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1.1 Section Overview

The Best Practices Technical Memorandum provides an overview of inno-
vative approaches in the freight industry towards mitigating congestion 
and coordinating land use trends in areas with high truck traffic and in-
dustrial and warehousing activities. In the 21st century, the dynamics of 
supply and demand of freight trucking have been significantly impacted 
through the development and deployment of technology and online retail 
platforms. Evolving retail technology and delivery models are changing 
how goods and cargo are transported and distributed, leading to more 
trucks on roads across the country. 

This trend is being felt throughout metro Atlanta. Freight with an ori-
gin or destination in the region reached 150 million tons in 2013 and is 
projected to increase 76 percent by 2040. While freight traffic is already 
straining area roadways and regional trucking routes are among the most 
congested, this magnitude of projected growth will require new projects 
and innovations to move freight more efficiently. The Aerotropolis Atlanta 
Community Improvement Districts (AACIDs) is a ripe proving ground for 
testing solutions and strategies. Home to one of the busiest airports in 
the world - Hartsfield Jackson Atlanta International Airport (H-JAIA) - in-
terstate highways such as I-75, I-85, and I-285, and numerous warehouse 
and distribution facilities, the Aerotropolis area will play a critical role in 
exploring how infrastructure projects, technology improvements, and pri-
vate sector supply chain advancements can improve the freight system. 
Attention must be devoted towards innovative modal and intermodal in-
vestment in all forms of freight including highway, rail, air, and water. 

The Aerotropolis Freight Cluster Plan includes this Best Practices Report 
which outlines numerous ideas and approaches for how to coordinate 
transportation and land use with respect to freight and explores recent 
advances in technology and industrial practices. Section 1 provides an 
overview of the freight industry and the regulatory environment surround-
ing it on the local, state, and federal levels. Section 2 discusses the var-
ious emerging technologies in the freight industry including on-demand 
delivery, electronic logging devices, non-traditional delivery methods, and 
wireless power transfers, among others. Section 3 details land use trends 
with respect to freight and how industry and people can coexist in cities 
without significant disruption to routines, ensure safety, and mitigate con-
gestion and pollution. Section 4 presents current and ongoing advances in 
business, supply chain, and logistics models that strive for sustainability in 
the freight industry. These include increased collaboration between local 
partners and regions, the pursuance of public-private partnerships, the 
drafting and implementation of smart growth freight policies, and green 
supply chains. 

FIGURE 1-1: Camp Creek Parkway
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1.2 Supply and Demand of 
Trucking

Freight is closely linked with the overall health of the global economy. In 
order for consumers to buy and use products, those products must first 
be produced and transported from an initial manufacturing site to a retail 
center or warehouse, and then, ultimately, to the customer. The freight 
industry supports both commercial and industrial activities, and freight 
planning must consider the economics behind the supply and demand of 
trucking and other modes of transporting goods. As demand for goods 
and products increases, demand for shipping also increases. Changing 
consumer preferences, emerging technologies, and advances in supply 
chain logistics are impacting freight and shipping patterns, which in turn, 
affects the supply and demand of trucking. Supply chains which drive 
manufacturing, distribution, and trade of goods, are vital to the economy 
of the Aerotropolis and the Atlanta region. This section discusses the spe-
cific challenges the trucking industry currently faces and implementable 
approaches towards mitigating them.  

What Are The Issues?
Based on forecasts and outlooks from freight experts, the trucking indus-
try is currently experiencing several significant challenges that impede the 
ability to make on-time deliveries and maximize productivity. The develop-
ment of Internet platforms and the proliferation of e-commerce has led to 
more deliveries and truck traffic on freight routes and corridors which only 
have a finite capacity. The issue of supply is further compounded by an 
ongoing driver shortage caused by rising production and shipping costs, 
higher driver turnover rates, increasing demand, and the struggle to hire 
drivers with proper credentials. Regulations with respect to rest and elec-
tronic logging device (ELD) mandates also place a strain on the trucking 
industry, effectively limiting the supply of trucks on the road, though they 
are intended to create a safer work environment for drivers and make it 
easier to track records of duty status (RODS). 

Specifically, in the Atlanta region, shifts in the global economy related to 
a growing consumer population and increasing global trade could strain 
the logistics industry further, as entities attempt to keep up with growth 
in demand and governments struggle to maintain infrastructure. Invest-
ments in the deepening and expansion of both the Panama Canal and Port 
of Savannah have both increased supply and increased demand – with 

1 Atlanta Regional Commission. (2016). Regional Freight Mobility Plan Update, p. 121. Retrieved from https://cdn.atlantaregional.org/wp-content/uploads/2017/03/atlanta-regional-freight-mobility-plan-update-2016.pdf.

demand outpacing supply. Increased freight volumes in the Aerotropolis 
and the Atlanta region have partly led to increased congestion on area 
truck routes. New infrastructure is needed to support this demand, but 
prioritizing investments and identifying funding opportunities are critical 
challenges. The lack of dedicated truck parking spaces is a notorious chal-
lenge in the metro Atlanta region. This challenge has led to both illegal 
parking practices in the Atlanta area and increased competition for scarce 
curb space and parking stalls that are in close proximity to truck routes. 

Why Are They Occurring?
These challenges are occurring simply because of globalization, the in-
creased sophistication of technology, and higher consumer demand. Tech-
nology has led to higher levels of online consumer purchases. This has led 
to the economy, and consequently the freight industry, becoming more 
oriented towards the Internet, e-commerce, and home delivery. As com-
panies compete for consumer business and delivery models are evolving, 
consumers are becoming accustomed to fast delivery turnaround, thanks 
to models like next-day delivery and services like Amazon Prime. From a 
land use perspective, the construction of facilities such as warehouses 
and distribution centers has proliferated along freight corridors and es-
pecially in areas near airports and high cargo activity, such as the Aero-
tropolis. However, many communities do not have sufficient room for vast 
warehouse and distribution centers in denser urban and suburban areas, 
resulting in facilities located in greenfield areas along interstate highways, 
farther from retail centers and consumers. Facilities like fulfillment centers 
have become more common to allow for quick, same-day delivery options 
for firms to improve their competitiveness in the global economy. They 
serve essentially as repositories for goods that are ordered by consumers 
and awaiting last-mile delivery to their final destination – often homes in 
residential neighborhoods. The economy can also be extremely sensitive 
to developments that affect the trade of goods, such as the price of fuel 
and materials required to transport goods.  

Since the 1950s, the U.S. economy and its transportation system have 
become increasingly dependent on oil, both in terms of production and 
transport and distribution from production centers to consumer market-
places. To some degree, freight activity fluctuates in response to shifts in 
the price of fuel: whether it is ships carrying containers of goods, trucks 
delivering parcels, or oil tankers transporting fuel, oil prices impact a num-
ber of demand and supply factors, and fuel represents a substantial pro-
portion of transport operating costs.

How Are They Impacting Freight 
Logistics and Transportation 
Networks?
These developments are leading to significant capacity constraints on 
both freight logistics and transportation networks. Higher demand has led 
to more trucks on highways, and this demand requires the need for either 
more drivers, more road capacity, or the development and deployment 
of automated technology. Higher demand will also require supply chain 
logistics to become more sophisticated and evolve to keep up with these 
changes. All of these forces are putting significant strain on existing facil-
ities that are aging and/or unable to keep up with trending technologies, 
such as wireless communication and signal interconnections. Due to the 
fact that road and highway capacity cannot immediately keep up with 
increasing demand, delays in constrained areas are common and delivery 
performance may be negatively impacted. 

What Changes Are Being 
Implemented?
Numerous changes are being made on a national scale in an attempt to 
constructively and pragmatically approach these challenges in the freight 
industry. The development of connected and autonomous vehicle (CAV) 
technologies has been a popular approach in freight planning. Several 
forms of such technologies are being tested at pilot sites across the na-
tion. From a traffic management standpoint, intelligent transportation sys-
tem (ITS) developments have allowed for better coordination of traffic 
signals and flow of traffic or for priority to be given to certain types of 
vehicles, especially during peak congestion and commute hours. 

In the Atlanta region, the freight cluster approach initiated by the Atlanta 
Regional Commission, including this plan for the Aerotropolis, strives to 
explore innovative strategies that allow each unique study area to better 
coordinate transportation and land use planning needs and work toward 
higher economic competitiveness and quality of life through recommen-
dations for infrastructure projects, policies, and other strategies. Changes 
recommended by the 2016 Atlanta Regional Freight Mobility Plan Update 
include the eventual construction of truck-friendly lanes on I-75 between 
Macon and Atlanta, the redevelopment of existing occupied and vacant 
industrial property in proximity to transportation infrastructure, off-hours 
delivery incentives, and resilience planning.1 There is also potential for 
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improving the availability of alternative fuels and charging stations along 
freight corridors, including those in the Aerotropolis. In the private sector, 
there is a need to balance the demands of customer service and efficien-
cy, and this is a primary factor in determining the location of facilities, 
their service areas, and specific routes utilized to make deliveries. Better 
coordination between the public and private sectors is strongly needed 
and is one intent of the freight cluster approach to transportation and 
land use planning. 

Not only are investments in infrastructure needed to maintain Atlanta’s 
importance in the domestic and global trade of goods, but land use deci-
sions must be coordinated with transportation planning to reduce strain 
on existing infrastructure, reduce congestion, and make freight move-
ments and deliveries more efficient in the Aerotropolis and the greater 
Atlanta region.  

2   Atlanta Regional Commission. (2016). Regional Freight Mobility Plan Update, p. 4.

1.3 Freight Planning Overview 

Freight is broadly defined as the movement of goods in bulk by truck, 
train, ship, or airplane. The movement of freight is closely tied to econom-
ic health; people everywhere buy and use goods that need to be shipped 
from one location to another, ranging from household goods and food to 
fuel and equipment. The freight industry supports a wide range of com-
mercial and industrial activities and businesses that are, in many ways, 
the foundation of our economy, shaping our communities and providing 
jobs. In the Atlanta region, output from freight dependent industries con-
tributes 38 percent of regional gross domestic product (GDP), with output 
from these industries anticipated to double by 2040, to $407 billion.2 

Freight planning is one of several aspects of statewide and regional trans-
portation planning processes. It is most often done at the state and met-
ropolitan planning organization (MPO) level, with input from public and 
private stakeholders and agencies. FHWA’s Office of Planning and Freight 
Management & Operations provide resources to help guide the freight 
planning processes. Freight planning focuses on understanding and plan-
ning for better movement of goods throughout an area, including by truck, 
by rail, by air, and by water. Also critically important, freight planning 
can help communities access federal transportation funding for projects 
and system improvements. In fact, for the first time ever, the 2015 Fixing 
America’s Surface Transportation (FAST) Act created a funding source ex-
clusively for freight, making $10.8 billion available over the five-year span 
of the Act. 

Often, freight planning is intended to guide and enhance movement of 
freight and improve an area’s economic competitiveness by improving 
infrastructure, operations, and efficiency, while also minimizing negative 
impacts to communities and the environment. Freight planning seeks to: 

• Help communities understand how freight moves through their jurisdic-
tions

• Forecast changes in freight distribution and movement

• Help communities adapt to the latest federal, state, and regional guide-
lines and policies, and

• Identify future projects, policies, strategies, and investments to improve 
the movement and distribution of freight throughout the area. 

Depending on the area, these projects may include, but are not limited to, 
roadway infrastructure, bridge upgrades, truck parking, intermodal facility 
upgrades, improved operations at ports or border crossings, and improved 
access to/from airport cargo facilities.

The Atlanta Regional Commission completed an update of the Regional 
Freight Mobility Plan in 2016. It is a comprehensive study that examines all 
modes of freight transportation and serves as a framework to proactively 
address freight mobility needs and challenges in the region. This regional 
plan recommended further study of localized freight clusters and is the 
genesis of this AACIDs Freight Cluster Plan. 

Among the most common mechanisms for engaging stakeholders in the 
freight planning process is a form of freight advisory committee, or FAC. 
The freight industry is comprised of public and private sector parties. The 
public sector owns and maintains roadways and interstate highways on 
which trucks travel, while the private sector owns and operates the com-
panies that distribute and transport goods. Both sectors play a role in 
planning for the future of freight. Locally, the Atlanta Regional Commis-
sion established a Freight Advisory Task Force in 2003 as part of the re-
gional planning process. The Task Force is comprised of public and private 
sector representatives from railroads, airports, chambers of commerce, 
community improvement districts (CIDs), and others. 

Freight planning, like other realms of planning, is complex. Freight trans-
port affects air quality, traffic congestion, infrastructure conditions, noise, 
and other elements. It is also influenced by land use, commercial trends, 
technology, and many other factors. In planning for freight, there are often 
trade-offs and planners seek to attempt to balance between people, econ-
omy, and the natural environment while planning for future growth and 
anticipating unpredictable disruptions like technological breakthroughs. 
Sub-regional freight plans, like this one, are intended to assess needs now 
and in the future to develop short- and long-term projects, policies or 
strategies, and action steps to improve the efficiency of freight movement 
throughout the district.
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2.1 Section Overview

This section details the current and emerging technologies utilized by en-
tities in today’s freight industry that can help the Aerotropolis to maintain 
its status as a competitive force in the regional and national economies. 
Allowing capabilities to streamline logistics management and the fulfill-
ment of local, state, and federal regulations through innovative technolo-
gy will improve the efficiency of numerous operations which utilize freight 
to distribute goods.

Section 2.2 examines in-vehicle emerging technologies, including the 
effects that electronic logging device (ELD) mandates have had on the 
freight industry and the ability of entities to make deliveries in an efficient 
manner from a labor perspective. Connected vehicles are outlined along 
with the infrastructure necessary for this technology to safely operate in 
smart communities. This is especially vital for the development of auton-
omous vehicles and other forms of driverless freight technology like pla-
tooning and wireless power transfer. Section 2.2 also discusses automa-
tion with respect to electricity and other alternative fuel sources suitable 
for freight vehicles. 

This section details multiple forms of innovative non-traditional delivery 
methods including:

• Parcel Delivery Drones,

• Motorized Tricycle Delivery Vehicles, and

• Autonomous Delivery Vehicles and Robots

Section 2.2 wraps up by discussing the issues of parking availability and 
curbside management and how technology is being developed to create 
cutting-edge solutions to these problems which cause delay and conges-
tion, as well as competition for scarce curb space, especially in freight 
clusters and areas with high-density development like central business 
districts (CBDs). Other relevant in-vehicle technologies like truck speed 
limiters and their effect on freight and delivery operations are included 
for discussion, as well. 

Section 2.3 discusses intelligent transportation systems (ITS) and other 
forms of traffic and roadside management that are aimed towards freight 
vehicles. Technology with respect to the delivery of goods is examined in 
Section 2.4, including 3-D printing. Section 2.5 provides insight on e-com-
merce and its significant effect on transportation networks and the freight 
industry.

FIGURE 2-1: View of I-85 in College Park
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2.2 In-Vehicle (Trucks)

Electronic Logging Device Mandate 
What is it?
An Electronic Logging Device (ELD) is a technology assisting in tracking 
the Hours of Service (HOS) and the Record of Duty Status (RODS) of pro-
fessional truck drivers and commercial motor carriers.3 HOS tracking is im-
portant as truck drivers are strictly regulated on the number of hours they 
can drive. They are currently limited to 11 hours of driving per day with 
ten hours required in-between shifts.4 RODS tracking is also important as 
it records drivers’ duty status for each 24-hour period and clearly shows 
each duty status change.5 Examples are shown in Figure 2-2.

For better regulating the ELDs’ usage, in December 2015, the electronic 
logging device rule, known as the ELD Mandate, was published by U.S. De-
partment of Transportation’s (U.S. DOT) Federal Motor Carrier Safety Ad-
ministration (FMCSA). The ELD Mandate applies to millions of commercial 
vehicle drivers, who were required to implement certified ELDs by Decem-
ber 2017 to comply with the regulations (see Figure 2-3). There are limited 
exceptions, such as short-haul drivers, which are defined as non-commer-
cial driver license holders who can only operate vehicles within a 150-
mile radius and commercial driver license holders who operate within a 
100-mile radius.6,7 As illustrated in Figure 2-4 on page 12, for those drivers 
and trucks using automatic on-board recording devices (AOBRDs), which 
serve to record drivers’ RODS, they are responsible to ensure the devices 
are compliant with the rule before December 2019.8 With the ELD device 
installed on the engine of a commercial vehicle, the corresponding vehi-
cle operation data can be captured and tracked by drivers and operators. 
Smartphones, tablets, and even rugged handhelds are considered as ELDs 
if they meet the ELD rule’s technical specifications.

3 ELDFACTS.COM. (n.d.). ELD Facts.
4 Schubert, H. (2019). DOT Freight and Trucking Hours of Service Limit Regulations.
5 Federal Motor Carrier Safety Administration (FMCSA). (n.d.). Driver’s Records of Duty (RODs) and Supporting Documentation.
6 FMCSA. (2017). Who Must Comply with the Electronic Logging Device (ELD) Rule?.
7 NATSO. (2013). FMCSA Clarifies Definition of Short-Haul Driver.
8 ELDFACTS.COM. (n.d.). Your ELD Mandate 101.
9 RTS. (n.d.). Eight Things You Need to Know About the E-Log Mandate.
10 Balthrop. A. T. (2019). Did the Electronic Logging Device Mandate Reduce Accidents?. 
11 Ibid.

What are the Impacts to Drivers?
The use of ELDs result in multiple benefits, and most fleets and drivers 
who implement ELDs do not wish to use their previous systems anymore. 
Benefits include the following: 

• One of the significant benefits lies in improving the efficiency and ac-
curacy compared to traditional handwritten paper logs, which means 
drivers will spend much less time on paperwork reducing human error.

• With the implementation of the ELD rule, drivers are protected from be-
ing forced to work overtime, thus they can gain enough rest and drive 
safely on the road. 

• With the FMCSA’s purpose of improving roadway safety, ELDs assist in 
helping drivers follow the HOS rules, and by cutting the allowable time 
that drivers can be on the road, fatigued driving could be reduced sig-
nificantly.9

How Does It Impact the Transportation 
Network?
While ELDs have increased HOS compliance by 52 percent (measured 
during the stricter enforcement period in 2018), some truckers are in-
creasing speeds and lane changes to make up for productivity loss which 
has increased unsafe driving violations by 35 percent for individual own-
er-operators and by five percent for large asset-based carriers, or those 
carriers who own most of the trucks they operate.10 

•  Increase in HOS Compliance: Although the effects ELDs have on crash 
rates remain unclear, researchers state that ELDs indeed have positive 
impacts on HOS compliance. Specifically: HOS violations have had a 37 
percent reduction since December 2017, and a 52 percent reduction 
occurred during the stricter enforcement period in 2018. 

 »  For the three respective enforcement periods, pre-mandate period, 
light enforcement period, and strict enforcement period, the percent-
age of HOS violations for independent owner-operators fell from 11 
percent to eight percent to six percent, with one percent for large 
asset-based carriers in each enforcement period.11  

Image Credit: Jim Allen/Freight Waves, https://www.freightwaves.com/news/trucking/
recent-study-finds-eld-mandate-had-no-significant-impact-on-crash-rates

Image Credit: Teletrac Navman, https://www.teletracnavman.com/our-solutions/compli-
ance/eld 

FIGURE 2-2: Examples of Electronic Logging Devices (ELDs)
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12        Coker, A. (2019). Recent Study Finds ELD Mandate Had No Significant Impact on  
Crash Rates.
13         Ibid.

•  Increase in Unsafe Driving Violations: On the contrary, researchers 
found that unsafe driving violations had a slight increase over the same 
time period. With the implementation of the HOS mandate, drivers have 
to weigh HOS violation and productivity loss, which forces some drivers 
to increase driving speed or frequency of lane changes in order to make 
up for productivity loss. Specifically:

 » For individual owner-operators, driving violations increased by 23 
percent and 35 percent in the light and strict enforcement period, 
respectively.12 

 » For large asset-based carriers, a two percent decrease and a six per-
cent increase occurred in the light and strict enforcement period, 
respectively.13

 » With the increase in unsafe driving violations, safety is a concern for 
all users of the transportation network. 

What is Working?
Based on the observed data to date, HOS enforcement has improved 
since the ELD Mandate. However, unsafe driving violations have worsened 
due to increased driving speed or frequency of changing lanes in order 
to increase productivity during the HOS. Due to the HOS enforcement, 
long-distance truck drivers are forced to take rests, which will induce truck 
parking demand. However, truck parking issues are widespread since the 
number of truck parking spaces cannot meet the needs of trucks. Truck 
parking issues are discussed further on page 22.   

Image Credit: Zonar Systems, https://www.zonarsystems.com/eld/eld-mandate-infographic/

Image Credit: Zonar Systems, https://www.zonarsystems.com/eld/eld-mandate-info-
graphic/

FIGURE 2-4: ELD Compliance Timeline

FIGURE 2-5: Observed Impacts of ELD Mandate

FIGURE 2-3: Overview of ELD Mandate

Image Credit: Zonar Systems, https://www.zonarsystems.com/eld/eld-mandate-infographic/
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What are the Opportunities?
Due to truckers increasing their driving speed and/or frequency of lane 
changes as a means to increasing their productivity now that they are 
forced to comply with HOS regulations, opportunities to increase their 
productivity in other ways should be explored. For instance, providing sig-
nal priority for truckers during low-traffic periods, such as during the mid-
dle of the night, should increase their productivity, decrease truck traffic 
during peak hours, and improve roadway safety. For that to work, the 
warehouses need to be open during those hours when the trucker arrives 
for pick-up or delivery. Furthermore, opportunities that address high truck 
speeds and frequency of lane changes should be identified and evaluated. 
These might include advanced speed limiters (discussed on page 24).

Connected Vehicles

What Are Connected Vehicles?
Connected vehicles (CV) are vehicles which are equipped with applica-
tions, services, and technologies to connect vehicles with other vehicles 
or the surrounding infrastructure. The U.S. DOT runs the Connected Ve-
hicle Program14 collaborating with state and local agencies, vehicle and 
device manufacturers, and the public in order to improve vehicle-to-infra-
structure (V2I) and vehicle-to-vehicle (V2V) communications. With the im-
plementation of embedded or portable communication devices and traffic 
safety and efficiency applications, drivers will be alerted in advance to 
avoid dangerous situations. As a result, the number of crashes could be 
decreased sufficiently, and the roadway safety could be improved.15 

What is the Difference Between V2I and V2V?
Vehicle-to-Infrastructure (V2I) is a communication model that exchanges 
data between vehicles and highway infrastructure, as illustrated in Figure 
2-6. Traffic data is generated by vehicles and information is captured from 
infrastructure, such as cameras, signage, and traffic signals, which can be 
shared wirelessly and both forward and backward. Generally, V2I equip-
ment is installed near or integrated with the existing Intelligent Transpor-
tation Systems (ITS) infrastructure.16  

14 U.S. DOT. (2019). Connected Vehicle Program.
15 U.S. DOT. (n.d.). What Are Connected Vehicles and Why Do We Need them?
16 U.S. DOT. (n.d.). Vehicle-to-Infrastructure (V2I) Resources.
17 U.S. DOT. (2015). Transit Vehicle-to-Infrastructure (V2I) Applications: Near Term Research and Development. Publication Number: FHWA-JPO-15-212.
18 Simens. (n.d.). Connected Vehicle Roadside Unit (RSU).
19 U.S. DOT. (2017). Connected Vehicle Deployment Pilot Program: Wyoming.
20 Ibid.
21 Ibid.

Examples of V2I applications relevant to trucks include:

• Advanced Cyclist/Pedestrian Crossing Warning: The infrastructure 
is equipped with sensors that have the ability to detect pedestrians 
and cyclists and send a message to bus (and potentially truck) drivers 
through roadside units (RSUs) while pedestrians or cyclists are crossing 
the intersection to avoid potential conflicts.17 RSUs are devices located 
on the roadside that provide wireless communication from the roadside 
infrastructure to the vehicle.18 This technology has been piloted in many 
test areas for several years and is ready to be expanded to wider appli-
cations.

• Traffic Signal Priority: Traffic signals can be connected to vehicles ei-
ther using built-in technology to the vehicle or simply by using a tran-
sponder or cell phone. Green time at the traffic signal can be prioritized 
by vehicle type and time of day. As a result, transit, first responders, 
and/or trucks can be prioritized. Traffic signal priority established for 
trucks could serve many purposes, including reducing average travel 
time and corresponding travel costs, reducing intersection clearance 
time, and reducing peak period travel. Transit signal priority has been 
deployed across the nation in several locations, which utilizes the same 
concept as signal priority for trucks. The jurisdiction sets the policies for 
the signals, which includes the vehicle type that gets the priority, how 
much green time, and the time of day. The primary difference between 
transit signal priority (has been deployed) and truck signal priority (has 
not been deployed), is that the on-board units for truckers would just be 
their mobile device. 

• Infrastructure-to-Vehicle (I2V) Situational Awareness: This applica-
tion enables relevant downstream road condition information including 
weather alerts, speed restrictions, vehicle restrictions, road conditions, 
incidents, parking, and road closures to be broadcast from an RSU and 
received by the connected vehicle. Messages to be broadcast from an 
RSU could also make use of V2V technology to forward information be-
tween vehicles so as to mitigate the short range and sparse placement 
of RSUs along a corridor.19

• Work Zone Warning: This application extends the I2V Situational Aware-
ness application and provides information to approaching vehicles about 
conditions at a work zone ahead. The approaching vehicles receive in-
formation about work zone activities that could present unsafe condi-
tions, such as obstructions in the vehicle’s travel lane, lane closures, lane 
shifts, speed reductions, or vehicles entering/exiting the work zone.20  

• Spot Weather Impact Warning: Similar to situational awareness, this 
application enables relevant road condition information, such as fog or 
icy roads, to be broadcast from an RSU and received by a connected 
vehicle. This application, however, is distinct from situational awareness 
in that it provides more localized information (i.e., at the segment level 
instead of area wide or region wide). This application could greatly en-
able truck drivers to better deal with different weather conditions and 
provide a safer driving environment.21

Image Credit: The NEXT Education, https://www.thenexted.com/product/v2i-fundamen-
tals/

FIGURE 2-6: V2I Concept
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• Distress Notification: This application enables connected vehicles to 
communicate a distress status when the vehicle’s sensors detect an 
event that might require assistance from others or the vehicle’s opera-
tor manually initiates a distress status. As long-distance driving is quite 
common among truck drivers, distressed driving could cause serious 
consequences, including fatal accidents. This notification technology is 
expected to reduce long-distance distressed and fatigued driving.22 

The preceding technologies have mostly been deployed in at least one or 
more locations, unless otherwise noted.

Vehicle-to-Vehicle (V2V) is a technology that shares speed and position 
information with surrounding vehicles, as illustrated in Figure 2-7. Safety 
applications on equipped vehicles enable vehicles to receive information 
from other vehicles, namely as a Basic Safety Message. These messages 
can be broadcasted and forwarded to drivers in visual, tactile, and audible 
ways to help them lower the possibility of crashes and accidents, avoid 
other dangerous situations, and create a safer driving environment.23   

Examples of V2V applications include, but are not limited to:

• Forward Collision Warning (FCW): Drivers will get alerts if the vehi-
cle ahead suddenly stopping or slowing down could cause a rear-end 
collision. Making use of this V2V (and V2I) technology will enable truck 
drivers to make proper driving behavior ahead of time, as it takes longer 
for truck drivers to brake and come to a stop.

• Blind Spot Detection: This system can detect other vehicles located in a 
driver’s blind spot and warn drivers when they try to change lanes. 

• Intersection Movement Assistant: The system can detect other vehi-
cles, pedestrians, and cyclists and can alert drivers when entering an 
intersection where they may have a high risk of collision.24  

22 U.S. DOT. (2017). Connected Vehicle Deployment Pilot Program: Wyoming.
23 National Highway Traffic Safety Administration (NHTSA). (n.d.). What Is V2V Communication?.
24 U.S. DOT. (n.d.). Vehicle to Vehicle Communications for Trucks.
25 NHTSA. (n.d.). Traffic Safety Facts Annual Report Tables.
26 NHTSA. (n.d.). How Will Connected Vehicles Be Used?.
27 FleetAnswers.com. (n.d.). Vehicle to vehicle technology - More Than Just Safety Applications.
28 Forrest, C. (2018). The X-factor in our driverless future: V2V and V2I.

Why Is It Used?
According to the National Highway Traffic Safety Administration (NHTSA), 
every year, millions of crashes happen on U.S. roads, and in every year 
since 1988, the U.S. has seen over 30,000 fatal crashes.25 As a part of 
ITS, the emergence of V2I and V2V established the communications of 
vehicles with other vehicles and with infrastructure components. These 
technologies are crucial for reducing the number of fatalities and serious 
injuries caused by accidents.

How Does It Impact The Transportation 
Network?
Connected Vehicles, both V2I and V2V, are currently in the early stages of 
deployment and are expected to result in the following benefits:

• Safety: V2I could provide drivers of both trucks and passenger vehicles 
with real-time advisories, such as road conditions and accidents. V2V 
allows vehicles to convey and receive information with a high frequency 
and give drivers a 360-degree awareness of surrounding objects and 
infrastructures. Current driving assistant systems are a good example of 
V2V technology, including functions such as forward collision warning, 
turning assistant, and blind spot detection, all provide drivers safeguards. 

• Mobility and Efficiency: For freight trucks, delivery efficiency is a crucial 
index, which is mainly reflected in delivery time. With V2I and V2V com-
munications, traffic data and infrastructure information can be gathered 
and analyzed by a traffic management system. Real-time solutions can 
then be employed to mitigate traffic congestion, such as optimizing the 
signal timing of traffic lights or adjusting the speed limits.26 On the other 
hand, when more vehicles are equipped with V2I and/or V2V technology, 
the real-time information gathered from other vehicles could be pro-
cessed and used to optimize their route and even help them find avail-
able parking spaces. Maps, destination location, and route optimization 
tips can be delivered by the communication system.27  

• Facilitation of Autonomous Vehicles (AVs): CV technologies make AVs 
safer and more efficient.28 Development of V2I and V2V technologies 
are expected to further enhance growth in AV technologies and assist 
in building a more integrated and intelligent transportation system. V2V 
technology could connect AVs with other vehicles and V2I technolo-
gy connects AVs with the surrounding infrastructure. As a result, ideal 
speeds, accelerations and decelerations, and inter-vehicle distances of 
AVs can be adjusted in a timely manner so that AVs are provided with 
additional guidance to drive safely and with optimal performance. That 
is to say, V2I and V2V technologies allow AVs to communicate with oth-
ers and the environment, and they not only can send messages to other 
vehicles, but also can receive useful information from the outside envi-
ronment to make and optimize their driving decisions.  

What Works?
After estimating and foreseeing the benefits of CV technologies, vehicle 
manufacturers and many transportation-related agencies are motivated 
to further develop and deploy V2V and V2I technologies for the purpose 
of optimizing traffic flow and enhancing traffic safety. Several car manu-
facturers and information technology companies are starting to provide 

Image Credit: U.S. Department of Transportation, https://www.transportation.gov/

FIGURE 2-7: V2V Concept
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connected data and cloud service technologies. Moreover, some car man-
ufacturers are also starting to manufacture connected heavy-duty trucks, 
including Bosch, Daimler and Mercedes-Benz.29 In 2012, to evaluate the 
feasibility of CV technologies in the real world and to determine driv-
ers’ acceptance, the U.S. DOT began the Safety Pilot Model Deployment 
(SPMD) program. The SPMD is a comprehensive data collection effort of 
vehicles (including trucks and passenger vehicles) equipped with V2I and 
V2V technologies.30 Three pilot sites were selected in Phase 1: 

• New York, New York (New York City Department of Transportation (NY-
CDOT))

• Tampa, Florida (Tampa Hillsborough Expressway Authority (THEA))

• I-80 corridor in Wyoming (Wyoming Department of Transportation (WY-
DOT))

The pilot for the I-80 corridor in Wyoming relates specifically to freight.  
After the completion of Phase 1 (concept development) which took 12 
months, all three pilot sites were awarded contracts and moved into Phase 
2 of a 24-month duration of designing, building, and testing the deploy-
ments of integrated wireless in-vehicle, mobile device, and roadside tech-
nologies. The SPMD program is currently in Phase 3 (maintain/operate), 
which is expected to take 18 months.   

The Wyoming I-80 Corridor was selected as one of the Wave 1 pilot sites. 
The I-80 corridor is a freight-intensive corridor with approximately 30 to 
55 percent of the daily volume attributed to trucks. Due to its high ele-
vation and severe weathers in the winter, such as ice, snow, and strong 
wind, there is a significant impact on the safety of driving, especially for 
freight vehicles. In this pilot project, V2I and V2V technologies are used 
to connect snowplows, fleets, and fleet management centers to reduce 
the number of weather-related incidents (including secondary incidents) 
along the corridor.

Technology applications included in the Wyoming I-80 Corridor CV pilot 
include:

• Forward Collision Warning (described earlier)

• I2V Situational Awareness: The Infrastructure to Vehicle (I2V) Situation-
al Awareness application compiles important traveler information (e.g., 
weather alerts, speed restrictions, vehicle restrictions) at the Transpor-

29 Novosilska, L. (2018). Top Technology Companies Driving the Connected Car Revolution.
30 U.S. DOT. (n.d.). Safety Pilot Model Deployment Data.
31 U.S. DOT. (n.d.). Wyoming DOT (WYDOT) Connected Vehicle Pilot Showcases Safety Technology.
32 Ibid.
33 SAE International (2009). Surface Vehicle Standard. 
34 U.S. DOT. (n.d.). Wyoming DOT (WYDOT) Connected Vehicle Pilot Showcases Safety Technology.
35 Ibid.

tation Management Center (TMC) and provides directly to drivers of CV-
equipped vehicles using V2I and satellite communications. During on-
road demonstrations, variable speed limit (VSL) information and snow 
conditions were delivered to vehicles in Traveler Information Messages 
(TIMs). The TIMs are compiled at the TMC and sent over satellite commu-
nication and to specific roadside units (RSUs) depending on the nature 
of the TIM contents. Satellite communication is used to cost-effectively 
augment RSU coverage of the 402-miles of I-80. RSUs broadcast TIMs 
using V2I communications.31

• Work Zone Warning (described earlier)

• Spot Weather Impact Warning (described earlier)

• Distress Notification:  Using V2V communications, a vehicle can broad-
cast or relay a distressed vehicle notification to other vehicles within a 
specific area. Using V2I communication, a vehicle can broadcast data 
that is received by a roadside unit (RSU), which then transmits the infor-
mation to the TMC. The TMC processes the data and provides informa-
tion to travelers in the vicinity of the distressed vehicle as well as alerts 
emergency personnel. The relay feature of this application is a means 
to augment portions of the 402 miles of I-80 that are not covered by 
RSUs.32 WYDOT created the Distress Notification Message (DNM) as a 
new message type to be included in the Society of Automotive Engi-
neers (SAE) Standards for the Message Set Dictionary (J2735)33 for use 
in the 5.9 GHz Dedicated Short-Range Communications for Wireless Ac-
cess in Vehicular Environments (DSRC/WAVE).

The next step for the Wyoming pilot is the operational phase where ap-
proximately a total of 400 vehicles (to include WYDOT snowplows, Wy-
oming Highway patrols, and heavy-duty trucks from pilot partners) will 
be equipped with connected vehicle technology, and 75 roadside units 
(RSUs) will be deployed at selected locations on the I-80 corridor. Data 
will be collected for 12 months to support the WYDOT team’s own evalu-
ation and that of the independent evaluator. The U.S. DOT is conducting 
the independent evaluation to assess the benefit/value of the pilot and 
to determine how well the pilot attains its goals.34 As a result, lessons 
learned specific to trucks are not currently available. However, the AAC-
IDs should check back for lessons learned in 2020 after the Aerotropolis 
Freight Cluster Plan is complete to determine if any new information is 
available specific to trucks.

Currently, it should be noted that WYDOT hosted an Operational Capabili-
ty Showcase in October of 2018 (see Figure 2-8) to share with the media; 
local, state, and federal elected officials; pilot partners; and the Wyoming 
Trucking Association the purpose of the CV pilot and the benefits to travel-
ers along the I-80 corridor in southern Wyoming.  Two WYDOT snowplows, 
a Wyoming Highway Patrol vehicle, and tractor-trailer unit equipped with 
CV technology were available for attendees to see first-hand the type of 
equipment that will be deployed. Moreover, next steps for operation were 
also mentioned in the Showcase, which included approximately 400 ve-
hicles in total being equipped with CV technology, along with 75 RSUs to 
be deployed at selected locations along the I-80 corridor, shown in Figure 
2-9.35 A similar showcase could be considered by the AACIDs for rolling 
out and demonstrating new capabilities to the public, elected officials, 
and trucking industry, particularly those that participated in the Freight 
Cluster Plan.  

Image Credit: U.S. DOT, https://www.its.dot.gov/factsheets/pdf/WyomingCVPilot_Fact-
sheet_020817.pdf

Image Credit: U.S. DOT, https://www.its.dot.gov/pilots/wydot_safety_tech.htm

FIGURE 2-9: WYDOT I-80 CV Pilot

FIGURE 2-8: WYDOT Operational Capability Showcase
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Autonomy in Trucks

Autonomous Trucks

What Are They?

Autonomous trucks, also known as driverless or self-driving trucks, are 
trucks which can move without a human’s control and operation. Cur-
rently, no fully autonomous vehicles exist in the United States. However, 
self-driving technology is growing rapidly, which will radically influence 
our transportation system.

Why Are They Used?

The most important aspects of autonomous trucks for the freight industry 
are cost, efficiency, and safety. Several reasons for considering autono-
mous trucks include the following: 

• Since autonomous trucks do not need a human driver to operate and 
drive, the nation’s truck driver shortage issue could be mitigated. How-
ever, it should be noted that safety drivers will be expected for many 
years, as well as drivers to drive the truck once off the interstate and on 
surface streets.  

• Autonomous trucks can operate 24 hours per day and are not limited by 
regulations for human drivers, such as strict rest times. Therefore, the 
transit time will be reduced, and the freight will become more efficient.36  

• With the technologies equipped, autonomous trucks can sensor nearby 
vehicles and communicate with them, which could mitigate traffic con-
gestion effectively. Thus, not only the driving speed will increase but 
also the roadway safety could be improved. 

How Do They Impact the Transportation Network? 

The deployment of autonomous trucks will transform the freight and lo-
gistics industry and transportation network. 

• Before taking over all driving duties, autonomous driving technologies 
can assist truck drivers to prevent a large percentage of accidents and 
save more human lives. The roads are expected to be safer and more 
efficient.37

• With the use of autonomous trucks and other driverless vehicles, road 
congestion may be reduced.

36 Mexicom Logistics. (2019). How Autonomous Trucks Will Impact Trucking Industry.
37 RTS Carrier Services. (n.d.). Five Reasons Not to Worry about Self-Driving Trucks.
38 Ramirez, V.B. (2018). No Safety Driver Here—Volvo’s New Driverless Truck Cuts the Cab.
39 NBC News. (2019). Self-driving trucks begin mail delivery test for U.S. Postal Service.

• If trucks are developed to become automated at higher levels on inter-
states, warehousing and distribution centers may locate closer to the in-
terstate to reduce human driving needs, which could impact truck travel 
patterns.

• With the advent of autonomous trucks and potential impact on HOS re-
quirements, there may be less of a need for overnight truck parking over 
time. However, it is expected that any reduction in truck parking needs 
is much further into the future, as human intervention and/or safety 
drivers are expected for some time.

• Since autonomous trucks could potentially lead to 24/7 driving behavior 
due to the elimination of HOS requirements, pavement conditions are 
expected to deteriorate faster.

What Works?

Currently, various autonomous driving technologies have been developed 
by technology companies, and more successful use cases have been de-
ployed in recent years. In 2016, an 18-wheel Uber self-driving truck com-
pleted the first commercial shipment along Colorado’s I-25 corridor. The 
truck driver took over the wheel on local streets while the truck drove 

by itself on the interstate for 120 miles. After that, companies such as 
Embark, Daimler, Waymo, and Volvo all had successful cases making au-
tonomous trucks a reality. It is worth mentioning that Starsky Robotics, an 
autonomous truck company, announced that they are making autonomous 
trucks which do not need drivers at all and could be controlled by drivers 
remotely.38

In May 2019, the U.S. Postal Service (USPS) launched a two-week pilot 
program between USPS facilities in Phoenix and Dallas where they con-
ducted mail delivery using self-driving trucks. The pilot program has five 
round trips, each of which is more than 2,100 miles. During the delivery, a 
driver will sit on-board and interfere if needed, while the trucks drive au-
tonomously. If this pilot program is successful, it would mark an achieve-
ment in the autonomous driving industry and provide a potential solution 
to the driver shortage problem and regulatory constraints faced by freight 
haulers.39   

Although completely autonomous trucks are not generally in use at this 
time, as the development of technologies is rapidly evolving, it is believed 
that trucks at Autonomy Level 4: “High Automation,” will be in use within 
five years as estimated by World Trade Distribution, Inc. 

Image Credit: Starsky Robotics, https://www.starsky.io/about Image Credit: NBC News, https://www.nbcnews.com/tech/tech-news/self-driving-trucks-
begin-mail-delivery-test-u-s-postal-n1008456

FIGURE 2-10: Starsky Robotics Remote-Controlled Truck FIGURE 2-11: USPS Self-Driving Truck Delivery Pilot
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Image Credit: Enterprise IoT Insights, https://enterpriseiotinsights.com/20180821/con-
nected-cars-2/nine-us-states-already-approved-full-truck-platooning-study

FIGURE 2-12: Truck Platooning

“High Automation” means the vehicle can handle most common driving 
duties by itself, but it still needs a driver’s operation in some circumstanc-
es, such as poor weather conditions.40 By 2025, the USPS expects to have 
thousands of autonomous mail delivery vehicles deployed on 28,000 rural 
routes across the country.41

Platooning

What is it?

Truck platooning is when two or more trucks equipped with automat-
ed driving support systems and other smart technologies are grouped 
into platoons. The lead in the platoon would navigate while the following 
trucks would follow without driver interaction. This strategy enables the 
trucks in the platoon to utilize automated driving features and maintain 
a close and proper space between each other. That is to say, the leading 
truck’s movement will influence the trucks behind it. Although the trucks 
can drive automatically, trucks drivers still have the ability to decide when 
to leave or stay in the platoon.42 

Why Is It Used?

While trucks are virtually linked together in a platoon, they can drive au-
tomatically, making it easier for the trucks to maintain a constant speed 
compared to those driven by a human. With these functions, the trucks can 
achieve lower fuel consumption and fewer green-house gases emissions 
during driving. Also, because of the close distance between each other, 
the air-drag friction will be decreased, which has a positive impact on fuel 
economy, as well.43 The resulting overall decrease in fuel consumption 
alone is expected to yield significant cost savings to trucking companies.

How Does It Impact the Transportation Network?

With the installment of automated driving support systems and other 
technologies, truck platooning offers several potential benefits: 

• As the movement of trucks is controlled by technologies, brakes and ac-
celerations could be operated immediately with no reaction time need-
ed, which could potentially improve roadway safety. 

40 World Trade Distribution. (2019). How Will Autonomous Trucks Impact the Freight Environment.
41 Giarratana, C. (2019). The Struggling USPS Needs A New Fleet Of Delivery Vehicles. 
42 European Automobile Manufacturers Association (ACEA). (n.d.). What is Truck Platooning?.
43 Enterprise IoT Insights. (2018). What Is Truck Platooning and Why Is It important?.
44 Enterprise IoT Insights. (2017). How Truck Platooning Can Benefit the Transportation Sector?.
45 Peloton. (n.d.). PlatoonPro Truck Platooning: Safety Report.
46 Peloton. (2018). Majority of U.S. Freight Ton Miles Now Occur in Platooning Approved States.
47 Scribner, M. (2018). Authorizing Automated Vehicle Platooning, 2018 Edition.
48 Justia. (2010). 2010 Georgia Code TITLE 40 - Motor Vehicles and Traffic Chapter 6 - Uniform Rules of The Road Article 3 - Driving on Right Side Of Roadway, Overtaking And Passing, Following Too Closely § 40-6-49 - Following too Closely.
49 Cleverism. (2015). 10 Reasons to Use Alternative Fuels & The Future of Automobiles.

• With the distance between each truck being reduced, and simultaneous 
braking and acceleration of the trucks, the capacity of roads is expected 
to increase.44

• Compared to traditional truck delivery, platooning is an innovative meth-
od which uses the roadway more efficiently, and therefore, the delivery 
speed is expected to improve significantly.

What Works?

As an emerging technology, truck platooning has significant potential for 
the trucking industry. Technology companies have committed themselves 
to collaborating with the transportation industry and government agen-
cies to promote the development of truck platooning technology. 

Peloton, an automated vehicle technology company, developed Platoon-
Pro, which is a driver-assist technology using V2V technology and an auto-
matic emergency braking system. PlatoonPro has shown its benefits to the 
industry in some live demonstrations to policymakers and transportation 
leaders in Florida and Michigan.45 

After gaining a better understanding of the benefits of truck platooning on 
the transportation network and potential for increase in freight efficien-
cy, over 50 percent of freight miles in the U.S. (includes state, U.S., and 
interstate routes) have been approved by U.S. DOT for commercial truck 
platooning. Eighteen states have passed legislation to allow full commer-
cial platooning on highways, while some other states allow limited com-
mercial platooning.46 In 2017, Georgia enacted legislation to authorize 
platooning and included the Following Too Closely (FTC) exemption in the 
legislation.47 FTC is a rule that drivers should not follow another vehicle 
more closely than the reasonable distance.48 It should be noted that what 
is considered a “reasonable” distance was not explicitly defined.

Alternative Fuel / Electric Delivery Vehicles

What Are They?

Alternative fuel vehicles are vehicles that substitute traditional petroleum 
fuels with other fuels, including ethanol, natural gas, biodiesel, hydrogen, 
propane, etc. Also, it indicates vehicles where the engines are not powered 
solely by petroleum, such as solar-powered vehicles and electric vehicles.

Why Are They Used?

Traditional petroleum fuels, such as gasoline and diesel, are non-renew-
able resources. Using alternative fuels assists with slowing down the de-
pletion of these non-renewable resources. Most of the alternative fuels are 
renewable, which means that they are infinite and can be produced do-
mestically. As a result, the primary cost of importing petroleum fuel from 
foreign countries can be saved. The use of alternative fuels, especially 
electricity, ethanol, biodiesel, and biomethane, also known as clean fuels, 
can reduce the emissions of greenhouse gases and air pollutants, which 
could significantly slow down the pace of global warming and protect the 
atmosphere. The diversity of alternative fuels results in more options for 
drivers, while at the same time, the prices of fuels are expected to reduce 
due to the various choices (i.e. supply and demand).49  
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The cost of charging an electric vehicle is typically less than the cost of 
petroleum fuel. As of June 2019, on average, regular gasoline costs $2.81 
per gallon in the U.S., however, the electric eGallon price is $1.17 per 
gallon.50 In Georgia, the costs of regular gasoline and electric eGallon are 
$2.53 per gallon and $1.03 per gallon, respectively.51 The eGallon rep-
resents the cost of fueling an electric vehicle compared to a similar gaso-
line-fueled vehicle, which is calculated based on the same travel distance. 
The average price of diesel is approximately $3.10 per gallon52 in the U.S. 
and $3.03 per gallon in Georgia.53 

How Do They Impact the Transportation Network?

While gasoline and diesel are still dominant, the use of alternative fuels 
for freight vehicles is increasing rapidly. This transformation will bring sig-
nificant impacts to our current transportation network, some of which are 
listed below, while the other impacts are still being studied. 

• Existing service stations will need to be converted to provide for storage 
and delivery of alternative fuels and more refueling infrastructure will be 
required to meet the increasing requirements.

• More electric charging infrastructure will be required to meet the de-
mand as well, including at short- and long-term truck parking facilities 
and staging areas. This could impact the placement of new truck parking 
facilities, which in turn, could impact travel patterns.  

• The size, shape, and weight of freight fleets will change in order to max-
imize the efficiency of alternative fuels.54 This may impact the capacity 
and ultimately the design of roadways over time, as well as the long-
term impact of freight on pavement and bridge conditions.

• Since electric vehicles do not consume gasoline, the transportation rev-
enue obtained from gas taxes will decline as electric vehicles become 
more common. Government agencies will need to estimate the gas tax 
lost and employ a method to generate revenues from electric vehicles to 
maintain long-term funding for transportation projects.55

• Electric vehicles have quieter engines, and this could potentially lead to 
better community favorability of freight and other high-capacity vehicles 
in high-density urban areas. This also means that electric trucks can op-
erate at times when traditional diesel trucks cannot.56

50 Department of Energy. (2019). Saving on Fuel and Vehicle Costs.
51 Ibid.
52 U.S. Energy Information Administration. (2019). Petroleum & Other Liquids.
53 TruckMiles. (2019). Daily Fuel Prices by ProMiles.
54 University of Minnesota. (2016). Alternative fuels will help shape Minnesota’s transportation future.
55 Brutz, H. & Carr, A. NC Clean Energy Technology Center. (2019). Potential Impacts of Alternative Fuel Vehicles on Transportation Revenue in North Carolina.
56 Gies, E. (2017). Electric Trucks Begin Reporting for Duty, Quietly and Without All the Fumes.
57 U.S. Department of Energy. (2019). Alternative Fuels Data Center.
58 UPS. (n.d.). UPS Alternative Fuel and Advanced Technology Vehicles.

• Electric vehicles can lower greenhouse gas emissions that are attributed 
exclusively to transportation as well as improve air quality, especially in 
urban areas such as Atlanta. 

What Works?

According to the U.S. Department of Energy, at present, 54 models of de-
livery vehicles are in use which are powered by alternative fuels, including 
biodiesel (B20), compressed natural gas, ethanol (E85), hydrogen fuel cell, 
propane, electric, hybrid electric, and plug-in hybrid electric. On average, 
the daily distance traveled by alternative fuel delivery vehicles is 52 miles 
(1 to 262-mile range) and each vehicle runs five hours per day on average 
with 114 stops per day (three stops per mile).57

Delivery service companies, such as UPS, appear to be interested in the 
development of alternative fuel delivery vehicles. UPS has a long history 
of using alternative fuel fleets and operates one of the largest private 
alternative fuel fleets in the U.S. to date. Currently, UPS owns more than 
9,100 alternative fuel and advanced technology vehicles which cover over 
one million miles per year.58

Wireless Power Transfer

What Is It?

Wireless power transfer is a technology that transmits electric energy with-
out any physical connections. The application of wireless power transfer 
that is most familiar by the general public is cell phone wireless charging. 

Image Credit: Chateau Energy Solutions, https://chateaues.com/insights/case-studies/
frito-lay-plugs-in-to-the-demand-for-electric-vehicle-fleet-trucks/

Image Credit: Modern Mobility Partners

FIGURE 2-13: Electric Truck Charging FIGURE 2-14: UPS Hybrid Electric Delivery Vehicle
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What Is Desired?

In transportation and freight, wireless power transfer technology has the 
opportunity to be applied to electric vehicles, especially commercial-use 
electric vehicles. Currently, the main drawbacks of electric vehicles are 
short driving range and shortage of charging stations. In-road and off-
road wireless charging would resolve many of these issues. With wireless 
power transfer devices installed in parking areas, electric vehicles can be 
charged during parking, with no need to find a charging station.   

As the technology grows, readily available in-road wireless charging can 
be ultimately achieved, which means electric vehicles can be charged 
while driving. The range of electric vehicles can reach will be improved 
dramatically.59

How Does It Impact the Transportation Network?

Wireless power transfer is expected to impact the transportation network 
due to the following:

• Increase the Use of Electric Vehicles: The application of in-motion 
wireless charging systems will boost the development of electric vehi-
cles since the main drawbacks of electric vehicles (range) will be signifi-
cantly improved, increasing the number of electric vehicles. 

• Improve Delivery Efficiency: For electric delivery vehicles, the wide us-
age of wireless charging systems could reduce the size of their batteries, 
which would increase the delivery vehicle mobility and payload.  

What Works?

Researchers have achieved significant breakthroughs on bringing this 
technology to the transportation and freight industries, such as: 

• Researchers at Massachusetts Institute of Technology (MIT) are devel-
oping a stationary charging system which is able to wirelessly charge 
vehicles parked in a garage or on the street. This wireless charging sys-
tem could transfer approximately three kilowatts of electric power to a 
vehicle.60 

• Researchers at Stanford University are working on a wireless charging 
system which will charge a vehicle while it’s moving. In 2017, they suc-
cessfully tested the charging system that can transmit electricity to a 
moving light-emitting diode (LED) light bulb.61

59 Fleet Owner. (2016). Eight Emerging Technologies to Watch.
60 Stanford University. (2012). Wireless Power Could Revolutionize Highway Transportation, Researchers Say.
61 Stanford News. (2017). Wireless Charging of Moving Electric Vehicles Overcomes Major Hurdle in New Stanford Research.
62 Rupprecht Law. (2018). Drone Delivery – 3 Big Legal Problems.
63 The Conversation. (2018). Delivering Packages with Drones Might Be Good for The Environment.
64 Desjardins, J. (2018). Amazon and UPS Are Betting Big on Drone Delivery.

Non-Traditional Vehicles

Parcel Delivery Drones

What Are They?

Parcel delivery drones are drones serving to deliver packages, food or 
other goods. Parcel delivery drones can be remotely controlled by a hu-
man or can fly autonomously between an origin and destination, however, 
this technology right now is not currently being widely used and applied 
due to the Federal Aviation Administration’s (FAA) Part 107 Drone Regu-
lations.62

Why Are They Used?

The number of drones for commercial use is increasing. Compared to tra-
ditional delivery methods, drones bring multiple benefits related to effi-
ciency, environmental protection, and sustainability. Some of the primary 
benefits of using drones for delivery include the following: 

• Delivery vehicles may confront various issues during delivery, such as 
traffic congestion, accidents, and drivers’ poor performance. Drones are 
able to deliver packages door-to-door without interacting with traffic 
and without a human sitting onboard, which could potentially save not 
only the waiting time of customers, but also the working time of couri-
ers. 

• Previous research on small drone delivery in the U.S. has indicated that 
every package delivered by trucks generates 1kg of greenhouse gas 
emissions.  However, small drones generate lower greenhouse gas emis-
sions per package, regardless of what fuels they use.63  

• Drones can help reduce the cost of delivery, including labor fees and 
fuel costs.

• It is anticipated that once there is widespread use of drone deliveries, 
drone delivery will stimulate the development of markets due to the fast 
shipments and low costs.64

How Do They Impact the Transportation Network?

As a new mode of delivery, the use of drones will save space and time and 
makes the delivery process autonomous. With the increased use of drones, 
it is anticipated the number of freight trucks will be reduced, which will 
increase the capacity of roads and will mitigate some of the traffic con-
gestion, particularly as it relates to the last mile of delivery.

Image Credit: Amazon, https://www.amazon.com/Amazon-Prime-Air/b?ie=UT-
F8&node=8037720011

Image Credit: UPS, https://www.ups.com/us/en/services/knowledge-center/article.
page?name=the-sky-is-the-limit-for-medical-drones&kid=art169a5e96709

FIGURE 2-16: UPS Delivery Drone

FIGURE 2-15: Amazon Prime Air Delivery Drone
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What Works?

Large companies, such as Amazon, Walmart, UPS, Google and many global 
postal companies, have seen the future of drone delivery and have invest-
ed a significant amount of money in delivery drone projects. For example: 

• Amazon has developed its Prime Air Delivery service that can deliver 
small packages (up to five pounds) in 30 minutes (see Figure 2-15).  The 
first Prime Air Delivery was completed in December 2016 in Cambridge, 
England. The entire process was fully autonomous with no pilot onboard. 

• UPS is testing the use of drones to deliver life-saving health products 
or urgent packages to areas that are remote or inaccessible by vehicles 
(see Figure 2-16). In March 2019, UPS announced the success of deliv-
ering medical samples to a hospital in South Carolina. 

• Google has a drone delivery service, named Google Wing, which has 
already been tested over 7,000 times. In 2019, Google became the first 
drone delivery company to receive Air Carrier Certification from the FAA, 
which represents that Google is able to conduct commercial delivery 
from local businesses to homes.65

The deployment of drone delivery could reduce congestion for last mile 
delivery, especially for small and light items. It is estimated that last-mile 
delivery makes up approximately 30 percent of the total logistics costs.   
As a result, stakeholders and researchers are continuously exploring how 
the application of drone delivery and other creative crowd-sourced deliv-
ery options could help to reduce the total costs of logistics.66

With the investments from large companies and the advances in technolo-
gies, drone delivery is making new breakthroughs every year. It is believed 
that after overcoming the technical shortages and getting regulatory sup-
ports, drone delivery could be widespread in the world.67

65 Drones on Video. (2019). Top Drone Package Delivery Projects Around the World.
66 Roberson, C. (2019). Drones – A Viable Last Mile Delivery Solution?
67 Lohn, A. (2018). What’s the Buzz? The City-scale Impacts of Drone Delivery.
68 UPS. (2017). The Road to Sustainable Urban Logistics: A 2017 UPS/GreenBiz Research Study.  
69 University of Washington. (2018). UPS E-Bike Delivery Pilot Test in Seattle: Analysis of Public Benefits and Costs (Task Order 6).

Motorized Tricycle Delivery Vehicles

What Are They?

Motorized tricycle delivery vehicles are a new mode to deliver small pack-
ages. Motorized tricycles are electrically assisted and can work together 
with human pedal power or by itself. Compared to conventional tricycles, 
motorized tricycles can travel further distances and overcome rough ter-
rain. 

Why Are They Used?

Based on UPS’ quantitative survey of large and small businesses, the top 
two urban environmental issues concerned by companies are air quality 
and traffic congestion, which make up 58 percent and 53 percent of the 
total respondents, respectively. Motorized tricycles could replace delivery 
trucks or vans in some short-distance deliveries. They are a more sustain-
able and eco-friendly option since electricity is a renewable and clean 
power that can reduce greenhouse gases emissions. Additionally, due to 
its small size, couriers can avoid and prevent traffic jams and can reach 
places where trucks or vans cannot access.68 

How Do They Impact the Transportation Network?

Many cities may confront traffic congestion issues due to the increasing 
number of vehicles and the compact city structures. In particular, when 
buildings have no loading area for delivery vehicles, they have to park at 
the curb for a long time, which makes the streets more congested. Replac-
ing some of these trucks or vans with tricycles along urban corridors will 
reduce congestion. 

What Works?

In 2012, UPS launched an electronic tricycle delivery program in Ham-
burg, Germany, which made deliveries throughout the city center and in 
pedestrian-only zones aiming to solve the congestion issue. Afterwards, 
UPS conducted trials in Switzerland in 2015 and in Portland (U.S.) in 2016. 
Currently, UPS collaborates with Seattle to deliver packages in some parts 
of Seattle by electric tricycles. A UPS cargo bike is shown in Figure 2-17.

The Urban Freight Lab of the University of Washington is conducting a 
project to evaluate the comprehensive impacts of a multimodal delivery 
system on Vehicle Miles Traveled (VMT), emissions, delivery vehicles’ dwell 
time, failed first delivery (FFD) attempt rate, and traffic. This analysis proj-
ect is expected to be complete in November 2019.69 At that time, les-
sons learned may become available that can be reviewed prior to making 
recommendations as part of the Aerotropolis Freight Cluster Plan. If the 
results are favorable, this could become part of the ongoing implemen-
tation of recommendations stemming from the AeroATL Greenway Plan 
by allowing these delivery vehicles to capitalize on improved connectivity 
and utilize future multi-use paths in the area.

Image Credit: UPS, https://sustainability.ups.com/media/UPS_GreenBiz_Whitepaper_
v2.pdf

FIGURE 2-17: UPS Cargo Bike

It is estimated that last-mile delivery 
makes up approximately 30 percent of 

total logistics costs.
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Smaller Autonomous Delivery Vehicles and 
Robots

What Are They?

Autonomous delivery vehicles are self-driving vehicles aiming to deliver 
smaller packages, foods, or other goods. Normal autonomous vehicles 
could serve as delivery vehicles and this idea is broadly accepted by many 
major food delivery companies. In addition to normal autonomous trucks 
for delivery, some small-size autonomous vehicles have been designed 
and tested for specific delivery purposes.  Autonomous delivery robots are 
powered by electricity and are equipped with cameras and sensors, like 
those found in autonomous vehicles. They usually have wheels and can 
drive with low speeds on roads. 

Why Are They Used?

As e-commerce is rapidly increasing, the demand for faster deliveries has 
led to the presence and development of new delivery modes. To meet 
customer demands and market trends, autonomous delivery vehicles and 
robots are transitioning to reality, for the following reasons:

• Higher Efficiency: Autonomous delivery vehicles and robots can be 
smaller and lighter than traditional delivery vehicles, resulting in higher 
mobility. In contrast to humans, they do not get tired and can work lon-
ger hours with fewer accidents. As a result, autonomous delivery vehi-
cles and robots can provide faster delivery service to customers. 

• Lower Costs: Autonomous delivery primarily saves in last-mile delivery 
costs. Last-mile delivery is when the goods are delivered to the doors 
of business and consumers. On the other hand, with their automation, 
the need for human drivers is reduced, which saves in labor costs for 
companies.70 

70 O’Dell, J. (2018). Demand for Faster, Cheaper Deliveries is Good News for Autonomous Vehicle Makers.
71 Automotive News. (2019). VW To Invest $1.7 Billion In Ford’s Argo AI, Report Says.
72 McFarland, M. (2018). Pizza Hut Is Working on Self-Driving Delivery Trucks. 
73 O’Shea, D. & Kapadia, S. (2019). Amazon tests ‘Scout’ autonomous delivery vehicle. 
74 O’Kane, S. (2018). Starship’s Robots Can Now Deliver Packages, Too. 

How Do They Impact the Transportation Network?

As we discussed in previous sections, couriers cannot find loading areas, 
they have to park the delivery trucks or vans at the curb, which will po-
tentially block the traffic and cause traffic congestion. The more packages 
they have to deliver, the more time the vehicles have to park there, thus, 
the more significant the traffic impacts. Autonomous delivery vehicles and 
robots will significantly increase the delivery efficiency, which means they 
can help reduce the time spent on last-mile delivery or even replace con-
ventional delivery vehicles in urban settings.

What Works?

Examples of autonomous delivery vehicles and robots include: 

• Ford invested $1 billion in Argo A.I. in 2017 to develop its artificial in-
telligence software. In early 2018, working with Domino’s Pizza, Ford 
selected Miami as the test city for its autonomous pizza delivery vehi-
cle. Recently, after seeing the bright future of this program, Volkswagen 
Group plans to invest up to $1.7 million into Argo A.I.71

• Toyota and Pizza Hut work together to make pizza delivery more effi-
cient. Their plan includes self-driving vehicles based on Toyota’s autono-
mous concept vehicle - e-Palette, and a robotic pizza-making streamline 
on the vehicle.72

• In 2018, Kroger launched a pilot program in Arizona that delivered gro-
ceries to its customers by the autonomous vehicles from robotics com-
pany, Nuro. The pilot program ended in March 2019. During this period, 
more than 2,000 grocery deliveries were completed. 

• Amazon Scout is an electric-powered delivery robot with six wheels. As 
per Amazon, six Amazon Scout devices have begun delivering packages 
during daylight hours from Monday to Friday.73

• Starship is an advanced autonomous delivery company that developed 
an electric autonomous delivery robot in order to make last-mile deliv-
ery more efficient. In 2018, Starship stated that its robots have traveled 
more than 12,000 miles in more than 100 cities worldwide. As of Febru-
ary 2019, its robots had completed 30,000 deliveries.74

Image Credit: Toyota Motors,  https://www.toyota.com/

Image Credit: Nuro,  https://www.nuru.ai

FIGURE 2-19: Kroger’s Autonomous Grocery Delivery

FIGURE 2-18: Pizza Hut Autonomous Pizza Delivery Vehicle
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75 U.S. DOT, Bureau of Transportation Statistics and Federal Highway Administration (2019). Freight Analysis Framework, version 4.5.
76 U.S. DOT, Federal Highway Administration (FHWA). (n.d.). Status of the Nation’s Highways, Bridges, and Transit: Conditions and Performance, 23rd Edition. 
77 GEOTAB. (2018). Taking a Look at the Truck Parking Challenge.
78 U.S. DOT, NHTSA. (2015). Traffic Safety Facts.
79 Underride Network. (n.d.). Unsafe Parked Trucks. 

Truck Parking Availability

What Are The Issues?
According to U.S. DOT, in 2017, trucking represented almost 65 percent 
of the weight of domestic freight shipments and 71 percent of the value 
of domestic freight shipments.75 Furthermore, the Federal Highway Ad-
ministration (FHWA) states that the total weight of freight shipments for 
all modes will reach 25 billion tons by 2045, which means it will grow 
approximately 40 percent in the next 28 years.76 Thus, it is believed that 
the demands for trucks and truck parking spaces are increasing. When the 
number of truck parking spaces cannot meet the needs of trucks, issues 
will compound in the future. Truckers typically need three types of parking 
spaces outside of loading/unloading zones (also see Figure 2-22): 

• Overnight: Required due to HOS regulations for drivers.

• Short-term: Typically for restroom, meal, and/or shower breaks.

• Staging: When waiting for their pick-up/delivery window at the ware-
housing/distribution center.

Why Is It Occurring?
Long-distance truck drivers follow restrictive HOS, and they need safe and 
secure places to gain rest (overnight parking). Due to the shortage of safe 
parking spaces, truck drivers may keep driving or park at unsafe places, 
such as freeway interchange ramps, freeway shoulders and highway road-
sides.77

How Are They Impacting Freight Logistics?
Delivery Efficiency: Due to the shortage of truck parking spaces near 
the customers, truck drivers must waste time on finding available park-
ing spaces or parking further away from their destinations. Not only that, 
when they have to park further away, the loads that drivers can carry will 
reduce, and the delivery time will be extended at the same time. Above all, 
the delivery efficiency will be significantly impacted. 

Driver Safety: As discussed above, there are not enough safe and secure 
parking spaces for trucks drivers to park overnight which impacts the 
safety of road conditions, as well as the safety of the driver.

How Are They Impacting Transportation 
Networks?

Congestion

Trucks produce more congestion due to their size and lower speeds. When 
off-street parking spaces are unavailable, truck drivers are forced to park 
and load at the curb that usually block surrounding sidewalks and road-
ways. This may result in traffic congestion, especially in urban settings.

Roadway Safety

According to National Highway Traffic Safety Administration (NHTSA) 2015 
Traffic Safety Facts, “recognition error” is the top reason causing crash-
es, including driver’s inattention, internal and external distractions, and 
inadequate surveillance.78 When drivers cannot get adequate rest, their 
judgment is impaired, which impacts roadway safety. Offering truck drivers 
safe and secure rest areas will help improve truck driving safety. 

Some truck drivers choose to park on ramps or shoulders, which presents 
high risk of fatality when collisions happen, as significant speed differ-
ences exist between the stationary trucks and other moving vehicles. It 
will become more dangerous when trucks move slowly on to the roads 
attempting to merge into traffic or drive on to ramps.79

What Works?
Truck parking problems have been a prevalent concern by the transporta-
tion industry. To solve the issues caused by the shortage of truck parking 
spaces, the U.S. DOT and other stakeholders established the National Co-
alition on Truck Parking (Coalition) in 2015. Stakeholders in the Coalition 
include the state departments of transportation (DOTs), trucking industry 
representatives, commercial vehicle safety officials, and commercial truck 
stop owners and operators. 

Image Credit: Amazon, https://www.amazon.com

Image Credit: Starship Technologies, https://www.starship.xyz/ 

FIGURE 2-20: Amazon Scout Delivery Robot

FIGURE 2-21: Starship Delivery Robot
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Image Credit: Modern Mobility Partners

FIGURE 2-22: Truck Parking Needs

The Coalition has come up with some ideas related to truck parking tech-
nology and data, some of which are in the implementation process: 

• Using technology to disseminate real-time information regarding the 
availability of truck parking spaces: 

 » A parking detection, information, and reservation system (Smartpark) 
on I-75 northbound in Tennessee demonstrated by the FMCSA.

 » Michigan and Minnesota have deployed variable message signs (VMS) 
and video detection technology on I-94.  

 » A regional Truck Parking Information and Management System (TPIMS) 
is currently being implemented in eight Midwestern States, funded 
though the U.S. DOT’s Transportation Investment Generating Econom-
ic Recovery (TIGER) grant program (now known as the BUILD grant 
program).

• Drivers can unite to help each other by sharing information with re-
al-time data across their cell phone applications. Furthermore, parking 
location and reservation conditions can be added into these applications 
to help truck drivers save time on finding parking spaces and loading 
areas. 

• Connected Vehicle (CV) and Vehicle to Infrastructure (V2I) technology 
can be used to link trucks with infrastructure, by which, trucks can re-
ceive real-time data about traffic and parking. The real-time data could 
be processed to optimize their route and help truck drivers to find avail-
able parking spaces.

• Curbside sensors are being tested in Seattle which not only detect ob-
jects but can ultimately predict truck loading/unloading availability 
along the curb based on typical truck delivery times. See Section 2.3 for 
further detail.
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80 Landstar Agent. (n.d.). Truck Speed Limiters.
81 Transport Topics. (2016). Speed Limiters Proposed.

Other Relevant Vehicle Technologies

Truck Speed Limiter

What Is It?

A truck speed limiter is a device that controls the speed of a truck. This 
device uses the engine’s computer and sensor to achieve its function. 
When the speed of the truck reaches the preset speed threshold, the de-
vice will work with the engine’s computer to avoid the truck going over 
the top speed.80

Why Is It Used?

As mentioned earlier, the implementation of the HOS mandate has had 
an unintended consequence where some drivers increase their driving 
speed in order to make up for loss in productivity. Heavy-duty trucks have 
longer braking distance needs than passenger cars. As a result, the risk 
of accidents increases as long as the speed increases. Therefore, the use 
of a speed limiter device is a viable solution to address these scenarios. 

How Does It Impact the Transportation Network?

Due to the size and weight of trucks, it is significantly more dangerous 
when high-speed trucks are involved in traffic accidents. Thus, effectively 
controlling the speed of trucks will reduce the chance of collisions and 
will mitigate the consequences when collisions happen. 

Lower speeds often result in lower fuel consumption. Thus, the fuel ef-
ficiency of trucks equipped with truck speed limiters will be improved, 
which will save a significant amount of money for delivery companies. Ad-
ditionally, reduced fuel consumption will result in fewer greenhouse gas 
emissions, which will positively impact the environment.

In 2006, the American Trucking Associations (ATA) proposed a recom-
mendation to reduce the maximum speed to 68 mph. Then, the NHTSA 
announced the proposal for making speed limiters mandatory on heavy 
trucks in 2016, ten years after the ATA’s recommendation. However, to 
date, the proposal hasn’t been published, and it is believed the rule will go 
into effect in one year or more.81

2.3 Roadway & Roadside

Freight-Specific ITS Developments

Signal Priority for Trucks 

What Are They?

Traffic signal priority is when the traffic signal controller holds the green 
lights longer or shortens the red lights to give certain vehicles priority, 
such as buses or trucks. An on-board unit (OBU), such as a transponder, is 
typically used with buses, whereas with trucks, the OBU can be the truck 
driver’s mobile device, such as their cell phone.

Why Would They Be Used?

Most traffic control systems do not consider the different impacts of ve-
hicles on traffic flows. For example, trucks often have a larger impact due 
to their lower speeds and larger size. Compared to passenger cars, trucks 
require longer acceleration and deceleration time and distance, especially 
when they stop at areas with steep slopes. The heavy weight of trucks 
makes them more difficult to accelerate and causes more fuel consump-
tion, and ultimately, more air pollution. Furthermore, the time of trucks 
at intersections and potential spillback onto freeway ramps or into inter-
sections will be reduced when trucks have traffic signal priority.  Lastly, 
left-turns are more dangerous for trucks and thus, traffic signal priority for 
trucks will reduce these left-turn conflicts.

How Do They Impact the Transportation Network?

Giving trucks signal priority reduces the need for drivers to accelerate or 
decelerate when traveling through signalized intersections, which reduc-
es traffic delay and congestion. Signal priority can be provided to trucks 
during off-peak hours, such as in the middle of the night or very early in 
the morning, in order to incentivize truck drivers to travel during off-peak 
periods. However, the prerequisite of giving trucks signal priority lies in an 
optimized signal control. Without optimization, giving trucks signal priority 
may increase traffic conflicts at intersections. 

Image Credit: Geotab, https://www.geotab.com/blog/truck-parking-shortage/

Image Credit: Overdrive Magazine, https://www.overdriveonline.com/

FIGURE 2-23: Typical Truck Parking Lot

FIGURE 2-24: Truck Parks on a Freeway Shoulder
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How Do They Impact Freight Logistics? 

The primary impact of signal priority for trucks is related to increased 
freight delivery efficiency. With signal priority, trucks will travel through 
signalized intersections with minimal delays, which shortens the time that 
they spend on roads, as well as reduces fuel consumption and emissions. 

What Works?

As long as the warehouses and distribution centers are open during the 
off-peak signal priority hours, the truckers will benefit, as well as people 
traveling during peak periods.  For instance, the Amazon Fulfillment Cen-
ter in East Point, GA is open 24 hours a day, seven days a week.  

Global Traffic Technologies has developed a traffic signal priority con-
trol system, Opticom, which is a proven solution for more than 3,100 cit-
ies worldwide. One example use case of traffic signal priority includes 
the transit signal priority (TSP) tested and expanded in New York.  Since 
2012, with the purpose of reducing travel time and providing more reliable 
services, the New York City Department of Transportation (NYCDOT) and 
Metropolitan Transportation Authority (MTA) have worked together to test 
TSP and evaluate the opportunity to expand the locations. According to 
NYCDOT, TSP has reduced bus travel times by approximately 14 percent 
during weekday peak morning and evening commuting periods. In 2017, 
NYCDOT and MTA agreed to install TSP on 6,000 buses and 1,000 inter-
sections, which will cover 20 bus routes by 2020.82 Although the literature 
scan for this Technical Memorandum revealed no signal priority system 
implemented for trucks at this time, in recent years, the methodology and 
the feasibility of signal priority for trucks have been analyzed and evaluat-
ed by researchers and some state DOTs, such as the Minnesota DOT. Pro-
totype systems for truck signal priority (TkSP) have also been developed.83 

Occupancy Sensors 

What Are They?

An occupancy sensor is a technology to detect and surveille vehicles. 
In-road occupancy sensors can be installed in the pavement of the road-
way, in the subgrade, or attached to the roadway surface. Examples are 
inductive loop detectors, magnetometers, and tape switches. Over-road 
sensors can be installed above the roadway or near the roadway, such as 
Infrared-ultrasound sensors and Infrared-Doppler radar sensors.84

82 Global Traffic Technologies. (n.d.). From pilot to priority: Faster bus service in New York City.
83 The National Academies of Sciences, Engineering, and Medicine. (2010). Prototype System for Truck Signal Priority (TkSP) Using Video Sensors.
84 FHWA. (n.d.) A Summary of Vehicle Detection and Surveillance Technologies use in Intelligent Transportation Systems.
85 Langston, J. (2018). Reducing Failed Deliveries, Truck Parking Time Could Improve Downtown Seattle Congestion, New Report Finds.
86 University of Washington. (2018). Urban Freight Lab Awarded $1.5 Million DOE Grant.

Why Are They Used? 

Coupled with the occupancy sensors, over time, a large quantity of data 
can be collected for traffic analysis and management. Furthermore, many 
prototype apps and platforms can be developed to inform users if a spe-
cific space is open or occupied, and give a prediction on when the curb-
side space will become available. Information could be displayed and sent 
to users and drivers through a web-based or mobile-based platform to 
give suggestions on real-time parking decisions. 

How Do They Impact the Transportation Network?

With the deployment of occupancy sensors, drivers can receive more ac-
curate information regarding parking and loading/unloading availability 
along the curb. Furthermore, traffic engineers can manage traffic in re-
al-time to mitigate traffic congestion. 

Specifically, Coord Curb Explorer releases data and digitizes curb rules in 
San Francisco based off of the occupancy sensors. It can predict the dura-
tion, time of day, and day of week for the use. For instance, if deliveries are 
being made on a particular day or time, or if ride sharing is more common 
during certain times. This information could be used to establish time pe-
riods for different uses as part of a curbside flex zone. 

How Do They Impact Freight Logistics?

If truckers know when parking spaces and/or curb loading and unloading 
areas are typically available, their schedules can be adjusted to accommo-
date the parking availability. Furthermore, with the availability of real-time 
traffic data, truck drivers and delivery companies can adjust their delivery 
routes and even their delivery schedule in accordance with the traffic vol-
umes to improve delivery efficiency.   

What Works? 

Currently, it is found that 87 percent of buildings in downtown Seattle, 
Lower Queen Anne and South Lake Union rely on curbside and alley park-
ing to deliver goods. However, only 13 percent of all buildings have load-
ing zones.85 The occupancy sensor technology is being tested by the Ur-
ban Freight Lab of the University of Washington in an eight-block test 
location in Seattle’s Center City.86 Once this technology is widely used, it 
is believed that the time truck drivers spend on looking for parking spaces 
will significantly reduce, and the curb will be used more efficiently.

Unloading Conflicts, Particularly 
Within an Urban Context

What Is The Issue?
In many cities or business centers, streets are too narrow to handle on-
street parking, especially for delivery trucks, and the cost for buildings to 
open truck parking spaces are high, which result in the shortage of truck 
parking spaces. Truck drivers often have no choice but to double-park at 
the curb or spend a lot of time looking for or waiting for a parking space. 
In order to save time and costs, truck drivers may choose to park and load 
at the curb. 

Image Credit: Medium, https://medium.com/coord/the-future-of-mobility-starts-at-the-
curb-8b83cdb8d173

FIGURE 2-25: Coord Curb Explorer Platform
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How Do They Impact the Transportation 
Network?
Successfully managing the curb will bring multiple benefits to urban trans-
portation networks, including both reduced congestion and increased 
safety:

• Congestion: Trucks often produce more curbside congestion than per-
sonal vehicles due to their size. When off-street parking spaces, docks 
or loading/unloading zones are unavailable, truck drivers are forced to 
park and load at the curb. This usually blocks surrounding sidewalks and 
roadways, and even bicycle lanes when present. This typically results in 
increased traffic congestion, especially in urban settings. 

• Roadway Safety: In urban areas, streets are often narrower and more 
compact. When trucks park on the roadside, they may extend to side-
walks or roadways, which increases the conflicts with vehicles, pedestri-
ans, and cyclists. 

What Works?
Potential solutions to urban freight delivery challenges include improving 
last-mile delivery efficiency and disseminating real-time information relat-
ed to the availability of parking spaces and loading zones. Further detail 
is provided below.

Improve Last-Mile Delivery Efficiency
When delivery trucks park at the curb or in loading zones, the parking 
time largely depends on the last-mile delivery efficiency. Last-mile deliv-
ery represents the transportation of a good from a hub to its final destina-
tion. How to improve the efficiency of last-mile delivery, or even the last 
50- to 100-feet, has been the concern of many freight shippers. Below are 
some methods used to improve efficiency:

• Reduce Failed First-Time Deliveries: Failure of delivering goods is a 
significant waste of time (and money) for couriers. Giving customers the 
chance to choose and change delivery solutions will increase the suc-
cess of first-time delivery. Customers may choose when and where their 
packages will be delivered, thus, they could make sure that packages 
can be delivered the first time. Parcel lockers, or Buy Online, Pick Up in 
Locker (BOPIL) options, such as the ones deployed by Amazon at Whole 
Foods and other locations, can reduce congestion as a result of failed 
delivery attempts, as well as assist with reducing residential truck traffic. 

87 JOC.com. (2018). LA-LB PierPass flat fee kicks in next month.
88 FHWA. (2017). FHWA Freight and Land Use Handbook.
89 New York City Department of Transportation (2010). Integrative Freight Demand Management in the New York City Metropolitan Area, p. 3.
90 LaBelle, J. & Freve, S. (2016). Exploring the Potential for Off Peak Delivery in Metropolitan Chicago: Research Findings and Conclusions, p. 13; 19-20.

• Use Alternative Delivery Modes: Since heavy-duty trucks usually carry 
a large number of packages in each delivery, couriers may take a longer 
time to deliver them door by door. To reduce the delivery time, alterna-
tive delivery modes should be considered, such as drones, autonomous 
delivery robots, and motorized parcel delivery tricycles.

Disseminate Real-Time Information regarding 
the Availability of Parking Spaces or Loading 
Zones
Effectively disseminating real-time information to truck drivers would be 
a good option to reduce time spent on finding parking spaces or loading 
zones. Below are some technologies that have been deployed to assist 
with parking availability: 

• Variable-Message Signs (VMS): This is an electric traffic sign serving 
to provide drivers real-time information about traffic congestion, road 
conditions, etc. VMS can also be used in smart parking systems, to guide 
drivers to available parking areas and to inform them with real-time in-
formation related to parking spaces.  Hartsfield-Jackson Atlanta Interna-
tional Airport (H-JAIA) has deployed VMS successfully to provide drivers 
with parking deck level availability.

• CV and V2I Technology: These emerging technologies can connect 
trucks with infrastructure, by which, trucks can receive real-time parking 
and traffic data. The real-time data can be processed to optimize their 
route and help truck drivers to find available parking spaces. An example 
would be occupancy sensors that can be used to determine if a truck is 
parked along the curb and over time, can even predict curbside parking 
availability based on typical truck delivery and ridesharing times.

• Establish Connectivity Among Drivers: Once connectivity is estab-
lished to the infrastructure, drivers can also share real-time data with 
each other across cell phone applications. Parking locations and ad-
vanced reservations could be added to these applications to help truck 
drivers save time on finding parking spaces and loading areas.

Off-Peak Delivery Incentives: 
Operational Policies Focused on 
Efficient Freight Movement

What Are the Methods?
A number of effective operational policies can be implemented to opti-
mize freight movement and reduce the impacts of freight vehicles on the 
transportation network and environment. Here we focus on incentives for 
off-peak delivery.  This operation focuses on encouraging trucks to deliver 
goods during off-peak hours, such as nights and weekends. The following 
are some strategies to implement off-peak delivery incentives:

• Encourage off-peak delivery/pick up times for major freight generators, 
such as airports and seaports. By encouraging moving cargo at nights or 
on the weekends, a large number of freight trips could be removed from 
congested daytime hours. To incentivize off-peak travel, signal priority 
can be given to trucks during low-volume off-peak hours. Los Ange-
les-Long Beach launched the PierPass program in 2015, which encour-
ages off peak-hour delivery/pick up by charging traffic mitigating fees. 
In 2018, almost 50 percent of the truck trips occur in the evening shift, 
significantly reducing daytime traffic.87  

• Implement regulations to restrict delivery hours in city cores or concen-
trated residential areas. For example, trucks can deliver parcels in urban 
settings during certain times of day to avoid traffic. To date, this strategy 
has not been deployed.

• Establish a surcharge for peak-hour freight delivery or reduce tax for 
shippers when they attempt to deliver goods during off-peak hours. This 
strategy aims to offer incentives to encourage off-peak delivery.88 New 
York City DOT’s off-hour delivery program was started as a pilot in 2009 
in consultation with Rensselaer Polytechnic Institute. It was funded pri-
marily by a $1.2 million grant from the USDOT’s Commercial Remote 
Sensing and Spatial Information Technologies Program along with match 
funds from project research partners.89 Participants received a one-time 
financial incentive where receivers were given $2,000 and couriers were 
given $300 per participating truck by the project partners.90 This could 
help vendors cover staffing hours during those times. The pilot program 
had an immediate positive impact on traffic congestion and lowered 
business costs for those who participated, and it is now a long-term 
program. 
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How Are They Impacting Freight Logistics?
Not only do these operational policies reduce the time that trucks spend 
in queues and in serious traffic, but they also reduce truck idling which 
reduces fuel consumption costs. If the strategies above have the opportu-
nity to be implemented successfully, the freight logistics industry will have 
a dramatic transformation. Companies’ logistic patterns, labor demands, 
and scheduling will all be impacted. As such, any operational policies 
should be carefully reviewed and coordinated with the freight industry 
prior to implementation.

How Are They Impacting the Transportation 
Network?
Implementing off-peak delivery incentives should change truck pick-up 
and delivery schedules, which will reduce the number of trucks on the 
roads during peak hours. As a result, peak-hour traffic congestion may be 
reduced. In addition, when trucks have restricted delivery times in urban 
cores and/or in residential areas, potential conflicts with other vehicles, 
pedestrians, and cyclists will be reduced, which will improve roadway safe-
ty.  As an added benefit, this could temper some of the adjacent industrial 
and residential land use conflicts.

91 Templeton, C. (n.d.). 3D Printers: Changing Transportation as We Know It.
92 Tractus3D. (n.d.). Learn more about the advantages of 3D printing.

2.4 Freight & Goods

3D Printing

What Is It?
Three-dimensional (3D) printing is an innovative technology that gener-
ates 3D objects from computer-aided design (CAD) models. Typical mate-
rials include plastics, glass, ceramics, liquids, organic materials, cement, 
bituminous concrete or metal powders.91 As the development of 3D print-
ing technology progresses, it may be used in various industries, from the 
automotive industry to construction to the food industry. As a result, 3D 
printing is expected to impact the freight industry through the printing of 
products and, perhaps, the actual freight vehicle. 

Why Is It Used?
3D printing is expected to reduce costs, reduce human error and risks, and 
enable product customization. It is also expected to reduce the amount 
of raw materials to be shipped. Further detail on each is provided below.  

Reduced Costs

• Labor Costs: As 3D printers are able to work automatically, no operators 
are needed when it is printing, and labor costs are significantly reduced. 

• Machine Costs: The energy that 3D printers use is much lower than tra-
ditional manufacturing machines, which could help reduce costs. 

• Material Costs: The 3D printing process is expected to produce less 
industrial waste, which has the potential to save significant amounts of 
money on materials. 

• Time Costs: Compared to traditional methods, products can be manu-
factured much quicker with 3D printing. Thus, the time from design to 
bringing products to reality will be decreased. 

• Shipping Costs: 3D printers can create complex products with no need to 
ship components between factories, therefore reducing shipping costs. 

• Storage Costs: With 3D printers being able to produce items more ef-
ficiency, factories do not have to produce large product volumes for 
storage anymore. 

Enables Product Customization

3D printing gives designers freedom to customize their products, since the 
production process is quick, and the CAD model can be easily modified.92  

Reduced Human Error & Risk

From CAD models to real products, 3D printing only takes one step, which 
means no operators interfere with the process. Before mass production, 
designs can be tested and verified by creating prototypes, which will help 
reduce errors and mitigate the risk of investment.

How Might It Impact Freight Logistics and the 
Transportation Network?
With the advantages of 3D printing discussed above, this technology may 
have substantial impacts on the freight logistics industry, including re-
ducing long-distance distribution, reducing warehouse requirements, and 
stimulating raw materials delivery. All of which will also impact the trans-
portation network. Further detail is provided below. 

• Reduce Long-Distance Distribution: The primary impact lies in the 
freight industry. As 3D printing can make products from start to finish, 
the long-distance distribution for parts and components will be dramat-
ically reduced. Although some are concerned that raw materials dis-
tribution will increase, raw materials could be packed and delivered in 
bulk, which means the delivery efficiency of raw materials may increase. 
Overall, 3D printing is expected to reduce long-distance distribution.

• Reduce Warehouse Requirements: Because of 3D printing’s high ef-
ficiency, factories could produce goods on demand, so the demands 
of warehouse and other store locations will be gradually reduced. The 
strategies of manufacturers will shift to “build to order” with no or little 
inventory. 

• Stimulate Raw Materials Delivery: When 3D printers are ultimately af-
fordable to the public, the demands of raw materials for home 3D print-
ers will increase, which will stimulate the development of raw material 
home delivery.
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What Are Some Solutions and Opportunities?
Currently, some industries such as automotive and aerospace, are print-
ing replacement components and molds and prototyping new products.93 
Some manufacturers have even 3D printed vehicles, such as trains, shut-
tles, and cars.  For example, Run2Rail, 3D printed lighter and stronger 
trains to be more reliable and energy-efficient using carbon fiber.94  

93 Marr, B. (2018). 7 Amazing Real-World Examples Of 3D Printing In 2018.
94 futureRail. (n.d.). RUN2RAIL: Bringing 3d Printing to Rail Design.
95 eMarket. (2016). Retail Ecommerce Sales Worldwide, 2015-2020.
96 Parcel Pending. (n.d.) Automated Parcel Lockers.
97 Khurana, A. (2019). Advantages of E-commerce Over Traditional Retail.
98 Rutter, A., Bierling, D., Lee, D., Morgan, C. & Warner, J. (2017). How Will E-commerce Growth Impact Our Transportation Network?. 

2.5 E-Commerce

What Is It?
Different from traditional commerce, e-commerce is to buy or sell goods 
online. Due to the rapid development and application of Internet tech-
nology, e-commerce is becoming more significant in people’s lives. Based 
on the worldwide retail e-commerce sales estimate of 2015-2020, retail 
e-commerce sales will increase by about 20 percent every year. E-com-
merce as a proportion of total retail sales is increasing: e-commerce will 
comprise 15 percent of all retail sales in 2020.95 Furthermore, nearly 80 
percent of U.S. consumers now shop online and 62 percent of them are 
making online purchases every week.96 

Why Is It Used?

Benefits for Merchants
For merchants, an e-commerce merchant does not need to buy or pay for 
the high rent of a brick-and-mortar store, and the geographic limitation of 
a store will be eliminated. Furthermore, it is more convenient and less ex-
pensive to advertise their goods and target marketing efforts. E-commerce 
lowers the overhead of being a merchant, which potentially increases job 
opportunities. 

Benefits for Customers
For customers, they can search whatever they want online by search en-
gine and buy anything with a few clicks. Then, the packages will be de-
livered to them with low or even no delivery fee. Time is money; e-com-
merce helps customers eliminate the time spent on traveling to stores, 
looking for the goods they want, and even waiting in the line for checking 
out. Furthermore, e-commercial stores never close; customers can buy 
goods whenever they are available.  In addition to saving time and money, 
customers can obtain more information online and browse multiple mer-
chants to find the lowest price. Customer services and the comments of 
other customers can help them make wiser decisions.97  

How Might It Impact Freight Logistics 
and the Transportation Network?
The continued growth of e-commerce stimulates the changes of business 
models and buyers’ shopping patterns. In order to keep competitive, mer-
chants keep refining their delivery efficiency, warehousing logistics, and 
delivery modes. These transformations directly impact our transportation 
network: 

• The expansion of e-commerce will increase the demands of distribu-
tion facilities and warehouses. These facilities located in urban areas 
will generate more trips for parcel delivery trucks. The large number 
of trucks on the highways and local streets will impact the traffic and 
road conditions directly, such as lowering the road capacity and caus-
ing traffic congestion and degrading pavement surfaces faster. Figure 
2-26 shows the increasing number of truck registrations nationally since 
2000, which is partly attributed to the growth of e-commerce. In 2000, 
over 87.1 million trucks were registered, and this number increased to 
over 151.6 million trucks in 2017.

• Customers continue to increase their expectation of fast shipping. As a 
result, merchants continue to refine their delivery strategies and come 
up with new delivery modes to improve the last-mile delivery efficiency 
and costs, such as autonomous delivery vehicles, parcel delivery drones, 
and motorized tricycle delivery vehicles. 

• Typically, e-commerce centers are outside traditional transit service ar-
eas.  As a result, their employees will generate a large number of vehicle 
commute trips. 

• While merchants still use traditional delivery service providers, such 
as FedEx and UPS, some merchants collaborate with independent con-
tractors who use personal vehicles to deliver goods. As a result, more 
non-commercial trips will convert to commercial trips.98 

• Since e-commerce decentralizes the locations of distribution and ware-
houses, the average length-of-haul for dry van truckloads continues to 
reduce at a 37 percent decrease from year 2000 to 2018.

• The number of registered trucks increased by 74 percent between 2000 
and 2017. Of which, most of the increase occurred between 2010 and 
2017 (64 percent of the total increase), as illustrated in Figure 2-26. This 
increase is expected to continue over the next decade. 

80 % 
62 % 

OF U.S. CUSTOMERS 
SHOP ONLINE

OF U.S. CUSTOMERS 
SHOP ONLINE 
EVERY WEEK

Image Credit: FHWA Highway Statistics Series, https://www.fhwa.dot.gov/policyinforma-
tion/statistics.cfm

FIGURE 2-26: 2000 - 2017 Total Trucks Registered
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2.6 Recap of Emerging 
Technologies Best Practices

The emerging technologies detailed in this section of the Best Practic-
es Technical Memorandum are each innovative in the sophistication and 
methods utilized to address problems common in freight and transporta-
tion planning. These approaches may be useful for the Aerotropolis and 
major freight operations in the region to explore for possible implemen-
tation. Allowing capabilities to streamline logistics management and the 
fulfillment of local, state, and federal regulations through innovative tech-
nology will improve the efficiency of numerous operations which utilize 
freight to distribute goods.

With growth expected to continue both on a regional and national scale, 
the availability of technology will be critical in regulating freight corridors 
and other public space impacted by freight each day. Safety and compet-
itiveness should both be priorities in the planning of freight clusters, and 
technology must have a large role in this process to prepare the Aerotrop-
olis in the decades to come.

Technological developments with respect to autonomous vehicles, alter-
native fuels, smart communities, non-traditional delivery methods, parking 
availability and ELD platforms should each be considered for either initial 
or further implementation in the Aerotropolis. Technology that helps mer-
chants gain a competitive advantage in managing and distributing cargo 
and goods for delivery in the Atlanta area and beyond is an important 
component to the planning and development of freight clusters, such as 
the Aerotropolis freight cluster in this study. Sections 3 and 4 elaborate 
further on the problems that this technology can address for the Aero-
tropolis.

FIGURE 2-27: Historic Downtown College Park
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3.1 Section Overview

The Aerotropolis Freight Cluster Plan study area consists of a mixture 
of land uses, ranging from single-family residential subdivisions to com-
mercial centers to large distribution warehouses. Figure 3-2 depicts land 
cover in the Aerotropolis freight cluster study area and includes a variety 
of generalized land covers surrounding Hartsfield-Jackson Atlanta Inter-
national Airport (H-JAIA) including commercial, industrial, and residential, 
and transitional land uses that are of primary concern in this study.

The tremendous growth in freight and logistics has had a major impact 
on land use within the Aerotropolis and has put pressure on the region’s 
transportation infrastructure and ability to maintain its economic com-
petitiveness. Land use planning is the regulation of land in an efficient 
and ethical manner and dictates how land will be used in the future. This 
facet of planning requires coordination of various uses and ensures their 
coexistence. In other words, one land use should not have spillover effects 
that prevent full utility of other uses. A prominent example of this is the 
relationship between residential and industrial uses and mixed-use devel-
opments that comprise both of these uses.

Based on federal projections that total freight in the Atlanta region is 
expected to grow by 76 percent from 2013 to 2040, the need for coordi-
nation between land use planning and the needs of the freight industry 
are vital.99 This is especially true in the Aerotropolis region where nu-
merous truck routes intersect which serve coastal and inland ports and 
manufacturing centers in Georgia and surrounding states. Further, there 
are potential future spillover effects from H-JAIA’s Capital Improvement 
Program and proposed projects contained within it, such as a sixth runway 
and increased cargo capacity and facility operations that will affect land 
planning within the study area in the short- and long-term future.

The concept of “sustainable freight” is discussed in the FHWA’s April 2012 
manual titled FHWA Freight and Land Use Handbook. This is where the 
positive features of freight movement successfully minimize the negative 
impacts to communities and the built and natural environments. This part-
ly entails the development of freight clusters which reduce environmental 
and community impacts that are often associated with the vital trade and 
distribution of goods which fuels the regional, national, and global econ-
omy. Freight clusters ideally should promote a sense of safety, security, 
accessibility, mobility, and environmental stewardship. Planning for freight 
land uses requires coordination with other planning goals and efficient 
system management to simultaneously maximize benefits and minimize 

99 Atlanta Regional Commission. (2016). Regional Freight Mobility Plan Update, p. 20.

capital costs. Passenger and freight vehicles and land uses must co-exist 
for needs and goals to be attained and to foster an efficient transportation 
system. Freight-generating land uses provide exceptional benefits in terms 
of job creation, and economic competitiveness and productivity but these 
are only realized entirely when land uses are coordinated with transporta-
tion, housing, and other activity clusters and urban land needs.

Nationally, there are land use challenges associated with freight and 
transportation that are being addressed in a variety of ways. A growing 
residential population coupled with increased freight operations in urban 
areas such as Atlanta can have detrimental impacts on congestion, espe-
cially along freight routes. Encroachment on historically industrial areas 
by residential development is another challenge that cities must examine 
and prevent through policy and regulation. Other facets of areas domi-
nated by industrial land uses include restrictive site design and access, 
handling and storage of hazardous materials, urban encroachment, park-
ing availability, and pressure to redevelop industrial land into higher-value 
uses, proximity to customers, fuel price volatility, and air pollution through 
particulate matter, nitrous oxides, and sulfur dioxide. Some overarching 
land use considerations for freight-intensive areas are buffers between in-
dustrial and sensitive land uses, preserving existing uses, and context-sen-
sitive site and building design. Preserving the ability for freight intensive 
sites to complete activities such as consolidation, value-added activities, 
and transloading while enabling a high quality of life for area of residents 
should be a priority in the development of freight clusters.

The purpose of this section is to identify and discuss best practices re-
garding how these issues are approached by regional planning agencies 
and appropriate stakeholders in the 21st century while accounting for 
emerging technologies and land use developments which accommodate 
globalization and the constant transport of goods through various modes. 

Image Credit: FHWA, https://ops.fhwa.dot.gov/publications/fhwahop12006/fhwa-
hop12006.pdf 

FIGURE 3-1: FHWA Freight and Land Use Handbook



FIGURE 3-2: Land Cover in Study Area
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3.2 Mixed Residential  
and Industrial Uses

Mixed-use developments are those which include a combination of differ-
ent land uses and not exclusively a singular land use. Frequently, this is a 
concept which is applied through the combination of residential land uses 
with something that benefits the economy or greater community such 
as commercial, institutional, or industrial. Industrial uses are becoming 
more commonly associated with mixed-use developments in an effort to 
promote infill development in cities which suffer from urban sprawl and, 
consequently, lost or unrealized economic productivity.

In this context, industrial can connotate heavy industrial, light industrial, dis-
tribution centers, fulfillment centers, and data centers. Some types of these 
are more suitable to be sited alongside or in combination with residential 
uses than others, especially when considering the primary industrial use 
and needs of companies which operate those sites. For example, a chemical 
plant which requires the storage of hazardous substances is probably not 
suited for a mixed residential and industrial use. These sites should ideally 
spur revitalization in areas with predominantly industrial uses.

Zoning or land development regu-
lations (LDR) in combination with 
neighborhood plans and public fa-
cility plans may dictate if or where 
mixed-use developments are suitable 
for a given area. Approaches to zon-
ing include traditional, or Euclidean, 
zoning, form-based zoning, perfor-
mance zoning, and incentive zon-
ing. Some developments are simply 
a planned development or planned 
unit development (PUD). These ap-
proaches to zoning each have their 
strengths and weaknesses with re-
spect to mixed-use developments. 
Overlay districts, conditional uses, or 
variances, are among prominent zon-
ing tools that are used in combina-
tion with traditional zoning practices 
to institute and perhaps incentivize 
mixed-use developments and preser-
vation of industrial acreage in cities 
and metropolitan areas.

Cargo-oriented development (COD) is urban development that is centered 
on pre-existing freight facilities with the intent of helping railroads, freight 
yards, and other industrial sites become greener and more efficient. This, 
in turn, helps with job creation and contributes to the economic power 
generated by cities. The Center for Neighborhood Technology has con-
ducted research on CODs and their impact to multiple cities such as Chi-
cago. In Chicago, a notable example of a potential future COD is the Cen-
tral Manufacturing District which is currently undergoing a development 
plan which will be completed in December 2019 (see Figure 3-3).

Mixed-use developments can result in reduced greenhouse gas emissions 
and increased economic productivity when implemented properly. They 
also pose less in public right-of-way and infrastructure maintenance costs 
to local governments and improve tax revenues.

Impact on Transportation Network
Mixed land uses, including those developments which combine industri-
al and residential uses, should promote multimodal systems through im-
proved walkability and access to public transit. Mixed-use developments, 
especially those incorporating industrial uses, can put stress on a trans-
portation network without proper congestion management. These types 
of land uses require connections to freight facilities and routes that allow 
for ground distribution of goods. Growing economic prowess and an in-
crease in population, particularly in cities have caused congestion and 
delays along major truck routes, such as interstate highways. A debated 
approach to ameliorating this challenge is to construct freight-exclusive 
facilities, and this will be discussed further in the section on truck access. 

For Atlanta, COD can attract jobs and residents to municipalities in the 
Aerotropolis but also generate new demand for limited parking spaces, re-
spectively. In order for a COD to work in the Aerotropolis, effective parking 
and curbside management must be in place through innovative technolo-
gy and consistent enforcement within each jurisdiction. Access manage-
ment to CODs that considers the needs of both residents and freight must 
also be a part of the COD framework.

What Works?
Mixed land uses involve extensive coordination and collaboration between 
various stakeholder groups, the private sector, and the public sector which 
drafts and enacts policy and codes which govern these developments. 
Context-sensitive design and site features used in transportation plan-
ning to achieve consensus among project stakeholders, and to ensure 
that a transportation project (solution) is in keeping with the context of 
a community’s identity. The siting of these developments is not entirely 
conducive to proximity to the city center. In other words, a mixed-use de-
velopment in an edge city or near an airport can thrive as much as one in 
a central business district with proper integration of land use and trans-
portation planning. 

Improving technology and efficiency in both the production of goods and 
the environmental implications from this production have made mixed-use 
developments more desirable in communities across the nation. This will 
require cities to examine their zoning code and comprehensive plans to 
determine if and how mixed-use developments incorporating residential 
and industrial uses can be applied within their jurisdictional boundaries. 

An aspect of mixed residential and industrial uses that should be given 
proper care is how to approach environmental justice communities. This is 
a challenge that must be acknowledged accordingly without further neg-
ative implications on existing neighborhoods and population centers. This 
is especially true in the Aerotropolis where many jurisdictions within the 
study area are below the Atlanta metro area averages for median house-
hold income and percentage of the population living in poverty. 

Image Credit: Center for Neighborhood 
Technology, https://www.cnt.org/car-
go-oriented-development 

FIGURE 3-3: Chicago’s Central Man-
ufacturing District
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3.3 Best Practices

Mixed residential and industrial developments have become a subject of 
conversation in cities, especially over the past decade. These develop-
ments should consider both the needs of major employers and their em-
ployees who may want to live in close proximity to work. This hinges on 
available amenities at or in close proximity to a mixed-use development.  
This section details best practices in mixed-use residential and industrial 
developments along with amenities which integrate dispersed industrial 
and residential sites. Components of each of these could carry vast impli-
cations for the Aerotropolis.

Denver - River North TAXI 
Development
A site where residential and industrial land uses have meshed is in Den-
ver’s River North (colloquially known as “RiNo”) neighborhood. The neigh-
borhood is known for its historic industrial warehouses, but it is becoming 
a site for residential infill development that is increasingly walkable. A 
certain development in the neighborhood that includes re-purposed in-
dustrial design elements like a shipping terminal and diesel repair garage 
is a work-live development called TAXI which was once a Yellow Cab site. 
The development is shown in Figure 3-4. The development includes 100 
workspaces and 90 residences. This is relevant to the Aerotropolis be-
cause it has some vacant industrial sites which could be considered for 
mixed developments like the TAXI development in Denver.

100 American Planning Association (2016). APA Policy Guide on Freight.

Zoning Code Update in Baltimore
A best practice for exceptional land use planning is to adopt modern zon-
ing codes that encourage development which responsibly integrates a 
diverse array of uses on a singular site. There are multiple approaches 
in attracting mixed-use development, including a complete overwrite of 
zoning code. This is what Baltimore chose to do beginning in 2012 and 
which culminated in approval by the Baltimore City Council in December 
2016. This was the city’s first update since 1971 and it includes categories 
titled “industrial mixed-use,” “neighborhood commercial conditional use,” 
and “office industrial campus.” This zoning code primarily permits light 
industrial operations in conjunction with residential development. Having  
a zoning code that is not arbitrary or confusing will be beneficial for all 
jurisdictions in the Aerotropolis to attract mixed-use developments and to 
regulate land use in a space where numerous economic and travel activi-
ties occur simultaneously each day. 

Pedestrian Maneuvering of Freight 
Areas in Vancouver, WA
Vancouver, Washington is located on the Columbia River across from the 
northern city limits of Portland, Oregon. The city has heavy industrial op-
erations and freight traffic due to its location on the river. Previously, 
Union Pacific railroad lines and local highways such as State Route 14 and 
Interstate 5 were obstacles for bicyclists and pedestrians to traverse the 
city. Dedicated in 2008, the construction of the Vancouver Land Bridge 
(shown in Figure 3-5) made it possible to access Downtown Vancouver 
from the Columbia River and the Lewis and Clark Trail which abuts the 
river. It blends Native American heritage and includes green elements. The 
construction of this bridge involved extensive compliance with FAA height 
regulations. The bridge is located in close proximity to both Pearson Field, 
a local municipal airport, and industrial operations in the Columbia Way 
neighborhood. With the interstates separating jobs from residences, pe-
destrian bridges could be a useful amenity in spaces where existing trans-
portation connections are sparse, as well as for the construction of gre-
enways and multi-use paths consistent with the AeroATL Greenway Plan. 

Distribution, Fulfillment & Data 
Centers
Distribution centers and warehouses have historically had a presence in 
industrial centers and cities across the United States due to their impor-
tance in retail trade. These forms of industrial buildings are still in prolifer-
ation in many metropolitan areas, including the Atlanta region, but other 
forms of industry that are becoming more common with the advent of the 
Internet, e-technology, and online platforms include fulfillment and data 
centers. In fact, the national logistics industry as a whole moved $52.7 
billion worth of goods on a daily basis in 2015, and this is expected to 
grow by approximately 45 percent through 2040.100 With online shopping, 
more orders are being shipped directly to consumers’ homes requiring 
more packages and freight on roadways along with storage sites for these 
items and vehicles. Recent developments like Amazon Flex, Hitch, and 
Deliv have led to this increase in traffic not to be caused exclusively by 
freight but also by private automobiles of drivers who deliver packages for 
hire. This has put strain on existing industrial areas where these centers 
are typically clustering to meet the demands of consumers and to ensure 
high productivity while minimizing expenses. Requirements of distribution 
facilities include capacity and reliability, adequate loading and staging ar-

Image Credit: RiNo Art District, https://rinoartdistrict.org/go/taxi 

Image Credit: KPFF Engineering Consultants, https://www.kpff.com/portfolio/project/
vancouver-pedestrian-land-bridge 

FIGURE 3-4: TAXI Development in Denver

FIGURE 3-5: Vancouver Pedestrian Land Bridge
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eas, proper security, parking availability and regulations, and efficient sup-
ply chain logistics. Site design guidelines for distribution and fulfillment 
centers should be mindful of landscaping that contributes to a region’s 
tree canopy, driveways that allow for easy access to facilities without neg-
atively impacting congestion on roads, proper signage, and building set-
backs. With respect to transportation, site and geometric design should 
be coordinated with transportation demand management strategies with 
regard to access of these facilities. Zoning and land use policies in the 
Aerotropolis must strive to accommodate these facilities.

Truck Access
Similar to sites of industrial operations, transportation corridors have ex-
perienced increased congestion as a result of the shifts in the global econ-
omy to reflect electronic trade and commerce along with the movement 
of goods between origins and destinations. In the Atlanta region, several 
common criticisms from the trucking industry are frequent congestion, the 
lack of truck parking opportunities along public right-of-way, and difficult 
access to warehouses and other developments which necessitate frequent 
freight access. 

There are a multitude of approaches from both an infrastructural and reg-
ulatory standpoint which aim to improve truck access to freight clusters. 
This includes better access management strategies for driveway place-
ment along freight routes and geometric design of truck routes to ac-
commodate trucks and rail. Regulations which seek to minimize freight 
disturbances through residential areas consist of emissions standards and 
noise, light, and odor ordinances should be a priority with freight clus-
ters. Off-peak delivery incentives are another regulatory option that can 
improve congestion and reduce costs by decreasing the concentration of 
traffic during peak travel or commute hours. These approaches should all 
account for appropriate security measures. 

A long-term solution to the challenge of truck access and congestion 
mitigation is the construction of freeway lanes exclusive for trucks. Truck 
only lanes are currently sparse in the United States with a notable corridor 
where they exist is along I-5 in several locations in California including Los 
Angeles and Grapevine. This strategy is gaining traction with the U.S. DOT 
announcing a grant for truck-only lanes on Arizona State Route 189 near 
Nogales, Arizona near the United States-Mexico border. Closer to Atlanta, 
there is discussion by GDOT to add truck-only lanes on I-75 between Ma-
con and Atlanta to better serve increased freight capacity throughout the 
state. With three interstate highways in the study area, truck access must 
be improved to allow Atlanta to remain competitive, especially for firms 
and retailers that offer same-day delivery to customers.

3.4 Other Land Use Trends

Modern land use trends include important economic developments that 
have national and global ramifications as well as the advent of smart 
growth policies aimed towards freight and industrial needs. This section 
provides an overview of trends which may have ramifications for the Aero-
tropolis freight cluster study area.

Shifts in Demand Due to Local, 
National, and International 
Developments
Activities and investments across Georgia, the nation, and the globe have 
contributed to increased demand for land and transportation, particularly 
in the Aerotropolis freight cluster study area. In addition to the attraction 
of new tenants to both existing and newly constructed warehouse and dis-
tribution facilities within the freight cluster study area, perhaps the most 
impactful development affecting freight within the Aerotropolis is the on-
going deepening of the Port of Savannah. According to the Georgia Ports 
Authority, this is the largest single container terminal in North America 
and the second busiest United States container exporter behind Los Ange-
les. The deepening of the Port of Savannah is expected to be complete by 
2020 and was largely needed due to the Panama Canal expansion.

To further support increased capacity and imports at the Port of Savannah, 
the Georgia Ports Authority and state of Georgia are spearheading efforts 
to construct inland ports throughout the state. These facilities will have 
major land use implications not just at the sites of the facilities them-
selves, but also on freight clustering in the Aerotropolis. The first inland 
port opened in 2013 in Cordele in Crisp County approximately 130 miles 
south of Atlanta (see Figure 3-7). This was followed by the opening of the 
Appalachian Regional Port in Chatsworth in northwest Georgia’s Murray 
County in 2018. Capacity started at 50,000 containers annually and is ex-
pected to double in the next ten years. A third inland port is expected to 
open in Hall County in 2021 with the potential to reduce truck traffic in 
the Atlanta region.

Image Credit: Atlanta Journal-Constitution, https://www.ajc.com/business/jefferson-am-
azon-facility-reflects-growing-commerce-investment/P8UlTUBl12840R8GqrxwfL/

FIGURE 3-6: Amazon Fulfillment Center in Jackson County, Georgia

Image Credit: Georgia Ports Authority, http://www.cordeleintermodal.com/cordele-in-
land-port/ 

FIGURE 3-7: Inland Port in Cordele
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Interregional & Megaregion 
Collaboration
Atlanta is frequently grouped as part of the Piedmont Atlantic Megare-
gion (see Figure 3-8) that consists of multiple metropolitan areas across 
the Piedmont including Nashville, Memphis, Charlotte, and Raleigh. The 
megaregion concept is important in the transportation sector and includes 
both freight and aviation which are vital to the functionality and produc-
tivity of the Aerotropolis freight cluster study area. With the expansion of 
both the Panama Canal and the Port of Savannah, truck routes that con-
nect the port to facilities across the region need better parking facilities to 
reduce long hauls. These routes include those that pass through Atlanta to 
other destinations such as Birmingham, Nashville, and Chattanooga. 

From a land use perspective, megaregion collaboration across jurisdic-
tional boundaries involves strategic land use and positioning of freight 
facilities to allow for economical movement and delivery of goods. Ap-
proaches that include the integration and clustering of warehouses, dis-
tribution centers, residential property and retail into strategically located 
areas benefits delivery times and ensures better scheduling on part of the 
freight industry. This is especially successful for warehousing operations 
in urban areas and close to retail operations.

Another trend that is somewhat related to megaregions and which in-
volves interregional collaboration is the creation of corridor coalitions that 
allow for businesses and multiple states to coordinate which each other 
on transportation needs along specific routes, particularly interstates and 
major truck routes. They focus on operational efficiencies of truck corri-
dors. An example can be found on I-10 in the southwestern United States 
through Arizona, California, New Mexico, and Texas. In Georgia, a group 
called “75 South Corridor Coalition” launched to identify development 
options to further business goals along I-75 between Macon and Atlanta.

Freight Villages
A development concept that is taking shape on an international scale is 
the freight village. These are master-planned sites where activities relat-
ing to the transport, logistics, and distribution of goods are carried out 
by various organizations and handlers. These are essentially specialized 
industrial complexes which attract companies that require logistics ser-
vices and can cluster to improve their competitiveness and bottom lines. 
A prominent freight village in the United States Is located near Fort Worth, 
Texas and is called the Alliance Intermodal Facility. This is a 26,000-acre 
mixed-use facility that provides dining and entertainment options in addi-
tion to economic opportunity, and it is expected to have an additional 1.5 
million square feet of industrial space by the end of 2019.

Smart Growth for Freight
Globalization and the clustering of warehouses into large logistics cen-
ters is a trend designed to prevent “freight sprawl” across urban metro-
politan areas. Smart growth policies geared towards the integration of 
land uses are being considered in areas with high freight intensity. Those 
which incentivize brownfield and greyfield redevelopments are especially 
attractive in moving towards economical utilization of land and spatial re-
sources. The Atlanta Regional Commission plays a vital role in promoting 
smart growth in the region through various strategies including the Liv-
able Centers Initiative (LCI) and by providing assistance to member local 
governments and CIDs. Options that could be applicable to the Aerotrop-
olis freight cluster study area for managing freight operations without in-
fringing on local trips and residential livability are diverse and are mostly 
regulatory in nature, such as off-peak deliveries, the establishment of qui-
et zones in residential areas, and airport site planning which is sensitive to 
neighboring land uses with respect to noise and air pollution. Other ARC 
programs and initiatives, such as the Community Development Assistance 
Program (CDAP), strive to recognize and promote smart developments 
that exemplify innovative design and community development measures 
which support the goals and policies of the Atlanta Region’s Plan. ARC 
also considers mobility as an integral part of smart development and sup-
ports innovative transportation projects that provide people with a wide 
array of mobility options for completing essential trips and to promote a 
high quality of life. 

Vertical Developments 
In areas with compact land space or are limited in terms of potential ex-
pansion directions, one potential approach is to develop multiple-story 
facilities. One such development that is currently under construction is 
a development in Brooklyn’s Red Hook neighborhood that will consist of  
336,500 square foot and three stories (as shown in Figure 3-9). With New 
York’s approximately nine million residents adopting various digital shop-
ping practices, firms and retailers have found that they need to be in close 
proximity in order to fulfill speedy and same-day deliveries. In an area 
as dense as New York and with limited land available to build traditional 
warehouses, developers have approached this problem by constructing 
facilities that are multiple stories. While Atlanta is not as dense as New 
York, this efficient land use method for freight may be valuable for future 
development especially considering the cost of land and the increasing 
competition for space that is in close proximity to the airport. 

Image Credit: America 2050, http://www.america2050.org/piedmont_atlantic.html

FIGURE 3-8: Piedmont Atlantic Megaregion

Image Credit: DHProperty Holdings, https://product.costar.com/home/news/
shared/1878512855?utm_source=costar&utm_medium=email&utm_campaign=1&utm_
content=p0

FIGURE 3-9: Future 640 Columbia St. Development in Brooklyn, NY



37AEROTROPOLIS ATLANTA FREIGHT CLUSTER PLAN

3.5 Recap of Land Use  
Best Practices

Important land use themes for freight clusters primarily consists of the 
facilitation between transportation and land use planning entities on lo-
cal, state, and national levels. Corridor planning in transportation and 
neighborhood and comprehensive plans in land use should have goals, 
opportunities, and outcomes in which there is collaboration and coordi-
nation to reach a desired outcome of sustainable growth and policy for 
areas dominated by freight and industry. This includes collaboration within 
megaregions. Mixed-use or cargo-oriented development, distribution and 
fulfillment centers, and freight villages are among the land use best prac-
tices in freight clustering.

The integration of bicycle and pedestrian facilities into mixed residential 
and industrial developments will make these sites more accommodating 
for activities which promote an exceptional quality of life. For instance, 
the conversion of underutilized freight corridors into trails to accommo-
date pedestrians and cyclists while maintaining a sense of safety in an 
area dominated by industrial uses is an approach for achieving this mix. A 
prominent example of this in the Atlanta region is the BeltLine making use 
of old railroad corridors and industrial sites to make it an activity center 
and housing opportunity, simultaneously. Intermodal connectors for the 
National Highway System should be regarded as an opportunity to effi-
ciently connect freight routes with sites where freight access is high. Peo-
ple and the economy should complement each other not only through the 
lenses of economic performance, but also through livability made possible 
through smart growth principles and pragmatic planning policies. 

In order for freight and residents to be good neighbors, there must be 
a balance between economic activity and quality of life in which neg-
ative effects are prevented or controlled. If freight planning and land 
use decision-making activities are well integrated, all parties who utilize 
truck routes and the overall transportation system may benefit through 
better travel times, reduced congestion, improved air quality and safety, 
enhanced community livability, improved operational efficiency, reduced 
transportation costs, and greater access to facilities and markets. In order 
for a vision of a freight cluster in the Aerotropolis region to be successful 
and sustainable, the clustering of warehouses and similar freight facilities 
needs better coordination amongst each other, H-JAIA, and with appli-
cable local city, county, and regional governing bodies, especially from a 
land use perspective. FIGURE 3-10: Prologis Atlanta South Warehouse Entrance in College Park
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4.1 Section Overview

Understanding supply chain and logistic models as they pertain to freight 
movements is an important component of freight planning. The business 
models of the freight industry are critical to create a competitive edge 
within the markets that are served, where lower costs and faster pro-
duction are necessary. Effective and efficient freight transportation can 
differentiate a company from its competitors thus leading to a more com-
petitive business. To understand the needs of the freight industry, an un-
derstanding of their business models is necessary.  

While not a comprehensive examination into the wide variety of models, 
Section 4.2 examines a selection of historic and new models that are 
being utilized. For each of the models, a brief overview is given that pro-
vides what the model does and why it is used. Each model is examined for 
how the transportation network is impacted and what works. Section 4.3 
explores the environmental impacts of freight supply chains and logistics 
and provides insights into environmental trends.

101 Statista (2019). Retail e-commerce sales in the US from 2017 to 2023 (in millions).

4.2 Supply Chain  
& Logistics Models

Supply chains are defined as the overarching concepts that link together 
multiple processes to achieve a competitive advantage. Logistics are de-
fined as the movement, storage and flow of goods, services, and informa-
tion within a supply chain. Often these two terms are used interchange-
ably. This section is split into two focus areas: conventional and upcoming 
models. For each model discussed, an overview is provided as well as 
some insights into their impact to the transportation network.

Conventional Models

On-Demand Economy  
and Convenience Logistics
The on-demand economy is the economic activity created by digital mar-
ketplaces and technology companies for the fulfillment of consumer de-
mands through the immediate access to goods/services. This methodol-
ogy has revolutionized how consumers behave and how commerce as a 
whole is done around the world. As shown in Figure 4-1, the industries in 
2016 that utilize the on-demand economy the most were transportation 
and delivery.  For businesses, the on-demand model allows them to satisfy 
consumer needs in a cost-effective, scalable, and efficient way. 

Today, consumers are able to choose goods, compare prices, and receive 
items with little inconvenience on a 24 hour/7 days a week basis. This 
availability has changed how and when goods are moved throughout the 
transportation network. With the online retail sales of $505 million for 
2018, the last mile delivery has become a critical component in the pro-
cess, taking a major share of the overall delivery cost.101 For the transpor-
tation of goods on multiple routes with low parcel size, companies are 
looking to optimize their delivery options and exploring new routes and 
times for transport. 

Image Credit: Sachs, http://www.sachsinsights.com/the-on-demand-economy

FIGURE 4-1: On-Demand Economy System
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Just-In-Time Business Model
Dating back to the 1950s, Just-in-Time (JIT) refers to the strategy of re-
ceiving goods as needed for production and focuses on reduction of waste 
and increased efficiency. The reduced need to store inventory leads to 
a reduction in inventory costs, creates better forecasts of demand, and 
avoids the excess from overproduction and holding of wasted invento-
ry. Industries that utilize this business model include auto manufacturing, 
clothing, fast food restaurants, and computer manufacturing. 

This business model is currently transitioning from waste reduction and 
smooth operating assembly lines to an approach that is demand-respon-
sible and includes same- and next-day order fulfillment. In order to meet 
this need, suppliers will need to have their inventories located closer to 
manufacturers to accommodate the need for smaller deliveries of materi-
als on an increased basis. This change may lead to clustering of industries 
to create economic and competitive returns.

For the transportation system, changes in where manufacturers are locat-
ed and the potential clustering of industries will change freight routes. 
Route selection will need to be responsive to new facility locations as 
well as the need to provide deliveries just-in-time. This may mean a shift 
in when deliveries leave and arrive at facilities, creating a need for truck 
parking locations in adjacent areas. 

Outsourcing, Near-sourcing, and Insourcing
Outsourcing is defined as the business practice of hiring a third party to 
perform services and create goods that was done inhouse previously. As a 
measure used to cut costs, this business model was prevalent throughout 
the 1990s. More recently, the use of outsourcing has gained popularity 
due to the rise of the startup ecosystem. However, recent increases in 
costs for labor, shipping and logistics may make outsourcing a less eco-
nomically attractive option.

Near-sourcing is the location of operations near the location where end 
projects are sold. The proximity creates a benefit of a shorter supply chain 
and is being driven by increased overseas costs that including shipping 
and labor. Shipping models have been impacted by the “Amazon Effect,”  
which requires a faster turnaround on delivery and a rapid response to the 
needs of the customer. The shortening of the supply chain can directly 
respond to this need. 

Opposite to outsourcing, insourcing the practice of using internal resourc-
es to perform services and create goods and arises from the discontinu-
ation of outsourcing. Growth in labor, shipping and logistics costs has led 
to manufactures to move production locally. Similar to near-sourcing, the 

shortening of the supply chain leads to less vulnerability to disruptions 
and a better ability to respond to customer needs. 

For the transportation system, near-sourcing and a shift to insourcing has 
the potential to create a significant impact to the system. The shortening 
of the supply change has the potential to create smaller and more fre-
quent deliveries between manufacturers and selling locations.  Insourcing 
will change where raw materials are shipped creating additional freight 
movements into the manufacturing location. Depending on the manu-
factures proximity to alternative modes, these shipments are likely to be 
moved via trucks.

Public-Private Partnerships
Public-Private Partnerships (P3s) are arrangements between the private 
sector and a governmental agency. While typically these partnerships are 
used when a governmental agency is unable to carry out a project finan-
cially, there have been instances where the private firm in unable meet 
its financial obligations. One such example is the  Troubled Asset Relief 
Program where the US government provided financial support to GM and 
Chrysler. 

The private sector’s knowledge of technology and ability to innovate can 
help improve public services through improved operational efficiency, 
while the public sector can provide incentives to the private firms to com-
plete the projects within budget and on time. The use of this business 
model does have some significant risks notably when projects go over 
budget and take longer to complete than anticipated. However, there are 
some success stories. In West Virginia, the King Coal Highway project uti-
lized P3 in an innovative way through the partnership of FHWA, West 
Virginia DOT, the King Coal Highway Authority, and coal companies. Coal 
companies provided right-of-way and constructed roadway foundations as 
part of their agreement, saving the project 50 percent of the overall cost.  

Upcoming Models

Transportation Network  
Company Shipment Matching 
Recognizing the success of companies like Lyft and Airbnb, freight match-
ing services are starting to materialize particularly within the trucking 
market. Companies, like Convoy, Transfix, Uber Freight and Loadsmart, 
pair carriers and shippers. This digital service helps truckers and couriers 
address less-than-truckload (LTL) and empty backhaul situations, which is 
particularly impactful for smaller operations with 20 or fewer trucks that 
make up the majority of the market. This platform may mitigate the indus-
ry’s capacity crunch and driver shortage being experienced today. 

The digital freight platform has shown savings in both time and money, 
with confirmation of a carrier for a load being reduced from hours to 
minutes. Additionally, transportation costs have been reported to have 
a reduction of up to ten percent through use of these platforms. There 
are also economic benefits outside of the Commercial Driver’s License 
(CDL) industry with shipment matching being done for Last Mile deliveries, 
which can be transported by non-CDL drivers to commercial and residen-
tial addresses.

Impacts to the transportation network from this model are likely to be 
two-fold. The matching technologies when applied to large trucks will 
create a reduction of vehicles on the roadways. However, there may be ad-
ditional miles travel due to load deliveries not going to the same location. 
For the Last Mile component, there may be an increase realized though 
these deliveries will be in the form of smaller vehicles.

Omni-Channel Commerce
Omni-channel commerce is a multichannel sales approach that provides 
an integrated experience to customers across online and offline meth-
ods. Today’s consumer expects to find products they want both online 
and instore, to be able to make their purchases via technology, and have 
next day delivery at their doorstep. Within the manufacturing space, it is 
a collaborative effort between suppliers, vendors, and distributors. Finally, 
within supply chain logistics, it is used to synchronize the inventory, logis-
tics, and distribution efforts to meet demand. Omni-channel logistics are 
being used to fulfill online orders by sending the purchase directly to pur-
chaser’s home, to a brick-and-mortar store, or through an eRetail channel 
(like Amazon), and to provide in store purchases of out-of-stock items for 
delivery to the store of purchaser’s home at a later time.  Figure 4-2 shows 
the complex omni-channel commerce environment.
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As the lines between mobile, online, and in-store consumer behavior 
blur, methods for merchandise pickups and warehouse sizing needs have 
changed.  Next-day delivery is migrating into same-day delivery and even 
one- and two-hour delivery. This change in expectation equates to the 
need for more goods to be located near to consumers via larger ware-
houses and within brick-and-mortar stores. The use of third-party logistics 
(3PLs) providers are growing across all markets.

One of the challenges experienced within omni-channel commerce is the 
need to have real-time freight visibility. This includes the ability to see 
shipments and trucks as well as orders and stock-keeping units. Solutions 
are looking toward machine learning and broad sets of data that include 
weather, traffic, location, and social networking to more accurately esti-
mate the arrival times. 

Omni-channel commerce may create additional freight movements on the 
transportation network due to the need for items to be located in brick 
and mortar facilities as well as at distribution locations. However, optimi-
zation and a thorough understanding of clients’ needs and expectations 
via integrated customer service can be utilized to minimize this impact. 

The intent of green supply chain management is to integrate eco-friendly 
aspects into conventional supply chain management practices to create 
a more environmentally friendly and sustainable system. Opportunities 
include green purchasing and procurement, manufacturing, distribution, 
reverse logistics, and within e-waste. Through green distribution process-
es, the packaging characteristics, particularly the size, shape and mate-
rial used, along with better loading patterns can lead to the reduction of 
space needed creating a more efficient delivery of the products. 

Other methods include the use of more efficient transportation systems, 
the use of alternative fuels and improved fuel efficiency, the reduction 
of distances through the rerouting of fleet vehicles, and the optimization 
of truckloads and reduction of empty trailer space. Innovative compa-
nies have improved truck utilization through the combination of different 
weights and sizes of products. Other companies have reexamined their 
logistics network to determine where their distribution warehouses should 
be to minimize freight costs and truck miles.

Omni-channel Logistics16 Omni-channel Logistics 17
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FIGURE 4-2: Omni-Channel Supply Chain
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Amazon Flex and Delivery Service Partners 
In 2015, Amazon launched its package delivery service, Amazon Flex, al-
lowing individuals to provide Amazon package deliveries in a similar mod-
el to ridesharing platforms. Drivers are able to select their schedule and 
make Prime Now’s one- and two-hour deliveries in select cities. This ser-
vice supplements the use of UPS, FedEx, and USPS particularly for evening, 
weekend, and holiday deliveries.  In a similar fashion, Amazon Delivery 
Service Partners (DSPs) was launched in 2018 and offers small businesses 
the opportunity to launch their own delivery service operating 20-40 vans 
to deliver locally for Amazon. Both services address the last-mile manage-
ment issues that are difference makers in e-commerce to provide goods 
on time and safely. Both methods will impact the transportation system by 
adding additional vehicle miles traveled along facilities, particularly in the 
Amazon Flex case where individual drivers will be making delivery route 
choices which may or may not be via the optimal routes.

102 International Council on Clean Transportation. (2019). Green Freight. 
103 Mathers, J. (2015). Improve Freight Capacity Utilization to Reduce Truck Emissions. 

4.3 Environmental Impact

According to the International Council on Clean Transportation, domes-
tic and international freight movement will quadruple by 2050 if current 
trends continue.102 Freight accounts for a greater share of oil consumption, 
greenhouse gas emissions, and air pollution creating an importance in ad-
dressing these issues. In this section, we provide a brief look into practices 
that are being used to address the environmental impacts.

Trends

Improved Vehicle Utilization
As noted in the previous section, businesses look to cut costs through 
efficiency. Vehicle utilization measures how effectively the freight commu-
nity is at transporting goods with its vehicles. Improving vehicle utilization 
is one method for increasing efficiency for moving freight. Maximizing 
utilization by limiting freight deliveries that are less than full or using 
dynamic routing, which looks at all of the stops for a day and optimizes 
their sequences, freight companies can reduce the number of vehicles on 
the roadways. It is estimated that by recovering half of the under-utilized 
capacity freight emissions could be cut by 100 million tons per year which 
is approximately 20 percent of all freight emissions within the U.S. and 
would save the freight industry around $30 billion per year.103

The National Academies of Sciences Engineering Medicine’s 2012 Review 
of the 21st Century Truck Partnership report noted that the infrastructure 
trucks operate on affects their fuel consumption through speed fluctua-
tions and congestion. The report emphasizes optimization of packaging as 
a method for fuel reduction through increased vehicle utilization, noting 
that companies like Walmart have placed considerable efforts towards 
packaging optimization and using sustainable packaging materials that re-
duce the size, energy, and natural resources needed to produce the pack-
aging. 

Reverse Logistics
Reverse logistics is defined as the process of transporting returned, dam-
aged, or unwanted products from their current location to one for their 
reuse, repair, or disposal. With annual volumes of returns within the U.S. 
estimated to be around $380 billion, this shift in delivery has created 
challenges for many businesses and many are outsourcing this effort to 
third party logistics (3PLs) companies. Product values are likely to decline 
during the reverse logistics process creating a need for speed and accura-
cy within the return process. 

For the transportation network, reverse logistics adds additional vehicles 
to the roadway network. One package will need to make two trips (an 
original one to the delivery destination and a second one to a return des-
tination), which adds vehicles and emissions to the environment.

Supply Chain Redundancy
Supply chain redundancy is the creation or storage of excess capacity/
backup over the entire supply chain to maintain regular functions to ad-
dress disruptions and is a component of supply chain resiliency, which 
aids management of risks. While redundancy may seem counterintuitive 
to the method of driving out waste and creating an efficient system, it is 
one way to create leaner operations by avoiding significant waste of time, 
effort, and money when a system breaks down. By being flexible on routes 
and modes, the freight industry can better respond to changes in the 
transportation networks (i.e. weather, unexpected congestion).
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4.4 Recap of Logistics Best 
Practices

Advances in logistics and supply chain technology are pivotal in both the 
management of firm operations and ensuring that freight clusters are sus-
tainable and efficient. The efficiency of logistics expands to the adjacent 
transportation network by mitigating congestion and emissions, simulta-
neously. Conventional models including on-demand economy and conve-
nience logistics along with emerging models like omni-channel commerce 
will each have importance in helping both firms and the Aerotropolis re-
gion maintain its existing competitive advantage and further develop it. 

While more sophisticated logistics management is the trend in the freight 
industry for the foreseeable future, it is vital to understand the environ-
mental impacts this growth could have on the Aerotropolis. Outsourcing 
of services to DSPs and 3PLs will especially add additional vehicles to the 
roadway network and produce more greenhouse gas emissions than cur-
rent levels. Some potential approaches and trends that should be explored 
both by the Aerotropolis and businesses located within it are increased 
vehicle utilization and reverse logistics as well as reducing supply chain 
redundancy. 

FIGURE 4-3 Hartsfield Jackson Atlanta International Airport Maynard H. Jackson 
International Terminal
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5.1 Conclusion

This Best Practices Technical Memorandum summarizes what are consid-
ered to be the best current practices in the freight industry both to im-
prove transportation in areas with high freight and industrial activity and 
to improve efficiency among businesses which operate in those spaces. 
The Aerotropolis area is a significant example of those sub-regions that 
are vital to local, state, and national economies. 

The previous sections showcase best practices in emerging technologies, 
land use, and logistics advances with respect to the freight industry. Tech-
nological trends such as autonomous vehicles, e-commerce, non-tradi-
tional delivery methods, alternative fuels, and curbside management will 
each have vast implications in the Aerotropolis, and these tools should be 
utilized to their fullest extent possible. Discussion of these best practices 
combined with the forthcoming Inventory and Assessment will show that 
significant investment in infrastructure is necessary to position the Aero-
tropolis for sustained economic success moving further into the twen-
ty-first century. 

Additionally, land use best practices identify potential opportunities that 
the Aerotropolis and jurisdictions within it should consider investigating 
and perhaps implementing based on available resources. Cargo-oriented 
development and infrastructure that is friendly to both people and freight, 
simultaneously, could make the Aerotropolis more of a livable population 
center, especially with respect to its strategic location as both a travel 
hub and job center. The opening of inland ports throughout Georgia as 
well as the growing need for fulfillment centers and other warehouses 
to facilitate deliveries in and around Atlanta all make efficient land use 
more important for the Aerotropolis. Development that includes smart 
growth policies and principles consistent with freight villages are potential 
options to consider. Also, vertical developments which utilize scare land 
efficiently should be considered both by jurisdictions regulating industrial 
developments and the companies and developers looking to either locate 
or expand existing operations in the Aerotropolis and greater Atlanta re-
gion. Zoning practices and codes that are innovative, comprehensive, and 
relatively straightforward are vital to efficient land use in the Aerotropolis.

Logistical advances and business models that are sustainable and prevent 
redundancy can affect freight and transportation networks in a positive 
manner by taking trucks off of highways and maximizing utility for each 
load. Business practices like outsourcing to delivery service partners are 
growing in popularity by platforms such as Amazon and UPS, and with 
Atlanta’s cargo operations in and around H-JAIA, this will have vast im-
plications on supply and demand with respect to delivery capabilities. 
Emerging practices like omni-channel commerce, transportation network 

company shipment managing, and green supply chains will also affect 
freight movements in the Aerotropolis as they further develop and are 
implemented in the area. The needs and demands with respect to these 
logistical frameworks must be thoroughly considered when making vital 
land use decisions that will affect freight, transportation, and livability in 
the Aerotropolis.

This report provides an overview of the freight industry in the United States 
and Atlanta’s role in its economic competitiveness on a global scale. This 
competitiveness is buttressed by sophisticated technology, supply chains, 
travel demand management, and partnerships between the public and 
private sectors. From a land use and planning perspective, it is essential 
to make freight and the transport of goods sustainable to ensure this 
competitiveness going forward. This will require communication and col-
laboration not just within the Aerotropolis, but across the Atlanta region 
and the Piedmont Atlantic megaregion. The development of smart growth 
policies for freight and clustering industrial, distribution, and warehouse 
facilities can help lead the Aerotropolis towards higher efficiency and a 
better travel experience for residents, visitors, and freight drivers in the 
region. 

There are numerous directions that the Aerotropolis and its member local 
governments and businesses can collectively take to coordinate land use 
and transportation. These best practices are potential ideas that could 
perhaps be suitable for the Aerotropolis going forward. The material in 
this Best Practices Technical Memorandum will shape the content of the 
Recommendations report.

FIGURE 5-1: Street Sign in Hapeville
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