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Overview 

 
History of the Electric Vehicle 
 

Surprisingly, the electrification of transportation is no new phenomenon. The first 
electric vehicle dates back to 1832. What was essentially an electrified wagon ultimately would 
spark the innovation that has produced EVs as we know them today. In the 1900s, EVs 
accounted for approximately one-third of the vehicles on US roads. The discovery of cheap 
crude oil in the 1920s, however, led to a significant decline in the popularity of EVs. The interest 
in electric power was revived in the 1990s, as new government regulations encouraged the 
development of sustainable vehicles. Yet, for most consumers, the high cost of battery 
technology made these vehicles cost prohibitive. The United States Department of Energy 
invested in research and development that allowed costs of lithium-ion battery technology to 
decrease markedly. In 2008, the launch of the Tesla Roadster, the first of this vehicle type in 
mass production, accelerated the popularity of EVs, encouraging new entrants to the market.1 

 
The EV Market Today 
 

Today, there is remarkable diversity in electric vehicle options, ranging from hybrids to 
all-electric. Virtually all major auto manufacturers offer these vehicles, with Tesla Motors 
holding the majority market share, followed by General Motors and Nissan. Metrics from 2018 
indicated global sales of two million passenger EVs, a 63% year-over-year industry growth rate. 
The largest market for these vehicles exists in China, followed by Europe, then the United 
States. Despite this rapid growth, electric vehicles still only account for two percent of cars on 
the road. However, growth projections remain strong. Consistent progress in lithium-ion 
battery capacity, development in charging infrastructure, and the electrification of more car 
models create a positive outlook for this market.2  
 Further industry analysis can be done through a Porter’s Five Forces analysis.3 This 
framework highlights the strengths and threats that the industry faces, both of which will be 
key factors to consider as the technology continues to develop: 
 

1. Bargaining Power of Suppliers: 
Many of the parts necessary for EVs are standard for conventional vehicles as well. The 
primary differentiator of EVs and the traditional automotive industry is the need for the 
battery, which are primarily imported from Japan, Korea, and China. Recent trends 
demonstrate that an increasing number of EV manufactures are engaging in strategic 
partnerships with battery suppliers. Examples of these partnerships include Nissan and  
 

 
1 Department of Energy, “Timeline: History of the Electric Car”, https://www.energy.gov/timeline/timeline-history-
electric-car,  accessed April 2020. 
2 Edison Electric Institute, “Electric Vehicle Sales: Facts and Figures”, 
https://www.eei.org/issuesandpolicy/electrictransportation/Documents/FINAL_EV_Sales_Update_April2019.pdf, 
April 2019, http://www.ehcar.net/library/these/these043.pdf, accessed April 2020. 
3 Angela Sansonetti and Marco Purificato, “The Open Innovation Paradigm in Electric Vehicle Industry: A Case 
Study of Tesla Motors”, LUISS Guido Carli, 2014, accessed April 2020.  
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NEC, Renault and LG, and Tesla and Panasonic. Overall, due to the numerous 
participants in the battery industry, overall bargaining power for these suppliers is low. 

2. Bargaining Power of Buyers: 
The consumers of EVs, on the other hand, have a great deal of bargaining power. There 
is a great deal of competition in this industry, not only from other EV manufacturers, but 
from all auto manufacturers. Customers are not willing to compromise on the features 
which their vehicles provide. If factors such as range and charge time of the EV are not 
up to the consumer’s expectations, buyers are easily able to search elsewhere and 
purchase ICE vehicles instead. This forces EV manufacturers to invest heavily in R&D, as 
improving battery technology is central to the industry’s ability to compete in the 
broader market.  

3. Threat of Substitutes:  
The largest and most threatening substitute to EV vehicles is ICE vehicles. Especially as 
the efficiency of ICEs improve, these vehicles have potential to better fit consumer 
tastes. Much of consumer preferences for engine-types is dependent on gas prices; low 
gas prices encourage ICE sales, while high gas prices bring more interest towards EVs. 
Beyond ICEs, there is not much threat from vehicles operating on other energy sources, 
such as hydrogen, biofuels, or solar, whose technologies still remain largely 
undeveloped.  

4. Threat of New Entrants: 
Due to the large investment necessary to enter the vehicle manufacturing space, there 
are high barriers to entry. The primary threat comes from foreign competition, 
specifically China, where EV technology is being heavily researched and developed. As 
infrastructure and policy actions to support EV adoption develops, there is potential for 
these barriers to shift and encourage an increasing number of new entrants. Until then, 
however, the main competition remains in the hands of the incumbents. 

5. Rivalry Among Existing Competitors:  
The high degree of competition among EV companies is driven by the need to rapidly 
improve the technological capabilities of their vehicles. The formation of strategic 
partnerships, such as those made with battery companies, as well as startup 
acquisitions, could be integral to any individual competitor’s success in the market 
  

EVs are growing in their commercial sector popularity. As the total cost of ownership of these 
vehicles falls, due to developments in battery technology and improved vehicle lifetimes, the 
adoption of electrified commercial vehicles is predicted to increase. For light commercial 
vehicles, which are commonly used for last-mile delivery, there are already options such as 
battery electric vehicles (BEV) and range-extender hybrids (REX) which have already proven to 
have lower total costs of ownership than their ICE counterparts.4 While capital costs for these 
vehicles are still significantly higher than diesel, several companies such as Amazon, FedEx, UPS, 
and Frito Lay are moving to adopt this technology within their last-mile delivery to take 
advantage of lower lifetime costs.  
 
 

 
4 Nikolas Soulopoulos, “Commercial Vehicle Economics”, BloombergNEF, August 5, 2019, accessed May 2020.  
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Last-Mile Ecosystem 
 

Home retail deliveries are increasing at an unprecedented rate. Nearly 2 billion 
consumers are already shopping online, and this population continues to grow, outpacing the 
annual growth rate of retail sales by 13%. By 2023, online sales will have captured a fifth of the 
global retail market. As online shopping diversifies from its traditionally dominant sectors in 
technology, clothing, and toys to include groceries, health products, and more, a growing 
demand will rise for expedited delivery. These instant or one-day delivery services will first be 
implemented in urban or suburban centers, which will be home to 60% of the human 
population by 2030. 

Rapidly increasing demand for faster delivery times, growing at 36% annually in the US, 
will force the “last-mile” delivery stage to dramatically transform its current practices. The last-
mile ecosystem refers to the network of options and opportunities that companies are 
implementing in order to gain competitive advantage and meet buyers’ needs. Many 
technologies, including EVs, are being leveraged to disrupt the transportation industry and 
innovate the last mile. This surge, however, raises concerns for traffic congestion and air 
pollution, which companies and governments must work together to mitigate. Solutions to 
these problems will need to be multifaceted in their approach, as any effective solution will 
have to balance economic and environmental concerns using a variety of technologies and 
policies. EVs may be a large part of the solution to solve sustainability concerns and work in 
collaboration with other efforts to help optimize deliveries.5  

 
Major EV Players in the Last-Mile Ecosystem 
 

Currently, there are a small number of companies that focus on introducing EV 
technology to the last-mile part of companies’ supply chains. A few examples are Chanje, 
Workhorse, Rivian, and Arrival. Chanje is the largest out of all of these companies and it solely 
focuses on last-mile EV vans. In January, the company paired up with FedEx in order to 
construct electronic charging stations. FedEx plans to electrify 42 stations in California, making 
it one of the largest deployments of integrated charging infrastructure by a single commercial 
fleet to date. Last November, FedEx bought 1,000 Chanje V8100 electric delivery vehicles. The 
V1800 is the only vehicle that is manufactured by Chanje and it is 100% electric.6 Workhorse is 
another company that has gained more traction as it recently entered into a partnership with 
Ryder. Ryder is a transport company that focuses on logistics and has a rental fleet. Thus, Ryder 
is adding Workhorse electric trucks to its fleet and is also using the company’s C-Series vehicles 
for transportation.7 Workhorse is also working with DHL to add electric vans to its fleet in the 
US Market. 63 NGEN-1000 electric cargo vans were rolled out in 2019 in order to fulfill DHL’s  

 

 
5 World Economic Forum, “The Future of the Last-Mile Ecosystem”, January 2020, 
http://www3.weforum.org/docs/WEF_Future_of_the_last_mile_ecosystem.pdf, accessed May 2020.  
6 Fedex, “Fedex Acquires 1,000 Chanje Electric Vehicles”, November 2018, 
https://newsroom.fedex.com/newsroom/fedex-acquires-1000-chanje-electric-vehicles/, accessed May 2020. 
7 Fleet Owner, “Ryder partners with Workhorse Group”, May 2017, https://www.fleetowner.com/resource-
center/maintenance/article/21695945/ryder-partners-with-workhorse-group, accessed May 2020. 
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goal to reduce its logistics-related emissions to zero by 2050.8 Rivian is a passenger EV startup 
that is considered a potential competitor to Tesla. Although Rivian mainly focuses on passenger 
vehicles, it agreed to design and manufacture EV prime delivery vans. Bezos stated that he 
would order 100,000 of those EV vans and asserted that the first ones would be on the road in 
2021.9 The main reason behind this partnership is that Amazon was one of the original 
investors of Rivian. Thus, the company utilized its investment as leverage to convince the 
startup to take on such an ambitious order of EV vans. Lastly, Arrival is a smaller company that 
is based in the UK. It has entered into an agreement with UPS to build 10,000 Generation 2 
electric vans.10 A unique quality of Arrival is that the company builds the software and 
technologies that come with the vehicle specifically to the needs of their customers. 
Furthermore, Arrival claims that their Generation 2 vehicles save up 50% of operational costs 
for fleet owners. 
 
Marketability 
 

In today’s world, investors are putting more pressure on companies to show Corporate 
Social Responsibility. This is due to the fact that investors are interested in knowing where their 
money is going and are recognizing the need for businesses to play an active role in 
environmental and social issues. Therefore, as more companies have to demonstrate CSR, 
electric technology is a way for businesses to display their interest in preserving the 
environment. As mentioned on NewMotion’s webpage, a company that manages EV charging 
infrastructure, “switching to an electric fleet… can help strengthen brand values and create a 
competitive advantage in increasingly crowded marketplaces.”11 Thus, companies that have a 
large environmental footprint will usually have a section on their websites that contain 
sustainability reports that are published yearly. Furthermore, there are now management 
positions in companies that involve spearheading new projects that are related to 
sustainability. In press releases, companies tend to highlight why they are investing in EV 
technology. For example, in a UPS press release, the company stated that investing in EV would 
help reach its sustainability goals.12 Thus, EV in last-mile delivery is a piece of an overall effort 
for companies to become more environmentally friendly. Furthermore, companies can 
promote that they have a “green fleet” when investing in EV trucks. This can be seen with UPS 
as they worked with a startup in California to develop a class 6 electric delivery truck.  

 

 
8 DHL, “DHL Expands Green Fleet With Addition of New Electric Delivery Vans”, February 
2019,https://www.dhl.com/us-en/home/press/press-archive/2019/dhl-expands-green-fleet-with-addition-of-new-
electric-delivery-vans.html, accessed May 2020. 
9 Andrew J. Hawkins, “Amazon will order 100,000 electric delivery vans from EV startup Rivian, Jeff Bezos say”, 
September 2019,https://www.theverge.com/2019/9/19/20873947/amazon-electric-delivery-van-rivian-jeff-bezos-
order, accessed May 2020. 
10 Victoria Tomlinson, “UPS invests in Arrival and orders 10,000 Generation 2 Electric Vehicles”, January 
2020,https://arrival.com/news/ups-invests-in-arrival-and-orders-10000-generation-2-electric-vehicles, accessed 
May 2020. 
11 Newmotion, “ 5 Reasons Why EV is The Future For Fleets” ,https://newmotion.com/en/5-reasons-evs-are-the-
future-of-fleets/, accessed May 2020. 
12 UPS, “UPS To Test New Electric Vehicle”, July 2018 
,https://www.pressroom.ups.com/pressroom/ContentDetailsViewer.page?ConceptType=PressReleases&id=15329
64104882-384, accessed April 2020. 
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Furthermore, companies like UPS want to show they are working with innovative companies, 
which are usually startups. 
 
Government as a Player 
 

Governments all around the world are trying to promote EVs in different ecosystems. 
However, the most popular area that governments are involved in is passenger electric 
vehicles. For example, the German government and the domestic car industry have worked 
together to provide joint subsidies of about $6,700 for EVs less than $44,500.13 These subsidies 
have been extended from 2020 to 2025.  

 
International Energy Association,                 
https://www.iea.org/commentaries/is-government-support-for-evs-contributing-to-a-low-emissions-future, 
accessed May 2020  
 
Above is a graph from the International Energy Agency, which shows how incentives from 
governments around the world have increased EV spending in the past few years. These 
incentives are usually in many different forms, such as subsidies, tax  
breaks, and other complex methods that take into account the features of the vehicle and 
income of the buyers. Another way government can promote innovation in EV technology is by 
easing the testing restrictions that car manufacturers face when designing and developing new 
vehicles. An example is when the National Highway Traffic Safety Administration allowed a 
startup named Nuro to start testing its electric delivery vehicle on the roads.14 A key piece of 
information from this event was that the NHTSA lifted off some restrictions in order for the 
company to test its vehicle quite early. Thus, governments can perform actions like the one  
 
 

 
13 DW, “German government expands subsidies for electric cars”,https://www.dw.com/en/german-government-
expands-subsidies-for-electric-cars/a-51113225, accessed April 2020. 
14 NHTSA, “NHTSA Grants Nuro Exemption Petition for Low-Speed Driverless Vehicle”,February 
2020,https://www.nhtsa.gov/press-releases/nuro-exemption-low-speed-driverless-vehicle, accessed April 2020. 
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described above in order to increase the pace of EV innovation. However, there hasn’t been 
much involvement between the last-mile ecosystem and the national government. It is possible 
that state and city governments may have to take more action regarding EV promotion in the 
last-mile delivery since this part of the supply chain mainly exists in urban areas. 
 
Financial and Sustainability Impact 
 

This report examines the impacts of EV adoption for last-mile delivery on financial and 
environmental performance. In our financial exploration, we will assess the benefits firms may 
face by adopting EV technology for their last-mile delivery. These factors include funding and 
government participation which will impact the industry and conduct relative valuations of 
entrants. By examining both the established players of the delivery market and the disruptors 
who will capitalize on this opportunity, the financial scope of this last-mile electrification can be 
fully grasped. After assessing the financial impacts of EV adoption, we will analyze the 
environmental implications of this trend.  To do so, we will conduct a life cycle assessment of 
the technology and compare these vehicles to their ICEV counterparts. By researching these 
dimensions of EV adoption, we will be able to form conclusions regarding the consequences of 
this technology, predict the future of the industry, and assess the role of regulations in this 
ecosystem. 
 
 

* * * 
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Financial Report 

The Expanding Economy of Last-Mile Deliveries 
 

With the rapid growth of online retail, deliveries must expand in accordance. This 
transformation will incur costs and benefits to retail and delivery firms, especially to last-mile 
deliveries. The electrification of last mile fleets will present unique opportunities for financial 
upside.  
 
Part 1: Last-Mile Electrification of Incumbent Corporations 
 

A variety of large firms will benefit from the increased relevance and volume of last-mile 
deliveries. Primarily online retailers such as Amazon and eBay are seeing the biggest growth 
currently, as the entirety of their sales are online and delivered. However, an increasing 
number of traditional retailers such as Walmart and Target are providing the option of online 
purchases and deliveries. As these firms begin delivering not only dry-goods, but also perishable 
items such as groceries, the last-mile segment will grow rapidly. By electrifying their distribution 
fleet, whether it is proprietary like Amazon’s or reliant on delivery-focused firms such as FedEx 
or UPS, these firms can reap significant financial benefits through a combination of reduced 
costs and eco-patronage.  

From a technological perspective, electric vehicles are much better suited for last-mile 
deliveries than internal combustion engine (ICE) vehicles. Last-mile deliveries require vehicles 
to frequently start and stop, accelerating and braking in short intervals. Comparing the energy 
efficiency in applying torque to set a vehicle in motion, battery-powered vehicles outpace ICE 
vehicles by a wide margin. Burning carbon-based fuels lose up to 75% of energy generated 
through heat, while battery power only has a 15-20% loss of energy according to the EPA. Also, 
with fewer moving parts and less necessary maintenance, electric vehicles will reduce operating 
costs by around 20% from ICE vehicles.15 Along with partial automation, added technology 
controlling more components in electric vehicles ensures that delivery vehicles are driven to 
maximize efficiency and forego unnecessary acceleration and deceleration.  

The savings caused by the electrification of the last-mile delivery fleet extends beyond 
the technical superiority of electric vehicles. Cities are increasingly implementing restrictions on 
vehicle travel to limit congestion and improve air quality. Electric delivery vehicles bypass these 
regulations through zero emissions and an alternative delivery schedule.16 Current delivery 
times are often restricted to daytime to avoid disrupting citizens, but with significantly quieter 
electric vehicles, nighttime deliveries won’t be a concern. This directly correlates with reduced 
costs associated with wasted fuel and time sitting in urban traffic, which has been estimated to 
cost American firms upwards of $28 billion yearly.17 With these predicted benefits of electric 
vehicle implementation, firms will be set on a path to reap more profit with last-mile deliveries. 

 
15 Andrew Winston, “Inside UPS’s Electric Vehicle Strategy”, Harvard Business Review, March 29, 2018, 
https://hbr.org/2018/03/inside-upss-electric-vehicle-strategy#comment-section, accessed May 2020. 
16 Rushil Goel, “Everything You Need to Know About Electric Vehicles for Your Fleet”, Samsara (Blog), February 7, 
2020, https://www.samsara.com/blog/adding-electric-vehicles-to-your-fleet, accessed May 2020. 
17 Andrew Zaleski, “Cities Seek Deliverance From the E-Commerce Boom”, CityLab, Bloomberg, April 20, 2017, 
https://www.citylab.com/transportation/2017/04/cities-seek-deliverance-from-the-e-commerce-boom/523671/, 
accessed May 2020.  
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Data excerpted from Alan Hooper, “Cost of Congestion to the Trucking Industry: 2018 Update”, American 
Transportation Research Institute, p. 17, Table 10.  
 

Also, electric vehicle operations face less vulnerability from volatility than ICE vehicles. 
Without reliance on oil or diesel, the wildly fluctuating cost of operating an ICE vehicle fleet can 
be replaced by the highly predictable costs of an electric vehicle fleet. This stabilization of 
operating expenses will allow firms to more accurately project its financial situation to better 
allocate capital.  

Global awareness for the human impact on climate is an opportunity for electric last-
mile deliveries. As consumer values increasingly incorporate sustainability and environmental 
impact, firms that can demonstrate tangible evidence to appeal to those values will gain more 
business.18  To this point, electric vehicles provide firms a reliable channel to engage the 
growing eco-consumer base.  

US government support for the industry applications of electric vehicles is sparse in 
comparison to the support for consumer applications. While limited government subsidies 
provide $7,500 rebates for some electric and hybrid consumer vehicle purchases, there is 
currently no clear overlying structure for funding industry investments such as electrification of 
last-mile deliveries. As the economy eventually shifts towards relying on alternative energy, 
steady channels of government support may emerge to encourage transformations such as last-
mile delivery electrification. Other governments, notably China, have attempted to approach 
electrification more aggressively with subsidies but face inconsistency and lapses in funding.19 
   
 

 
18 Winston, “Inside UPS’s Electric Vehicle Strategy”.  
19 Yilei Sun, Brenda Goh, “China to cut new energy vehicle subsidies by 10% this year”, Reuters, April 23, 2020, 
https://www.reuters.com/article/us-china-autos-electric-subsidies/china-to-cut-new-energy-vehicle-subsidies-by-
10-this-year-idUSKCN225177, accessed May 2020.  
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Large firms have already started to adopt electrification. FedEx led the road beginning in 

2010 and has since deployed several thousand electric vehicles for delivery. UPS is  
increasingly turning to “alternative fuel and advanced technology vehicles”, of which 20% are 
purely electric. Major retailers such as Amazon have begun to invest heavily into electric last-
mile solutions, such as contracting Rivian to produce delivery vans. Although it is difficult to 
isolate the impact of fleet electrification on the financial performance of giant corporations, the 
cost-savings from electrification are expected to continue to expand. 
 
Part 2: Last-Mile Opportunities for Entrants 
 

The electric vehicle market, while not entirely new, has seen exponential growth in just 
the past few years. A joint e-mobility report by EVBoosters and analyst company Venture IQ 
found that a total of $11.9 billion was raised through 164 transactions, meaning on average, 
each transaction was worth $72 million.20 With major investors like Shell, Google, and Amazon 
looking to fund sustainable companies including Tesla, Rivian, and others, it is no surprise that 
the Electric Vehicle market will only see accelerated growth in the upcoming years. In fact, 
some analysts project EV companies to raise more than $20 billion in 2020 as EV adoption 
continues to gain traction and stakeholders lean towards e-mobility rather than fossil-fuel 
driven industries. On par with this trend, the EV manufacturing sector gained the most 
fundraisers, comprising 45% of all global transactions.21 Fundraising is one of the most 
important sources for startups, and it is no different in the EV startup sphere. With a growing 
supply of capital expected to pour into the EV sphere, EV startups will find it increasingly viable 
to continue innovating and developing these green solutions.  

While there is projected growth in funding, EV entrants will still face huge financial 
barriers to success. In fact, in recent years, many EV startups have failed to make it to the 
production stage of development, despite having raised billions from investors. This section will 
analyze the financial situations of varying EV startups and identify key factors that contribute to 
these entrants’ rate of success. The list of failed EV startups is not brief, and while some names 
among the carnage were severely underfunding, many others crumbled despite receiving huge 
amounts of cash. This indicates that in order to achieve success, earning investor confidence is 
only the first of many financial hurdles.  

Founded in 2014, startup Faraday Future was slated as the next huge player in the EV 
scene and a promising threat to Tesla. Once attracting top talent from companies like Apple, 
Tesla, and Ferrari, today, Faraday Future is struggling to survive.22 Faraday Future’s financial 
woes come from a story of unchecked rapid growth. Despite drying up payments from 
investors, Faraday Future opted to construct a brand new $1 billion factory in Nevada instead 
of retooling an existing plant for $100 to $200 million.23 Faraday Future found its debt piling as  

 
20 Juliane Wittek, “EV Companies Raised $17Bn in 2019,” electrive.com, March 10, 2020, 
https://www.electrive.com/2020/02/19/ev-companies-raised-17bn-in-q4-2019/). 
21 Ibid. 
22 Hawkins, Andrew J. “Behind the Scenes at Faraday Future, an Electric Carmaker on the Brink of Collapse.” The 
Verge. The Verge, December 22, 2016. https://www.theverge.com/2016/12/22/13908160/faraday-future-vs-ff-
cayman-global-problems-jia-leeco-lesee-car. 
23 OKane, Sean. “Burn Out.” The Verge. The Verge, December 12, 2017. 
https://www.theverge.com/transportation/2017/12/12/16651026/faraday-future-investigation-money-debt-
finances-yueting. 
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they continued burning through cash, eventually chipping away at their foundation. Other EV 
startup failures experienced similar financial mismanagements, with unmatched capital 
expenditure growth bringing on bankruptcies before even bringing an EV to production or to 
market.  

Companies like Fisker Automotive (which burned through more than $2 billion), Bright 
Automotive, Faraday Future, and Aptera are just a few examples of the EV startup failures.24 
With Tesla just turning a profit for the first time in the fourth quarter of 2019, and huge 
companies like Dyson giving up on EV development initiatives, it might seem surprising that 
dozens of startups are still eagerly embarking on the capital and risk-intensive process of EV 
development. However, by targeting commercial demand for electric vehicles, companies like 
Rivian and Chanje Energy have the financial feasibility to accomplish actual production and 
delivery of EV. 

Both Rivian and Chanje Energy serve the commercial demand by designing EVs intended 
for last-mile delivery. As mentioned in the prior section, firms are increasingly looking towards 
electrification to lower operating expenses and grow margins. In fact, Rivian has raised over 
$1.3 billion in its most recent financing round. Corporate partnerships from Amazon, Ford, and 
Cox Automotive earned Rivian $700 million, $500 million, and $350 million respectively.25 These 
huge investments, despite a drying up startup funding market, are a key indicator towards 
investor confidence in Rivian. The success of Rivian cannot solely be attributed to targeting a 
different market. In fact, the major difference between Rivian and failed retail EV startups was 
Rivian’s ability to keep spending low. While retail EV startups like Faraday Future frequently 
boasted new innovations despite continuously failing to fulfill public production promises, 
Rivian kept its employment numbers low and stayed quiet during its development stage.26 
Operating with just a couple hundred million dollars from a single investor for nine years, Rivian 
finally revealed its fully electric pickup truck (R1T) and SUV (R1S) in 2018. As a result, Amazon 
chose Rivian to provide them with 100,000 EV last-mile delivery vanes by 2024,27 while Ford 
tapped Rivian’s technology to power an all-electric Lincoln SUV in 2022.28 

Armed with $1.3 billion of fresh capital and–unlike other EV startups–a partnership with 
a major automaker (Ford), Rivian is optimally positioned to begin perhaps the largest obstacle 
for automobile manufacturers: production. Similarly, FedEx purchased and leased over 1,900 EV 
delivery vans from Chanje Energy in 2018 and in March 2020 partnered to develop 42 charging  
 
 

 
24 DetroitBureau. “Electric Car Start-Ups - Once Seen as Threat - Now Struggle to Survive.” CNBC. CNBC, October 
19, 2019. https://www.cnbc.com/2019/10/19/electric-car-start-ups-once-seen-as-threat-now-struggle-to-
survive.html. 
25 O'Kane, Sean. “Rivian Races Ahead of Other EV Startups with $1.3 Billion in New Funding.” The Verge. The Verge, 
December 23, 2019. https://www.theverge.com/2019/12/23/21035192/rivian-funding-1-3-billion-t-rowe-price-
amazon-ford. 
26 Ibid. 
27 Coyle, Meg. “Go behind the Scenes as Amazon Develops a New Electric Vehicle.” US Day One Blog. Amazon, 
February 4, 2020. https://blog.aboutamazon.com/sustainability/go-behind-the-scenes-as-amazon-develops-a-
new-electric-vehicle. 
28 “Rivian Announces $500 Million Investment from Ford; Partnership to Deliver All-New Ford Battery Electric 
Vehicle | Ford Media Center.” Ford Media Center, April 24, 2019. 
https://media.ford.com/content/fordmedia/fna/us/en/news/2019/04/24/rivian-500-million-investment-
ford.html. 
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stations in California.29 Clearly, these corporate sponsorships serve to legitimize the efforts of 
these EV startups, supplying them with more cash to pursue the next stage of EV expansion.  

Examining cases of failure and success in the EV sphere, financial sustainability is 
predicated on the ability to 1) attracting initial investors 2) utilizing funds strategically while 
focusing on keeping costs low 3) refraining from making huge announcements about the 
product that may lead to over-promises and under-delivery while driving down investor 
sentiment 4) meeting commercial needs for EVs, in this case last-mile delivery, leading to 
partnerships with firms that can afford to fund and purchase EVs. Commercial EVs are 
increasingly desired by firms. Thus, EV startups will find more funding opportunities and 
relevant applications of their products in the near future. As a result, the EV sphere will see 
more competition as entrants find EV innovation financially viable. 

Pulling away from the American scope of the EV market, it is important to consider the 
impact of the rapid growth of Chinese EV manufacturers. China is the largest producer and 
purchaser of electric vehicles in the world. This can be attributed to more favorable conditions 
of the Chinese EV market. While U.S.-based companies Faraday Future, Rivian, and Chanje 
Energy endured the grueling process of earning the trust of investors and push for EV adoption 
by their target market, China’s government has prioritized EV stakeholders, providing them 
with legitimacy and resources. For example, major cities like Shanghai and Beijing have 
implemented incentives that make EV ownership attractive to consumers through EV 
exemptions from license plate lotteries and registration fees.30  

Furthermore, Chinese EV startups Byton and NIO have been able to bring electric SUV 
models to the market because of their partnerships with state-owned automakers, which 
helped them create their vehicles. On the other hand, American EV startups necessitate much 
more financial resources by creating new EVs with virtually no support. In fact, at the end of 
April 2020, NIO secured $1 billion from multiple state-owned companies in Hefei in exchange 
for establishing their headquarters in the Hefei Economic and Technological Development Area 
and a stake of its business units.31 This influx of capital will allow NIO to continue enhancing its 
EV products without fears of running out of cash. China’s ability to prop up EV manufacturers 
by providing financial and social legitimacy means that Chinese EV startups have a global 
advantage. This may translate to rising difficulty for American EV manufacturers who face 
pricing pressures from Chinese EV startups that can produce EVs at a lower cost. As a result, 
American EV startups may find themselves increasingly pushed out of the market, which was 
the case with the solar panel industry when cheaper Chinese solar panels drove out many U.S. 
solar panel companies to bankruptcy.32  

 
 

 
29 “FedEx and Chanje to Develop Groundbreaking Charging Infrastructure.” FedEx Newsroom. Accessed May 11, 
2020. https://newsroom.fedex.com/newsroom/fedex-and-chanje-to-develop-groundbreaking-charging-
infrastructure/. 
30 About the author(s) Patrick Hertzke is an associate partner in McKinsey’s Detroit office. “China's Electric-Vehicle 
Market Plugs In.” McKinsey & Company. Accessed May 11, 2020. https://www.mckinsey.com/featured-
insights/china/chinas-electric-vehicle-market-plugs-in. 
31 “EV Startup Nio Secures $1 Billion Investment from China Entities.” Yahoo! Finance. Yahoo!, April 29, 2020. 
https://au.finance.yahoo.com/news/ev-startup-nio-secures-1-155306885.html. 
32 Fialka, John. “Why China Is Dominating the Solar Industry.” Scientific American. Scientific American, December 
19, 2016. https://www.scientificamerican.com/article/why-china-is-dominating-the-solar-industry/. 
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Overall, the abundance of EV startup failures demonstrate the risk of the EV scene. 

However, as global trends emphasize sustainability and EV adoption rates grow, the outlook for 
these startups is optimistic, as the potential for profitability and financial sustainability 
outweigh the risks. 
 
Part 3: Relative Valuation of Entrants 
 

Because the majority of EV companies are private, limiting access to valuable financial 
information, financial transparency was one of the largest factors in determining whether to 
include a company or not. As such, this set includes a combination of public companies that 
disclose their filings with the SEC, as well as private companies that have released investment 
and revenue data. Next, there are a myriad of players that are involved in multiple industries 
aside from electric vehicle development. For example, General Motors and Nissan have become 
top players in the U.S. EV market, but it would be difficult to distinguish confounding factors 
from their other business segments when conducting an EV financial analysis. As a result, 
companies that solely produced EV products were included. Finally, as discussed prior, Chinese 
EV companies’ competitiveness is exponentially growing, so companies based in China were 
also included. 
 

 
 
The figure above is a compiled universe of companies that focus on the development of electric 
vehicles. The selected financial metrics of each firm give insight with a market view of the 
industry, displaying how the market values an EV company.  

Table 1: EV Comparative Analysis 
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* * * 
 

Sustainability Report 
 
Last Mile Delivery and Sustainability 
 
 The unprecedented rise in demand for e-commerce calls for an estimated 78% growth 
in urban last-mile deliveries and 36% growth in delivery vehicles through 2030, globally.33 This 
large increase in delivery vehicles on the road will be responsible for a 32% increase in CO2e 
emissions (or 6 million tons) by delivery traffic.34 The high environmental cost associated with 
rise in last-mile deliveries can be attributed to the fact that the last-mile delivery system is 
highly inefficient, as package delivery to each stop is limited by urban traffic congestion and 
accounts for 53% of the overall cost of shipping.35 Last-mile delivery trucks also idle, where the 
vehicle’s engine is running, but the vehicle is not moving, which slashes its fuel economy down 
to 5-8 miles per gallon. Given 22.38 pounds of CO2e are produced per gallon of diesel burned 
and that a typical urban last-mile delivery daily trip consists of 200 miles of diesel-fueled travel, 
550 to 895 pounds of CO2e are emitted via tailpipe per day in operation.36 The growth in 
demand for delivery trucks will be matched by an increase in these global warming-inducing 
greenhouse gas (GHG) emissions to accelerate consequences of climate change. There are 
numerous last-mile interventions that can be pursued to reduce the industry’s environmental 
impact that address traffic congestion, CO2e emissions, cost of delivery, consumer 
convenience, and competitive disruption. Introducing EV regulations into the last-mile 
ecosystem could have significant positive environmental impacts, which can operate during 
night-time and outside of business hours to reduce traffic congestion by 30%, eliminate tail-
pipe emissions and bring down associated CO2e emissions by 30%, and even reduce delivery 
costs by 25%.37  

The topic of evaluating the environmental impact of electric vehicles (EV) in comparison 
to internal combustion engine vehicles (ICEV) is of increasing discussion and importance as the 
automotive industry is facing transition towards electrification. As electric vehicles’ market 
share of transportation continues to rise, a life cycle assessment of electric vehicles, which 
evaluates the environmental footprint of a system from raw material collection to transport 
and end-of-life care, provides a comprehensive view on how sustainable this emerging 
technology is. Using this analysis, a direct comparison between the electric vehicle and the 
conventional internal combustion engine vehicle can be made. Moreover, because of the high  

 

 
33  “The Future of the Last-Mile Ecosystem,” World Economic Forum, January 2020, 
http://www3.weforum.org/docs/WEF_Future_of_the_last_mile_ecosystem.pdf, accessed April 2020. 
34 Ibid.  
35 Shelagh Dolan, “The challenges of last mile delivery logistics & the technology solutions of cutting costs,” 
Business Insider, May 10, 2018, https://www.businessinsider.com/last-mile-delivery-shipping-explained, accessed 
May 2020 
36  Imad L. Al-Qadi et. al, “Effect of Methodological Choices on Pavement Life-Cycle Assessment,” December 1, 
2018, https://doi.org/10.1177/0351198118757194, accessed May 2020.  
37 “The Future of the Last-Mile Ecosystem.” 
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degree of competition among electric vehicle providers to increase capabilities of EV 
technology, it is important to evaluate the technical specifications behind their IP.  

The life cycle analysis of electric vehicles reveals that even when EVs are paired with the 
most carbon intensive electricity-based systems in Europe, they emit less greenhouse gases 
(GHG) than their ICEV counterparts. Some opportunities to improve the sustainability potential 
of EVs lie in battery manufacturing, such as pursuing alternative battery chemistries, improving 
battery capacities and establishing an EV battery recycling system. Additionally, the supply of 
rare earth materials used in EV batteries will not constrain widespread electrification of the 
automotive industry, especially as alternative battery chemistries that rely on other types of 
materials are investigated. Increased research and development to diversify battery 
composition will be crucial in determining the total ecological footprint of the EV industry.  
 
Life Cycle Assessment of Electric Vehicles  
 

Life cycle assessment (LCA) performance of EVs has undergone extensive investigation 
in recent years. However, due to the high degree of variability of assumptions made to carry 
out EV, LCA and the variations in the scope of the life cycle lead to inconclusive results. For 
example, studies must account for the carbon intensity of the electric grid, which is dependent 
on area and time; battery capacity of the vehicle; raw material sourcing, dependent on battery 
type; source of battery manufacturing; and lifetime of the battery and glider. Additionally, 
some studies only evaluate EV performance of Well to Wheel (WTW) life cycle, which only takes 
into account how impactful driving a given EV would be depending on the carbon intensity of 
the electric grid. It also takes into consideration type of EV. There is the fully electric vehicle 
(BEV), range-extended electric vehicle (REEV), and the hybrid vehicle (PHEV). Other types of LCA 
performance analysis methods also include the equipment lifecycle. 
 

 
 
Figure 1: Life-cycle emissions (over 150,000 km) of electric and conventional vehicles in Europe in 2015  
The International Council on Clean Transportation, “Effects of battery manufacturing on electric vehicle life-cycle 
greenhouse gas emissions,” https://theicct.org/sites/default/files/publications/EV-life-cycle-GHG_ICCT-
Briefing_09022018_vF.pdf, accessed April 2020.  
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Electric vehicle manufacturing is laborious, due to the extraction and refining of rare 

earth metals used to produce Li+ batteries, most of which are produced in South Korea and 
Japan, where coal is responsible for 25-40% of electricity generation.38 The environmental cost 
of manufacturing batteries varies greatly based on use of different metrics to determine 
production emissions. Values range from 56 kg to 494 kg of CO2e per kWh.39 For example, for 
an electric vehicle with a standard 24 kWh capacity, the environmental cost of manufacturing 
its battery ranges greatly from 1344 kg to 11856 kg of CO2e per kWh. Estimates are that it 
would take an electric vehicle two years, under a low carbon electricity based economy, to 
three years, under a high carbon electricity based economy to overcome the carbon dioxide 
equivalent emissions from an internal combustion engine vehicle. This means that the electric 
vehicle contributes more negatively to the environment for the first 2-3 years of life, compared 
to its conventional counterpart.40 In countries with the highest carbon-intensive electricity 
generation, such as Poland, the EV emits 25% less CO2e compared to the ICEV.41 In Sweden, 
which was one of the first countries in the world to adopt a carbon tax, the EV performs 85% 
better than the diesel counterpart. As a result, the extent to which EVs are environmentally 
friendly depends on the degree of carbon regulation determined by government policy. 
Manufacturing of the vehicle, barring the battery, for EVs has roughly the same environmental 
cost as with the ICEV. The EV is able to make up for battery manufacturing by avoiding tailpipe 
emissions.  

 

 

 
38 “Electric vehicle life cycle analysis and raw material availability,” European Federation for Transportation and 
Environment AISBL, October 2017, 
https://www.transportenvironment.org/sites/te/files/publications/2017_10_EV_LCA_briefing_final.pdf, accessed 
May 2020. 
39 “Effects of battery manufacturing on electric vehicle life-cycle greenhouse gas emissions,” The international 
Council on Clean Transportation, February 2018, https://theicct.org/sites/default/files/publications/EV-life-cycle-
GHG_ICCT-Briefing_09022018_vF.pdf, accessed April 2020. 
40 “Electric vehicle life cycle analysis and raw material availability.”  
41  Ibid. 

Figure 2: United 
States’ energy 
breakdown by 
source-specific 
consumption in 
2019 
U.S. Energy 
Information 
Association, “U.S. 
energy facts 
explained,” 
https://www.eia.g
ov/energyexplaine
d/us-energy-facts/, 
accessed April 
2020. 
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Given that the U.S. energy mixture’s carbon intensity performs similarly to Germany’s –  

32.4% petroleum, 23.6% natural gas, 22.2% gas, and 21.7% renewables or clean energy 
generation (nuclear, wind, solar, hydro) – it is expected that an EV would save 45% CO2e 
emissions compared to the ICEV.4243 Given the expansion of renewable energy sources’ 
integration with the U.S. power grid and decrease in coal production, CO2e emissions saved 
from switching from ICEV to EV will only increase with time and with the decarbonization of the 
energy grid. Of course, these energy trends are sensitive to government regulation. 

As aforementioned, the EV relies on batteries for its clean energy generation, with the 
most popular battery being the Lithium-ion battery, composed of lithium, cobalt, nickel, and 
graphite. The Li+ ion battery also requires some rare earth elements in its composition. Except 
for Tesla, the tradition in the EV market is to use Neodymium Iron Boron permanent magnets 
(NdFeB), which allows the vehicle to achieve maximum torque from 0 RPM, since the electric 
current can travel through the strong magnetic field of NdFeB. The rare earth elements 
essential for the production of NdFeB are Neodymium (Nd), Praseodymium (Pr), and 
Dysprosium (Dy).44 The demand for commodities needed to manufacture lithium-ion batteries 
is expected to rise fourfold by 2030. While there are enough raw materials to meet this sharp 
rise in demand by 2030, lack of investment and instability surrounding the mining and refining 
industries will contribute more to the price volatility of these commodities. This, in effect, could 
lead to uncertainty and act as a barrier to electrification. The other concern regarding use of 
rare earth elements in the EV is the fact that, as seen in Figure 3, the majority of REE reserves 
come from China, which could evolve into trade arrangement disasters.   
 

 
Figure 3: Rare Earth element (REE) production by country 
European Federation for Transport and Environment AISBL, “Electric vehicle life cycle analysis and raw material 
availability,”https://www.transportenvironment.org/sites/te/files/publications/2017_10_EV_LCA_briefing_final.pd
f, accessed April 2020. 

 
42 International Energy Agency, “Germany,” https://www.iea.org/countries/germany, accessed May 2020. 
43 “Electric vehicle life cycle analysis and raw material availability.”  
44 Ibid. 
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Comparing Environmental Impact of Internal Combustion Engine Vehicles to 
Electric Vehicles  
 

While some of the comparisons between EV and ICEV have been made in the LCA 
performance section of this report, fundamental differences in the technologies of EV and ICEV 
are responsible for their respective environmental impacts. To compare the LCA performance 
of a BEV to a diesel-run vehicle, about a third of the CO2e emissions for the BEV comes from 
vehicle production – manufacturing of the battery, glider and powertrain (assuming battery 
cells are manufactured in a high carbon intensity grid environment). This only accounts for 10% 
for the diesel-run vehicle. The majority of the conventional diesel vehicle’s emissions source 
comes from its Tank-to-Wheel (TTW) phase, which accounts for tailpipe emissions. Overall, the 
BEV’s footprint is 55% cleaner than the diesel vehicle.  
 

 
Figure 4: Significance of various life cycle stages for EV versus diesel-powered vehicle 
European Federation for Transportation and Environment, “Electric vehicle life cycle analysis and raw material 
availability,” 
https://www.transportenvironment.org/sites/te/files/publications/2017_10_EV_LCA_briefing_final.pdf, accessed 
April 2020. 
 
Factors of and Barriers to Adoption 
 
Despite the fact that EV sales are projected to grow at an exponential rate, they only account 
for less than two percent of annual car sales. There are four main factors that limit the adoption 
of the electric vehicle: range, infrastructure, battery degradation, and cost. All of these barriers 
to adoption can be addressed by innovating new battery solutions that can extend the range of 
the vehicle, which would decrease time between recharging, increase the quality of the battery  
 
 
 



Electric Vehicles: Last-Mile Delivery    

 19 

 
to prevent degradation, and lower cost.45 The growth of EVs has been primarily driven by push 
factors, like government incentives. For EVs to gain a larger market share, pull factors, such as 
alleviating customer concern over range or battery capacity of the EV, are essential. Improving 
upon any one of the barriers to adoption of EVs will increase feasibility of implementation and 
maximize benefits of electrification in both last-mile ecosystem and consumer vehicles.  
 

* * * 

Conclusion 
 
 While electric vehicles have a long history, this market has yet to reach maturity. As the 
major players in this space race to innovate battery and charging capabilities, EVs are sure to 
battle against their ICE competitors for dominance in the passenger and commercial vehicle 
sectors. Optimization of the last-mile delivery ecosystem has further launched the presence of 
EVs in the commercial space. With this shift in supply chain operations, assessing the financial 
and environmental impacts of electric vehicle adoption is essential. Firms both large and small 
will acknowledge the potential economic benefits to be reaped by shifting towards an 
electrified delivery fleet. The technical and non-technical advantages of EV deliveries will allow 
existing retail and delivery companies to cut costs. There are many opportunities for EV 
startups as well. 

Although the EV industry is a burgeoning sphere with increased potential investments, 
startups still face huge financial barriers as the EV industry is highly capital intensive. However, 
as EV startups pivot to serving commercial demand – specifically in the last-mile delivery front – 
and strike partnerships with companies that have ample resources, they have a better chance 
at overcoming financial hurdles. Additionally, government support through subsidies and 
incentive policies – as is the case in China – is greatly beneficial in driving the EV industry, which 
demonstrates that financial feasibility extends beyond simply having investors. 

The last-mile delivery ecosystem poses the highest negative environmental impact, 
considering all legs involved in the shipping and distribution process. While other technological 
interventions exist to avoid adverse environmental effects of the last-mile ecosystem, such as 
using drones as a means of delivery, EVs are a technology that already exist and have high 
potential for widespread implementation. Looking to electrification to ease some of the issues 
involved with the current state of the last-mile delivery system, such as extremely low fuel 
economy and high CO2e emissions, would be a favorable solution. EVs would eliminate TTW 
emissions and have quiet engines that can operate during all times of the day. While the extent 
of CO2e emissions avoided from using ICEVs versus EVs depends on the carbon intensity of the 
electric grid, which would depend on governmental policy, studies show that switching to EVs 
would have positive environmental impacts after 2 to 3 years of use. In the early stages of its 
life cycle, EVs have a high environmental cost due to raw material manufacturing of its battery. 
Additionally, many consumers express concerns with the range, battery capacity, and battery 
quality in the EV. As innovation in battery chemistry evolves in the coming decades, this 
negative environmental impact will become less of an issue, making EVs a more attractive 
alternative to ICEV counterparts, while also lowering the barriers to implementation.  

 
45  “Electric Vehicles: Ready(ing) for Adoption,” Citi GPS, June 2018, accessed April 2020. 
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Furthermore, governments need to pursue an active role in introducing EV adoption in 

the last-mile ecosystem and at large. As mentioned earlier in the report, city and state 
governments have a responsibility to improve the last-mile delivery, as this part of the supply 
chain has a larger presence in urban areas. Although national governments are actively 
providing incentives for regular consumers to switch to EVs, these entities should also consider 
the possibility of providing similar EV incentives for corporations that have large environmental 
footprints. However, the Trump administration has done the opposite of what has been 
suggested above. It has reduced annual fuel economy standards to increase by only 1.5% in the 
coming years. This policy can be detrimental to the EV industry as a whole as it reduces 
incentives for manufacturers to invest in EV technology in order to meet these fuel economy 
standards. 

 
In closing, as is proof today, it is imperative for businesses and governments to design 

for and invest in resiliency, in addition to efficiency. The adoption of electric vehicles in the last-
mile ecosystem is a great place to start, as it would allow us to do just that. 
 
 


