of Los Angeles, CA 
drove an extra 945,000 miles, wasting 100,000 hours of drivers’ time, consuming 47,000 gallons of 
gasoline, and emitting 730 tons of carbon dioxide in the process. For some perspective on these 
numbers, this extra mileage is equivalent to 38 trips around the world, or two trips to the Moon and 
back. This impact is only for one neighborhood of LA. 
 
Unfortunately, estimating the environmental impact of cruising on a national scale with any kind of 
certainty is currently impossible, since estimates of even basic information such as the number of 
parking spaces vary wildly. To be sure, though, such impacts are huge. However, local and regional 
governmental agencies, residents, business owners, and other parking stakeholders may find it useful 
to explore the benefits accruing from a specific application of a smart parking system in response to a 
real-world parking dilemma. 
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How Ellicott City’s smart parking system works 
Ellicott City, MD is a city of 65,000 residents located about 12 miles west of Baltimore. The city, 
founded in 1772, features a historic Main Street area that attracts residents as well as visitors to its 
array of local shops. The compact Main Street area suffered from a perceived lack of parking, especially 
on the street – that is, there was plenty of off-street parking close to Main Street, but drivers were not 
aware of this supply, and so these open parking spaces went under-utilized. Meanwhile, there were 
not enough curbside parking spaces to meet demand on Main Street itself. This misalignment of 
parking supply and demand led to low turnover at curbside parking spaces, which in turn increased 
cruising and reduced foot traffic. Visitors, residents, and business owners, the latter of whom suffered 
from losses to potential revenue, frequently expressed their dissatisfaction about the situation to local 
officials. 
 
These concerns reached the ears of the Howard County authorities responsible for parking policy in 
Ellicott City, who realized they had only limited information about local parking patterns with which to 
address parking conditions on Main Street. The decision was made to install a “smart” parking system 
that could provide the data collection and analytics capabilities that Howard County officials needed to 
improve the parking situation. Although there are a number of smart parking solutions currently on the 
market, generally speaking, smart parking systems do one or more of the following: 
 

• Use sensors installed at individual spaces to collect occupancy data; 
• Transmit this data through the internet to a centralized location; 
• Analyze this data and package reports for a client agency or organization; and/or 
• Disseminate real-time parking availability information to the public via smartphone applications 

or the web. 
 
These capabilities allow parking managers to adjust pricing and policy hours, as well as use dynamic 
pricing strategies to adjust demand, turnover, and revenue. In February 2013, Howard County officials 
partnered with Streetline, Inc. to install a smart parking system in the Ellicott City parking 
infrastructure. In addition to the above capabilities, Ellicott City’s smart parking application suite also 
included a mobile app that informs law enforcement of parking violations in real time. 

Deployment results  
The deployment of Streetline’s smart parking system in Ellicott City produced results immediately. The 
following economic benefits accrued following the installation of the system: 
 

• 9.5% increase in parking turnover; 
• Local business revenue increased 12% over the previous year; and 
• 172% increase in citation revenue over the first five months. 
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On the face of it, an increase in parking citations may not seem like a positive benefit of a smart 
parking system, but this increase reflects more efficient enforcement of local parking policies, 
contributing to increased turnover at these spaces. Quicker turnover at curbside parking spaces in turn 
contributed directly to the increase in Main Street business revenue by enabling more potential 
customers to visit local shops. 

Implications 
Although environmental impacts of smart parking were not part of the Ellicott City case study carried 
out by Streetline and Howard County, the capabilities of this system and others like it can reduce fuel 
consumption as well as mitigate carbon emissions from vehicles cruising for parking. In particular, 
insights into parking patterns that can be gained from historical analyses of the types of data provided 
by smart parking systems allows managers to make dynamic adjustments to prices which, in turn, 
reduce demand and increase availability in congested areas, shifting demand to nearby underutilized 
areas with lower prices. Thus, smart parking analytics can help local governments address the 
misalignment of supply and demand. In sum, this leads to better utilization of existing infrastructure 
and less time wasted looking for parking. Moreover, real-time parking guidance apps such as 
Streetline’s “Parker” app can guide drivers directly to these open spaces, cutting down on cruising and 
reducing those extra miles traveled. A recent evaluation of SFpark, a pilot smart parking project in San 
Francisco, CA which pairs demand-responsive price management with smartphone application (similar 
to Streeline’s Parker), found that adjusting parking prices according to local demand reduced carbon 
dioxide emissions and excess vehicle-miles traveled by 30% over a control area.  

Sources 
 
Bean, Justin, Senior Marketing Manager, Streetline, Inc. Private interview. June 23, 2014. 
 
San Francisco Municipal Transportation Agency. SFpark Pilot Project Evaluation. 2014. 
 
Shoup, Donald. The High Cost of Free Parking. Chicago: Planners Press, 2005. 
 
Streetline, Inc. Case Study: Ellicott City, Maryland. 2013. 
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Use Case – Advanced Fleet Management at 
the Smithsonian Institution 
Key Points 
 

• The Smithsonian Institution implemented a fleet-wide telematics system that helped reduce 
fuel consumption by 52% versus its 2005 baseline.  

• This system uses GPS tracking and wireless communications to provide fleet managers access 
to vehicle information such as vehicle location, driving characteristics, engine diagnostics, and 
maintenance needs.  

• Web-based software also allows fleet managers to optimize both the routing of delivery 
vehicles and overall number of vehicles in the fleet.   

• The successful implementation of this system contributed to significant reductions in fuel 
consumption and CO2 emissions, and make data-driven management decisions that reduce 
costs and increase transparency. 

Use Case 

Introduction to fleet management 
Fleet management, generally speaking, is the process of supervising, coordinating, and maintaining a 
group of vehicles for the purpose of moving the cargo, goods, and/or people of a specific organization. 
This process includes the management of the vehicles and all the supplies related thereto. Specifically, 
the allocation of fuel and spare parts falls under the purview of the fleet manager, as does 
responsibility for managing the allocation and use of each vehicle, and the supervision of vehicle 
purchases, leases, and insurance. Clearly, fleet management can be quite complex, especially as the 
number and variety of vehicles increases.  
 
Advancements in information and communications technology, however, have resulted in tools that 
allow fleet managers to accurately track the location, condition, utilization, and performance of each 
vehicle in their fleet more accurately than ever before. Modern fleet management systems typically 
utilize devices installed in an individual vehicle that connects directly to that vehicle’s Controller Area 
Network (CAN), allowing access to engine diagnostics, fuel consumption data, and maintenance codes. 
These devices then transmit the data via a cellular or satellite connection to a central server which fleet 
managers can then access through the web. Using these capabilities in conjunction with GPS tracking, 
fleet managers can: 
 

• Reduce fuel consumption and emissions; 
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• Optimize fleet performance; 
• Optimize fleet size; 
• Plan preventative vehicle maintenance; 
• Meet efficiency goals; and  
• Reduce operational costs. 

How Smithsonian’s fleet management system works 
The Smithsonian Institution, headquartered in Washington, DC, operates a fleet of around 1,500 
vehicles (as of 2012) across the United States and in Panama to support its operations. These vehicles 
are used for a wide variety of uses, including construction, animal transport, and law enforcement, 
among others. An independent review of the Smithsonian’s fleet management system conducted in 
2006 found that there was no de facto central control of fleet operations, and that there was no 
method in place for collecting vehicle information for management purposes. Smithsonian Institution 
executives adopted the recommendations made in this review, and placed responsibility for the 
management of its vehicle fleet in the newly-created position of fleet manager, the first of whom was 
hired shortly thereafter. Previous experience with advanced fleet management systems allowed the 
fleet manager to move forward with the purchase and implementation of a new system within a six-
month period. 
 
This system was implemented in five main phases, starting in March 2008: 
 

• Phase I saw the setup of an internet-based tool for managing assets, and scheduling vehicle 
use and maintenance. 

• Phase II resulted in the integration of fuel purchase and usage data with the asset management 
system through the issuance of fuel purchase cards. By integrating fuel purchase transaction 
data into the fleet management system, management can improve its tracking of fuel 
efficiency on a per-driver basis and ensure that vehicles are purchasing fuel from flex-fuel 
stations when available. 

• Phase III saw the creation of a fleet pool reservation system that optimizes the scheduling and 
use of individual vehicles, leading to fewer redundant trips. 

• Phase IV realized the installation of vehicle telematics units on fleet vehicles, which send on-
board engine diagnostics, maintenance codes, and GPS location information to the web-based 
management system. With this data, managers can identify unauthorized vehicle use, reduce 
vehicle idle time, determine the most direct route for deliveries, and ensure that flex-fuel and 
alternative fuel vehicles remain close to appropriate fueling stations. 

• Phase V, when concluded, will result in mobile interfaces with the Smithsonian’s new fleet 
facility in Maryland. 
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Deployment results 
The main result of the phased implementation of this fleet management system has been a wealth of 
information about the performance of the Smithsonian’s fleet that is available in real time from 
anywhere in the world. Of course, having a wealth of information does not necessarily translate to 
positive effects; in the Smithsonian’s case, however, it has. Smithsonian fleet managers have used their 
advanced fleet management system to optimize the use of each vehicle and the size of the fleet as a 
whole, resulting in the following sustainability benefits as of 2013: 
 

• 52.1% reduction in petroleum consumption;  
• Reduced the number of light duty fleet vehicles from 600 to 490; and 
• 490.8% increase in alternative fuel utilization. 

 
These benefits are the results seen fleet-wide as of 2013, relative to a baseline established using 2005 
fleet performance data. 
 
In 2012, petroleum consumption by the Smithsonian fleet was 77,000 gallons of gasoline equivalent 
below the Institution’s 2015 target. In the same year, alternative fuel use by the fleet surpassed the 
Institution’s 2015 target by almost 15,000 equivalent gallons of gasoline, and accounts for almost 18% 
of total fuel consumption by the fleet. 

Implications 
There are two main implications of the optimized use of the Smithsonian’s fleet. The first is the 
progress made towards environmental sustainability, as described above. The advanced fleet 
management system has allowed Smithsonian Institution executives to reduce petroleum 
consumption, increase alternative fuel consumption, optimize the fleet size, and lower carbon 
emissions. Along the way, the organization has made significant strides towards meeting fuel 
consumption goals mandated for federal fleets by Congress and the Obama Administration.  
 
An added benefit of this advanced fleet management system is the improved financial transparency of 
fleet office operations. Not only has the advanced fleet management system helped reduce fuel 
consumption, but the system’s software also enables managers to turn around and communicate 
these real-world improvements to the administration and to the public much faster than they were 
previously able. The software can also produce detailed financial reports of fleet operations, allowing 
managers to justify their budget as well as identify areas in which additional costs may be saved in the 
future.   
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Use Case – Adaptive Signal Control in 
Pittsburgh, PA 
Key Points 
 

• Researchers at Carnegie Mellon University’s Robotics Institute designed and implemented an 
adaptive signal control system which saves 21% of carbon emissions, 25% of travel time, and 
247 gallons per day in the East Liberty neighborhood of Pittsburgh, PA. 

• This adaptive signal control system is unique in that it is completely decentralized, with a small 
computer at each intersection that monitors incoming traffic, creates a new timing plan once 
per second, and sends that timing plan to each downstream intersection – effectively informing 
nearby intersections of incoming traffic conditions.  

• These signal controllers are constrained only by pre-programmed and hard-wired safety and 
fairness parameters, which means that they work best in unforeseen, unpredictable, or 
conflicting traffic patterns in urban areas, such as the temporary closing of a nearby bridge.  

• Researchers are installing Dedicated Short-Range Communications (DSRC) radios in 24 of these 
intersections, which will allow them to broadcast signal timing plans in real time to the 
Connected and Autonomous Vehicles that are being developed at Carnegie Mellon University. 

• The fact that Carnegie Mellon University and the City of Pittsburgh are expanding the initial 
pilot deployment of the adaptive signal controllers shows that (1) the technology is effective 
and reliable, and (2) that university researchers and city transportation operators can realize 
tangible efficiency benefits from the implementation of an experimental technology in real-
world conditions.  

Use Case 

Introduction to adaptive signals 
Generally speaking, adaptive signal control technologies adjust the signal timing plan of a traffic signal 
based on actual traffic conditions, rather than on predetermined schedules. There are a variety of 
adaptive signal control technologies available on the market, and all of them rely on sensors, installed 
at the intersection, which collect information on the volume and speed of traffic at given intersections. 
Equipped with this information, the goal of an adaptive signal control system is to smooth out traffic 
flow by optimizing the length of the green light phases of each signal in a flexible manner. The main 
benefits of an adaptive signal control system, when compared to a conventional signal timing system, 
include the ability to adapt to unexpected traffic patterns, reduce delay and congestion at 
intersections, improve fuel consumption, and mitigate harmful vehicle emissions. 
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How SURTRAC works 
Over the last few years, researchers at Carnegie Mellon University’s Robotics Institute designed and 
implemented a unique adaptive signal control system named Scalable Urban Traffic Control 
(SURTRAC). The initial impetus for this project came from Pittsburgh philanthropist Henry Hillman, who 
in 2009 was looking to consolidate the research into transportation systems being done at Carnegie 
Mellon and to apply that work to improve the local transportation system for local citizens. As part of 
this “Traffic21” initiative, researchers at CMU’s Robotics Lab were tasked with improving Pittsburgh’s 
urban traffic signals network; the SURTRAC system is the result of the work they have done on this 
topic since 2009.  
 
The SURTRAC system is unique from other adaptive signal control systems in that it is completely 
decentralized, with a computer at each intersection that monitors incoming traffic, creates a new 
timing plan once per second, and sends that timing plan to networked computers at the adjacent 
“downstream” intersections – effectively informing nearby intersections of incoming traffic conditions. 
As with other adaptive systems, SURTRAC adjusts its signal timing plans to optimize traffic flow and 
decrease congestion; unlike most other systems, however, SURTRAC does not rely on a central 
transportation management center, which means that the extent of a SURTRAC-controlled network 
can be scaled up or down relatively cost-effectively.  
 
The SURTRAC controllers can operate independent of a central traffic control system because each 
controller models its intersection as a specific example of a category of problems known in robotics as 
“single-machine scheduling” problems. The novelty of the SURTRAC system is that it frames the 
creation of a traffic signal timing plan as one of these problems, in which the intersection is treated as 
the “machine” which has specific tasks to perform. In this case, the “tasks” are actually the vehicles at 
the intersection. The single-machine scheduling approach thus provides a model in which each 
intersection “machine” processes each “task” as fast as possible. By modeling the intersection in this 
way, each SURTRAC controller can generate a signal timing schedule that minimizes the amount of 
time that each vehicle has to wait at a red light – thus solving the problem. By re-formulating and re-
solving this problem once per second, an individual SURTRAC controller can optimize the timing plan of 
an intersection in real-time.  
 
One implication of this is that the SURTRAC system, which operates with one small computer per 
intersection, can be installed on as many or as few intersections as necessary. This makes the system 
scalable, since all processing happens at the intersection itself. In order to work, however, the system 
must be installed on intersections which are equipped with some sort of vehicle detection system, such 
as radar, cameras, or magnetic loop detectors. Also, each SURTRAC controller must be able to 
communicate with SURTRAC controllers at adjacent intersections, through fiber optic cable, internet 
protocol radio (IP radio), Dedicated Short-Range Communications (DSRC), or any other communication 
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medium. The flexibility of the SURTRAC system stems from the fact that it is not restricted to any single 
detection method or communication medium. 

Pilot deployment and results 
In 2012, acting in concert with the city’s Department of Public Works, CMU researchers carried out a 
pilot installation of the SURTRAC system on a nine-intersection network in the East Liberty 
neighborhood of Pittsburgh, PA. There are a few reasons this area was chosen. The first reason is that 
the SURTRAC system was initially developed as part of Henry Hillman’s vision for using Pittsburgh as a 
test bed for Intelligent Transportation Systems (ITS) through the Hillman Foundation and the Traffic21 
research initiative at CMU. The second was that the city of Pittsburgh already had plans to upgrade the 
signal system in East Liberty with new detection equipment, as the area was undergoing extensive 
redevelopment and suffered from multiple, competing traffic flows throughout the day. Finally, the 
project received additional funding from The Heinz Endowment’s Breathe Project, which is dedicated 
to improving Pittsburgh’s air quality. 
 
The pilot implementation project that resulted from this confluence of interests resulted in tangible 
improvements in air emissions, fuel consumption, and traffic flow – thus addressing the many goals 
initially set for it. Based on a series of drive-through runs of the nine-intersection pilot site, researchers 
found the following benefits of the SURTRAC adaptive signal control system: 
 

• 25% improvement in travel time;  
• 21% reduction in emissions; and  
• Fuel savings of 247 gallons per day, or 64,580 gallons per year. 

 
The system saw these benefits even though it was only optimized for one benchmark: improving travel 
time. SURTRAC is flexible enough to accommodate a change in approach that instead prioritizes 
pedestrian safety, transit vehicles, or emissions reductions. However, one major conclusion that can be 
drawn from this implementation is that decentralized, real-time adaptive signal control can improve 
travel time, emissions, and fuel consumption simultaneously.  
 
The pilot deployment saw unanticipated benefits as well. Unbeknownst to the SURTRAC researcher 
team, a local bridge in Pittsburgh on Highland Avenue that connects the pilot deployment area to the 
Shadyside neighborhood was closed for repairs during the initial pilot period. This disrupted local 
traffic patterns, but according to the research team, the SURTRAC-equipped signals responded to the 
new traffic flows without input from any centralized control system, updating their signal timing 
schedules to accommodate rapid changes in traffic patterns. 
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Implications of SURTRAC 
It is important to note that these results come from installing decentralized adaptive signal control on a 
signal network already controlled through conventional, coordinated signal timing, not on isolated, 
uncoordinated signals. This means that decentralized adaptive signal control systems, such as 
SURTRAC, can be installed on already-coordinated traffic signals and still see results on the scale 
reported above. This is important because coordinated traffic signals in urban areas make up a 
significant proportion of all the traffic signals nationwide. According to our projections, if similar 
decentralized adaptive signal control systems were installed on all coordinated traffic signals in urban 
areas nationwide, the benefits would be on the order of: 
 

• Over 11,000,000 barrels of oil saved per year; and  
• Almost 2,000,000 metric tons of carbon dioxide saved per year. 

 
The installation of the SURTRAC system by university researchers on city streets says much about the 
potential benefits of transferring new ITS technologies from a university setting to a real-world 
operational scenario. Of course, having local benefactors such as the Hillman Foundation, Carnegie 
Mellon University, and the Heinz Endowments certainly help, but the pilot deployment would not have 
been a success without coordination with the City of Pittsburgh’s Department of Public Works. The fact 
that the city and the research team agreed on ways to prepare intersections, install the new 
controllers, and divide maintenance responsibilities (which turned out to be minimal) should serve as a 
positive example for other groups of researchers who are interested in testing their advances in 
intelligent transportation systems on real-world traffic conditions. 

Future plans for SURTRAC 
The near-term plans are to expand the SURTRAC deployment to the east and west of the initial pilot 
area. The pilot project was so clearly beneficial that it was expanded eastward towards Bakery Square 
in November of 2013, adding nine more intersections for a total of 18. Another expansion is scheduled 
to add 23 more intersections to the west. This westward expansion is to be funded by a combination of 
the Hillman Foundation, the Heinz Endowment, the Richard K. Mellon Foundation, and the University 
of Pittsburgh Medical Center, located in the Shadyside area. In fact, the end goal is to have 50 adaptive 
intersections installed in Pittsburgh by the end of 2015. Importantly, researchers are installing 
Dedicated Short-Range Communications (DSRC) radios in 24 of these intersections, which will allow 
them to broadcast signal timing plans in real time to the Connected and Autonomous Vehicles that are 
being developed at Carnegie Mellon University. The fact that CMU and the City of Pittsburgh are 
expanding the initial pilot deployment of the adaptive signal controllers shows that the technology is 
effective and reliable, allowing citizens to experience the rewards of a locally-developed intelligent 
transportation technology. 
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Use Case – Traffic Signal Synchronization in 
Los Angeles County, CA 
Key Points 
  

• LA County’s Traffic Signal Synchronization Program is saving drivers 31.3 million hours of travel 
time, 38 million gallons of fuel, and 337,000 metric tons of carbon dioxide annually. 

• By synchronizing major arterials to ensure successive green lights, traffic engineers in Los 
Angeles have improved the throughput of vehicles along major arterial corridors, including 
those which cross the jurisdictional boundaries of multiple local cities, thereby improving 
congestion and reducing travel time for travelers throughout the County. 

• To lay the groundwork for this regional project, the County entered into cooperative 
agreements with each city, placing responsibility for equipment installation and synchronized 
traffic signal timing with the County Department of Public Works, while ensuring that each city 
retained responsibility for basic traffic signal operations and maintenance. 

• By working together in this way, LA County DPW and its partners were able to execute a long-
term, regional traffic signal synchronization plan that relieves congestion on some of the 
busiest thoroughfares in the country in an environmentally and financially responsible way. 

Use Case 

Introduction to signal synchronization 
Traffic signal synchronization is the process of coordinating the traffic signal timing such that 
successive green lights are provided at consecutive traffic signals along a major street, or “arterial.” 
The County ensures the traffic signals are synchronized correctly by having all traffic signals operate 
from the same time reference point and by calculating how long it will take a large group of vehicles to 
reach each intersection. Each traffic signal is then timed so that it turns green just as the group of 
vehicles reaches the intersection.  This is then repeated in a continuous cycle. In most traffic signal 
synchronizations schemes, these coordination cycles are usually 60-120 seconds long.   As a result, 
traffic engineers can improve the throughput of vehicles along a major arterial street by prioritizing the 
dominant traffic patterns of each street.  

Signal synchronization in Los Angeles County 
In 1988, the Los Angeles County Board of Supervisors in Los Angeles County, CA created a County-wide 
Traffic Signal Synchronization Program (TSSP) that takes a regional approach to mitigating congestion 
problems on the major arterials in the County. The goal of this program is to synchronize the signals 
along major arterial corridors, especially those which cross the jurisdictional boundaries of local cities, 
thereby improving congestion and reducing travel time for travelers throughout the County. The TSSP 
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is administered by LA County’s Department of Public Works (DPW) and is carried out with substantial 
financial assistance from the LA County Metropolitan Transportation Authority (MTA). 

 A key component to this project is to ensure that each signal is properly equipped as a fully actuated 
signal – that is, one at which each lane approaching a signal can be activated by the presence of a 
vehicle. This meant ensuring that each signal is equipped with vehicle detection equipment, such as 
magnetic loop detectors, radar sensors, or cameras.  In addition, each signal is has a GPS-based clock, 
which allows the signal to stay coordinated with the others in the corridor. Only then could the signals 
in a corridor be re-programmed in synchronization with each other, the major task of the project which 
DPW was responsible for. 

Before the initiation of the program, the County DPW had to establish a good working relationship 
with each City to enable them to trust the County’s administration of the program.  Many agencies 
were concerned about being forced to adhere to the County’s proposed signal timing. However, DPW’s 
intent has always been to work with the cities to ensure their individual needs are met, yet the route 
as a whole remains coordinated. To build this trust, the County entered into cooperative agreements 
with each city which clearly identify roles and responsibilities and which placed responsibility for 
equipment installation and coordinated traffic signal timing with the County DPW, while ensuring that 
each city retained responsibility for basic signal operations and traffic signal maintenance.  

Deployment results 
Los Angeles County’s TSSP was implemented in two main phases: 

• Phase I saw the synchronization of 780 intersections along 220 miles of streets in 58 cities and
unincorporated areas. This phase was completed in 1995.

• The second phase of the TSSP will result in the synchronization of 2,670 intersections on 610
miles of arterial streets. This phase is currently underway.

These efforts have had significant positive effects, not just for local travel times, but for carbon 
emissions and fuel consumption as well. With the expansion of the program, LA County’s Traffic Signal 
Synchronization Program has saved drivers in LA County annually: 

• 31.3 million hours of travel time;
• 38 million gallons of fuel; and
• 337,000 metric tons of carbon dioxide.

Implications and future plans  
With the initiation of the project’s second phase, a concurrent effort began to establish 
communications to enable the monitoring and operating of travel signals from a remote location. The 
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primary mode of communications for the County is Ethernet Broadband wireless radios.  To date, the 
County has equipped over 1,100 intersections with communications via wireless radios.  An additional 
effort which is recently been initiated involves the installation of additional traffic monitoring 
capabilities via Bluetooth detectors at certain strategic locations to monitor travel times. The ability to 
monitor traffic signals from a central location enables DPW and its partner agencies to assess the 
performance of synchronized corridors.  

From an institutional perspective, LA County’s Traffic Signal Synchronization Program represents a 
successful application of a regional approach to mitigating local traffic congestion. As DPW learned, 
local transportation authorities were instrumental to carrying out this regional approach. The 
relationships between the County and local agencies were built, at least in part, by reaching mutually 
beneficial compromises in which local agencies received new traffic signal hardware from the County, 
and worked with the County to establish coordination timing on their major arterials. At the same 
time, the County was able to meet its goal of a regional approach to traffic congestion mitigation, while 
leaving operations and maintenance duties as the purview of its local agency partners. By working 
together in this way, LA County DPW and its partners were able to execute a long-term, regional traffic 
signal synchronization plan that not only relieves congestion on some of the busiest thoroughfares in 
the country, but also achieves this goal in an environmentally and financially responsible way. 
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Fuel Savings Potential of Transportation 
Technologies  
The following descriptions and reference numbers (e.g., “Visual 1.1.2”) describe and provide context for 
the visualizations that accompany this report. 

1.1 Vehicle Technology 

Key 
The following vehicle technologies are analyzed in this section of the report: 

• Adaptive cruise control, which is a system for controlling the longitudinal movement of a
vehicle. Adaptive cruise control systems use a forward-looking radar sensor to adjust the speed
of the vehicle on which it is installed in response to the proximity and speed of the vehicle
ahead.

• Cooperative-adaptive cruise control, also known as “platooning,” which is a system for
controlling the longitudinal and lateral movement of a vehicle. Like adaptive cruise control
systems, cooperative-adaptive cruise control systems use forward-looking radar sensors to
monitor the proximity and speed of the nearest preceding vehicle. These systems are
cooperative in that they also utilize vehicle-to-vehicle wireless communications to allow a
computer onboard the lead vehicle to control the acceleration, braking, and steering of each
vehicle in a “platoon.” By controlling the lateral and longitudinal movement of each following
vehicle, the lead vehicle can group the platoon closer together than can human drivers, thus
leveraging the aerodynamic effects of tight spacing to conserve fuel.

• Cylinder deactivation, which is an engine control technology that cuts off fuel to some of the
engine’s cylinders when demand for horsepower is low, such as during highway driving.

Throughout this report, “HDV” refers to Class 7 and Class 8 heavy duty vehicles according to the U.S. 
DOT classification scheme, and “LDV” stands for light duty passenger cars, trucks, and SUVs, also 
according to the U.S. DOT classification scheme. For HDVs, the number of gallons shown refers to 
diesel fuel; for LDVs, the number of gallons shown refers to gasoline.  

Visuals 
Visual 1.1.1, “Annual Fuel Savings Potential of a Single Vehicle due to Vehicle Technologies,” shows 
the fuel savings potential of a single vehicle if that vehicle is equipped with a given system for a period 
of one year. The number of gallons shown in each circle refers to the number of gallons that each 
technology can save for one vehicle for one year. The size of each circle is indicative of this number, so 
the larger the circle, the more gallons of fuel that technology can save when used by the indicated type 
of vehicle. For instance, a heavy duty vehicle (HDV) equipped with cooperative-adaptive cruise control 
(green circle) can save almost 75 gallons of diesel fuel in a year, which is more gallons than a light duty 
vehicle (LDV) also equipped with cooperative-adaptive cruise control (red circle) can save.  
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Visual 1.1.2, “Cumulative Fuel Savings Potential of a Single Vehicle due to Vehicle Technologies over 
a 10-year Period,” shows the cumulative fuel savings potential of a single vehicle if that vehicle is 
equipped with a given system for a period of ten years. The number of gallons shown on the right 
refers to the cumulative number of gallons that each technology can save for one vehicle after the 
tenth year of operation. The size of the shaded area indicates the relative size of fuel savings. Together, 
Visuals 1.1.1 and 1.1.2 show that cooperative-adaptive cruise control, when applied to a heavy duty 
vehicle, can save the most gallons of fuel from the perspective of a single vehicle. 

Visual 1.1.3, “Annual National Fuel Savings Potential of Vehicle Technologies,” shows the fuel savings 
potential of each technology on a national level each year, as that technology is adopted into the 
national fleet over a period of ten years. The upwards curve of each line indicates that as the market 
penetration of each technology increases each year, the annual fuel savings grow at an increasing rate. 
In this graph, the fuel savings are shown in millions of barrels of oil, so the numbers at the right refer to 
the potential number of barrels that can be saved by a single technology in the tenth year of the 
projection. The national-scale analysis in Visual 1.1.3 shows that a national fleet of light duty vehicles 
equipped with cooperative-adaptive cruise control is projected to save more fuel than any other 
vehicle technology assessed here – over 28 million barrels of oil at the end of the tenth year. This is in 
contrast with Visual 1.1.1 and 1.1.2, which show that heavy duty vehicles equipped with cooperative-
adaptive cruise control save the most per vehicle. The fact that light duty vehicles outnumber heavy 
duty vehicles by a wide margin accounts for this contrast. 

Visual 1.1.4, “Cumulative Fuel Savings Potential of Vehicle Technologies over a 10-year Period,” 
shows the cumulative fuel savings potential for each technology, as that technology is adopted into the 
national fleet over ten years. As mentioned above, the upwards curve of each line indicates that as the 
market penetration of each technology increases each year, the fuel savings accrue faster and faster. In 
this graph, the fuel savings are shown in millions of barrels of oil, so the numbers at the right refer to 
the potential fuel savings that can be accrued by a single technology over a ten year period. As in Visual 
1.1.3, the national-scale analysis in Visual 1.1.4 shows that a national fleet of light duty vehicles 
equipped with cooperative-adaptive cruise control is projected to accumulate more fuel savings than 
any other single technology – almost 114 million barrels of oil after ten years. 
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Visual 1.1.1: Annual Fuel Savings Potential of a Single Vehicle due to Vehicle Technologies
Technology
Cooperative-Adaptive Cruise Control (HDV)
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Visual 1.1.1, “Annual Fuel Savings Potential of a Single Vehicle due to Vehicle Technologies,”
shows the fuel savings potential of a single vehicle if that vehicle is equipped with a given system
for a period of one year. The number of gallons shown in each circle refers to the number of gallons
that each technology can save for one vehicle for one year. The size of each circle is indicative of
this number, so the larger the circle, the more gallons of fuel that technology can save when used
by the indicated type of vehicle. For instance, a heavy duty vehicle (HDV) equipped with coopera-
tive-adaptive cruise control (green circle) can save almost 75 gallons of diesel fuel in a year, which
is more gallons than a light duty vehicle (LDV) also equipped with cooperative-adaptive cruise con-
trol (red circle) can save. 
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Visual 1.1.2: Cumulative Fuel Savings Potential of a Single Vehicle due to Vehicle Technologies over a 10-year Period
Technology
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Visual 1.1.2, “Cumulative Fuel Savings Potential of a Single Vehicle due to Vehicle Technologies over a 10-year Period,” shows the
cumulative fuel savings potential of a single vehicle if that vehicle is equipped with a given system for a period of ten years. The number
of gallons shown on the right refers to the cumulative number of gallons that each technology can save for one vehicle after the tenth
year of operation. The size of the shaded area indicates the relative size of fuel savings. Together, Visuals 1.1.1 and 1.1.2 show that co-
operative-adaptive cruise control, when applied to a heavy duty vehicle, can save the most gallons of fuel from the perspective of a sin-
gle vehicle.
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Visual 1.1.3: Annual National Fuel Savings Potential of Vehicle Technologies
Technology
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Visual 1.1.3, “Annual National Fuel Savings Potential of Vehicle Technologies,” shows the fuel savings potential of each technolo-
gy on a national level each year, as that technology is adopted into the national fleet over a period of ten years. The upwards curve
of each line indicates that as the market penetration of each technology increases each year, the annual fuel savings grow at an in-
creasing rate. In this graph, the fuel savings are shown in millions of barrels of oil, so the numbers at the right refer to the potential
number of barrels that can be saved by a single technology in the tenth year of the projection. The national-scale analysis in Visual
1.1.3 shows that a national fleet of light duty vehicles equipped with cooperative-adaptive cruise control is projected to save more
fuel than any other vehicle technology assessed here - over 28 million barrels of oil at the end of the tenth year. This is in contrast
with Visual 1.1.1 and 1.1.2, which show that heavy duty vehicles equipped with cooperative-adaptive cruise control save the most
per vehicle. The fact that light duty vehicles outnumber heavy duty vehicles by a wide margin accounts for this contrast.
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Visual 1.1.4: Cumulative Fuel Savings Potential of Vehicle Technologies over a 10-year Period
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Visual 1.1.4, “Cumulative Fuel Savings Potential of Vehicle Technologies over a 10-year Period,” shows the cumulative fuel savings
potential for each technology, as that technology is adopted into the national fleet over ten years. As mentioned above, the upwards
curve of each line indicates that as the market penetration of each technology increases each year, the fuel savings accrue faster and
faster. In this graph, the fuel savings are shown in millions of barrels of oil, so the numbers at the right refer to the potential fuel sav-
ings that can be accrued by a single technology over a ten year period. As in Visual 1.1.3, the national-scale analysis in Visual 1.1.4
shows that a national fleet of light duty vehicles equipped with cooperative-adaptive cruise control is projected to accumulate more fuel
savings than any other single technology - almost 114 million barrels of oil after ten years.
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1.2 Traveler Information Technology 

Key 
The following traveler information technologies are analyzed in this section of the report: 

• Eco-navigation, which is a form of vehicle navigation that computes the route that requires the
least amount of fuel and/or produces the least amount of tailpipe emissions. This is in contrast
to typical navigation systems, which offer either the shortest route or the route that takes the
least amount of time to complete.

• Eco-cruise control, which is a method for controlling the longitudinal motion of a vehicle using
topographical information about the roadway obtained from a high-resolution map. Instead of
maintaining a constant speed regardless of whether the vehicle is on a graded or level road, an
eco-cruise control system computes the optimal vehicle speed, within upper and lower limits,
given the grade of road that the vehicle is on at any given time.

• Car sharing, which is a form of transportation-as-a-service in which potential drivers pay for
access to private automobiles on a per-hour, per-mile, per-month, or per-year basis, instead of
owning a vehicle outright.

The fuel savings potential of car sharing services was not computed on a per-vehicle basis – only on a 
national scale, due to the fact that the few studies on the environmental effects of car sharing that 
exist do not assess car-sharing this way. Instead, it is more appropriate to assess these effects in terms 
of car-sharing’s effect on households, instead of on the vehicles themselves. 

Throughout this report, “HDV” refers to Class 7 and Class 8 heavy duty vehicles according to the U.S. 
DOT classification scheme, and “LDV” stands for light duty passenger cars, trucks, and SUVs, also 
according to the U.S. DOT classification scheme. For HDVs, the number of gallons shown refers to 
diesel fuel; for LDVs, the number of gallons shown refers to gasoline.  

Visuals 
Visual 1.2.1, “Annual Fuel Savings Potential of a Single Vehicle due to Traveler Information 
Technologies,” shows the fuel savings potential of a single vehicle if that vehicle is equipped with a 
given system for a period of one year. The number of gallons shown in each circle refers to the number 
of gallons that each technology can save for one vehicle for one year. The size of each circle is 
indicative of this number, so the larger the circle, the more gallons of fuel that technology can save 
when used by the indicated type of vehicle. For instance, a heavy duty vehicle (HDV) equipped with an 
eco-navigation system can save almost 174 gallons of diesel fuel in a year, which is more than a light 
duty vehicle can save in a year when equipped with the same technology.  

Visual 1.2.2, “Cumulative Fuel Savings Potential of a Single Vehicle due to Traveler Information 
Technologies over a 10-year Period,” shows the cumulative fuel savings potential of a single vehicle if 
that vehicle is equipped with a given system for a period of ten years. The number of gallons shown on 
the right refers to the cumulative number of gallons that each technology can save for one vehicle 
after the tenth year of operation.  Together, Visuals 1.2.1 and 1.2.2 show that eco-navigation, when 
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applied to a heavy duty vehicle, can save the most gallons of fuel from the perspective of a single 
vehicle. 

Visual 1.2.3, “Annual National Fuel Savings Potential of Traveler Information Technologies,” shows 
the annual fuel savings potential of each technology on a national level over a period of ten years. The 
upwards curve of each line indicates that as the market penetration of each technology increases each 
year, the fuel savings accrue faster and faster. In this graph, the fuel savings are shown in millions of 
barrels of oil, so the numbers at the right refer to the potential number of barrels that can be saved by 
a single technology in the tenth year of the projection. The national-scale analysis in Visual 1.2.3 shows 
that a fleet of light duty vehicles equipped with eco-navigation is projected to save more fuel than any 
other single technology – over 104 million barrels of oil at the end of the tenth year. This is in contrast 
with Visual 1.2.1 and 1.2.2, which show that a single heavy duty vehicle equipped with eco-navigation 
can save the most per vehicle. Accounting for this contrast is the fact that light duty vehicles 
outnumber heavy duty vehicles by a wide margin. 

Visual 1.2.4, “Cumulative Fuel Savings Potential of Traveler Information Systems over a 10-year 
Period,” shows the cumulative fuel savings potential for each technology, as that technology is 
adopted into the national fleet over ten years. The upwards curve of each line indicates that as the 
market penetration of each technology increases each year, the fuel savings accrue faster and faster. 
Here, the fuel savings are shown in millions of barrels of oil, so the numbers at the right refer to the 
potential fuel savings that can be accrued by a single technology after the tenth year. As in Visual 1.2.3, 
the national-scale analysis in Visual 2.4 shows that a national fleet of light duty vehicles equipped with 
eco-navigation is projected to accumulate more fuel savings than any other single traveler information 
technology – almost 417 million barrels of oil after ten years. 
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Eco-navigation (LDV)
27 gallons Eco-navigation (HDV)

174 gallons

Eco-cruise control (LDV)
5 gallons

Eco-cruise control (HDV)
77 gallons

Visual 1.2.1: Annual Fuel Savings Potential of a Single Vehicle due to Traveler Information Tech-
nologies

Technology
Eco-cruise control (HDV)

Eco-cruise control (LDV)

Eco-navigation (HDV)

Eco-navigation (LDV)

Visual 1.2.1, “Annual Fuel Savings Potential of a Single Vehicle due to Traveler Information Tech-
nologies,” shows the fuel savings potential of a single vehicle if that vehicle is equipped with a given
system for a period of one year. The number of gallons shown in each circle refers to the number of
gallons that each technology can save for one vehicle for one year. The size of each circle is indicative
of this number, so the larger the circle, the more gallons of fuel that technology can save when used
by the indicated type of vehicle. For instance, a heavy duty vehicle (HDV) equipped with an eco-navi-
gation system can save almost 174 gallons of diesel fuel in a year, which is more than a light duty ve-
hicle can save in a year when equipped with the same technology. 
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Visual 1.2.2: Cumulative Fuel Savings Potential of a Single Vehicle due to Traveler Information Technologies over a 10-year Period
Technology
Eco-cruise control (HDV)

Eco-cruise control (LDV)

Eco-navigation (HDV)

Eco-navigation (LDV)

Visual 1.2.2, “Cumulative Fuel Savings Potential of a Single Vehicle due to Traveler Information Technologies over a 10-year Peri-
od,” shows the cumulative fuel savings potential of a single vehicle if that vehicle is equipped with a given system for a period of ten
years. The number of gallons shown on the right refers to the cumulative number of gallons that each technology can save for one vehi-
cle after the tenth year of operation.  Together, Visuals 1.2.1 and 1.2.2 show that eco-navigation, when applied to a heavy duty vehicle,
can save the most gallons of fuel from the perspective of a single vehicle.
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Eco-navigation (LDV)
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Eco-cruise control (LDV)
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Car Sharing
1 million barrels

Eco-navigation (HDV)
51 million barrels

Eco-cruise control (HDV)
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Visual 1.2.3: Annual National Fuel Savings Potential of Traveler Information Technologies 
Technology
Car Sharing

Eco-cruise control (HDV)

Eco-cruise control (LDV)

Eco-navigation (HDV)

Eco-navigation (LDV)

Visual 1.2.3, “Annual National Fuel Savings Potential of Traveler Information Technologies,” shows the annual fuel savings potential
of each technology on a national level over a period of ten years. The upwards curve of each line indicates that as the market penetra-
tion of each technology increases each year, the fuel savings accrue faster and faster. In this graph, the fuel savings are shown in mil-
lions of barrels of oil, so the numbers at the right refer to the potential number of barrels that can be saved by a single technology in
the tenth year of the projection. The national-scale analysis in Visual 1.2.3 shows that a fleet of light duty vehicles equipped with eco-
navigation is projected to save more fuel than any other single technology - over 104 million barrels of oil at the end of the tenth year.
This is in contrast with Visual 1.2.1 and 1.2.2, which show that a single heavy duty vehicle equipped with eco-navigation can save the
most per vehicle. Accounting for this contrast is the fact that light duty vehicles outnumber heavy duty vehicles by a wide margin.
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Visual 1.2.4: Cumulative Fuel Savings Potential of Traveler Information Systems over a 10-year Period
Technology
Car Sharing

Eco-cruise control (HDV)

Eco-cruise control (LDV)

Eco-navigation (HDV)

Eco-navigation (LDV)

Visual 1.2.4, “Cumulative Fuel Savings Potential of Traveler Information Systems over a 10-year Period,” shows the cumulative fuel
savings potential for each technology, as that technology is adopted into the national fleet over ten years. The upwards curve of each
line indicates that as the market penetration of each technology increases each year, the fuel savings accrue faster and faster. Here,
the fuel savings are shown in millions of barrels of oil, so the numbers at the right refer to the potential fuel savings that can be accrued
by a single technology after the tenth year. As in Visual 1.2.3, the national-scale analysis in Visual 2.4 shows that a national fleet of light
duty vehicles equipped with eco-navigation is projected to accumulate more fuel savings than any other single traveler information 
technology - almost 417 million barrels of oil after ten years.
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1.3 Infrastructure and Systems Operations 

Key 
The following infrastructure and systems operations technologies are analyzed in this section of the 
report: 

• Incident management, which is the process of using intelligent transportation systems (ITS)
technologies to detect traffic incidents, and to coordinate the resources of various partner
agencies to respond to and clear each incident as rapidly as possible.

• Regional traffic signal synchronization, in which the timing of green lights along major arterial
corridors are synchronized to improve traffic flow along that corridor.

• Real-time adaptive signal control, which is a form of traffic signal control in which each
individual traffic light computes an optimal signal timing plan based on real-time traffic
conditions.

• Weigh-in-motion sensors/pre-clearance systems, which allow properly registered and pre-
screened heavy duty commercial vehicles to bypass weigh stations. These systems typically use
video cameras and/or wireless communications which enable a computer database to identify
pre-screened HDVs approaching a weigh station. Pre-screened vehicles are given a signal to
bypass the weigh station, while others are signaled to enter and undergo inspection. While the
primary goal of these systems is to increase the efficiency of the inspection process, they can
also significantly improve fuel consumption and vehicle emissions.

• Electronic toll collection systems, such as E-ZPass, which use wireless communications to allow
properly-equipped vehicles to pay tolls without stopping and waiting at toll booths.

Throughout this report, “HDV” refers to Class 7 and Class 8 heavy duty vehicles according to the U.S. 
DOT classification scheme, and “LDV” stands for light duty passenger cars, trucks, and SUVs, also 
according to the U.S. DOT classification scheme. For HDVs, the number of gallons shown refers to 
diesel fuel; for LDVs, the number of gallons shown refers to gasoline.  

Visuals 
Visual 1.3.1, “Annual National Fuel Savings Potential of Infrastructure and Systems Operations 
Technologies,” shows the fuel savings potential of each technology over a period of one year, 
assuming these technologies are functioning in all applicable scenarios and in all relevant facilities 
across the United States. The number shown in each circle refers to the number of barrels of oil that 
each technology can save over one year. The size of each circle is indicative of this number, so the 
larger the circle, the more barrels of oil that technology can save. For instance, ITS-enabled incident 
management systems would be able to save almost 20 million barrels of oil per year if such systems 
were operating on all urban freeways and expressways in the United States. 

Visual 1.3.2, “Cumulative Fuel Savings Potential of Infrastructure and Systems Operations 
Technologies over a 10-year Period,” shows the cumulative fuel savings potential for each technology, 
assuming these technologies are functioning in all applicable scenarios and in all relevant facilities 
across the United States. The curves are flat since for this projection, since it is assumed that all 
relevant facilities across the nation – traffic signals, toll plazas, etc. – are equipped with the given 
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technology at the beginning of the projection. Here, the fuel savings are shown in millions of barrels of 
oil, so the numbers at the right refer to the potential fuel savings that can be accrued by a single 
technology after ten years of operations. For instance, this projection shows that if deployed on a 
national scale, ITS-enabled incident management systems would be able to accrue fuel savings in the 
range of over 196 million barrels of oil over a 10-year period. 
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Weigh-in-Motion Sensors/Pre-clearance
1 million barrels

Electronic Toll Collection (HDV)
1 million barrels

Electronic Toll Collection (LDV)
1 million barrels

Real-time Adaptive Signal Control
12 million barrels

Regional Traffic Signal Synchronization
16 million barrels

Incident Management
20 million barrels

Visual 1.3.1: Annual National Fuel Savings Potential of Infrastructure and Systems Operations Tech-
nologies

Technology
Incident Management

Regional Traffic Signal Synchronization

Real-time Adaptive Signal Control

Electronic Toll Collection (LDV)

Electronic Toll Collection (HDV)

Weigh-in-Motion Sensors/Pre-clearance

Visual 1.3.1, “Annual National Fuel Savings Potential of Infrastructure and Systems Operations 
Technologies,” shows the fuel savings potential of each technology over a period of one year, assuming
these technologies are functioning in all applicable scenarios and in all relevant facilities across the 
United States. The number shown in each circle refers to the number of barrels of oil that each technol-
ogy can save over one year. The size of each circle is indicative of this number, so the larger the circle,
the more barrels of oil that technology can save. For instance, ITS-enabled incident management sys-
tems would be able to save almost 20 million barrels of oil per year if such systems were operating on all
urban freeways and expressways in the United States.
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Electronic Toll Collection (LDV)
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Incident Management
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Real-time Adaptive Signal Control
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Visual 1.3.2: Cumulative Fuel Savings Potential of Infrastructure and Systems Operations Technologies over a 10-year Period
Technology
Electronic Toll Collection (HDV)

Electronic Toll Collection (LDV)

Incident Management

Real-time Adaptive Signal Control

Regional Traffic Signal Synchronization

Weigh-in-Motion Sensors/Pre-clearance

Visual 1.3.2, “Cumulative Fuel Savings Potential of Infrastructure and Systems Operations Technologies over a 10-year Period,”
shows the cumulative fuel savings potential for each technology, assuming these technologies are functioning in all applicable scenarios
and in all relevant facilities across the United States. The curves are flat since for this projection, since it is assumed that all relevant 
facilities across the nation - traffic signals, toll plazas, etc. - are equipped with the given technology at the beginning of the projection.
Here, the fuel savings are shown in millions of barrels of oil, so the numbers at the right refer to the potential fuel savings that can be
accrued by a single technology after ten years of operations. For instance, this projection shows that if deployed on a national scale,
ITS-enabled incident management systems would be able to accrue fuel savings in the range of over 196 million barrels of oil over a 10-
year period.
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1.4 Alternative Fuel Technology  

Key 
The following alternative fuel technologies are analyzed in this section of the report: 

• Gas-electric hybrid vehicles, which use a combination of an electric battery and a gasoline
internal combustion engines to power the drivetrain. In this configuration, regenerative braking
systems and an alternator re-charge the internal battery.

• Plug-in hybrid vehicles, which also use a combination of an electric battery and a gasoline
internal combustion engines to power the drivetrain. In this configuration, however, the battery
can be charged by plugging the vehicle into an electricity grid, such as a wall outlet.

• Battery electric vehicles, which utilize only rechargeable batteries to power the drivetrain.
• Hydrogen fuel cell vehicles, which use a fuel cell to convert hydrogen gas into electricity, which

then powers the drivetrain.
• Compressed natural gas vehicles, which use natural gas as a fuel in an internal combustion

engine which powers the drivetrain.

The fuel savings potential of alternative fuel vehicles is based on miles-per-gallon equivalent (MPGe), 
which is a measure of the average distance traveled per unit of energy consumed to travel that 
distance. This measure was introduced to allow alternative fuel vehicles, which use different sources of 
energy, to be compared to vehicles which use petroleum-based internal combustion engines. 

Visuals 
Visual 1.4.1, “Annual Fuel Savings Potential for a Single Vehicle due to Alternative Fuel 
Technologies,” shows the fuel savings potential of a single alternative fuel vehicle for a period of one 
year, when compared to an average gasoline vehicle. The number of gallons shown in each circle refers 
to the equivalent number of gallons of gasoline that each type of fuel system can save for one vehicle 
for one year. The size of each circle is indicative of this number, so the larger the circle, the more 
gallons of gasoline that system can save. Moreover, the miles per gallon equivalence (MPGe) for each 
type of alternative fuel vehicle is also shown in each circle. For instance, battery electric vehicles, which 
have a miles-per-gallon equivalence of 89.3 MPGe, can save the equivalent of 361.5 gallons of fuel over 
one year versus an average conventional gasoline vehicle. 

Visual 1.4.2, “Annual Fuel Savings Potential for a Single Vehicle due to Fuel Technologies,” shows the 
percent improvement in fuel consumption that each type of fuel technology can have over an average 
conventional gasoline vehicle. Moreover, the size of each box represents these savings, so the bigger 
the box, the bigger the fuel savings. This allows for a comparison between a given alternative fuel 
technology and the average conventional gasoline vehicle, as well as between different alternative fuel 
types. For instance, Compressed Natural Gas Vehicles (green box) see the smallest fuel consumption 
savings when compared to the other alternative fuel vehicles, but see a 24% improvement in fuel 
economy when compared to the average conventional gasoline vehicle.  

Visual 1.4.3, “Annual National Fuel Savings Potential of Alternative Fuel Technologies,” projects the 
fuel savings potential of each technology each year on a national level over a period of ten years. In 
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this graph, the fuel savings are shown in millions of barrels of oil, so the numbers at the right refer to 
the potential number of barrels that can be saved by a given alternative fuel technology in the tenth 
year of the projection. It is important to note here that each line in this projection is the result of a 
comparison of the fuel savings of two identically-sized vehicle fleets: one fleet of each type of 
alternative fuel technology, and one fleet of average conventional gasoline vehicles. For instance, to 
find the number of barrels of oil saved by a fleet of Gas-Electric Hybrid Vehicles, we compare the fuel 
consumption of a fleet of average gas-electric hybrids to the fuel consumption of an identically-sized 
fleet of conventional gasoline vehicles. The size of each fleet is determined by the number of each type 
of alternative fuel vehicle currently on the road, and extrapolated forwards in time based on available 
vehicle sales data. Given current sales trends, the large number of gas-electric hybrids sold each year, 
in addition to the large number of gas-electric hybrids already on the road, indicates that such vehicles 
will save more barrels of oil each year over the next ten years – over 425 million barrels in the tenth 
year – than will other types of alternative fuel vehicles. This contrasts with Visuals 1.4.1 and 1.4.2, 
which show that battery electric vehicles and plug-in hybrid vehicles save the most fuel on a per-
vehicle basis. 

Visual 1.4.4, “Cumulative Fuel Savings Potential of Alternative Fuel Technologies over a 10-year 
Period,” shows the cumulative fuel savings potential for each technology, as that technology is 
adopted into the national fleet over ten years. As mentioned above, these savings shown in Visual 
1.4.4 are the result of a comparison of the fuel savings of two identically-sized vehicle fleets: one fleet 
of each type of alternative fuel technology, and an identically-sized fleet of average conventional 
gasoline vehicles. The upwards curve of each line indicates that as the market penetration of each 
technology increases over time, the fuel savings accrue faster and faster. In this graph, the fuel savings 
are shown in millions of barrels of oil, so the numbers at the right refer to the potential fuel savings 
that can be accrued by a given alternative fuel technology after ten years. This projection shows that 
gas-electric hybrid vehicles have the potential to save over two billion barrels of oil over the next ten 
years.  
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Compressed Natural
Gas Vehicles

Savings equivalent to
120 gallons;

31 MPG equivalence

Gas-Electric Hybrid Vehicles
Savings equivalent to 228

gallons;
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Hydrogen Fuel Cell Vehicles
Savings equivalent to 290 gallons;

58 MPG equivalence

Battery Electric  Vehicles
Savings equivalent to 361 gallons;

89 MPG equivalence

Plug-in Hybrid Vehicles
Savings equivalent to 410 gallons;
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Visual 1.4.1: Annual Fuel Savings Potential for a Single Vehicle due to Alternative Fuel Technologies
(also expressed as miles per gallon equivalence)

Technology
Plug-in Hybrid Vehicles

Battery Electric  Vehicles

Hydrogen Fuel Cell Vehicles

Gas-Electric Hybrid Vehicles

Compressed Natural Gas Vehicles

Conventional gasoline vehicles

Visual 1.4.1, “Annual Fuel Savings Potential for a Single Vehicle due to Alternative Fuel Technolo-
gies,” shows the fuel savings potential of a single alternative fuel vehicle for a period of one year, when
compared to an average gasoline vehicle. The number of gallons shown in each circle refers to the equiva-
lent number of gallons of gasoline that each type of fuel system can save for one vehicle for one year. The
size of each circle is indicative of this number, so the larger the circle, the more gallons of gasoline that
system can save. Moreover, the miles per gallon equivalence (MPGe) for each type of alternative fuel vehi-
cle is also shown in each circle. For instance, battery electric vehicles, which have a miles-per-gallon
equivalence of 89.3 MPGe, can save the equivalent of 361.5 gallons of fuel over one year versus an average
conventional gasoline vehicle.
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Compressed Natural Gas Vehicles
24% fuel savings compared to average gasoline vehicle

Gas-Electric Hybrid Vehicles
46% fuel savings compared to average gasoline vehicle

Hydrogen Fuel Cell Vehicles
58% fuel savings compared to average gasoline vehicle

Battery Electric  Vehicles
72% fuel savings compared to average gasoline vehicle

Plug-in Hybrid Vehicles
82% fuel savings compared to average gasoline vehicle

Visual 1.4.2: Annual Fuel Savings Potential for a Single Vehicle due to Fuel Technologies (expressed as
a percentage of an average gasoline vehicle)

Technology
Plug-in Hybrid Vehicles

Battery Electric  Vehicles

Hydrogen Fuel Cell Vehicles

Gas-Electric Hybrid Vehicles

Compressed Natural Gas Vehicles

Conventional gasoline vehicles

Visual 1.4.2, “Annual Fuel Savings Potential for a Single Vehicle due to Fuel Technologies,” shows the
percent improvement in fuel consumption that each type of fuel technology can have over an average con-
ventional gasoline vehicle. Moreover, the size of each box represents these savings, so the bigger the box,
the bigger the fuel savings. This allows for a comparison between a given alternative fuel technology and
the average conventional gasoline vehicle, as well as between different alternative fuel types. For in-
stance, Compressed Natural Gas Vehicles (green box) see the smallest fuel consumption savings when 
compared to the other alternative fuel vehicles, but see a 24% improvement in fuel economy when com-
pared to the average conventional gasoline vehicle. 
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Visual 1.4.3: Annual National Fuel Savings Potential of Alternative Fuel Technologies
Technology
Battery Electric  Vehicles

Compressed Natural Gas Vehicles

Gas-Electric Hybrid Vehicles

Hydrogen Fuel Cell Vehicles

Plug-in Hybrid Vehicles

Visual 1.4.3, “Annual National Fuel Savings Potential of Alternative Fuel Technologies,” projects the fuel savings potential of each
technology each year on a national level over a period of ten years. In this graph, the fuel savings are shown in millions of barrels of oil,
so the numbers at the right refer to the potential number of barrels that can be saved by a given alternative fuel technology in the tenth
year of the projection. It is important to note here that each line in this projection is the result of a comparison of the fuel savings of
two identically-sized vehicle fleets: one fleet of each type of alternative fuel technology, and one fleet of average conventional gasoline
vehicles. For instance, to find the number of barrels of oil saved by a fleet of Gas-Electric Hybrid Vehicles, we compare the fuel con-
sumption of a fleet of average gas-electric hybrids to the fuel consumption of an identically-sized fleet of conventional gasoline vehi-
cles. The size of each fleet is determined by the number of each type of alternative fuel vehicle currently on the road, and extrapolated
forwards in time based on available vehicle sales data. Given current sales trends, the large number of gas-electric hybrids sold each
year, in addition to the large number of gas-electric hybrids already on the road, indicates that such vehicles will save more barrels of
oil each year over the next ten years - over 425 million barrels in the tenth year - than will other types of alternative fuel vehicles. This
contrasts with Visuals 1.4.1 and 1.4.2, which show that battery electric vehicles and plug-in hybrid vehicles save the most fuel on a
per-vehicle basis.
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Battery Electric  Vehicles
96 million barrels

Compressed Natural Gas Vehicles
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Gas-Electric Hybrid Vehicles
2,181 million barrels

Hydrogen Fuel Cell Vehicles
1 million barrels

Plug-in Hybrid Vehicles
246 million barrels

Visual 1.4.4: Cumulative Fuel Savings Potential of Alternative Fuel Technologies over a 10-year Period
Technology
Battery Electric  Vehicles

Compressed Natural Gas Vehicles

Gas-Electric Hybrid Vehicles

Hydrogen Fuel Cell Vehicles

Plug-in Hybrid Vehicles

Visual 1.4.4, “Cumulative Fuel Savings Potential of Alternative Fuel Technologies over a 10-year Period,” shows the cumulative fuel
savings potential for each technology, as that technology is adopted into the national fleet over ten years. As mentioned above, these
savings shown in Visual 1.4.4 are the result of a comparison of the fuel savings of two identically-sized vehicle fleets: one fleet of each
type of alternative fuel technology, and an identically-sized fleet of average conventional gasoline vehicles. The upwards curve of each
line indicates that as the market penetration of each technology increases over time, the fuel savings accrue faster and faster. In this
graph, the fuel savings are shown in millions of barrels of oil, so the numbers at the right refer to the potential fuel savings that can be
accrued by a given alternative fuel technology after ten years. This projection shows that gas-electric hybrid vehicles have the potential
to save over two billion barrels of oil over the next ten years. 
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Carbon Dioxide Emissions Savings Potential 
of Transportation Technologies 
The following descriptions and reference numbers (e.g., “Visual 2.1.2”) describe and provide context for 
the visualizations that accompany this report. 

2.1 Vehicle Technology 

Key 
The following vehicle technologies are analyzed in this section of the report: 

• Adaptive cruise control, which is a system for controlling the longitudinal movement of a
vehicle. Adaptive cruise control systems use a forward-looking radar sensor to adjust the speed
of the vehicle on which it is installed in response to the proximity and speed of the vehicle
ahead.

• Cooperative-adaptive cruise control, also known as “platooning,” which is a system for
controlling the longitudinal and lateral movement of a vehicle. Like adaptive cruise control
systems, cooperative-adaptive cruise control systems use forward-looking radar sensors to
monitor the proximity and speed of the nearest preceding vehicle. These systems are
cooperative in that they also utilize vehicle-to-vehicle wireless communications to allow a
computer onboard the lead vehicle to control the acceleration, braking, and steering of each
vehicle in a “platoon.” By controlling the lateral and longitudinal movement of each following
vehicle, the lead vehicle can group the platoon closer together than can human drivers, thus
leveraging the aerodynamic effects of tight spacing to conserve fuel.

• Cylinder deactivation, which is an engine control technology that cuts off fuel to some of the
engine’s cylinders when demand for horsepower is low, such as during highway driving.

Throughout this report, “HDV” refers to Class 7 and Class 8 heavy duty vehicles according to the U.S. 
DOT classification scheme, and “LDV” stands for light duty passenger cars, trucks, and SUVs, also 
according to the U.S. DOT classification scheme. For HDVs, the number of gallons shown refers to 
diesel fuel; for LDVs, the number of gallons shown refers to gasoline.  

Visuals 
Visual 2.1.1, “Annual Carbon Dioxide Emissions Savings Potential of a Single Vehicle due to Vehicle 
Technologies,” shows the CO2 emissions savings potential of a single vehicle if that vehicle is equipped 
with a given system for a period of one year. The number shown in each circle refers to the pounds of 
CO2 emissions that each technology can save for one vehicle for one year. The size of each circle is 
indicative of these savings, so the larger the circle, the more that technology can reduce emissions 
when used by the indicated type of vehicle. For instance, a heavy duty vehicle (HDV) equipped with 
cooperative-adaptive cruise control (blue circle) can save over 1,400 lbs. of CO2 emissions in a year, 
which is more than a light duty vehicle (LDV) also equipped with cooperative-adaptive cruise control 
(red circle) can save.  
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Visual 2.1.2, “Cumulative Carbon Dioxide Emissions Savings Potential of a Single Vehicle due to 
Vehicle Technologies over a 10-year Period,” shows the cumulative carbon dioxide emissions savings 
potential of a single vehicle if that vehicle is equipped with a given system for a period of ten years. 
The number shown on the right refers to the cumulative number of pounds that each technology can 
save for one vehicle after ten years of operation. The size of the shaded area indicates the relative 
amount of CO2 emissions savings. Together, Visuals 2.1.1 and 2.1.2 show that cooperative-adaptive 
cruise control, when used on a heavy duty vehicle, can save the most CO2 emissions from the 
perspective of a single vehicle. 

Visual 2.1.3, “Annual National Carbon Dioxide Emissions Savings Potential of Vehicle Technologies,” 
shows the carbon dioxide emissions savings potential of each technology on a national level over a 
period of ten years. The upwards curve of each line indicates that as the market penetration of each 
technology increases each year, the emissions savings accrue faster and faster. In this graph, the 
emissions savings are shown in millions of metric tons, so the numbers at the right refer to the 
potential number of metric tons that can be saved by a single technology in the tenth year of the 
projection. The national-scale analysis in Visual 2.1.3 shows that a national fleet of light duty vehicles 
equipped with cooperative-adaptive cruise control is projected to save more fuel than any other single 
technology – almost 5 million metric tons of CO2 at the end of the tenth year. This is in contrast with 
Visual 2.1.1 and 2.1.2, which show that heavy duty vehicles equipped with cooperative-adaptive cruise 
control save the most per vehicle. The fact that light duty vehicles outnumber heavy duty vehicles by a 
wide margin accounts for this contrast. 

Visual 2.1.4, “Cumulative Carbon Dioxide Emissions Savings Potential of Vehicle Technologies over a 
10-year Period,” shows the cumulative CO2 emissions savings potential for each technology, as that 
technology is adopted into the national fleet over ten years. As mentioned above, the upwards curve 
of each line indicates that as the market penetration of each technology increases each year, the 
emissions savings accrue faster and faster. In this graph, the emissions savings are shown in millions of 
metric tons of CO2, so the numbers at the right refer to the potential emissions savings that can be 
accrued by a single technology after ten years of operations. As in Visual 2.1.3, the national-scale 
analysis in Visual 2.1.4 shows that a national fleet of light duty vehicles equipped with cooperative-
adaptive cruise control is projected to accumulate more CO2 emissions savings than any other single 
technology – over 19 million metric tons of carbon dioxide after ten years. 
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Adaptive Cruise Control (LDV)
50 lbs of CO2

Cooperative-Adaptive Cruise Control (LDV)
145 lbs of CO2

Cylinder Deactivation (LDV)
220 lbs of CO2

Adaptive Cruise Control (HDV)
489 lbs of CO2

Cooperative-Adaptive Cruise Control (HDV)
1,467 lbs of CO2

Visual 2.1.1: Annual Carbon Dioxide Emissions Savings Potential of a Single Vehicle due to Vehicle Technologies
Technology
Cooperative-Adaptive Cruise Control (HDV)

Adaptive Cruise Control (HDV)

Cylinder Deactivation (LDV)

Cooperative-Adaptive Cruise Control (LDV)

Adaptive Cruise Control (LDV)

Visual 2.1.1, “Annual Carbon Dioxide Emissions Savings Potential of a Single Vehicle due to Vehicle Technologies,” shows the
CO2 emissions savings potential of a single vehicle if that vehicle is equipped with a given system for a period of one year. The num-
ber shown in each circle refers to the pounds of CO2 emissions that each technology can save for one vehicle for one year. The size
of each circle is indicative of these savings, so the larger the circle, the more that technology can reduce emissions when used by the
indicated type of vehicle. For instance, a heavy duty vehicle (HDV) equipped with cooperative-adaptive cruise control (blue circle)
can save over 1,400 lbs. of CO2 emissions in a year, which is more than a light duty vehicle (LDV) also equipped with cooperative-
adaptive cruise control (red circle) can save. 
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Adaptive Cruise Control (HDV)
5,571 lbs of CO2

Adaptive Cruise Control (LDV)
498 lbs of CO2

Cooperative-Adaptive Cruise Control (HDV)
16,721 lbs of CO2

Cooperative-Adaptive Cruise Control (LDV)
1,449 lbs of CO2
Cylinder Deactivation (LDV)

2,200 lbs of CO2

Visual 2.1.2: Cumulative Carbon Dioxide Emissions Savings Potential of a Single Vehicle due to Vehicle Technologies over a 10-year
Period

Technology
Adaptive Cruise Control (HDV)

Adaptive Cruise Control (LDV)

Cooperative-Adaptive Cruise Control (HDV)

Cooperative-Adaptive Cruise Control (LDV)

Cylinder Deactivation (LDV)

Visual 2.1.2, “Cumulative Carbon Dioxide Emissions Savings Potential of a Single Vehicle due to Vehicle Technologies over a 10-
year Period,” shows the cumulative carbon dioxide emissions savings potential of a single vehicle if that vehicle is equipped with a given
system for a period of ten years. The number shown on the right refers to the cumulative number of pounds that each technology can
save for one vehicle after ten years of operation. The size of the shaded area indicates the relative amount of CO2 emissions savings. 
Together, Visuals 2.1.1 and 2.1.2 show that cooperative-adaptive cruise control, when used on a heavy duty vehicle, can save the most
CO2 emissions from the perspective of a single vehicle.
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Cooperative-Adaptive Cruise Control (LDV)
4.8 million metric tons of CO2

Cooperative-Adaptive Cruise Control (HDV)
2.2 million metric tons of CO2

Adaptive Cruise Control (LDV)
1.7 million metric tons of CO2

Adaptive Cruise Control (HDV)
0.7 million metric tons of CO2

Cylinder Deactivation (LDV)
2.6 million metric tons of CO2

Visual 2.1.3: Annual National Carbon Dioxide Emissions Savings Potential of Vehicle Technologies
Technology
Adaptive Cruise Control (HDV)

Adaptive Cruise Control (LDV)

Cooperative-Adaptive Cruise Control (HDV)

Cooperative-Adaptive Cruise Control (LDV)

Cylinder Deactivation (LDV)

Visual 2.1.3, “Annual National Carbon Dioxide Emissions Savings Potential of Vehicle Technologies,” shows the carbon dioxide emis-
sions savings potential of each technology on a national level over a period of ten years. The upwards curve of each line indicates that as
the market penetration of each technology increases each year, the emissions savings accrue faster and faster. In this graph, the emis-
sions savings are shown in millions of metric tons, so the numbers at the right refer to the potential number of metric tons that can be
saved by a single technology in the tenth year of the projection. The national-scale analysis in Visual 2.1.3 shows that a national fleet of
light duty vehicles equipped with cooperative-adaptive cruise control is projected to save more fuel than any other single technology - 
almost 5 million metric tons of CO2 at the end of the tenth year. This is in contrast with Visual 2.1.1 and 2.1.2, which show that heavy
duty vehicles equipped with cooperative-adaptive cruise control save the most per vehicle. The fact that light duty vehicles outnumber
heavy duty vehicles by a wide margin accounts for this contrast.

46



0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 9.0 9.5 10.0 10.5
Year

0

5

10

15

20

25

30

35

40

45

50

M
ill
io
n 
m
et
ric
 to
ns
 o
f C
O
2

Adaptive Cruise Control (HDV)
3.0 million metric tons of CO2

Adaptive Cruise Control (LDV)
6.6 million metric tons of CO2

Cooperative-Adaptive Cruise Control (HDV)
8.9 million metric tons of CO2

Cooperative-Adaptive Cruise Control (LDV)
19.3 million metric tons of CO2

Cylinder Deactivation (LDV)
10.4 million metric tons of CO2

Visual 2.1.4: Cumulative Carbon Dioxide Emissions Savings Potential of Vehicle Technologies over a 10-year Period
Technology
Adaptive Cruise Control (HDV)

Adaptive Cruise Control (LDV)

Cooperative-Adaptive Cruise Control (HDV)

Cooperative-Adaptive Cruise Control (LDV)

Cylinder Deactivation (LDV)

Visual 2.1.4, “Cumulative Carbon Dioxide Emissions Savings Potential of Vehicle Technologies over a 10-year Period,” shows the 
cumulative CO2 emissions savings potential for each technology, as that technology is adopted into the national fleet over ten years. As
mentioned above, the upwards curve of each line indicates that as the market penetration of each technology increases each year, the
emissions savings accrue faster and faster. In this graph, the emissions savings are shown in millions of metric tons of CO2, so the num-
bers at the right refer to the potential emissions savings that can be accrued by a single technology after ten years of operations. As in
Visual 2.1.3, the national-scale analysis in Visual 2.1.4 shows that a national fleet of light duty vehicles equipped with cooperative-adap-
tive cruise control is projected to accumulate more CO2 emissions savings than any other single technology - over 19 million metric tons
of carbon dioxide after ten years.
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2.2 Traveler Information Technology 

Key 
The following traveler information technologies are analyzed in this section of the report: 

• Eco-navigation, which is a form of vehicle navigation that computes the route that requires the
least amount of fuel and/or produces the least amount of tailpipe emissions. This is in contrast
to typical navigation systems, which offer either the shortest route or the route that takes the
least amount of time to complete.

• Eco-cruise control, which is a method for controlling the longitudinal motion of a vehicle using
topographical information about the roadway obtained from a high-resolution map. Instead of
maintaining a constant speed regardless of whether the vehicle is on a graded or level road, an
eco-cruise control system computes the optimal vehicle speed, within upper and lower limits,
given the grade of road that the vehicle is on at any given time.

• Car sharing, which is a form of transportation-as-a-service in which potential drivers pay for
access to private automobiles on a per-hour, per-mile, per-month, or per-year basis, instead of
owning a vehicle outright.

The carbon dioxide emissions savings potential of car sharing services was not computed on a per-
vehicle basis – only on a national scale, due to the fact that the few studies on the environmental 
effects of car sharing that exist do not assess car-sharing this way. Instead, it is more appropriate to 
assess these effects in terms of car-sharing’s effect on households, instead of on the vehicles 
themselves. 

Throughout this report, “HDV” refers to Class 7 and Class 8 heavy duty vehicles according to the U.S. 
DOT classification scheme, and “LDV” stands for light duty passenger cars, trucks, and SUVs, also 
according to the U.S. DOT classification scheme. For HDVs, the number of gallons shown refers to 
diesel fuel; for LDVs, the number of gallons shown refers to gasoline.  

Visuals 
Visual 2.2.1, “Annual Carbon Dioxide Emissions Savings Potential of a Single Vehicle due to Traveler 
Information Technologies,” shows the CO2 emissions savings potential of a single vehicle if that vehicle 
is equipped with a given system for a period of one year. The number shown in each circle refers to the 
number of pounds of carbon dioxide that each technology can save for one vehicle for one year. The 
size of each circle is indicative of these savings, so the larger the circle, the more emissions that 
technology can save when used by the indicated type of vehicle. For instance, a heavy duty vehicle 
(HDV) equipped with an eco-navigation system can save over 3,800 lbs. of CO2 in a year, which is more 
than a light duty vehicle can save in a year when equipped with the same technology.  

Visual 2.2.2, “Cumulative Carbon Dioxide Emissions Savings Potential of a Single Vehicle due to 
Traveler Information Technologies over a 10-year Period,” shows the cumulative CO2 emissions 
savings potential of a single vehicle if that vehicle is equipped with a given system for a period of ten 
years. The number shown on the right refers to the cumulative pounds of carbon dioxide emissions 
that each technology can save for one vehicle after ten years of operation.  Together, Visuals 2.2.1 and 
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2.2.2 show that eco-navigation, when applied to a heavy duty vehicle, can save the most emissions 
from the perspective of a single vehicle. 

Visual 2.2.3, “Annual National Carbon Dioxide Emissions Savings Potential of Traveler Information 
Technologies,” shows the carbon dioxide emissions savings potential of each technology on a national 
level over a period of ten years. The upwards curve of each line indicates that as the market 
penetration of each technology increases each year, the emissions savings accrue faster and faster. In 
this graph, the emissions savings are shown in millions of metric tons, so the numbers at the right refer 
to the potential number of metric tons that can be saved by a single technology in the tenth year of the 
projection. The national-scale analysis in Visual 2.3 shows that a national fleet of light duty vehicles 
equipped with eco-navigation is projected to save more emissions than any other single technology – 
over 17 million metric tons of carbon dioxide in the tenth year. This is in contrast with Visual 2.2.1 and 
2.2.2, which show that a single heavy duty vehicle equipped with eco-navigation can save the most per 
vehicle. Accounting for this contrast is the fact that light duty vehicles outnumber heavy duty vehicles 
by a wide margin.  

Visual 2.2.4, “Cumulative Carbon Dioxide Emissions Savings Potential of Traveler Information 
Systems over a 10-year Period,” shows the cumulative CO2 emissions savings potential for each 
technology, as that technology is adopted into the national fleet over ten years. The upwards curve of 
each line indicates that as the market penetration of each technology increases each year, the 
emissions savings accrue faster and faster. Here, the emissions savings are shown in millions of metric 
tons of CO2, so the numbers at the right refer to the potential emissions savings that can be accrued by 
a single technology over a ten year period. As in Visual 2.2.3, the national-scale analysis in Visual 2.2.4 
shows that a national fleet of light duty vehicles equipped with eco-navigation is projected to 
accumulate more fuel savings than any other single traveler information technology – almost 71 
million metric tons of carbon dioxide after ten years. 
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Eco-navigation (LDV)
531 lbs of CO2

Eco-navigation (HDV)
3,887 lbs of CO2

Eco-cruise control (LDV)
102 lbs of CO2Eco-cruise control (HDV)

1,716 lbs of CO2

Visual 2.2.1: Annual Carbon Dioxide Emissions Savings Potential of a Single Vehicle
due to Traveler Information Technologies

Technology
Eco-cruise control (HDV)

Eco-cruise control (LDV)

Eco-navigation (HDV)

Eco-navigation (LDV)

Visual 2.2.1, “Annual Carbon Dioxide Emissions Savings Potential of a Single Vehicle
due to Traveler Information Technologies,” shows the CO2 emissions savings potential
of a single vehicle if that vehicle is equipped with a given system for a period of one
year. The number shown in each circle refers to the number of pounds of carbon dioxide
that each technology can save for one vehicle for one year. The size of each circle is in-
dicative of these savings, so the larger the circle, the more emissions that technology can
save when used by the indicated type of vehicle. For instance, a heavy duty vehicle
(HDV) equipped with an eco-navigation system can save over 3,800 lbs. of CO2 in a year,
which is more than a light duty vehicle can save in a year when equipped with the same
technology. 
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Eco-cruise control (HDV)
94,403 lbs of CO2

Eco-cruise control (LDV)
5,632 lbs of CO2

Eco-navigation (HDV)
213,764 lbs of CO2

Eco-navigation (LDV)
29,226 lbs of CO2

Visual 2.2.2: Cumulative Carbon Dioxide Emissions Savings Potential of a Single Vehicle due to Traveler Information Technologies
over a 10-year Period

Technology
Eco-cruise control (HDV)

Eco-cruise control (LDV)

Eco-navigation (HDV)

Eco-navigation (LDV)

Visual 2.2.2, “Cumulative Carbon Dioxide Emissions Savings Potential of a Single Vehicle due to Traveler Information Technologies
over a 10-year Period,” shows the cumulative CO2 emissions savings potential of a single vehicle if that vehicle is equipped with a given
system for a period of ten years. The number shown on the right refers to the cumulative pounds of carbon dioxide emissions that each
technology can save for one vehicle after ten years of operation.  Together, Visuals 2.2.1 and 2.2.2 show that eco-navigation, when ap-
plied to a heavy duty vehicle, can save the most emissions from the perspective of a single vehicle.

51



-0.5 0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 7.5 8.0 8.5 9.0 9.5 10.0 10.5
Year

0

2

4

6

8

10

12

14

16

18

M
ill
io
n 
m
et
ric
 to
ns
 o
f C
O
2

Eco-cruise control (LDV)
3.4 million metric tons of CO2

Eco-cruise control (HDV)
2.3 million metric tons of CO2

Eco-navigation (LDV)
17.7 million metric tons of CO2

Eco-navigation (HDV)
5.2 million metric tons of CO2

Car Sharing
0.2 million metric tons of CO2

Visual 2.2.3: Annual National Carbon Dioxide Emissions Savings Potential of Traveler Information Technologies
Technology
Car Sharing

Eco-cruise control (HDV)

Eco-cruise control (LDV)

Eco-navigation (HDV)

Eco-navigation (LDV)

Visual 2.2.3, “Annual National Carbon Dioxide Emissions Savings Potential of Traveler Information Technologies,” shows the carbon
dioxide emissions savings potential of each technology on a national level over a period of ten years. The upwards curve of each line in-
dicates that as the market penetration of each technology increases each year, the emissions savings accrue faster and faster. In this
graph, the emissions savings are shown in millions of metric tons, so the numbers at the right refer to the potential number of metric
tons that can be saved by a single technology in the tenth year of the projection. The national-scale analysis in Visual 2.3 shows that a
national fleet of light duty vehicles equipped with eco-navigation is projected to save more emissions than any other single technology -
over 17 million metric tons of carbon dioxide in the tenth year. This is in contrast with Visual 2.2.1 and 2.2.2, which show that a single
heavy duty vehicle equipped with eco-navigation can save the most per vehicle. Accounting for this contrast is the fact that light duty 
vehicles outnumber heavy duty vehicles by a wide margin. 
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Car Sharing
1.5 million metric tons of CO2

Eco-cruise control (HDV)
9.1 million metric tons of CO2

Eco-cruise control (LDV)
13.6 million metric tons of CO2

Eco-navigation (HDV)
20.7 million metric tons of CO2

Eco-navigation (LDV)
70.7 million metric tons of CO2

Visual 2.2.4: Cumulative Carbon Dioxide Emissions Savings Potential of Traveler Information Systems over a 10-year Period
Technology
Car Sharing

Eco-cruise control (HDV)

Eco-cruise control (LDV)

Eco-navigation (HDV)

Eco-navigation (LDV)

Visual 2.2.4, “Cumulative Carbon Dioxide Emissions Savings Potential of Traveler Information Systems over a 10-year Period,”
shows the cumulative CO2 emissions savings potential for each technology, as that technology is adopted into the national fleet over ten
years. The upwards curve of each line indicates that as the market penetration of each technology increases each year, the emissions
savings accrue faster and faster. Here, the emissions savings are shown in millions of metric tons of CO2, so the numbers at the right re-
fer to the potential emissions savings that can be accrued by a single technology over a ten year period. As in Visual 2.2.3, the national-
scale analysis in Visual 2.2.4 shows that a national fleet of light duty vehicles equipped with eco-navigation is projected to accumulate
more fuel savings than any other single traveler information technology - almost 71 million metric tons of carbon dioxide after ten years.
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2.3 Infrastructure and System Operations 

Key 
The following infrastructure and systems operations technologies are analyzed in this section of the 
report: 

• Incident management, which is the process of using intelligent transportation systems (ITS)
technologies to detect traffic incidents, and to coordinate the resources of various partner
agencies to respond to and clear each incident as rapidly as possible.

• Regional traffic signal synchronization, in which the timing of green lights along major arterial
corridors are synchronized to improve traffic flow along that corridor.

• Real-time adaptive signal control, which is a form of traffic signal control in which each
individual traffic light computes an optimal signal timing plan based on real-time traffic
conditions.

• Weigh-in-motion sensors/pre-clearance systems, which allow properly registered and pre-
screened heavy duty commercial vehicles to bypass weigh stations. These systems typically use
video cameras and/or wireless communications which enable a computer database to identify
pre-screened HDVs approaching a weigh station. Pre-screened vehicles are given a signal to
bypass the weigh station, while others are signaled to enter and undergo inspection. While the
primary goal of these systems is to increase the efficiency of the inspection process, they can
also significantly improve fuel consumption and vehicle emissions.

• Electronic toll collection systems, such as E-ZPass, which use wireless communications to allow
properly-equipped vehicles to pay tolls without stopping and waiting at toll booths.

Throughout this report, “HDV” refers to Class 7 and Class 8 heavy duty vehicles according to the U.S. 
DOT classification scheme, and “LDV” stands for light duty passenger cars, trucks, and SUVs, also 
according to the U.S. DOT classification scheme. For HDVs, the number of gallons shown refers to 
diesel fuel; for LDVs, the number of gallons shown refers to gasoline.  

Visuals 
Visual 2.3.1, “Annual National Carbon Dioxide Emissions Savings Potential of Infrastructure and 
System Operations Technologies,” shows the carbon dioxide emissions savings potential of each 
technology over a period of one year, assuming these technologies are functioning in all applicable 
scenarios and in all relevant facilities across the United States. The number shown in each circle refers 
to the number of million metric tons of CO2 that each technology can save over one year. The size of 
each circle is indicative of the number of million metric tons of CO2 that each technology has the 
potential to save over a year, so the larger the circle, the more emissions that technology can save. For 
instance, ITS-enabled incident management systems would be able to save over 3 million metric tons 
of CO2 per year if such systems were operating on all urban freeways and expressways in the United 
States.  

Visual 2.3.2, “Cumulative Carbon Dioxide Emissions Savings Potential of Infrastructure and System 
Operations Technologies over a 10-year Period,” shows the cumulative CO2 emissions savings 
potential for each technology, assuming these technologies are functioning in all applicable scenarios 
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and in all relevant facilities across the United States. The curves are flat since for this projection, it is 
assumed that all relevant facilities across the nation – traffic signals, toll plazas, etc. – are equipped 
with the given technology at the beginning of the projection. Here, the emissions savings are shown in 
millions of metric tons of CO2, so the numbers at the right refer to the potential emissions savings that 
can be accrued by a single technology over a ten year period. For instance, this projection shows that if 
deployed on a national scale, ITS-enabled incident management systems would be able to accrue 
savings of over 32 million metric tons of carbon dioxide emissions over a 10-year period.  
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Weigh-in-Motion Sensors/Pre-clearance
0.1 million metric tons of CO2
Electronic Toll Collection (HDV)
0.1 million metric tons of CO2

Electronic Toll Collection (LDV)
0.3 million metric tons of CO2

Real-time Adaptive Signal Control
1.9 million metric tons of CO2

Regional Traffic Signal Synchronization
2.6 million metric tons of CO2

Incident Management
3.2 million metric tons of CO2

Visual 2.3.1: Annual National Carbon Dioxide Emissions 
Savings Potential of Infrastructure and System Operations
Technologies

Technology
Incident Management

Regional Traffic Signal Synchronization

Real-time Adaptive Signal Control

Electronic Toll Collection (LDV)

Electronic Toll Collection (HDV)

Weigh-in-Motion Sensors/Pre-clearance

Visual 2.3.1, “Annual National Carbon Dioxide Emissions
Savings Potential of Infrastructure and System Operations
Technologies,” shows the carbon dioxide emissions savings
potential of each technology over a period of one year, as-
suming these technologies are functioning in all applicable
scenarios and in all relevant facilities across the United
States. The number shown in each circle refers to the num-
ber of million metric tons of CO2 that each technology can
save over one year. The size of each circle is indicative of
the number of million metric tons of CO2 that each technolo-
gy has the potential to save over a year, so the larger the 
circle, the more emissions that technology can save. For in-
stance, ITS-enabled incident management systems would be
able to save over 3 million metric tons of CO2 per year if
such systems were operating on all urban freeways and ex-
pressways in the United States. 
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Electronic Toll Collection (HDV)
1.0 million metric tons of CO2

Electronic Toll Collection (LDV)
2.5 million metric tons of CO2

Incident Management
32.1 million metric tons of CO2

Real-time Adaptive Signal Control
19.1 million metric tons of CO2

Regional Traffic Signal Synchronization
26.3 million metric tons of CO2

Weigh-in-Motion Sensors/Pre-clearance
0.6 million metric tons of CO2

Visual 2.3.2: Cumulative Carbon Dioxide Emissions Savings Potential of ITS Technologies over a 10-year Period
Technology
Electronic Toll Collection (HDV)

Electronic Toll Collection (LDV)

Incident Management

Real-time Adaptive Signal Control

Regional Traffic Signal Synchronization

Weigh-in-Motion Sensors/Pre-clearance

Visual 2.3.2, “Cumulative Carbon Dioxide Emissions Savings Potential of Infrastructure and System Operations Technologies over a
10-year Period,” shows the cumulative CO2 emissions savings potential for each technology, assuming these technologies are function-
ing in all applicable scenarios and in all relevant facilities across the United States. The curves are flat since for this projection, it is as-
sumed that all relevant facilities across the nation - traffic signals, toll plazas, etc. - are equipped with the given technology at the be-
ginning of the projection. Here, the emissions savings are shown in millions of metric tons of CO2, so the numbers at the right refer to
the potential emissions savings that can be accrued by a single technology over a ten year period. For instance, this projection shows
that if deployed on a national scale, ITS-enabled incident management systems would be able to accrue savings of over 32 million metric
tons of carbon dioxide emissions over a 10-year period. 
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2.4 Alternative Fuel Technology  

Key 
The following alternative fuel technologies are analyzed in this section of the report: 

• Gas-electric hybrid vehicles, which use a combination of an electric battery and a gasoline
internal combustion engines to power the drivetrain. In this configuration, regenerative braking
systems and an alternator re-charge the internal battery.

• Plug-in hybrid vehicles, which also use a combination of an electric battery and a gasoline
internal combustion engines to power the drivetrain. In this configuration, however, the battery
can be charged by plugging the vehicle into an electricity grid, such as a wall outlet.

• Battery electric vehicles, which utilize only rechargeable batteries to power the drivetrain.
• Hydrogen fuel cell vehicles, which use a fuel cell to convert hydrogen gas into electricity, which

then powers the drivetrain.
• Compressed natural gas vehicles, which use natural gas as a fuel in an internal combustion

engine which powers the drivetrain.

The carbon dioxide emissions savings potential of alternative fuel vehicles is based on a life-cycle 
assessment (also known as a “well-to-wheels” assessment) of the emissions created during the 
production, transport, and consumption of a fuel – not strictly tailpipe emissions. Life-cycle 
assessments account for all of the greenhouse gas emissions that result from energy production and 
consumption, and are therefore offer more accurate assessments of the greenhouse gas emissions of 
alternative fuel technologies. The fact that electricity is often produced by coal-fired power plants 
explains why in these visualizations, battery electric vehicles, for instance, have CO2 emissions savings 
that appear smaller than those of plug-in hybrid vehicles. 

Visuals 
Visual 2.4.1, “Annual Carbon Dioxide Emissions Savings Potential of a Single Vehicle due to 
Alternative Fuel Technologies,” shows the carbon dioxide emissions savings potential of a single 
alternative fuel vehicle for a period of one year, when compared to an average gasoline vehicle. The 
number in each circle refers to the CO2 emissions that each type of fuel system can save for one vehicle 
for one year. The size of each circle is indicative of these savings, so the larger the circle, the more 
carbon dioxide emissions that system can save. For instance, battery electric vehicles can save over 
5,800 lbs. of CO2 over one year versus an average conventional gasoline vehicle. 

Visual 2.4.2, “Annual National Carbon Dioxide Emissions Savings Potential of Alternative Fuel 
Technologies,” projects the CO2 emissions savings potential of each technology on a national level, as 
that technology is adopted into the national fleet over ten years. In this graph, the emissions savings 
are shown in million metric tons of CO2, so the numbers at the right refer to the emissions savings 
potential of a given alternative fuel technology in the tenth year of the projection. It is important to 
note here that each line in this projection is the result of a comparison of the emissions savings of two 
identically-sized vehicle fleets: one fleet of each type of alternative fuel technology, and one fleet of 
average conventional gasoline vehicles. For instance, to find the amount of carbon dioxide emissions 
saved by a fleet of gas-electric hybrid vehicles, we compare the CO2 emissions of a fleet of average gas-
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electric hybrids to the CO2 emissions of an identically-sized fleet of conventional gasoline vehicles, and 
repeat this comparison for each type of alternative fuel vehicle. The size of each fleet is determined by 
the number of each type of alternative fuel vehicle currently on the road, and extrapolated forwards in 
time based on alt-fuel vehicle sales projections. Given current sales trends, the large number of gas-
electric hybrids sold each year, in addition to the large number of gas-electric hybrids already on the 
road, indicates that such vehicles will save more CO2 emissions each year over the next ten years – 
over 33 million metric tons in the tenth year – than will other types of alternative fuel vehicles.  

Visual 2.4.3, “Cumulative Carbon Dioxide Emissions Savings Potential of Alternative Fuel 
Technologies over a 10-year Period,” shows the cumulative carbon dioxide emissions savings potential 
for each technology, as that technology is adopted into the national fleet over ten years. As mentioned 
above, these savings are the result of a comparison of the emissions savings of two identically-sized 
vehicle fleets: one fleet of each type of alternative fuel technology, and one fleet of average 
conventional gasoline vehicles. The upwards curve of each line indicates that as the market 
penetration of each technology increases each year, the CO2 emissions savings accrue faster and faster. 
In this graph, the emissions savings are shown in million metric tons of CO2. This projection shows that 
gas-electric hybrid vehicles have the potential to accumulate emissions savings of over 171 million 
metric tons of carbon dioxide over the next ten years.  
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Compressed Natural Gas
1,098 lbs of CO2 saved per year

Gas-Electric Hybrid
2,083 lbs of CO2 saved per year

Plug-in Hybrid
2,904 lbs of CO2 saved per year

Hydrogen Fuel Cell
5,345 lbs of CO2 saved per year

Battery Electric Vehicles
5,871 lbs of CO2 saved per year

Visual 2.4.1: Annual Carbon Dioxide Emissions Savings 
Potential of a Single Vehicle due to Alternative Fuel 
Technologies

Technology
Battery Electric Vehicles

Hydrogen Fuel Cell

Plug-in Hybrid

Gas-Electric Hybrid

Compressed Natural Gas

Visual 2.4.1, “Annual Carbon Dioxide Emissions Savings
Potential of a Single Vehicle due to Alternative Fuel 
Technologies,” shows the carbon dioxide emissions savings
potential of a single alternative fuel vehicle for a period of
one year, when compared to an average gasoline vehicle.
The number in each circle refers to the CO2 emissions that
each type of fuel system can save for one vehicle for one
year. The size of each circle is indicative of these savings,
so the larger the circle, the more carbon dioxide emissions
that system can save. For instance, battery electric vehicles
can save over 5,800 lbs. of CO2 over one year versus an av-
erage conventional gasoline vehicle.
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Plug-in Hybrid
4.0 million metric tons of CO2

Hydrogen Fuel Cell
0.1 million metric tons of CO2

Battery Electric Vehicles
3.1 million metric tons of CO2

Gas-Electric Hybrid
33.4 million metric tons of CO2

Visual 2.4.2: Annual National Carbon Dioxide Emissions Savings Potential of Alternative Fuel Technologies
Technology
Battery Electric Vehicles

Compressed Natural Gas

Gas-Electric Hybrid

Hydrogen Fuel Cell

Plug-in Hybrid

Visual 2.4.2, “Annual National Carbon Dioxide Emissions Savings Potential of Alternative Fuel Technologies,” projects the CO2 emis-
sions savings potential of each technology on a national level, as that technology is adopted into the national fleet over ten years. In this
graph, the emissions savings are shown in million metric tons of CO2, so the numbers at the right refer to the emissions savings potential
of a given alternative fuel technology in the tenth year of the projection. It is important to note here that each line in this projection is
the result of a comparison of the emissions savings of two identically-sized vehicle fleets: one fleet of each type of alternative fuel 
technology, and one fleet of average conventional gasoline vehicles. For instance, to find the amount of carbon dioxide emissions saved
by a fleet of gas-electric hybrid vehicles, we compare the CO2 emissions of a fleet of average gas-electric hybrids to the CO2 emissions
of an identically-sized fleet of conventional gasoline vehicles, and repeat this comparison for each type of alternative fuel vehicle. The
size of each fleet is determined by the number of each type of alternative fuel vehicle currently on the road, and extrapolated forwards
in time based on alt-fuel vehicle sales projections. Given current sales trends, the large number of gas-electric hybrids sold each year, in
addition to the large number of gas-electric hybrids already on the road, indicates that such vehicles will save more CO2 emissions each
year over the next ten years - over 33 million metric tons in the tenth year - than will other types of alternative fuel vehicles. 
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Battery Electric Vehicles
13.4 million metric tons of CO2

Compressed Natural Gas
3.4 million metric tons of CO2

Gas-Electric Hybrid
171.4 million metric tons of CO2

Hydrogen Fuel Cell
0.2 million metric tons of CO2

Visual 2.4.3: Cumulative Carbon Dioxide Emissions Savings Potential of Alternative Fuel Technologies over a 10-year Period
Technology
Battery Electric Vehicles

Compressed Natural Gas

Gas-Electric Hybrid

Hydrogen Fuel Cell

Plug-in Hybrid

Visual 2.4.3, “Cumulative Carbon Dioxide Emissions Savings Potential of Alternative Fuel Technologies over a 10-year Period,”
shows the cumulative carbon dioxide emissions savings potential for each technology, as that technology is adopted into the national
fleet over ten years. As mentioned above, these savings are the result of a comparison of the emissions savings of two identically-sized
vehicle fleets: one fleet of each type of alternative fuel technology, and one fleet of average conventional gasoline vehicles. The up-
wards curve of each line indicates that as the market penetration of each technology increases each year, the CO2 emissions savings ac-
crue faster and faster. In this graph, the emissions savings are shown in million metric tons of CO2. This projection shows that gas-elec-
tric hybrid vehicles have the potential to accumulate emissions savings of over 171 million metric tons of carbon dioxide over the next
ten years. 
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Data, Methods, and Assumptions 
This section describes the data, methods, and assumptions used to create the visualizations described in 
the previous two chapters. Generally, the first step was to estimate the amount of fuel each technology 
has the potential to save (in terms of a single vehicle as well as on a national level). The next step was 
to convert the amount of fuel saved to the amount of carbon dioxide emissions saved using simple 
conversion factors for gasoline or diesel fuel. The methods employed in this report to estimate fuel 
savings is described in the sections that follow. 

Vehicle Technologies 

The general approach in this section was to determine the amount of fuel each technology could save 
a single vehicle over a year, and then extrapolate those savings out into annual fuel savings across the 
entire national fleet for a period of ten years. 

To find the fuel saving for a single vehicle over a year, the following general formula was used: 

Fuel savings = (fuel consumption reduction rate)*(usage rate)*(average fuel consumption in gallons per 
mile)*(relevant VMT for a single vehicle) 

To find the national fuel savings, the following general formula was used: 

Fuel savings = (fuel consumption reduction rate)*(usage rate)*(market penetration rate)*(average fuel 
consumption in gallons per mile)*(relevant national VMT) 

Reduction in fuel consumption: 
Throughout the project, fuel consumption reduction rates were taken from field tests whenever 
possible. This was the case for both adaptive cruise control and cooperative-adaptive cruise control. 
The rates used for adaptive cruise control were 2.77% for light duty vehicles, and 1.85% for heavy duty 
vehicles, based on a 2014 naturalistic field study performed as part of a European field operational test 
(euroFOT) of adaptive cruise control.1 The rates used for cooperative-adaptive cruise control were 7% 
for an HDV (the lead vehicle in a platoon), and 13.8% for LDVs (which follow a leading HDV in a 
platoon), figures taken from the SARTRE Project, a research effort in Europe focused on the real-world 
effectiveness of cooperative-adaptive cruise control. In tests of cooperative-adaptive cruise control, 
more than one LDV follows a leading HDV while in a platoon; therefore, the 13.8% figure for LDVs was 
found by averaging the fuel consumption improvements of the three following LDVs as presented in 
the SARTRE Project final report.2 The rate used for cylinder deactivation was 7.5%.3 

1 European Large-Scale Field Operational Tests on In-Vehicle Systems, 7th Framework Programme, Deliverable 6.5 
and 6.6: Impacts on Traffic Efficiency and Environment, by Freek Faber, Eline Jonkers, Martijn van Noort, Mohamed 
Benmimoun, Andreas Putz, Barbara Metz, Guillaume Saint Pierre, Dan Gustafson, and Lucas Malta. EuroFOT: 2012.  

2 European Commission, Safe Road Trains for the Environment, Report on Fuel Consumption, by Arturo Davila. 
Project 233683. SARTRE: 2012. 
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Usage Rate: 
It was not assumed that these vehicle technologies would be used 100% of the time. The usage rates 
for adaptive cruise control were taken from the euroFOT naturalistic driving study mentioned above.4 
The usage rate for ACC in light duty vehicles was 49%, and the usage rate for ACC in heavy duty 
vehicles was 57.03%. Since no field tests have been performed for cooperative-adaptive cruise control, 
usage rates for CACC were assumed to be smaller than those for adaptive cruise control. The usage 
rates assumed here were 33.3% for heavy duty vehicles, and 28.6% for light duty vehicles. The usage 
rate for cylinder deactivation was assumed to be 80%. These usage rates were applied to only the 
relevant VMT figures, described below, since these technologies were designed to be used only during 
certain types of driving (particularly highway driving). 

Adoption and market penetration rates:  
The number of new vehicles equipped with each technology was assumed to increase at a constant 
rate of 5% each year, starting at 5% at the end of the first year, and ending at 50% at the end of the 
tenth year. The adoption rate was assumed to be the same for each technology for two reasons: 
because technology such as adaptive cruise control is too new to have representative, multiyear 
adoption rates available, and because technologies such as cooperative-adaptive cruise control are not 
yet publicly available and so an arbitrary adoption rate was necessary. The market penetration rate 
was found by multiplying the number of new vehicles sold in a year by that year’s adoption rate, and 
then dividing by the number of vehicles in the appropriate fleet. The model allows for updated results 
as new market data become available.  

Number of vehicles:  
The size of the HDV fleet is taken from the number of HDVs registered in 2010.5 The annual growth 
rate of the HDV fleet was found by averaging the annual sales of class 7 and class 8 vehicles from 1990-
2012.6 The size of the LDV fleet is taken from the number of LDVs registered in 2010.7 The annual 
growth rate of the LDV fleet was found by averaging the annual sales of light duty vehicles from 1990-
2009.8 The number of LDVs eligible to be equipped with cylinder deactivation systems excludes 
vehicles with four cylinder engines. The number vehicles sold each year for each fleet is assumed to be 
constant.  

3 United States Department of Energy and United States Environmental Protection Agency, Fueleconomy.gov, 
Engine Technology, “Cylinder Deactivation.” Accessed May 1, 2014. 
http://www.fueleconomy.gov/feg/tech_engine_more.shtml  

4 European Large-Scale Field Operational Tests on In-Vehicle Systems, Deliverable 6.5 and 6.6: Impacts on Traffic 
Efficiency and Environment, 2012.  

5 United States Department of Transportation Federal Highway Administration, Annual Vehicle Distance Traveled 
and Related Data – 2009-10 – by Highway Category and Vehicle Type [Data file], 2012. 

6 Oak Ridge National Laboratory, Table 5.3, New Retail Truck Sales by Gross Vehicle Weight, 1970-2012 [Data file], 
2012. 

7 United States Department of Transportation Federal Highway Administration, Annual Vehicle Distance Traveled 
and Related Data – 2009-10 – by Highway Category and Vehicle Type [Data file], 2012. 

8 United States Department of Transportation Bureau of Transportation Statistics, Table 1058, Retail Sales and 
Leases of New and Used Vehicles [Data file], 2011. 
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Relevant VMT: 
The vehicle technologies analyzed in this section are designed to operate at cruising speeds. Therefore, 
potential fuel consumption savings would only be realized on roads which support extended distance 
traveled at cruising speed. For the technologies analyzed here, the relevant vehicle-miles traveled on a 
national scale include only those miles traveled on rural interstates, rural arterials, and urban 
interstates. Separate national VMT figures were used for LDVs and HDVs. The relevant VMT for a single 
vehicle was found by dividing the relevant national VMT by the number of registered vehicles, either 
light-duty or heavy-duty. 9 

Fuel consumption rate and carbon content of fuel:  
The fuel consumption rate used here for LDVs was 21.5 MPG, which is the average realized MPG for 
LDVs in 2010.10 The fuel consumption rate used here for HDVs was 6.4 MPG, which is the average 
realized MPG for LDVs in 2010.11 Fuel consumption rates were assumed to be constant. The carbon 
content of gasoline used here was 19.6 lbs. of CO2 per gallon, while the carbon content of diesel used 
here was 22.38 lbs. of CO2 per gallon.12  
 

Traveler Information Technologies 
 
The general approach in this section was to determine the amount of fuel each technology could save 
a single vehicle over a year, and then extrapolate those savings out into annual fuel savings across the 
entire national fleet for a period of ten years. 
 
To find the fuel saving for a single vehicle over a year, the following general formula was used:  
 

Fuel savings = (fuel consumption reduction rate)*(usage rate)*(average fuel consumption in gallons per 
mile)*(relevant VMT for a single vehicle) 

 
To find the national fuel savings, the following general formula was used: 
 

Fuel savings = (fuel consumption reduction rate)*(usage rate)*(market penetration rate)*(average fuel 
consumption in gallons per mile)*(relevant national VMT) 

 
The fuel consumption savings of car sharing was only computed on a national level. These figures come 
from Susan Shaheen and Elliot Martin via a 2011 report titled “Greenhouse Gas Emission Impacts of 
Carsharing in North America.”13 

9 United States Department of Transportation Federal Highway Administration, Annual Vehicle Distance Traveled 
and Related Data – 2009-10 – by Highway Category and Vehicle Type [Data file], 2012. 

10 Ibid. 
11 Ibid. 
12 United States Environmental Protection Agency, Clean Energy, “Greenhouse Gas Equivalencies Calculator,” 

http://www.epa.gov/cleanenergy/energy-resources/calculator.html. 
13 Susan Shaheen and Elliot Martin, “Greenhouse Gas Emission Impacts of Carsharing in North America,” IEEE 

Transactions on Intelligent Transportation Systems 12 no. 4, 2011. 
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Reduction in fuel consumption: 
The reduction rate used for eco-navigation was 15% for both heavy duty and light duty vehicles.14 The 
reduction rate used for eco cruise control was 5.7% for both heavy duty and light duty vehicles.15  

Usage Rate: 
It was not assumed that these vehicle technologies would be used 100% of the time. The usage rates 
for eco-cruise control and eco-navigation were assumed to be the same as the usage rate for adaptive 
cruise control, which is described in Section 1. The usage rate for eco-cruise control and eco-navigation 
in light duty vehicles was 49%, and the usage rate for eco-cruise control and eco-navigation in heavy 
duty vehicles was 57.03%. These usage rates were applied to only the relevant VMT figures, described 
above, since these technologies were designed to be used only during certain types of driving. The 
model allows for updated results as information on the usage rates of new vehicle technologies 
becomes available. 

Adoption and market penetration rates:  
The number of new vehicles equipped with each technology was assumed to increase at a constant 
rate of 5% each year, starting at 5% at the end of the first year, and ending at 50% at the end of the 
tenth year. The adoption rate was assumed to be the same for each technology for two reasons: 
because technology such as eco-navigation is too new to have representative, multiyear adoption rates 
available, and because technologies such as eco-cruise control is not yet publicly available and so an 
arbitrary adoption rate was necessary. The market penetration rate was found by multiplying the 
number of new vehicles sold in a year by that year’s adoption rate, and then dividing by the number of 
vehicles in the appropriate fleet. The model allows for updated results as new market data become 
available. 

Number of vehicles:  
The size of the HDV fleet is taken from the number of class 7 and class 8 HDVs registered in 2010.16 The 
annual growth rate of the HDV fleet was found by averaging the annual sales of class 7 and class 8 
vehicles from 1990-2012.17 The size of the LDV fleet is taken from the number of LDVs registered in 
2010.18 The annual growth rate of the LDV fleet was found by averaging the annual sales of light duty 

14 United States Department of Transportation, Research and Innovative Technology Administration, Intelligent 
Transportation Systems Joint Program Office, Applications for the Environment: Real-time Information Synthesis: 
Applications State of the Practice Assessment Report, FHWA-JPO-11-139, National Technical Information Services: 
Springfield, VA: 2012.  

15 Hesham Rakha, Kyoungho Ahn, and Sangjun Park, Predictive Eco-Cruise Control (ECC) System: Model 
Development, Modeling, and Potential Benefits, Virginia Tech Transportation Institute, VTTI-2009-03, National Technical 
Information Service: Springfield, VA: 2012.  

16 United States Department of Transportation Federal Highway Administration, Annual Vehicle Distance Traveled 
and Related Data – 2009-10 – by Highway Category and Vehicle Type [Data file], 2012. 

17 Oak Ridge National Laboratory, Table 5.3, New Retail Truck Sales by Gross Vehicle Weight, 1970-2012 [Data file], 
2012. 

18 United States Department of Transportation Federal Highway Administration, Annual Vehicle Distance Traveled 
and Related Data – 2009-10 – by Highway Category and Vehicle Type [Data file], 2012. 
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vehicles from 1990-2009.19 The number vehicles sold each year for each fleet is assumed to be 
constant. 

Relevant VMT: 
The potential fuel consumption savings due to these traveler information technologies would only be 
realized on certain types of roads. Eco-cruise control would only be utilized on roads which support 
extended distance traveled at cruising speed. For eco-cruise control, the relevant vehicle-miles 
traveled on a national scale include only those miles traveled on rural interstates, rural arterials, and 
urban interstates. Separate national VMT figures were used for LDVs and HDVs. The relevant VMT for a 
single vehicle was found by dividing the relevant national VMT by the number of registered vehicles, 
either light-duty or heavy-duty.20 For eco-navigation, it was assumed that these systems would only be 
used during urban driving, since evaluations of these systems have only been performed on city streets 
and urban freeways. Moreover, urban driving provides possibilities for a variety of routes between a 
driver’s origin and destination, while these possibilities are constrained on rural roads. 

Fuel consumption rate and carbon content of fuel:  
The fuel consumption rate used here for LDVs was 21.5 MPG, which is the average realized MPG for 
LDVs in 2010.21 The fuel consumption rate used here for HDVs was 6.4 MPG, which is the average 
realized MPG for LDVs in 2010.22 Fuel consumption rates were assumed to be constant. The carbon 
content of gasoline used here was 19.6 lbs. of CO2 per gallon, while the carbon content of diesel used 
here was 22.38 lbs. of CO2 per gallon.23  
 

Infrastructure and System Operations Technologies 
 
The general approach in this section was to determine the annual fuel savings across the entire nation 
for a period of ten years. 
 
To find the national fuel savings, the following general formula was used: 
 

Fuel savings = (fuel consumption reduction per applicable scenario)*(number of applicable 
scenarios)*(effectiveness rate, if appropriate) 

19 United States Department of Transportation Bureau of Transportation Statistics, Table 1058, Retail Sales and 
Leases of New and Used Vehicles [Data file], 2011. 

20 United States Department of Transportation Federal Highway Administration, Annual Vehicle Distance Traveled 
and Related Data – 2009-10 – by Highway Category and Vehicle Type [Data file], 2012. 

21 Ibid. 
22 Ibid. 
23 United States Environmental Protection Agency, Clean Energy, “Greenhouse Gas Equivalencies Calculator,” 

http://www.epa.gov/cleanenergy/energy-resources/calculator.html 
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Reduction in fuel consumption (this is per incident, per bypass, per intersection, per facility): 
The fuel savings potential for weigh-in-motion/pre-clearance systems was found to be 0.1 gallons of 
diesel fuel per bypass.24 For incident management, the fuel savings potential was computed to be 
283.44 gallons of fuel saved per incident. This figure is a weighted average of the per-incident fuel 
savings realized by incident management systems in Georgia, Maryland, and Florida.25 The fuel savings 
potential for electronic toll collection was computed on a per-plaza basis, as this was the method used 
in the only field study of the effects of converting manual toll plazas to ETC plazas in the United States 
found in the literature. For light duty vehicles, the fuel savings was just over 3,300 gallons of gasoline 
per plaza per year; for heavy duty vehicles, the fuel savings was just over 1,100 gallons of diesel fuel 
per plaza per year.26 The fuel savings potential for real-time adaptive signal control was found to be 
7,175.56 gallons of fuel per intersection on average.27 The fuel savings potential for regional traffic 
signal synchronization was found to be 11,893.15 gallons of fuel per intersection on average.28 

Applicable scenarios: 
The fuel savings potential of weigh-in-motion/pre-clearance systems was computed on a per bypass 
basis, since this was the most precise figure presented in the literature. The number of bypasses was 
79,703,503, which was the number of static weighs of commercial vehicles on fixed scales in 2010.29 
The fuel savings potential of incident management systems was computed on a per incident basis. The 
number of crashes used here was 183 crashes per 100 million miles traveled, and includes those which 
caused property damage, injuries, or fatalities in 2010, as recorded using the National Automotive 
Sampling System and the Fatality Analysis Reporting System.30 For electronic toll collection, the most 
precise figure for the number of toll plazas in the United States not already using ETC systems was 
found to be 850.31 The fuel savings potential of both real-time adaptive signal control and regional 
traffic signal synchronization was computed on a per-intersection basis. The fuel savings potential of 
real-time adaptive signal control was applied to 29,542 signals, which is the number of fully actuated, 

24 Oregon Department of Transportation and Oregon Department of Environmental Quality, “Green Light” 
Emission Testing Project, Portland, OR: 2008. A similar yet less-precise figure is found in Intelligent Imaging Systems, 
Schodack Smart Roadside Inspection System, C-10-19, New York State Department of Transportation, Albany, NY: 2013. 

25 Gang-Len Chang and Steven Rochon, Performance Evaluation and Benefit Analysis for CHART, State highway 
Administration of Maryland: 2012; URS, Task Order 5.2: Benefits Analysis for the Georgia Department of Transportation 
NaviGAtor Program Final Report, Georgia Department of Transportation, Office of Traffic Operations, Atlanta, GA: 2006; 
United States Department of Transportation, Federal Highway Administration, Reference Sourcebook for Reducing 
Greenhouse Gas Emissions from Transportation Sources, DTHF61-09-F-00117, Washington, DC: 2012. 

26 Susan Shaheen and Timothy Lipman, Reducing Greenhouse Emissions and Fuel Consumption, UCD-ITS-RP-07-14, 
Institute of Transportation Studies, Davis, CA: 2007.  

27 Stephen Smith, Gregory Barlow, Xiao-Feng Xie, and Zachary Rubinstein, “Smart Urban Signal Networks: Initial 
Application of the SURTRAC Adaptive Traffic Signal Control System,” Proceedings of the Twenty-Third International 
Conference on Automated Planning and Scheduling, 2013. 

28 Los Angeles County Department of Public Works, TSSP Benefits Analysis Report. Data file provided by Jane 
White, Los Angeles County Department of Public Works. 

29 United States Department of Transportation, Federal Highway Administration, Table 3-5, Commercial Vehicle 
Weight Enforcement Activities: 2006-2010 [Data file], 2011. 

30 United States Department of Transportation, Bureau of Transportation Statistics, Table 2-17: Motor Vehicle 
Safety Data [Data file], 2013.  

31 United States Department of Transportation, Research and Innovative Technology Administration, Intelligent 
Transportation Systems Deployment Statistics, Electronic Toll Collection Survey [Data file], 2011. 
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coordinated urban signals not already using any other adaptive control system.32 The fuel savings 
potential of regional traffic signal synchronization was applied to 24,486 signals, which is the number 
of traffic signals not already part of a regional, synchronized system. However, the figures for 
electronic toll collection, real-time adaptive signal control, and regional traffic signal synchronization all 
come from the survey of transportation agencies representing 64 metropolitan jurisdictions available 
in the Research and Innovative Technology Administration’s ITS Deployment Statistics database. This 
survey was not a survey of all agencies nationwide, therefore making the fuel savings estimates of 
these three technologies conservative estimates. 

Effectiveness rate: 
The fuel savings potential of weigh-in-motion/pre-clearance systems was applied to 74.8% of all static 
commercial vehicle weighs performed nationally in 2010. This percent is the performance goal set by 
the New York State Department of Transportation, since it was not assumed that all static commercial 
vehicle weighs could be performed in-motion.33 For incident management, it was assumed that 
incident management systems were able to respond to 98% of the incidents detected within the 
system’s boundaries.34 The effectiveness rate of both real-time adaptive signal control and regional 
traffic signal synchronization was assumed to be 1. 

Relevant VMT: 
To scale the fuel savings potential of incident management to a national level, the relevant VMT was 
the number of urban interstate, freeway, and other expressway vehicle-miles traveled by all vehicles in 
2010, or 698,554,382,375.365 miles.35 Electronic toll collection, weigh-in-motion/pre-clearance, real-
time adaptive signal control, and regional traffic signal synchronization were scaled using the 
“applicable scenarios” described above. 

Fuel consumption rate and carbon content of fuel: 
The carbon content of gasoline used here was 19.6 lbs. of CO2 per gallon, while the carbon content of 
diesel used here was 22.38 lbs. of CO2 per gallon.36 For incident management, real-time adaptive signal 
control, and regional traffic signal synchronization, there was assumed to be a 90/10 split between 
gasoline and diesel fuel consumption during each incident or at each intersection. 
 
 
 

32 United States Department of Transportation, Research and Innovative Technology Administration, Intelligent 
Transportation Systems Deployment Statistics, Arterial Management, Hardware Characteristics of Signalized Intersections 
[Data file], 2011. 

33 Intelligent Imaging Systems, Schodack Smart Roadside Inspection System, C-10-19, New York State Department 
of Transportation, Albany, NY: 2013.  

34 Gang-Len Chang and Steven Rochon, Performance Evaluation and Benefit Analysis for CHART, State highway 
Administration of Maryland: 2012.  

35 United States Department of Transportation, Federal Highway Administration, Annual Vehicle Miles of Travel, 
1980-2012, by Functional System [Data file], 2013.  

36 United States Environmental Protection Agency, Clean Energy, “Greenhouse Gas Equivalencies Calculator,” 
http://www.epa.gov/cleanenergy/energy-resources/calculator.html. 
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Alternative Fuel Technology 
 
The general approach in this section was to determine the amount of fuel each technology could save 
a single vehicle over a year, and then extrapolate those savings out into annual fuel savings across the 
entire national fleet for a period of ten years. 
 
To find the fuel saving for a single vehicle over a year, the following general formula was used:  
 

(1) Fuel savings of alternative fuel vehicle = fuel consumption of average gasoline LDV – fuel consumption 
equivalence of alternative fuel LDV 

 
(2) Fuel consumption of average gasoline LDV = (gallons per mile equivalence)*(annual VMT for an average 

LDV) 
 

(3) Fuel consumption equivalence of alternative fuel LDV = (gallons per mile equivalence)*(rebound effect 
rate)*(annual VMT for an average LDV) 

 
To find the national fuel savings, the following general formula was used: 
 

(1) Fuel savings of alternative fuel vehicle fleet = fuel consumption of average gasoline LDV fleet – fuel 
consumption equivalence of alternative fuel LDV fleet 

 
(2) Fuel consumption of average gasoline LDV fleet = (gallons per mile equivalence)*(annual VMT for an 

average LDV)*(size of alternative fuel vehicle fleet) 
 

(3) Fuel consumption equivalence of alternative fuel LDV fleet = (gallons per mile equivalence)*(rebound effect 
rate)*(annual VMT for an average LDV)*(size of alternative fuel vehicle fleet) 

Gallons per mile equivalence: 
The gallons per mile equivalence (or the reciprocal of the MPGe) used in this report for each type of 
fuel technology is as follows: 
 

• Gas-electric hybrid: 44.405 MPGe; 
• Plug-in hybrid: 138.52925 MPGe; 
• Compressed natural gas: 31.016 MPGe; 
• Hydrogen fuel cell: 58 MPGe; 
• Battery electric vehicles: 89.318 MPGe; and 
• Conventional gasoline: 23 MPG.37 

 
These figures are wells-to-wheels analysis of petroleum consumption rates. This explains why the 23 
MPG figure used here is higher than the 21.5 MPG figure used in the other sections of the report – the 
21.5 MPG figure used elsewhere is not based on a wells-to-wheels analysis. 

37 United States Department of Energy, Office of Vehicle Technologies and Fuel Cell Technologies, Well-to-Wheels 
Greenhouse Gas Emissions and Petroleum Use for Mid-Size Light Duty Vehicles, 2010. 
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Rebound effect rate and relevant VMT: 
Although there is no commonly agreed-upon rebound effect rate for alternative fuel vehicle energy 
economies, the rebound effect rate used here was 10%. That is, for every 10% decrease in the cost per 
mile of transportation (in this case, vehicle fuel and its equivalents), there is a corresponding 1% 
increase in vehicle-miles traveled. Based on the price of gasoline in 2010 (far and away the most 
common fuel for LDVs, and 2010 prices were used because 2010 is the base year for this report), 
accounting for the rebound effect saw the following single vehicle annual VMT figures: 
 

• Gas-electric hybrid: 12046.80769 miles; 
• Plug-in hybrid: 12451.28356 miles; 
• Compressed natural gas: 11782.99297 miles; 
• Hydrogen fuel cell: 12186.34489 miles; 
• Battery electric vehicles: 12346.14903 miles; and 
• Conventional gasoline: 11492.81932 miles. This figure assumes no rebound effect, and so is the 

basis for the above figures. 

Number of vehicles:  
As mentioned earlier in the report, the fuel consumption and emissions savings of each type of 
alternative fuel vehicle are the results of comparisons of two identically-sized vehicle fleets: one fleet 
of each type of alternative fuel technology, and one fleet of average conventional gasoline vehicles. For 
instance, to find the number of barrels of oil saved by a fleet of gas-electric hybrid vehicles, we 
compare the fuel consumption of a fleet of average gas-electric hybrids to the fuel consumption of an 
identically-sized fleet of conventional gasoline vehicles. The number of vehicles of each fleet is taken 
from Energy Information Agency projections for 2010-2030. The projections used in this report are for 
2010-2020 only, since this report provides projections for ten years starting at 2010.38 

Carbon content of fuel: 
The carbon content associated with each type of alternative fuel technology is the wells-to-wheels 
assessment of the greenhouse gas emissions rate for each fuel type. The WTW greenhouse gas 
emissions of each vehicle type, given in lbs. per mile, are as follows: 
 

• Gas-electric hybrid: 0.7579814 lbs. per mile;  
• Plug-in hybrid: 0.6673704 lbs. per mile; 
• Compressed natural gas: 0.858536 lbs. per mile; 
• Hydrogen fuel cell: 0.4815867 lbs. per mile; 
• Battery electric vehicles: 0.4327693 lbs. per mile; and 
• Conventional gasoline: 0.9757375 lbs. per mile.39 

 

38 United States Energy Information Administration, Annual Energy Outlook 2014, Table 58, Light-Duty Vehicle 
Stock by Technology Type [Data file], 2014.  

39 United States Department of Energy, Office of Vehicle Technologies and Fuel Cell Technologies, Well-to-Wheels 
Greenhouse Gas Emissions and Petroleum Use for Mid-Size Light Duty Vehicles, 2010. 
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