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1. EXECUTIVE
SUMMARY
This report summarizes trends affecting Portland’s 
freight transportation system. Key technological and 
economic trends from freight forecasts and reports 
are highlighted, focusing on new market dynamics that 
will directly impact Portland and the state of Oregon. 
Primarily, the impacts of the evolving e-commerce 
market are discussed, largely in their relation to 
necessary changes to local, regional, and global supply 
chain and logistics strategies. The rise in e-commerce 
has led to a sharp increase in online purchases, and 
subsequent need for improved physical and digital 
infrastructure to provide efficient and expeditious 
freight transport to customers in an expanding, 
interconnected, and complex global economic system. 

Additionally, this report analyses of COVID-19’s 
growing role in the industry, influencing rapid, 
largescale changes from supply chain, logistics, 
policy, and technology investment perspectives. The 
pandemic revealed the fragility of the global supply 
chain, and the U.S.’s reliance on overseas trade and 
manufacturing efforts. As a result, the U.S. may begin 
to regionalize supply chains and freight channels 
for an array of industries, especially those vital to 
U.S. economic stability during a global crisis. While 
Portland’s economy suffered during the pandemic, 
its economic outlook is in line with other states when 
comparing employment, the unemployment rate, and 
wages.  This trend is notably different than in past 
recessions when Oregon has suffered more than the 
typical state, as Oregon’s exposure to the pandemic 
was relatively average as compared to its exposure to 
affected sectors through the financial crisis in 2008.1 
Oregon’s employment since the pandemic trails the 
national average by 0.6 percentage points as of July 
2021 (-4.4 percent), due largely to local hospitality/
leisure and education sector trends.1 

As a result of coupled e-commerce growth and 
pandemic influence on customer behavior, it seems 
apparent that online retail and on-demand delivery 
markets experienced sizable growth in the last couple 
of years. This trend will continue to have implications 

1 economic forecast.pdf (oregon.gov)

on Portland’s local supply chain, as more urban 
warehouses and last-mile deliveries will be needed 
to keep pace with the volume of parcels flowing into 
urban centers.

Portland is well positioned to successfully adapt to 
rapidly evolving trends within the freight industry 
such as diversified delivery modes, increasing 
warehouse/distribution development, and volatile 
e-commerce supply and demand altering the existing
logistics landscape. Portland’s continued economic
and job-related growth in freight & transportation
sector bodes well for its ability to meet market
demand for warehousing and last-mile delivery-
related jobs. Successful last-mile initiatives including
urban-area warehouses, cargo bike and parcel locker
programs, and crowdsourcing delivery platforms
highlight Portland’s adaptability in an e-commerce
driven market, especially through the COVID-19
pandemic. Regional facilities such as the highly
automated Amazon Fulfillment Center in Troutdale OR
demonstrate the existence of regional infrastructure
necessary for Portland’s long-term success as one of
the U.S.’s fastest growing metropolitan centers.

Picture 2.1: A person walking in front of a blue
Amazon delivery vehicle exiting a parking garage. 
[Source: Tony Webster]
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2. INTRODUCTION
This below memo on freight trends is part of the 2040 
Portland Freight Plan. The purpose of this memo 
is to describe prevailing trends affecting freight 
transportation in the city of Portland. 

The following trends are covered in this memo, 
including:

y E-Commerce Growth

y On-Demand Delivery

y Last-Mile Delivery

y Land-Use Trends

Picture 3.1: A white freight truck driving through a congested freeway. Multiple black and white cars occupy
the lane to the left of the truck. [Source: Oregon Department of Transportation (ODOT)]

y Warehouse Automation

y Alternative Fuel Vehicles

y Electric Vehicles

y Automated & Connected Vehicles

y Rail & Maritime Freight Advancements

y 3D Printing

The memo focuses on describing predominant trends 
that have been important for several years, while 
also covering key impacts related to the COVID-19 
pandemic. Some of the effects of the pandemic may 
be transitory, while others seem to have accelerated 
existing trends, pose new challenges that will affect 
freight transportation in years to come.  
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3. ROBUST ECONOMIC GROWTH
Oregon has seen strong economic development in the past few years, outperforming the U.S. in GDP growth 
for well over a decade, as Figure 1 indicates. Oregon’s Gross State Product (GSP) grew by 2.3 percent in the 
third quarter of 2019 compared to the same period of 2018 2 , while the U.S. grew at 1.7 percent annually for the 
same time horizon. Oregon is the 9th most trade-dependent state in the U.S., seen as an international freight 
gateway.3 Traded sector businesses include Nike, Adidas, Columbia Sportswear, Intel, Lattice Semiconductor, 
FLIR, Genentech, Precision Cast Parts, Boeing, Oregon Steel Mills and Boise Cascade.3 There are various factors 
influencing Oregon’s recent growth, such as the semiconductor industry, which has been a boon for the state’s 
economic output. 3 Prior to the COVID-19 pandemic, Oregon’s unemployment rate was only 3.7 percent in 
December 2019, its lowest since 1976.2

Prior to the pandemic, Portland’s annual employment growth has outpaced that of the U.S. for nearly a decade as 
indicated by Figure 2. The full-time workforce in the Portland region totals around 748,000 workers (as of 2019), 
with 15 percent in freight occupations, and six percent in freight intensive sectors.4 This breakdown is based 
on data from the Bureau of Labor Statistics, which uses Standard Occupational Classification (SOC) to classify 
workers. PBOT’s analysis included all relevant occupations based on listed SOCs. A subset of freight-related 
occupations that fall under SOC 53, Transportation and Material Moving Occupations, compose the six percent 
noted above. 

2 https://www.oregonlive.com/business/2020/02/oregon-insight-states-economic-growth-accelerates-outpacing-national-rate 
3 2018 Regional Transportation Plan: Regional Freight Strategy, Oregon Metro
4 Bureau of Labor Statistics & PBOT Analysis

Figure 1. Oregon Economic Growth Outpaces National Rate, 2001-2017

Source: Oregon Enjoys Strong Economic Growth | Oregon Center for Public Policy (ocpp.org), 2019
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Figure 2. Portland’s Annual Employment Growth

Figure 3. Change in employment by industry, Portland, 2019

Source: 2020-VOJ-State-of-Economy-WEB.pdf (portlandalliance.com), 2020

Source: https://portlandalliance.com/2021, 2020
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Fastest growing industries within the state include 
transportation, warehousing and utilities, and, prior 
to COVID, leisure and hospitality. 2 Additionally, other 
industries expected to see growth in Oregon and 
specifically in Portland, include Clean Technology & 
Green Cities, Computers & Electronics, Health Sciences 
& Technology, Metals & Machinery, and Software & 
Media.5   

The recent economic growth experienced statewide 
parallels that seen in Portland, as demonstrated 
by Figure 3, which indicates pre-COVID job growth 
in 2019, across the key freight-related sectors of 
transportation and manufacturing. Growth in the 
aerospace, metals, machinery, and semiconductor 
manufacturing industries have driven economic 
expansion in recent years, adding thousands to the 
job market and fueling demand in Portland’s export 
markets.6 Major ports adjacent to Portland facilitate 
and expedite the movement of goods, creating an 
environment able to scale up manufacturing-related 
jobs in these industries. Regional expansion of these 
sectors has influenced growth within transportation 

5 https://www.brookings.edu/wp-content/
uploads/2019/05/2019.05.21_Brookings-Metro_Portland_Market-
Scan.pdf
6 https://portlandalliance.com/assets/pdfs/economic-
reports/2020-VOJ-State-of-Economy-WEB.pdf

Figure 4. Manufacturing job growth, 
Portland ,2009- 2019

and warehousing, as these aforementioned sectors 
continue to experience vast demand by Portland’s 
largest export markets.8 Portland’s manufacturing 
job growth prior to pandemic influence is highlighted 
below in Figure 4,  illustrating  the sector’s economic 
recovery post-financial crisis between 2009 and 2019, 
outpacing that of the U.S. 

Trade is a major contributor to Oregon’s economy and 
freight plays a critical role as a facilitator of trade. Portland 
is a known gateway and distribution center for domestic 
inland and international markets, with over $19.3 billion 
total import-export trade in 2017. This equates to over 17.8 
million tons in imports and exports in 2017. These Trade 
flows are expected to grow to nearly 37.7 million tons and 
be valued at $68.3 billion in 2040. These increases in trade 
flows will place higher demands on transportation 
infrastructure, particularly at the region’s marine ports and 
airports.

While Portland has experienced recent growth in the 
manufacturing sector, job growth in Portland has slowed 
down in certain sectors relative to its peak in 2015 due to 
declining demand in the construction and manufacturing 
sectors, while still outpacing the U.S. average.6 Because 
of increases in labor productivity and automation, the 
growth in GDP has not translated into comparable 
employment growth in some sectors including 
manufacturing and construction. Slower employment 
growth across these sectors is realistically the trend 
most likely to be seen within the region based on pre-
pandemic trends and forecasts, even as job growth itself 
remains above that of the U.S.6 An increase a 
fragmented shipping volumes, warehouses/distribution 
centers, and last-mile opportunities arising from e-
commerce may incentivize growth in the transportation 
and warehousing sector, which is likely to continue in the 
post-COVID era.

Portland has outperformed national economic growth 
over the last decade in the manufacturing space, 
with strong growth also noted in transportation, 
warehousing, and construction sectors. Strong economic 
growth, fueled in recent years by 
e-commerce expansion, has led to continued outpacing 
of the U.S. from a GSP/GDP perspective, as mentioned 
above. As discussed above, Portland’s strength in these

7 FAF4 and FAF5 databaseSource: 2020-VOJ-State-of-Economy-WEB.pdf (portlandalliance.com), 
2020
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areas enabled the city to recover faster than the U.S. 
in recent months as the post-COVID economy returns. 
The emergence of technology firms in the Portland 
region has also led to its strengthened market 
conditions. 

The Future Conditions Memo for the City of Portland 
highlighted the Metro Travel Demand Model projection 
of continued growth in the Agricultural/Mining, 
Construction, and Transportation/Warehousing 
sectors, and expects a nearly 53 percent growth rate in 
total freight flows to and from the Portland Metro 
region.  

Foreign trade is expected to increase significantly 
by 2040, with total imports growing to nearly 10 
million tons 7, placing greater demands on gateway 
infrastructure such as port and truck facilities to 
and from the Port of Portland. This increase in trade 
volume will likely influence the need for further 
warehouse space and associated infrastructure to 
support increased freight activity in the Portland 
metro region. 

Despite rapid economic growth in the region, there 
has been a slowdown in employment as noted above 
due to higher labor productivity, and as a result 
of COVID-19’s impact on the labor force. Certain 
sectors have continued to see growth through the 
pandemic however, including the transportation 
and warehousing sectors that saw sizable growth 
across courier and warehousing jobs. An increase in 
construction of residential buildings and the need for 
specialty trade contractors in the region also helped to 
fuel a rebound in the construction sector. 

4. IMPACT OF
COVID-19 IN
PORTLAND
4.1 COVID-Impact on Portland Economy 

As of December 2020, total consumer spending in 
Portland relative to January 2020 shows a rebound 
in line with rest of U.S., though consumer purchase 
patterns have changed significantly. COVID-19 
significantly boosted the growing e-commerce sector 
expanding into new areas while negatively impacting 
others, including the hospitality and food service 
industries, as shown in Figure 5. This change in 
composition has a direct effect on the local supply 
chain, as Portland saw a 40 percent increase in grocery 
purchases, and 25 percent increase in retail/online 
purchases.8 This required a faster and more flexible 
response to short term changes in demand or supply 
due to external disruptions. 

From a labor perspective, COVID-19 has led to 33 
percent more women exiting the labor force than 
men in the U.S. and low-income workers losing jobs at 
significantly higher rates.8 This trend, shown in  
Figure 6, is reflected in Oregon in the higher 
unemployment rates for women. 

8 https://portlandalliance.com/2021

Picture 4.1: Various passangers aboard the Portland Aerial Tram. One passanger holds onto a handrail.
[Source: ODOT]
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Figure 5. Total consumer spending relative to January 2020, Portland vs. U.S.

Figure 6. U.S Job Loss by Income Level, Jan 2020 to Jan 2021

Source: Portland Alliance, 2021

Source: Portland Alliance, 2021
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While the nation’s  GDP (Gross Domestic Product) 
fell in second quarter, it has begun to rebound as 
businesses have re-opened and recovery has been in 
progress.9 As recovery continues, employment data 
shows positive economic growth in freight-related 
jobs including an increase in e-commerce and delivery 
related jobs, which has benefited the local economy, 
even as private sector employment continues to 
decline, as highlighted in Figure 3. Private sector jobs 
experiencing the most significant declines included 
hospitality, manufacturing professional services, 
education, and health services.9  As the national 
e-commerce market continues to grow, Portland will
likely see a further increase in courier/messenger
and warehouse/storage worker jobs which will aid in
further local economic stimulation and recovery from
the 2020. In 2020 the U.S. GDP shrank at an annual
rate of 32.9 percent in the second quarter, with total
unemployment rate fluctuating between 11.1 and 14.7
percent. 9 In 2020, total private sector employment
decreased 7.5 percent from 2019 in Oregon, while in
the Portland region it fell by 9.2 percent, both larger
decreases than U.S. average (6.2 percent). 9 In the
same time frame, Courier/messenger jobs grew by

9  Are Home Deliveries Increasing during the Pandemic?, 
Update 4, Sorin Garber, 3/25/221

Figure 7. COVID-related Job Changes, Oregon vs. Portland Region, 2019-2020

roughly 21.3 percent in the Portland region, while 
warehouse and storage worker jobs grew by 26.9 
percent (detailed below in Figure 7). 9

While private sector employment decreased 
significantly during the pandemic as highlighted below, 
freight-related sectors aside from truck transportation 
increased as e-commerce growth influenced 
Portland’s need for warehouse space, workers, and 
couriers. Portland-specific data evidence COVID-19’s 
impact on the freight sector, and the increased freight 
activity that has resulted, and is likely to continue. 
Of some concern is the continual decline in truck 
transportation jobs as discussed later in this report, 
which may become an issue for Portland if warehouse 
and courier jobs continue to grow at similar rates in 
a post-pandemic environment. Continual decline in 
the truck driver workforce in the region will result in 
the need for alternative first and last-mile strategies, 
also discussed earlier in this report. It is clear through 
the data below that the pandemic has exacerbated an 
issue that existed prior, and that driver shortage in the 
region will likely only continue. Not only has freight 
activity increased but the speed with which customers 
have come to expect goods has changed, requiring 
an even more streamlined approach to the delivery 
process. 

While it is unclear how exactly consumers react in a 
post-pandemic economy, discussions in later sections 

Source: Are Home Deliveries Increasing during the Pandemic?, Update 4, Sorin Garber 3/25/2021
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of this report suggest e-commerce market share will continue to increase, which will lead to further growth in the 
transportation and freight-related job market in Portland. 

4.2	 COVID-19	Effect	on	Supply	Chain	Strategies

The pandemic impacted global, regional, and local supply chains as integral links broke down, highlighting supply 
chain weaknesses and the need for improvements in supply chain visibility and resiliency strategies. A 2020 study 
summarized sentiment from 450 senior-decision makers across U.S. industries on this exact topic.10 Results of 
the survey, summarized in Figure 8, highlight increasing awareness of risks to supply chains, including lack of 
diversity in suppliers, declining global political stability, and increased cyber security threats. The disruptions that 
have occurred through COVID-19 have forced industry leaders to take proactive measures to enable proactive 
response and create more agile supply chains to respond to future risk events. 

Key supply chain trends that would affect Portland include localization of supply and increased automation, 

10 https://www.interos.ai/resources/interos-2020-survey/

Figure 8. COVID Resilience Report: The Impact of COVID-19 on Supply Chains and How Businesses are 
Preparing for the Next Shock, 2020

Source: Interos, 2020
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as well as shift away from just-in-time inventory method to one that includes more inventory on-hand, thus 
requiring larger and more widespread warehouses in urban areas, discussed in a below section of this report. 

5. THE GROWTH OF E-COMMERCE
5.1 Increasing Retail Market Share
Nationally, the e-commerce sector has grown rapidly over the past decade, at a rate over three times faster 
than the broader retail sector (see Figure 9). E-commerce growth accelerated in 2020 because of the COVID-19 
pandemic, with online spending up 44 percent relative to 2019, while total sales of retail products in the U.S. 
increased by 6.9 percent during the same period.11

The rapid growth of e-commerce has fueled its increase in market share of retail activity to 21.3 percent in 2020, 
representing $861 billion (as can be seen in Figure 10), and a near six percent increase in market share since 
2019.17 To get a sense of the magnitude of change in delivery volume as it relates to e-commerce growth, USPS 
11 E-Commerce and Emerging Logistics Technology Report, PBOT Dec. 2019

Figure 9. U.S. E-commerce vs. Total Retail Sales, 2010-2020

Source: The COVID-19 Pandemic and North Jersey Freight Report, March 2021
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Figure 10. U.S. E-Commerce vs. Total Retail Sales, 2018-2020

Figure 11. Oregon’s Shifting Retail Landscape, 2017

Source: https://www.digitalcommerce360.com/article/us-ecommerce-sales/, 2021

Source: oregoneconomicanalysis.com, 2018
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package volume in the U.S. was estimated at 7.3 billion 
packages for 2020, a 1.1 billion unit (or 18 percent) 
increase relative to 2019, the steepest increase of the 
past decade.12

In 2017 (the most recent year for which this data is 
available), retail sales represented approximately 
10 percent of Oregon’s GSP. At the same time, 
e-commerce accounted for 11 percent of total
retail employment in the Portland metro region,
as seen in Figure 11.13 While non-e-commerce job
growth continued prior to the pandemic, it has been
significantly impacted since, with e-commerce sector
job growth continuing to outpace that of both brick-
and-mortar stores and other retail sectors. Total
employment in the e-commerce sector is still behind
that of brick-and-mortar stores and other retail
sectors, however this is an evolving trend, especially
in a post-COVID environment, where local businesses
have been slower to rebound than large e-commerce
companies that have seen significant growth through
the pandemic.

Though these figures represent e-commerce trends on 

12 https://facts.usps.com/table-facts/
13 E-Commerce and Emerging Logistics Technology Report,
PBOT Dec. 2019

a national and regional scale, Portland is experiencing 
the effects of this change.  Increased direct delivery 
volumes are spurring the need for more centrally 
located warehouses and distribution centers (DCs), 
along with increased last-mile activity to ensure an 
efficient, effective, and adaptive delivery model.

5.2 Impact on VMT and Truck Fleets
The increasing market share of e-commerce is having 
significant impacts on the composition of the truck 
fleet and how they are used. Different types of 
vehicles are required to get products into customers’ 
hands than through traditional retail channels.  From 
a truck Vehicle Miles Traveled (VMT) perspective, it is 
challenging to estimate the effect e-commerce has 
had as trucks are traveling shorter distances, but the 
amount of overall truck activity has increased.

One trend that has been observed as e-commerce 
levels rise has been the reduction of trip lengths for 
truck fleets. Since 2000, average trip lengths for trucks 
have decreased, with a notable 37 percent decrease 
as e-commerce grows and last-mile truck trips 
continue to increase.14 Additionally, single-unit truck 
registrations increased by 7.8 percent between 2007 
and 2016, while combination truck registrations only 
grew 4.4 percent.14 Retail shipments under 50 pounds 
have increased by nearly five percent a year15, and rise 
of reverse logistics has become integral to local supply 
chains, with nearly 30 percent return of online sales.15 
As a general trend, intra-regional and last-mile truck 
trips have increased, while distance of truck hauls 
have decreased16.

A recent study analyzed this tradeoff, finding that 
e-commerce growth is expected to result in an overall
net reduction in VMT despite the large increase in
truck last-mile deliveries.17 This study used demand
forecasting and detailed scenario modelling in the
Chicago region, ultimately concluding a net reduction

14 E-Commerce Trends are Game Changing for Trucking
Industry | Material Handling and Logistics (mhlnews.com)
15 U.S. freight industry after COVID-19: What’s next? | 
McKinsey
16 TRIP_COVID-19_Transportation_Impact_Report_May_2021.
pdf (tripnet.org)
17 E-Commerce Impacts on Regional Travel and Energy Use:
Household Shopping and Parcel Delivery Tradeoffs, Dec. 2019

Picture 5.1: A woker operating a Toyota forklift
in a warehouse.. The worker is lifting a pallet of brown,
stretch-wrapped boxes. [Source: U.S. Department of
Agriculture]
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in VMT as e-commerce delivery rates per household 
increase over time, as illustrated in Figure 12. If trends 
continue to reflect higher e-commerce volumes, 
especially the market segment of groceries and home 
goods, personal shopping VMT may remain lower than 
at pre-pandemic levels. 

A 2019 ATRI study   also found that truck VMT 
specifically increased 17.7 percent in urban areas 
between 2011 and 2016.18 This highlights that as 
purchases through e-commerce channels continue 
to rise post-pandemic, urban centers will likely see 
an increase in new short-haul and last-mile trips for 
trucks in cities such as Portland, even if passenger 
VMT declines. 

In assessing pandemic-related effects to both freight 
and passenger VMT, it is clear that the pandemic 
influenced both in varying ways. At its peak, personal 
vehicle travel declined 40 percent from pre-pandemic 
levels captured in February 202019 , highlighting a 
steep decline in passenger VMT that paralleled the 
increase in e-commerce purchases by households 
across the U.S. Future personal VMT levels post-COVID 
will be driven by competition from other modes, 
increased teleworking, and other economic stressors.19 
As of March 2021, passenger VMT was just three 
percent below pre-pandemic levels.  

Freight VMT was less impacted by the pandemic as 

18 ATRI-Impacts-of-E-Commerce-on-Trucking-02-2019.pdf 
(truckingresearch.org)
19 COVID-19’s Effects on The Future of Transportation 
(nacwconference.com)

exposure rates for freight carriers remained relatively 
low. While interstate freight VMT declined nearly 20 
percent at the pandemic peak in April 202019 due to 
supply chain disruptions and reduced international 
trade 20 , truck VMT has surpassed pre-pandemic levels 
as of August 2020.18 Truck VMT was nearly five percent 
above that of pre-pandemic levels as of October 2020, 
highlighting a rebound that illustrates e-commerce’s 
role in continued truck VMT growth in the post-
pandemic era. 19 Other freight transportation modes, 
including maritime and rail, have also seen growth 
beyond pre-pandemic levels signaling the strength 
of supply chains as the economy rebounds. 25 While 
local freight services related to deliveries have surged 
during the pandemic as e-commerce market share 
increases, the economic growth post-pandemic will 
continue to influence levels of demand for freight. 19 
Some shipping companies are experiencing setbacks 
after the shutdown, which may hinder freight growth 
in the short term. 19 Longer-term impacts to freight 
VMT are yet to be known, though it is clear they will be 
heavily influenced by economic growth, e-commerce 
and manufacturing reshoring efforts. 19

The growth of e-commerce has also increased trucking 
activities related to reverse logistics. Reverse logistics 
related to customer returns of online purchases has 
added a facet to the supply chain that did not exist 
prior to e-commerce, with nearly 20 to 30 percent 
average return rate for online sales.21 This suggests 

20 Columbia | SIPA Center on Global Energy Policy | Will 
COVID Drive an Early Peak in Transportation Activity and Oil 
Demand?
21 https://www.shopify.com/enterprise/ecommerce-returns

Figure 12. Average Consumer Shopping Trip vs. Last-Mile Delivery Method

Source: Argonne National Laboratory and Oak Ridge National Laboratory, 2019
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2020, sustained driver shortages will increase costs 
for carriers and increase rates for shippers, impacting 
local economies such as Portland’s.25 The driver 
shortage that exists in Portland and elsewhere may 
also directly influence shortened adoption timelines 
of alternative delivery methods such as automated 
vehicles, discussed in the above section on COVID-19’s 
impact to Portland’s freight-related economy.

5.4 Impact on Distribution Models 
Retail supply chains are also evolving to meet the 
needs of e-commerce. E-commerce requires three 
times the amount of warehouse space as traditional 
retail, which has resulted in an increase in warehouse 
development across the U.S., especially in urban 
areas.26 In Portland, warehouse space has increased in 
the last two years27 , primarily because of e-commerce 
pressures. The emergence of million-square-foot 
regional distribution centers (DCs) in central locations 
has become common in urban areas, typically serving 
a hub-and-spoke strategy serving secondary facilities 
closer to the end-markets. This provides a more 
streamlined approach to the delivery of same-day 
and next-day items, as illustrated in Figure 13. The 
importance of speed and customer satisfaction 
in e-commerce has led to a proliferation of these 
distribution systems. 

As e-commerce continues to shape what constitutes 
a successful and adaptable supply chain, key factors 
including customer behavior may determine what 
delivery methods look like as e-commerce market 
share increases. In determining how travel behavior 
in the Portland region may change in coming years, 
recent studies exploring the tradeoff between 
customer trips to a store and a last-mile truck/van/car 
delivery to one’s house may provide some insight. 

This two-stage distribution model in Figure 13 depicts 
a regionalization of supply chain delivery mechanisms 
within urban areas like Portland, with facility types 
in specific markets differing depending on function. 
In areas surrounding the urban core of a city, there 
is less diversity in warehouse facility types, while 

26 “As Amazon Moves In, Demand for Warehouse Space 
Climbs”, The New York Times, 10/24/17
27 Are Home Deliveries Increasing during the Pandemic?, 
Update 4, Sorin Garber,  3/25/221

that as e-commerce growth continues, online ordering 
will continue, and thus, a significant percentage of 
freight VMT will be generated from return of those 
goods. As e-commerce purchases increase, so will 
returned purchases, affecting demand for truck freight 
as well as composition of packages being carried by 
freight vehicles. 

5.3 Truck Driver Workforce Shortage 
With rising e-commerce, cities such as Portland have 
been experiencing an imbalance between the demand 
for trucking services and the pool of available truck 
drivers. As of 2016, U.S. trucks carried more freight 
than rail, pipeline, water, and air modes combined, 
with nearly 3.7 million heavy-duty trucks 22 in 
operation. 23In terms of tonnage, the U.S. domestic 
shipping volume carried via truck was 11.5 billion tons, 
accounting for 66 percent of the total 17.4 billion tons 
transported across all modes. 29 Though this analysis 
pre-dates the pandemic, share of total domestic tons 
shipped was forecasted to remain relatively constant 
through 2030.23 From a supply chain perspective, an 
increase in warehouses and distribution centers in 
urban areas across the U.S. may reduce the number 
of long-distance trips required by freight trucks as 
regionalization of supply chains continues in a post-
COVID era. However, this may not necessarily be the 
case as increase in freight activity continues. 

A national driver shortage has been a rising issue over 
the last few years due to an aging workforce, working 
conditions, and regulation changes.24  Portland-region 
truck driver employment decreased by 5.4 percent 
between June 2019 and June 2020, due largely to the 
COVID-19 crisis and associated recession.25 14 Though 
demand for truck freight rebounded in second-half of 

22 Class 8 with gross weight-vehicle rating of more than 
33,000 pounds
23 Are Home Deliveries Increasing during the Pandemic? 
Update 2, Sorin Garber 8/11/2020
24 Autonomous trucks disrupt U.S. logistics | McKinsey
25 https://www.joc.com/trucking-logistics/labor/us-truck-
driver-shortfall-steeper-expected_20201125.html
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Figure 13. Two-Stage Distribution Model

Figure 14. Last-Mile Exchange System Network

Source: Jones Lang LaSalle, 2020

Source: Strategy&, 2018
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shared platform that allows both parties to collectively 
shape delivery demand and adapt to the intrinsic 
variability of the last mile.30 Variability in this context 
refers to the many combinations of last-mile routes 
and delivery strategies a freight vehicle may use to 
optimize delivery. Additionally, with the ubiquity of 
online retailers, customer demand is harder is to 
forecast, leading to increased variability in last-mile 
demand on a day-to-day basis.

6. 
MAINSTREAMING 
OF ON-DEMAND 
DELIVERY 
SERVICES
The on-demand delivery economy is defined as 
“economic activity created by technology companies 
that fulfill consumer demand via the immediate 

infrastructure within urban centers is becoming 
more varied. There is a shift towards unused and 
underutilized non-warehouse spaces that can be 
adapted for last-mile use in urban centers. Different 
types of properties for fulfillment centers will be 
necessary to achieve last mile delivery, and this model 
will likely become more necessary with the increasing 
prevalence of last-mile deliveries. 

The evolution of last-mile connection includes the 
longer-term trend towards a more involved and 
complex system for delivery in urban areas that 
utilizes real-time data to understand customer needs, 
better streamlining last-mile trips to enhance delivery 
times. 28 A model like this will become more integral 
as market share of e-commerce purchases continues 
to rise. Figure 14 describes what a last-mile exchange 
network might look like.

A network such as this requires collaboration between 
retailers and transportation providers to more 
accurately match demand for the delivery services 
they can profitably supply. This may take the form of 

28 https://www.strategy-business.com/article/The-Rise-of-
the-Last-Mile-Exchange?gko=d0a62

Figure 15. U.S. Online Grocery Penetration Forecast, 2019-2024

Source: Business Insider, 2021
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traffic, and likely spur the need for further last-
mile options in Portland, especially as the share of 
perishable good deliveries increases. This will require 
a more streamlined and expeditious approach to last-
mile delivery in urban areas, including Portland, as 
further described in chapter 8. 

7. NEARSHORING
Prior to the pandemic, exacerbated by COVID’s impact 
on global supply chains and its impact on the economy 
as discussed in this report’s first section, private 
sector companies have escalated efforts investigating 
the feasibility of increasing production capacity 
domestically or nearer to the U.S.32 Offshoring of 
American production to Asia and other countries 
was originally driven by lower foreign labor costs, 
with production for the consumer market moving 
overseas33.  Recent advances in e-commerce and 
automation have led to increased interest in domestic 
production. Additionally, the U.S.-China trade war, 
COVID-19 pandemic, recent cybersecurity threats, 
and heightened geophysical risks due to climate 
change have also raised concerns over supply chain 
resilience.33

Nearshoring is a strategy that is likely to continue and 
increase post-COVID, though it is difficult to estimate 
the long-term trend here as there may be immediate 
reactionary changes due to the pandemic that are 
short-term in nature. Nearshoring in the U.S. would 
likely pivot import and export locales to Canada and 
Mexico, and with potential to re-shore within the 
U.S. This may lead to trade flow impacts through the 
Port of Portland in the near term, depending on the 
scale of near and re-shoring by various industries 
and companies. While exact impacts are not currently 
known, it is likely that nearshoring/reshoring of 
32 The COVID-19 Pandemic and North Jersey Freight Report, 
NJTPA, March 2021
33 Economic Impact of E-commerce in the Texas Triangle, 
TDOT, 2021

provisioning of goods and services”.29 With the growth 
of e-commerce came the invention of on-demand 
delivery, which has allowed for expansion of goods 
and services available via online platforms. Industries 
engaged in on-demand delivery services include 
Transportation (Uber), Food Delivery (Postmates), 
Grocery Delivery (Instacart), Travel (Airbnb), 
E-Commerce (Amazon) to name a few.

E-commerce growth and the COVID-19 pandemic
have led to a significant expansion of the on-demand
delivery economy, which is estimated to grow to
$435 billion market share globally in 2021, up from
just $213 billion in 2017, with an annual growth rate
of 49 percent this past year.30 Based on pre-COVID
estimates, on-demand grocery delivery in the U.S. was
expected to double from $14.2 billion in 2017 to $29.7
billion in 2021. 29 U.S. medicine delivery is estimated
to increase from $360 billion in 2017 to $610 billion
in 2021. 29 On-demand parcel delivery also rose in
popularity in 2020, which has evolved as a tool to track
packages in real time through courier/postal service
applications or third-party systems such as Doorman.
Additionally, one phone app, Roadie, has uniquely
combined ridesharing and on-demand delivery
services through connecting users with drivers that
can deliver packages for them. Uber has a similar
product available to users via Uber Connect.

Business Insider’s U.S. online grocery penetration 
forecast shown in Figure 15 is significant in that both 
the moderate and severe-growth scenarios highlight 
online grocery market share at above 50 percent by 
2021, more than doubling from less than a quarter 
of realized market share in 2019.31 Note that the 
below graphic considers COVID-related impacts in 
its forecast for market penetration of online grocery 
sales. Continued growth through 2024 is expected to 
result in market penetration increase of at least 31 
percent relative to 2019, and as much as 42 percent. 
This rise in on-demand delivery will increase delivery 

29 https://www.businessinsider.com/the-on-demand-
economy-2014-7
30 On-demand delivery in 2021: Top trends and predictions 
(yelowsoft.com)
31 Online Grocery Industry Report: Market Stats in 2021 
(businessinsider.com)
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certain commodities may directly impact freight flows 
through the Port of Portland and other West Coast 
ports, resulting in an increased reliance on rail or truck 
transport of such goods. With various goods coming 
from Canada or Mexico, less international freight flows 
will travel through ports on the West Coast, requiring 
a shift in supply chain strategies in the Portland region 
that rely on ground transportation for delivery. 

8. CHANGES
IN LAST-MILE
DELIVERY
Related to the growth in on-demand delivery services 
discussed above is the development and evolution of 
last-mile delivery strategies necessary to distribute 
goods to customers in as most efficient and time-
effective manner possible. 

As e-commerce and its channels for consumers 
continue to multiply, so have the patterns of 
consumption by individuals, requiring last-mile delivery 
techniques that address the increased demand for 
goods and services. One reason various strategies have 
evolved in the last-mile space is because the last-mile 
is inherently the most costly and time-consuming part 

Source: BikePortland.org, 2020

of the shipping process.34 Thus influencing the desire 
for various strategies to reduce both delivery time and 
expenses. Last-mile delivery can often be inefficient, 
and the increasing volume of shipments during 
the pandemic coupled with heightened customer 
expectations surrounding free shipping and delivery 
turnaround have led to the need for last-mile delivery 
evolution and iteration. 32

Various strategies developed in recent times include 
the crowdsourcing model, which has been growing 
in popularity in transportation, hospitality, and food 
delivery prior to but especially during the pandemic. 34 
In cities such as Portland, this means retailers, logistics 
partners, and consumers can connect directly with 
local couriers using their own transportation to make 
deliveries. The crowdsourcing model has paved the 
way for future development of autonomous delivery 
strategies discussed later in this report. 

In the era of transportation network companies (TNCs), 
which have continued to grow in popularity in recent 
years, crowdsourcing and shared mobility options 
have become more popular in urban centers. Nimber, 
Rickshaw, and Roadie are popular platforms used 
in the Portland region. 35 With the advancement of 
technology, increased regionalization of warehouses 
and delivery hubs, and growing complexity in last-mile 
delivery due to increased e-commerce sales, it is likely 
that shared mobility and crowdsourcing options in 
Portland remain prevalent as demand has become 
difficult to forecast on a day-to-day basis. 

Additionally, in Portland, last-mile delivery approaches 
have emerged to aid in streamlining handoff of 
packages including development of secondary logistics 
centers. Such centers include urban consolidation 
centers, delivery micro-hubs located at The Redd in 
Portland’s Central Eastside, and neighborhood lockers 
at Amazon retail storefronts and elsewhere across 
Portland. 35

To account for the increase in overall freight volume 
and fragmentation in delivery of goods to consumers, 
North American cities have become increasingly reliant 
on last-mile carriers to handle volatile demand. To 
combat growing traffic concerns related to increasing 

34 Last Mile Delivery Logistics Explained: Problems & 
Solutions (businessinsider.com)
35 E-Commerce and Emerging Logistics Technology Report,
PBOT, Dec. 2019.

Figure 16. UPS Cargo Bike in Portland, OR
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last-mile deliveries in urban centers, cities and 
companies have developed innovative strategies 
to prevent roadway and curbside congestion, as 
illustrated by the following examples: 35 

y Seattle plans to install sensors at the commercial
loading zones  at the curb  in its central business
district to analyze time needed to accomplish a
delivery in the downtown region and to establish

New	York	City	DOT	Off-Hours	Delivery	
Program1

New York’s original Off-Hour Truck Delivery (OHD) Pilot 
program ran from 2009 to 2010, funded by USDOT, 
and led by Rensselaer Polytechnic Institute (RPI) with 
a goal of demonstrating feasibility and benefits of 
OHDs while reducing truck traffic during periods of 
highest congestion. USDOT was the lead coordinating 
agency for the pilot and worked with trucking industry 
representatives, NYSDOT, PANYNJ, and NYMTC to 
develop an approach and address concerns of carriers 
and receivers regarding the shift to OHD. 

y Industry partners included retail, food, and
restaurants

y Financial incentives were included to drive interest
for carriers and receivers

y Program facilitated unassisted delivery systems to
minimize off-hour staffing needs, and monitored
progress through GPS-enabled cellular devices

y Off-hour deliveries for pilot program occurred
between 7 p.m. and 6 a.m.

y Post-pilot testing interviews conducted to
determine feasibility of continued off-hours
operations

y 25 receiver businesses and eight carriers
participated in the original pilot study for a
minimum of one month between October 2009
and January 2010

y Delivery companies’ vehicles experienced average
travel times improvement of 130 percent when
compared to evening and midday travel speeds,
and 50 percent against morning speeds

1 ssi10-offhour.pdf (nyc.gov)

NYC OHD Program Expansion1

y Led by NYCDOT and RPI

y Program has grown to 400+ partnerships with
commercial establishments in NYC to accept OHD
without supervision

y The areas currently participating in the program
are:

o Downtown Brooklyn

o Lower Manhattan

o Midtown Manhattan

o Jamaica, Queens

y Reduction in operational costs and parking fines
by 45 percent

y Improved truck utilization

y More reliable deliveries influence lower inventory
levels needed, reducing waste

y Drivers experience reduced stress levels, shorter
work hours, easier deliveries and parking

y Reduced transit times resulting in 55–67 percent
emissions reduction equating to 2.5 million tons
of CO2 per annum

y Total economic benefits of expanded program
exceed $20 million per year.

1 The New York City Off-Hour Delivery Program: A 
Business and Community-Friendly Sustainability Program | 
INFORMS Journal on Applied Analytics

more realistic fee schedules and dynamic pricing 
model

y In Chicago, a floor of a downtown municipal
parking garage was converted into a fulfillment
center allowing for deliveries to be accomplished
by bicycle and foot

y New York City established a pilot off-hours delivery
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program with 400+ subscribers (described in more 
detail below)

y Portland promotes cargo bike companies including
Pedalworks, B-Line, and Portland Pedal Power that
have become more common in Downtown, Lloyd
Center, South Waterfront and Central Eastside
districts, as shown in Figure 16

9. ELEVATED
DEMAND
FOR URBAN
WAREHOUSING
The changing e-commerce landscape and focus on last-
mile delivery has placed greater requirements on land 
use adaptation in urban areas around the country. 

National trends demonstrate an increase in larger 
and/or more centrally located warehouse sites within 
urban centers. This is due to rising volumes seen from 
growing e-commerce sales, which have led to higher 
trade flows and freight volumes. Additionally, modern 
supply chains are focused on reliability, speed, and 
customer service, especially in the era of Amazon. 
This has shifted warehousing development to include 
more decentralized warehousing that sits closer to the 
end customers. The demand is such that distributors 
are looking at multistory warehousing options for 
the first time in the U.S. For example, a three-story, 
590,000-square-foot fulfillment center was recently 
constructed adjacent to downtown Seattle in 2018 by 
Prologis. This example highlights the pre-pandemic 
shift towards urban area warehouse development, 
with the need likely exacerbated by COVID-era 
e-commerce trends.

In response, cities have developed changes in land 
use strategies and building codes. For example, 
code changes to encourage more off-street loading 
bays in downtown buildings and other form-based 
ordinances for warehouse and distribution center 
development are being explored by cities across the 

U.S.36 In Chicago, construction of a downtown urban 
consolidation center is underway, converting nearly 
380,000 sq. ft. of a city-owned underground parking 
garage in the central business district (Figure 17), 
within 15-minutes of nearly 230,000 residents.37 

In 2019, Portland opened nearly 2.1 million sq. ft. of 
warehouse and distribution space, with an additional 
3.7 million sq. ft. opening in 2020. 37 Many available 
plots of land are being targeted for warehouse 
redevelopment, including the 115-acre Portland 
Meadows horse racing facility which has been targeted 
by Prologis to develop a logistics facility, as shown 
in Figure 18. This redevelopment project began in 
2019 with plans for construction of 1.8 million sq. ft. 
of Class A industrial facilities spanning six buildings 
on-site, with Amazon planning to occupy a facility of 
at least 150,000 sq. ft. Flex warehouse spaces have 
become more popular, as the need for warehouse 
space increases, and are currently under development 
in Portland. These spaces typically have lower ceilings 
than regular warehouses and have a larger percentage 
of office space than a typical distribution warehouse 
building. As of Q4, 2020, 2.8 million additional sf 
of industrial, warehouse and flex space is under 
construction in Portland including: 

y PDX Logistics Center West Buildings 1 and 2,
Airport Way (928,000 sf)

y Prologis Meadows Phase 2 (633,000 sf)

y Prologis Park Broadmoor along Airport Way
(345,000 sf)

The emergence of warehouses in urban centers will 

36 E-Commerce and Emerging Logistics Technology Report,
PBOT Dec. 2019
37 Are Home Deliveries Increasing during the Pandemic? 
Update 4, Sorin Garber 3/25/2021
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Source: Millennium Chicago, 2020

Figure 17. Millennium Chicago Aerial Map

Source: Portland Business Journal, 2019

Figure 18. Portland Meadows (Prologis Meadows) Redevelopment Project, 2019
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continue to influence the shift towards land reuse 
and redevelopment of other warehousing, office 
and building spaces in downtown centers, to be 
repurposed as distribution centers. This trend is 
likely to continue across larger cities, especially post-
pandemic as some businesses have left urban centers, 
and as “work from home” strategies have increased. 
Innovations in designing and operating of warehouses 
in urban landscapes will be key to timely delivery of 
goods in concentrated metro centers.

10. 
AUTOMATION OF 
WAREHOUSING 
AND 
DISTRIBUTION
To reduce costs, and achieve efficiencies, companies 
have increased investment in warehousing automation 
through robotics and innovative automation and 
logistics technologies. Key warehouse automation 
technologies being considered, and in some cases, 
adopted (though not widespread), across the U.S. 
include:38  

y Warehouse robotics

o Robotic autonomous forklifts reduce
warehousing operational costs

y Automated guided vehicles and autonomous
mobile robots

o May include automated forklifts, floor cleaners,
and pallet movers

o Innovative solutions include robotic
arms for lifting (Figure 19), and barcode
scanners for automatic inventory management

38 https://www.globaltrademag.com/leading-trends-in-
warehouse-automation-and-management/

y Automated picking robots

o Picking, gathering, and transporting products
to a centralized location in the warehouse is
usually a complex process that until recently
had to be completed by manual labor.

o Robots have been developed that automate
many of these steps, and are increasingly
becoming common in different warehousing
application, particularly in sophisticated
operations.

y Automated Cleaning Machines

o Robotic floor care via robot & AI technology

y Internet of Things (IoT)

o Technology is able to connect all devices and
systems and keep them synchronized while
collecting operations data, simplifying
warehouse management

Source: San Antonio Report, 2015

Figure	19.	“Robo-Stow”	at	the	Amazon	Fulfillment	
Center, Schertz, TX
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o Radio Frequency Identification (RFID) attaches
a tag to a package or a whole pallet to
automatically track the item’s exact location at
any point in time

• Forklift Telematics

o Smart technology system that uses sensors to
track every truck in a fleet, and provides a
360-degree view of equipment, offering
information about active trucks through
wireless fleet management

In the Portland region, a 2.2 million sq. ft. Amazon 
Fulfillment Center was recently built in Troutdale, OR as 
a robotics multi-floor (4-floor) facility, highlighting the 
region’s success in adoption of robotic capability. 39 

As a result of COVID-19, it is likely there will be 
increased investment in robotic systems to improve 
processes within warehouse environments, prioritizing 
the health, safety and well-being of employees.40 
Peerless Research Group’s 2021 Warehouse and 
Distribution Center (DC) Equipment Survey was 
conducted in January 2021 with 129 respondents 
across the manufacturing and warehouse/distribution 
industries. High-level results highlight issues that 
logistics companies are most concerned about post-
COVID include labor availability, workload planning and 
tighter cycle times, shifting interest into technology 
and software solutions, improved metrics and further 
automation.41 In the short term however, investment 
in DC systems and equipment is down due to post-
pandemic economic uncertainty. Respondents who 
proceeded with investments dropped by 10 percent 
from last year’s pre-pandemic survey.41 On the 
other hand, the survey indicated optimism around 
a somewhat rapid return to increased spending on 
materials handling equipment and systems, with 41 
percent of respondents anticipating a YoY (year-over-
year) spend increase in this space compared to just 36 
percent in 2020. 41

Additionally, when it comes to the purchases or 

39 E-Commerce and Emerging Logistics Technology Report,
PBOT, Dec. 2019
40 The COVID-19 Pandemic and North Jersey Freight Report, 
NJTPA, March 2021
41 2021 Warehouse/DC Equipment Survey: Preparing for 
post-pandemic volumes - Logistics Management (logisticsmgmt.
com)

changes to current systems, responders showed 
a sizable shift in prioritization of investment in 
the IT space when compare to  use of third-party 
logistics services (3PLs) and systems equipment 
(e.g., automated retrieval, lift trucks, conveyors), 
see Figure 20. While 3PLs showed a slight decrease 
on the previous question, it should be noted that 
another question regarding  key investment areas 
for the coming year (2021) did indicate an expected 
five percent increase in respondents’ use of outside 
services (3PLs) when compared to prior year.41 

While it may have been expected that the rise in 
e-commerce and safety concerns amidst the pandemic
would fuel interest in robotics, survey results found
current and anticipated interest in robotics and
automated guide vehicles (AGVs) to be fairly steady
compared to prior year responses.41 Results indicated
a two percent decrease in current reported use of
robotics, at just seven percent of respondents. It
is notable, however, that many companies in the
response base are smaller in size, which suggests
strength in this area given pandemic conditions over
the past year.41 In some cases, these technologies are
being combined with fixed automation to develop
highly automated material flows, indicating the desire
for flexibility in automated transport.41

With regard to implications of warehouse automation 
and its impact on Portland’s local supply chain, this 
technology will likely require less need for unskilled 
workforce as more warehouses in the region adopt 
these tools. At the same time, as development in 
this sector continues, more jobs related to IT and 
technology will arise as warehouses become more 
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Source: Peerless Research Group (PGR

Figure 20. Trend analysis of areas of investment, 2019-2021

Source: Energy.gov/OR, 2020

Figure 21. Average Fuel Prices for the West Coast Petroleum Administration for Defense Districts 
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reliant on automated features to meet growing demand. 

Streamlining of warehousing processes through automation will also aid in reduction of costs and inefficiencies, 
which provides benefits for consumers both from a delivery time and cost of delivery perspective. In addition, 
the shift towards automated warehousing that began pre-COVID will likely become more prevalent to ensure 
from a logistics perspective, that facilities will be able to maintain operations through a similar pandemic event or 
other disruption. 

11. INCREASED USE OF
ALTERNATIVE FUEL OPTIONS
With gasoline price volatility, alternative fuels are appealing more to vehicle fleet managers and consumers 
across the west coast, as illustrated by Figure 2142   Due to an array of factors, biodiesel has become one of the 
leading alternative fuel vehicles (AVF) utilized by truck fleets across the U.S. Costs of B20 biodiesel ($2.29/gal) are 
competitive with those of gasoline ($2.18/gal) and diesel ($2.40/gal) based on October 2020 national averages 
from the U.S. Department of Energy43.  Additionally, renewable biodiesel fuels do not require the purchase of 
new vehicles, equipment, engines or refueling/recharging infrastructure as compared to other AVF competitors, 
allowing for immediate adoption across fleet vehicles.44  According to the Energy Department there has been an 
increase in biodiesel production within Oregon since 2013, illustrating its growing influence in the region (see 
Figure 22). 

The National Biodiesel Board (NBB) has instituted a goal of 6-billion gallons of biodiesel production by 2030 and 
15-billion gallons by 2050, highlighting its belief that the biodiesel and renewable diesel industry will see sizable
growth by 2030, with Figure 23 showing an increase in biodiesel usage across heavy-duty freight vehicles in
recent years.42 Despite these trends, it is clear the majority of heavy-duty freight vehicles rely heavily on diesel.
The federal government encourages the adoption of alternative fuels, specifically in transportation, through
the Renewable Fuel Standard (RFS) program, which requires the incremental blending of fossil fuel supplies

42 https://www.worktruckonline.com/10131379/digging-into-alternative-fuel-trends-growth-drivers
43 https://afdc.energy.gov/fuels/prices.html
44 https://www.dieselforum.org/policyinsider/fuels-that-work-ultra-low-sulfur-diesel-and-biodiesel-power-the-u-s-economy

Energy.gov/OR, 2020

Figure 22. Transportation Energy Production in Oregon, 2005-2018 (Billion BTU)
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Breakthrough, 2021

Figure 23. Annual Percentage Share of U.S. Heavy-Duty On-Road Fuel Mix, 2009-2018

Source: Breakthrough, 2021

Figure 24. National Diesel vs. CNG Market Cost, 2014-2020 (PADD)
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with alternative fuels.42 Additionally, biomass-based 
diesel accounts for 45 percent of all Low Carbon 
Fuel Standard (LCFS) credits generated in California, 
signifying its growing popularity on the West Coast.42

Compressed natural gas (CNG) has risen in popularity 
among fleets in the transit and trucking sectors as 
refueling costs are minimal, and the price spread 
between natural gas and oil has led to favorable 
growth in CNG market, as depicted in Figure 24.40 
The main barriers to transition are the significantly 
increased costs that are required to retrofit heavy-duty 
trucks for natural gas consumption and associated 
operational costs. In some cases, vehicle costs can 
nearly double, which can make long-term operation 
a key concern.40 Retrofitting these vehicles also 
reduces their power, making adoption infeasible 
for some applications. In addition, natural gas leaks 
can be costly and toxic, which makes handling and 
transportation another significant consideration.40  
Even with these known challenges, available natural 
gas fuel stations across the U.S. are increasing. Some 
estimates indicate that nearly one third of all vehicles 
sold may use natural gas as a fuel within the next 
25 years.40 Lastly, CNG is quite abundant in the U.S., 
resulting in less price volatility compared to diesel, with 
nearly 1,000 fueling stations supporting natural gas 
trucks across the U.S.45

From an environmental perspective, CNG is not 
especially beneficial due to the risks posed via the 
natural gas extraction process. Drilling and extraction 
of natural gas from wells and transportation through 
pipelines can result in the leakage of methane, which 
is 34 times stronger than CO2 at trapping heat over 
a 100-year period and 86 times stronger over 20 
years.46  While the burning of natural gas is known to 
be cleaner than other fossil fuels, burning CNG does 
produce nitrogen oxides, and in areas where drilling 
occurs, there have been documented increases in 
concentrations of hazardous air pollutants. 46 The 
process required for oil and gas drilling can also affect 
land use and threaten local ecosystems through 
erosion, sedimentation, aquatic contamination, 
fragmenting wildlife habitats and migration patterns.37 
With these environmental and cost-related barriers to 
consider, there is a potential that the market share for 

45 https://www.breakthroughfuel.com/blog/overview-
alternative-transportation-fuels/
46 Environmental Impacts of Natural Gas | Union of 
Concerned Scientists (ucsusa.org)

CNGs may not continue to grow as other alternatives 
are considered. 

Alternative fuel options have a direct impact on the 
environment and health of residents in Portland. 
From an emissions perspective, these alternatives 
provide an opportunity for investment in fueling 
options that reduce particulate matter (PM), volatile 
organic compounds (VOCs), NOx, and other harmful 
greenhouse gases. With legislation in place that 
supports the shift towards greener and electric fuel 
options, Portland is directly influencing how residents 
and companies within the region are adapting. A rise 
in alternative fuels within the region will also require 
increased refueling infrastructure, requiring planning 
and construction efforts to support expansion 
efforts. With the known increase in freight volume 
that e-commerce has created, fuel alternatives and 
their impacts, both positive and negative, will affect 
Portland’s built and environmental footprint. 

12. 
BREAKTHROUGHS 
IN COMMERCIAL 
VEHICLE 
ELECTRIFICATION
Electric vehicle technology has reached the point of 
being viable and cost effective in several commercial 
vehicle applications. As the costs of batteries have 
continued to decrease, and governments increase 
incentives to electrification, the adoption of electric 
trucks has increased sharply in recent years.  Large 
corporations have also begun to support adoption of 
EV fleets in support of a reduced carbon footprint as 
consumers are increasingly favoring more sustainable 
brands, with a recent IBM study finding 70 percent of 
consumers in the U.S. and Canada think it is important 
that a brand be sustainable or eco-friendly. 47

While medium- and heavy-duty vehicles represented 

47 https://www.barrons.com/articles/two-thirds-of-north-
americans-prefer-eco-friendly-brands-study-finds
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Source: ElectrificationCoalition.Org, 2020

Figure 25. Petroleum Consumption by Sector & U.S. Transportation Energy Sources/Fuels, 2019

Source: PSI Market Research, 2020

Figure 26. U.S. Electric Truck Market Growth, 2020-2030
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only 6 percent of vehicles registered in 2018, 
they accounted for 26 percent of U.S. petroleum 
consumption and 23 percent of transportation-related 
greenhouse gas (GHG) emissions.48 By contrast, electric 
trucks emit zero tailpipe emissions, have a lower cost 
of operation, and are starting to achieve total cost 
of ownership that is competitive with diesel freight 
vehicles.49 

Although electric trucks emit zero tailpipe emissions, 
there are lifecycle impacts of lithium battery 
production and disposal. Production of lithium-ion 
batteries, which weigh around 1,000 pounds for an 
average sport-utility vehicle, can generate up to 74 
percent higher CO2 emissions than a conventional car 
made in a fossil-fuel powered facility.50 That carbon 
footprint can grow even larger depending on the 
electricity system used to charge the batteries, ranging 
from nuclear to coal and hydropower.50 As technology 
evolves, it is expected that lifecycle issues will improve 
as batteries are produced via cleaner alternatives such 
as solar power, which Tesla uses at its site for batteries 
in Nevada.50 Disposal of these batteries can be difficult 
and requires recycling of the batteries’ raw materials 
to reduce environmental impact and achieve a circular 
supply chain.51  Recycling can result in GHG emissions 
but recycling of lithium, cobalt, and nickel is important 
to ensure that these materials remain viable for reuse 
to reduce supply risks.51

In 2019, 70%  of total pretoleum consumption in 
the U.S. was used the transportation sector with 
petroleum accounting for about 91% of the total 
sector energy use; highlighting this sector’s reliance 
on petroleum, see Figure 25. Conversely, PSI Market 
Research estimated a nearly 52 percent market growth 
rate for U.S. EV trucks with a huge surge in scale to $15 
billion, see Figure 26. There are a number of factors 
that will influence the rate of adoption, and it is difficult 
to predict the exact market share growth over the next 
20 years. However, EV technology has advanced to the 
point that it is viable in more contexts, interest is high, 

48 Freight Electrification is Accelerating, but it ’s Heavy Work 
(act-news.com)
49 ttps://www.electrificationcoalition.org/wp-content/
uploads/2020/11/Electrifying-Freight-Pathways-to-Accelerating-the-
Transition.pdf
50 Lithium Batteries’ Dirty Secret: Manufacturing Them 
Leaves Massive Carbon Footprint | IndustryWeek
51 These companies are solving the EV battery recycling 
problem | World Economic Forum (weforum.org)

and will be a major consideration for freight in coming 
years.

The freight industry is moving towards electrification 
of its vehicles, with industry leaders such as Amazon, 
Ikea, and PepsiCo setting goals towards a greener, 
more sustainable vison for operations. Both public and 
private-sector actions go hand-in-hand and are needed 
to further move the freight industry to one that is 
EV-focused.  Recent actions taken by industry leaders 
include: 49

y IKEA has set a goal to electrify all home delivery
vehicles by 2025, starting with New York and Los
Angeles.

y PepsiCo/Frito-Lay is replacing diesel-powered
freight equipment with electric assets at
manufacturing and distribution sites across the
country

y Amazon has ordered 100,000 electric delivery vans
from Rivian and plans to deploy all of them by 2030

y Daimler announced production of longest-range
battery electric trucks will begin in 2022

Public policy actions are key to advancing freight 
electrification, passing measures that increase access 
and affordability while tackling costs that are often the 
barrier to entry.52   The shift towards electric requires 
coordination and collaboration between industry and 
public sector, and policy implementation can be very 
effective in driving the shift towards EV in Portland and 
other areas. 

Recent regional policy actions include: 

y California’s Low Carbon Fuel Standard (LCFS)
generates millions in credits each year, and reached
over $2 billion in transactions in 2019 52

y Portland’s Climate Action Plan has goal of a 50
percent reduction in carbon emissions by 2030 and
100 percent reduction by 2050  53

y Oregon Clean Fuels Program began in 2016 with
goal of 25 percent reduction in climate pollution by
2035 and 20 percent by 2030  54

52 Electrifying-Freight-Pathways-to-Accelerating-the-
Transition.pdf (electrificationcoalition.org)
53 Climate Action Plan | The City of Portland, Oregon
54 Oregon’s Clean Fuels program gets a major boost in 2020 
(oeconline.org)
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y In April 2021, Washington state legislature passed
the Climate Commitment Act, establishing an
economy-wide cap-and-invest program to reduce
greenhouse gas emissions. Revenue raised
from carbon credits will support sustainable
transportation and climate change resilience 55

The recent trends within the private and public sector 
discussed just above highlight private sector shift 
towards increased EV usage and successful public 
sector policy adoption at the city and state levels. 
These trends are important pillars to broader-scale 
adoption of EV technology and have shifted industry 
focus in recent years. This shift has uncovered further 

55 Washington State Passes Cap-and-Invest Bill – National 
Caucus of Environmental Legislators (NCEL)

opportunities for action across both the public and 
private sectors separately as well as collaboratively, 
which is likely to influence new trends as electrification 
efforts continue. These key action areas will be 
discussed in a coming report on GHG Best Practices in 
the freight industry. 

Public sector action areas include such policy initiatives 
as vehicle and EV charging infrastructure purchase 
incentives, emissions cap and invest programs, 
and possible state and federal tax exemptions.52 
Corporation-led action areas include more rigorous EV 
deployment goals, increased EV fleet pilot programs, 
and larger batch purchasing of private fleets.52 The 
unique opportunity for increased private and public 
sector partnership may lead to increased knowledge 
sharing across the industry which would influence 
stronger legislation, evolution of equipment financing 
systems, and further coordinated outreach efforts 
such as the National Zero-Emission Truck (ZET) 
Coalition which aims to strengthen EV deployment and 
expansion strategies.52

13. CONNECTED
& AUTOMATED
VEHICLE AD
13.1 Urban Delivery
Advancements in the connected and automated 
vehicle space have accelerated in recent years, with 
an array of strategies ranging from self-driving robots 
and drones to cars and trucks, as seen in Figure 27. 
Companies like Amazon and Postmates, have piloted 
automated delivery for packages and food orders, 
while Stop & Shop and Kruger have piloted self-
driving vehicles focused on grocery delivery. In the 
wake of COVID-19, investor and consumer appetite 
for technologies such as this has increased as public 
perception of automated technology continues 
to evolve. Nearly $4 billion of capital invested in 
companies focused on autonomous delivery of goods 
and food such as Waymo and Pony.ai in just the first Picture 6.1: A white heavy-duty truck dirivng on a freeway ramp. Various passanger vehicles are driving in background.

[Source: PBOT] 
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Figure 27. Automated Delivery Vehicles 

Autonomous Grocery Delivery Technology, Nuro 
Source: Nuro, 2020

Amazon Delivery Robot, Scout 
Source: Amazon, 2019

Postmates Delivery Robot, Scout 
Source: Postmates, 2019

Self-driving freight vehicle, Ottomotto LLC 
Source: Otto LLC, 2018
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four months of 2020.56 While these technologies are 
still far from large-scale adoption, they may become 
increasingly valuable as demand for last-mile delivery 
options increases in urban centers like Portland in 
coming years. 

Sidewalk robots have grown in popularity during the 
COVID-19 pandemic, and states including Pennsylvania, 
Virginia, Idaho, Florida and Wisconsin have passed 
recent laws supporting the operation of robots on 
sidewalks57. Recent legislation in Pennsylvania and 
Virginia has deemed these robots as “pedestrians”, 
which will likely spur an increase in testing and use of 
robots such as Amazon’s Scout and FedEx’s Roxo in 
urban areas of the state. 58 57 While robotic delivery is 
still in its early phase, supportive laws such as these 
support broader testing and deployment efforts. 
Similar to warehouse automation, low-paying jobs may 
be dissolved through expansion of robotic delivery 
and likely be replaced by higher-paying jobs in the 
technology space.58

For Portland, automation of delivery services has 
direct implications on roadway and infrastructure 
planning and design. As noted above, city ordinances 
and regulations will be integral in development of 
a built environment that supports such technology 
as autonomous sidewalk robots. City planning will 
need to consider the emergency of such vehicles in 

56 Automated delivery cashes in on pandemic-driven demand 
| Reuters
57 Sidewalk robots get legal rights as “pedestrians” - Axios
58 https://www.govtech.com/policy/policymakers-should-
make-room-for-sidewalk-delivery-robots.html

urban centers, and best determine how space can 
be created or modified to optimize interaction with 
humans. With the variety of sidewalk and delivery 
robots/vehicles, planning and design in Portland and 
other urban centers may become more difficult as 
the heterogeneity of vehicles continues. While AV 
advancements may provide  safety improvements, 
increased economic productivity, and improved 
quality of life, negative impacts to account for 
include consequences of increased emissions and 
congestion, as well as issues with equity surrounding 
the technology, safety and privacy issues.59  AV equity 
issues include barrier to access based on housing type 
and accessibility of charging infrastructure, especially 
for those in lower income communities.  60Additionally, 
learning curves related to automated vehicles may also 
act as a barrier to use for the elderly or disadvantaged 
communities, and possibly lead to safety issues related 
to operation of an AV. From a privacy standpoint, 
concerns related to access and use of personal 
data have increased as concerns surrounding data 
ownership and cybersecurity continue to rise globally.

13.2 Drone Delivery 
Drone technology as a means of goods transportation 
has been largely mainstreamed via Amazon’s ad 
campaign back in 2015, where the idea of drone 
delivery became less futuristic an idea, and rather a 
potentially practical and expedient form of package 
delivery, seen in Figure 28. Since the days of those 
ads, it became clearer that drone technology is more 
feasible in rural areas due to navigable airspace/
landing sites and less restrictive laws & policies. The 
parcel delivery sector’s high public relevance and 
advanced regulatory progress mean it is likely to define 
how drone air space potential will be used in the future 
and what other uses arise within the logistics/supply 
chain industry.61 

Drone deployment within the logistics sector has 

59 Anticipating Land Use Impacts of Self-Driving Vehicles In 
the Austin, TX Region, Journal of Transportation and Land Use 13 (1), 
185-205, 2020, Kara M. Kockelman, Tyler K. Wellik
60 OPAL Environmental Justice Oregon (website-files.com)
61 Cargo drones: The future of parcel delivery | Roland 
Berger

Source: Amazon, 2013

Figure 28. Amazon PrimeAir Drone Technology
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been tested in multiple arenas, including automation 
of intralogistics, parcel delivery (First/Last mile), 
medical good supply, and transportation of freight. 
Within the parcel delivery space, first and last mile 
often constitute the most expensive and least 
efficient part of a delivery. In 2019, Wing (cargo drone 
owned by Alphabet/Google) was awarded the first 
ever U.S. Federal Aviation Administration (FAA) air 
carrier certificate licensing unlimited commercial 
deliveries using cargo drones, and the license made 
no restrictions on flights over crowds or urban areas, 
which was a first.61 

In October 2019, courier UPS and drone company 
Matternet announced they had been granted FAA 
approval for their on-demand drone deliveries of 
medical supplies to hospitals. The service became the 
first drone airline with an operating license across the 
U.S. 61

Drones have the potential to greatly impact the supply 
chain of medical goods and other commodities, as 
this technology provides access to rural areas that 
otherwise may have infrastructure or geographic 
hurdles to rapid delivery via traditional methods. 
Zipline, a start-up based in San Francisco, has been 
operating a medical supply drone service to 25 
hospitals and clinics in Rwanda since 2014 (delivering 
more than 16,000 packages on demand). 61 The service 
is operable in Ghana, while a domestic pilot program in 
the U.S. is being planned by the FAA in North Carolina. 
61

Cargo drones are a relatively new technology that 
are able to transport  items  with more flexibility 
than traditional ground freight methods. However, 
delivery drones deployed today are mostly design for 
small and light “last-mile” delivery load Additionally, 
technological limitations prevent drones  from being 
the most feasible last-mile option, both economically 
and environmentally. With limited battery technology, 
delivery drones are currently unable to travel long 
distances, and can handle only small packages (around 
ten lbs.) to a single destination point.62  In practice, 
widescale implementation in an urban setting is 
unlikely due to these constraints, as trucks and cars 
have the ability to carry a much larger volume of cargo 

62 Delivery Drones are Taking Off! (Infographic) - Supply 
Chain Game Changer™

Source: Elroy Air, 2020

Source: Elroy Air, 2020

Figure 29. Elroy Air Cargo Drone 

Figure 30. Platooning Technology 
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longer distances, and to multiple destinations. 

In contrast, Elroy Air, a U.S.-based aerospace and 
logistics start-up with a raised a total of $9.2M in 
capital, is developing a the world’s first end-to-end 
autonomous vertical take-off and landing (VLOT) aerial 
cargo system for the middle mile (e.g., warehouse 
to warehouse). Using an aerial cargo VTOL system 
to carry medium payload cargo over long-range 
distances, Elroy’s drone is completely autonomous, 
and can carry loads of nearly 500 lbs. as far as 500km 
in a detachable pod, depicted in Figure 29.62

Some challenges related to adoption of drone 
technology within the freight sector include:

y Comprehensive regulations for drone operation
(ex. drones in designated air space)

y Technical standard requirements necessary for
communication between drone operators

y Regulation of drone interaction with built
environment due to regulatory and social concerns
that may hinder broader use of delivery drones
(delivery locations, drone speeds, safety protocols,
privacy concerns etc.)

y Infrastructure for expanded drone usage including
charging and landing-related, etc.

13.3 Long Haul Trucking
Within the connected and automated vehicle space, 
forecasts for adoption of various technologies such as 
platooning and autonomous trucks have varied greatly 
due in large part to the results of pilot tests across 
the U.S. and globally. Pilot testing has highlighted 
the inherent difficulties in implementation of these 
technologies at large-scale. The first successful 
attempt at platooning was led by Volvo over a 
decade ago in Sweden in 2011.63  Platooning has not 
been widely adopted and is still in testing phases 
in the U.S., suggesting the technology is not likely 
to gain mainstream traction without some sort of 
breakthrough widely adopted and is still in testing 
phases in the U.S., suggesting the technology is not 
likely to gain mainstream traction without some sort of 
breakthrough.

Platooning technology, described in Figure 30, remains 

63 Volvo Trucks leads first successful “platooning” test | 
FleetOwner

in testing and development stage, with recent Peloton 
trials in the U.S. resulting in an average of seven 
percent in fuel savings64.   However, while platooning 
is a great idea in theory and been successful in some 
pilot test settings, there have been some hurdles 
related to real-world application and pilot testing, 
which led Portland-based Daimler to reduce its 
investment in the technology as of 2019. 65  As of 
2018, roughly 51 percent of freight miles within the 
U.S. are in states that have approved commercial 
truck platooning.65  While industry sentiment and 
public policy supported widespread implementation 
of platooning by the mid-2020s, issues with 

64 https://peloton-tech.com/majority-of-us-freight-ton-miles-
now-occur-in-platooning-approved-states/
65 https://www.oemoffhighway.com/electronics/smart-
systems/automated-systems/article/21114230/truck-platooning-   
expected-to-make-inroads-in-2020

Picture 7.1: A United Postal Service (UPS) employee pulling
an empty, gray dolly across a street. A black car is visible
in the background. [Source: unknown]
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Source: Deloitte Insights, 2021

Figure 31. Transfer Hub Model of Autonomous Trucking

Source: Matt Leonard / Supply Chain Dive, data from STB, 2019

Figure 32. Earlier Adopters of PSR, YoY Percent Change in System-wide Speed, 2019
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not be realized in larger numbers until significant fleet 
turnover is achieved, which is a relatively mid-to-long-
term prospect. 

As autonomous trucking continues to evolve with 
emerging technology and insight surrounding 
feasibility and implementation, many companies are 
shifting focus from R&D to making driverless models 
work at scale. A somewhat phased approach has 
developed that balances an autonomous route with 
human-navigated first and last-mile segments. This 
model, known as the Transfer Hub model (seen below 
in Figure 31), is intended to keep humans in charge 
of local driving, cargo loading and delivery, while AV 
fleet operators operating trucks in a more controlled 
interstate highway environment66.  This system 
balances the savings from the autonomous middle 
mile with the cost of the manually driven portions.

14 Key Multimodal Trends

14. KEY
MULTIMODAL
TRENDS
14.1 Freight Rail Transport
Recent rail trends include precision scheduled 
railroading, rail pulse freight car monitoring 
technology, and restructuring of the international 
intermodal network.

Precision scheduled railroading (PSR) is a railroad 
operating model that has been adopted by nearly 
all the North American Class I railroads. All Class I 
railroads now operate under some form of PSR, except 
BNSF, with Figure 32 highlighting the direct impact 
PSR has had on speed of rail vehicles post-adoption. 
While PSR models vary, the technology enables 
railroads to make better use of their assets, shipping 

66 https://www2.deloitte.com/us/en/insights/focus/future-
of-mobility/autonomous-trucks-lead-the-way.html/#endnote-12

the same volume of freight using fewer freight cars, 
locomotives and train crews, as well as using fewer 
classification yards. PSR emphasizes the scheduling of 
freight cars on trains over the prior practice of holding 
railcars at a yard until enough were on-hand to meet 
a predetermined tonnage requirement. 67 The PSR 
operating model is based on increased use of point-to-
point trains, avoiding the classification and reshuffling 
of cars from train to train at yards on course to 
destinations. The laborious switching of freight cars is 
eliminated, resulting in increased velocity and longer 
trains.67 

PSR has led to increased efficiency of operations for 
freight trains nationwide, which could potentially 
lead to a shift away from trucking and increase 
in competitiveness of rail in the Portland region. 
Additionally, there are three intermodal terminals 
within bounds of Portland’s city limits. One at the BNSF 
Lake Yard site, Port of Portland, and in Brooklyn across 
the river from South Portland.68   The success of recent 
PSR advancements may lead to increased intermodal 
activity, which could spur growth around these 
terminals, further altering land use and development 
within the region. 

With regard to negative impacts in Portland, PSR 
implications include operating longer trains, closing 
yards, and increased territorial coverage by signalmen 
to cut labor expenses, all which impact safety at public 
grade crossings69. There is also the potential that 
reduced regulations surrounding rail infrastructure 
may lead to changes in territory sizes for rail systems 
that may result in more frequent equipment failures, 
including grade crossing warning systems, which is 
undoubtedly a safety concern that Portland would 
face.69 Additionally, some rail customers have seen a 
decline in service due to shifting of their shipments to 
less favored traffic lanes, or less frequent local train 

67 MDOT State Long-Range Transportation Plan Multimodal 
Freight Trends, MDOT, 2020
68 https://www.loadmatch.com/directory/terminals.
cfm?city=POR
69 CHRG-116hhrg42574.pdf (congress.gov)
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service.67

Norfolk Southern, GATX Corporation, Genesee & 
Wyoming, TrinityRail, and Watco have collectively 
launched a joint venture, Rail Pulse aimed at 
developing a new technology platform that will 
significantly benefit rail operations. Of these rail 
companies, GATX and G&W have rail lines that pass 
through Portland. This platform will facilitate and 
accelerate the adoption of GPS and other telematics 
technology for application to the freight car fleet. 67 
Rail Pulse is set to comprise 20 percent of the North 
American railcar fleet 67, and will serve two specific 
purposes for rail fleet. Primary is improved safety, 
as the technology will monitor the health of freight 
cars, informing car owners, railroad operators, and 
shippers of safety-related failures. Its second purpose 
is to provide a more visible supply chain, improving the 
competitive position of freight rail transportation.67 
The platform will provide real-time reporting of 
freight car conditions, locations, and their respective 
load status. Freight cars are currently tracked using 

a transponder and trackside monitoring technology, 
which provides less timely and less extensive data.67 

In Portland, this technology may aid as a safeguard 
against potential risks related to PSR technology noted 
above, which may increase confidence in rail usage 
and expansion in the region, introducing a competitive 
edge that the trucking sector may need to address. In 
an increasing digital era, data is incredibly powerful in 
its ability to infer and forecast, and real-time freight 
load data would allow for the analysis of e-commerce’s 
impact on rail freight in the Portland region. While 
it’s hard to determine the exact impact of Pulse, the 
presence of the technology itself in the region may 
influence further tech advancement or freight tracking 
efforts from an intermodal perspective. 

Rail Pulse will begin development in 2021, with a 
target of providing an open architecture, industry-
wide telematics platform by the end of 2022, with the 
intent of including the entire North American freight 
car fleet.67  Data will be available to shippers, Class 
I railroads, short lines, regional railroads, switching 

Picture 8.1: White and red cars driving on a busy freeway bridge. Buildings in the downtown Portland, Oregon area are
visbile in the background. [Source: ODOT]
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carriers and railcar operating lessors with protocols 
established to protect proprietary information.67

14.2 Maritime Transport and Port 
Infrastructure 
At the international scale, the International Maritime 
Organization (IMO) has developed a set of targets for 
reducing carbon emissions between 2020 and 2050 
that may possibly influence changes in how freight 
vessels consume fuels for Transpacific travel. By 2030, 
IMO is targeting a reduction of at least 40 percent in 
CO2 emissions per transport work compared to 2008 
levels, while also aiming for a 70 percent reduction 
by 2050. 70  MO also expects total annual greenhouse 
gas (GHG) emissions from shipping to be at least 
halved by 2050, as part of its initiative towards full 
decarbonization.70 To meet these caps, maritime 
companies are exploring a range of cleaner fuel 
alternatives including diesel, and increasingly common 
LNG solutions, utilizing fuels such as LPG, methanol 
and biofuels, to less developed options such as 
hydrogen and ammonia.70

LNG in combination with a combined cycle diesel/
carbonate fuel cell could reduce CO2 emissions by 
up to 80 percent.70 While a popular option, LNG is 
still a fossil fuel, and it poses the threat of methane 
leakage, offsetting the CO2 emissions reduction.70 
While producing biofuels via mass-scale production is 
currently not a sustainable option, alternatives such 
as synthetic methane/substitute natural gas (SNG) 
and bio-methane can be carbon-neutral alternatives, 
though production is costly in the short-term. When 
used in tandem with carbon capture and fuel cell 
technology, these fuel alternatives are compatible 
with current LNG propulsion technologies, allowing 
for existing LNG fuel infrastructure to be easily 
repurposed to source both.70

These standards will likely influence air quality 
surrounding the Port of Portland, which will 
have positive environmental impacts for the city. 
Additionally, the Port has its own Air Quality Program 
Goals, which encompass three airports including 
Portland International and four marine terminals. 
Recent goals included reducing greenhouse gas 

70 https://marine-offshore.bureauveritas.com/insight/
future-marine-fuels-pathways-decarbonization

emissions 15 percent below 1990 levels by 2020 and 
reducing diesel particulate matter by 75 percent from 
Port controlled operations from 2000 baseline.71   
The Port also began purchasing renewable energy 
a few years ago, increasing its purchase of certified 
renewable energy to 100 percent, cutting direct and 
indirect GHG emissions by approximately 55 percent.71

The Port of Portland has taken steps to address 
issues related to climate change, including reducing 
diesel particulate matter by 76 percent from 2000 
level for operations, and fueling container-handling 
equipment with ultra-low sulfur diesel and improved 
exhaust systems for cleaner emissions.72  In 2014, Port 
of Portland replaced three engines in their Dredge 
Oregon, which helps maintain the lower Columbia 
River shipping channel, reducing diesel particulate 
emissions by more than 85 percent.72

Additionally, the growing complexity of port operations 
is leading to a diversification and intensification of land 
use, which requires new synergies between ports and 
cities.73 To account for potential challenges related to 
shortage of space within urban ports, such as those 
within the Portland region, and the Port of Portland 
specifically, innovation and automation are integral to 
increasing spatial productivity.73

In a post-COVID era of political and environmental 
instability, states may try to relocate the supply-
side inside their borders, and closer to their own 
consumption markets. This reshoring and nearshoring 
of industries, as discussed previously, will likely 
increase the demand for raw materials, impacting 
the goods traded, and affecting ship sizes and sailing 
frequencies. 78 Port strategies may shift towards 
investment in the improvement of their inland supply 
chains to prepare for increased complexities in the 
market.73

As e-commerce trends continue, technology will 
continue evolving rapidly across all spheres of logistics 
including ports, resulting in a shift towards “smart 
ports”. Such a landscape would mirror advancements 

71 https://www.oregonlegislature.gov/dembrow/
workgroupitems/7-19 Port of Portland Emission Reductions.pdf
72 https://www.portofportland.com/Environment
73 https://www2.deloitte.com/content/dam/Deloitte/
nl/Documents/consumer-business/deloitte-nl-cb-global-port-
trends-2030.pdf
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seen in warehousing currently including robotics and 
Internet of Things (IoT), which increase productivity, 
automatic, and digitalization. 73 This would result in 
more connected supply chains where less physical 
labor force is needed, and where investment in 
physical port infrastructure may decline 74. The shift 
towards automation and connectedness increases 
cyber security risks, requiring further investment in 
cyber security infrastructure.

Lastly, another trend on the rise within the maritime 
industry is increased collaboration, both vertically and 
horizontally, to optimize supply chains and increase 
transparency.74 Horizontal collaboration can be 
conducted through alliances, though also increasingly 
through digital ecosystems such as Tradelens.74 Vertical 
collaboration by carriers is largely accomplished 
through terminal operators in the form of designated 
terminals.74

15. ADDITIVE
74 Anticipating Land Use Impacts of Self-Driving Vehicles In 
the Austin, TX Region, Journal of Transportation and Land Use 13 (1), 
185-205, 2020, Kara M. Kockelman, Tyler K. Wellik

MANUFACTURING
Additive manufacturing, which can be conducted 
through a range of methods including the technique of 
3D printing, is a technology that allows for the creation 
of objects through an additive process of layering 
utilizing a variety of materials including plastic, metal, 
and concrete. This technology utilizes 3D modeling 
software and is relatively new in the manufacturing 
space. It may allow for future large-scale creation of 
parts to be completed at warehouses, altering supply 
chains and localizing product manufacturing for 
sectors such as technology and semiconductors, which 
are key industries in the Portland region. 

The additive manufacturing industry was $7.3 billion 
worldwide in 2017, growing 17 percent over 2016, and 
forecasted to grow at a compound annual rate of 15.2 
percent in the five years through 2023.75 76  
Figure 33 supports this general trend, with sizable 
increase in additive manufacturing across the materials 
and services segments through the next decade. 

Based on details from the above graphic, additive 
manufacturing is expected to continue growing as a 
solution to some supply chain needs, streamlining 

75 Wohlers Report 2018, Wohlers Associates, quoted in 
Forbes, 6/18.
76 3D Printing Market 2018”, Wiseguy Reports, 9/18.

Source: Mainepointe.com, 2019

Figure 33. Total Additive Manufacturing Market Size by Opportunity Segment, 2014-2027E
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Source: Disruptive effects on logistics processes by additive manufacturing, Dec. 2019

Figure 34. Supply chain adoption of additive manufacturing in industrial manufacturing

Source: Disruptive effects on logistics processes by additive manufacturing, Dec. 2019

Figure 35. Supply chain adoption of additive manufacturing in spare parts services



45

logistics processes and localizing supply chains 
in the longer term. While the market for additive 
manufacturing has grown sizably in recent years, it is 
not likely that 3D printing will impact manufacturing 
of standard items in the short-term. In the short to 
mid-term, it is probable that specialized industries 
with complex or customized products will adopt the 
technology, which will lead to changes in supply chain 
structure and transportation of goods.77  Additionally, 
additive manufacturing will transform the production 
and service of spare parts.78 Rather than centralized 
production at regional warehouses, these parts 
can be made at regional sites, reducing cost of 
transportation and warehousing while minimizing 
potential waste from excessive stock.78 These changes 
in specialized industries will allow for development and 
enhancement of supply chain and logistics processes, 
serving as a blueprint for expansion to other 
industries. As noted above in this report, warehouses 
are shifting away from lean just-in-time inventory 
strategies as a result of global supply chain instability 
and the COVID-19 pandemic. This is less favorable 
for additive manufacturing which better fits the on-
demand inventory model.

In the longer term, 3D machinery combined with 
robotics could substantially reduce labor costs, with 
warehouses capable of developing parts, potentially 
replacing inbound shipping by printing sites that 
could serve several industries. However, factories 
that assemble complex products from many parts are 
unlikely to move to multiple locations, or to feasibly 
implement such a system in the near term due to the 
decentralization of manufacturing structures that 
would be required.78  

Figure 34 and Figure 35 below highlight supply 
chain impacts to traditional industrial manufacturing 
and spare parts services influenced by additive 
manufacturing, notably reducing transport services 
needed, and increasing importance of regional/local 
warehouses as production sites. 

In assessing the impact of additive manufacturing 
across various modes of freight, the following has been 

77 DHL: How 3D printing is disrupting the logistics industry 
(supplychaindigital.com)
78 Disruptive effects on logistics processes by additive 
manufacturing, Joachim R. Daduna, December 2019 

considered: 79

y Local production of products for more regionalized
consumption is likely to influence displacement of
inbound goods from out-of-state sources by local
and in-state trucking volumes

y Less modal diversity in affected supply chains due
to more local and regional delivery of products

y Truck freight will be key for delivery of primary
materials (inks)

y Rail is likely to be used for containerized
transport of primary materials used in additive
manufacturing, while rail traffic of finished
products in marine containers is likely to decline

For Portland specifically, further adoption of 
additive manufacturing would increase demand 
for regionalized warehouse and production sites 
within the city, likely impacting existing land use 
policies to account for increased demand spurred 
by both e-commerce growth and localization of 
product development and distribution that additive 
manufacturing would influence. Similar to warehouse 
and delivery automation, additive manufacturing 
would likely reduce labor costs as large numbers of 

79 MDOT State Long-Range Transportation Plan Multimodal 
Freight Trends, MDOT, 2020

Picture 9.1: Image of blue, white, and red shipping
containers stacked on top of each other. Several shipping
containers have “Hanjin” written on the sides. [Source:
SqueakyMarmot]




