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Abstract 

 

An Assessment of Cargo Cycles in Varying Urban Contexts 

 

Carine Choubassi, M.S.E. 

The University of Texas at Austin, 2015 

 

Supervisor:  C. Michael Walton 

 

Freight constitutes a large portion of urban daily traffic, contributing to emissions, 

noise, and safety concerns. Moreover, urban freight logistics and supply chains are often 

hindered by the “last mile” in areas of high population density. Slow traffic speeds and 

limited parking can lead to significant delays, higher delivery costs, and an over-all 

unreliable system. Firms in dense urban areas are therefore seeking alternative approaches 

for transporting their goods and services in a timely and cost-effective manner by looking 

at more efficient and reliable modes for their last-mile services.  

One mode of transport which has been gaining widespread interest for urban 

deliveries is cargo cycles, also known as freight bikes or cargo bikes. Current research on 

cargo cycles is, however, limited though their success in transporting at least 25% of freight 

has been recognized. This thesis examines the prospect of using cargo cycles for urban 

goods delivery. A model is developed to compare the use of different types of cargo cycles 

in varying urban. A case study that assesses the potential of replacing the United States 

Postal Service trucks with cargo bikes and cargo trikes for last-mile delivery in three 

different population densities in the city of Austin, TX is illustrated.  

The results of the study indicate that electrically-assisted cargo trikes are the most 

cost-effective mode for urban goods delivery in congested areas with high population 

densities such as central business districts. Moreover, the competitiveness of the trikes with 
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other existing modes such as the Long Life Vehicle was found to be evident when the 

depots were located within the boundaries of the delivery area.  However, the success of 

cargo cycles relies on the availability of facilities like consolidation centers and dedicated 

bike lanes. As such, efforts from both the private and public sector are necessary for the 

increased adoption of this mode of transport in future urban delivery practices.  
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Chapter 1: Introduction 

Urban freight delivery plays a crucial role in maintaining the vitality of an 

economy. Based on the Commodity Flow Survey, 81% of U.S. goods originate or terminate 

in metropolitan areas, serving around 83% of the U.S. population (NCFRP 14, 2012). With 

the anticipated increase in population and the trends of millennials to move back to the 

cities, these values will most likely increase.  Moreover, the emergence of e-commerce and 

express mail delivery are expected to lead to an increase in the annual tons of freight from 

55 tons/capita in 2010 to 70 tons/capita in 2040, constituting one additional freight truck 

in 2030 for every two trucks today (NCFRP 14, 2012).  

Despite the larger distances traveled by intercity freight, the “last mile” of freight 

delivery is the least efficient. According to the annual Urban Mobility Report by the Texas 

Transportation Institute (2012), “congestion in the nation’s largest urban areas cost the 

trucking industry $33 billion in delay time and wasted fuel in 2009” (TTI, 2012). In 2008, 

55% of U.S. empty truck miles were in metropolitan areas (NCFRP 14, 2012).  

The lack of curbside space for legal parking and unloading is another major issue 

affecting last mile deliveries. It results in truck cruising and/or illegal truck parking leading 

to blocked bikes and vehicle lanes. Moreover, parking fines are a major cost incurred by 

delivery companies who have now begun including it as part of their regular budget for 

“doing business”. In New York City, certain delivery companies have “grown accustomed 

to paying millions of dollars in parking fines” annually as double-parking seems to be the 

most efficient way to perform their services (NCFRP 14, 2012). The result is an increase 

in the cost of operations. 

Freight delivery is also considered a major nuisance to urban citizens as it directly 

impacts their quality of life, specifically in terms of emissions, noise, and safety (Crainic, 

Ricciardi, & Storchi, 2004). Freight vehicles are often large in size and disproportional to 

the narrow urban streets they travel on thus affecting perceived safety, walkability, and 

aesthetics of neighborhoods. It is similar to fitting a mouse in an ant farm. 
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The importance of efficient urban freight delivery has become obvious to policy 

makers and public officials. The Federal Highway Administration (FHWA) highlights 

some of these main concerns by assessing the effect of congestion and bottlenecks on the 

delivery of good and services (FHWA, 2005). Freight delays not only burden the recipient 

but also pose the need for storage and additional coordination among stakeholders which 

can be very costly. Several attempts are being made by governments around the world to 

address the environmental and social effects of urban freight delivery. Some of the main 

objectives include reducing congestion, improving mobility, and controlling emissions and 

noise (Crainic et al., 2004). Street design improvements that incorporate loading/unloading 

zones, enforced spatial and time restrictions on truck delivery, and intermodal logistics 

platforms are some solutions that have been implemented over the past decade (Munuzuri, 

Larraneta, Onieva, & Cortes, 2005).  

The establishment of city distribution centers on the outskirts of major urban areas 

has demonstrated great benefits. However, the success of this technique relies on the use 

of smaller and possibly non-motorized vehicles to carry out urban deliveries. In this 

context, the role of cargo cycles, also known as freight bikes or cargo bikes, is evident. 

Cargo cycles are in no way a new concept.  Dated back to the 19th century, cargo cycles 

originated in Holland as tricycles with specialized designs (Lenz & Riehle, 2013). They 

were primarily used by tradesmen, doctors, grocers, milkmen, messenger boys, public 

authorities (Klepfer, 2012), and service providers to carry the tools of the trade in a faster 

and more practical way than donkey-or dog-powered carts (Decker, 2012). Their 

emergence as a solution in the urban freight sector, however, is only currently being 

recognized.  

A number of studies have been done in the U.S. and Europe to examine the 

competitiveness of cargo cycles in urban freight delivery. This thesis attempts to model the 

efficiency of cargo cycle deliveries in various urban contexts in comparison to other 

existing and emerging modes. Moreover, different types of cargo cycles with varying 

capacities are assessed. For the remainder of this thesis, the term cargo cycles will refer to 

any type of bicycle, tricycle, or quadricycle that is used to carry goods or multiple 
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passengers of all types of propulsion systems (electric and non-electric). Cargo bikes will 

exclusively refer to two-wheeled cargo cycles and cargo trikes will refer to three-wheeled 

cargo cycles.  

The thesis is organized as follows. Chapter 2 presents an overview of cargo cycles, 

their emergence, uses, applications around the world, advantages, disadvantages, and 

incentives that encourage their use. Chapter 3 outlines the current literature related to the 

assessment of cargo cycles. Chapter 4 presents the methodology used and the case study 

on which it is applied for the purpose of this thesis. Chapter 5 demonstrates the results of 

the case study with a brief analysis and suggestions for future improvements. Finally, 

Chapter 6 offers a conclusion on some of the main findings and the contribution of this 

study to the assessment of cargo cycles as a mode for urban freight delivery. 
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Chapter 2: Overview 

Cargo cycles have been present for a long time. However, their central role in 

facilitating last-mile urban logistics is only being recognized now. The following section 

outlines some of the most prominent uses of cargo cycles in the past, the types, 

classification, and characteristics of different categories of cargo cycles, their reemergence 

in the 21st century through worldwide case studies, and some of the lessons learned related 

to their advantages and disadvantages. 

2.1 CARGO CYCLES IN THE 20TH CENTURY 

In 1920 Denmark, cargo cycles were the main mode of transport for the 

Copenhagen Post and Telegraph Service messengers, referred to as “Svajere” (Klepfer, 

2012), with two-wheeled bicycles and three-wheeled tricycles being the most popular 

designs (Figure 1). This mode was also used by several companies in the country, such as 

the Illum Department Store (Figure 2) and the Byposten messenger company, to manage 

business logistics (Colville-Andersen, 2012). 

 

 

Figure 1: Copenhagen Svajere in 1917 (Colville-Andersen, 2012) 
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Figure 2: Illum Department Store in 1940s (Colville-Andersen, 2012) 

 

Cargo bikes were comprised of both commercially manufactured models and self-

adapted vehicles (Decker, 2012). The most popular model in Holland and Scandinavia was 

the “bakfeitsen” (a.k.a. “bakfiets” or “box bike”), shown in Figure 3, which was a modified 

design of a cargo trike (Klepfer, 2012).  

 

 

Figure 3: Bakfiet or Box Bike (MyDutchBike, 2011) 
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Another model, shown in Figure 4, is the Long-John which first appeared in 

Denmark in the late 1920s and was considered the most practical cargo bike for speedy 

deliveries with heavy/bulky goods. It is equipped with a steering mechanism comprised of 

a tie-rod passing under the platform (Decker, 2012). 

 

 

Figure 4: Long John (OldBike, 2015) 

The “bakery bikes” or “butcher bikes”, famous in the UK in the 1930s, were another 

form of cargo bikes with front-fixed boxes or baskets used for the delivery of goods (Figure 

5) such as bread, meat, vegetables, fruit, and dairy products (Klepfer, 2012).  

 

 

Figure 5: Butcher Bike (Oil, 2016) 
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In the U.S., the first cargo cycles were manufactured in 1898 by a company called 

“Worksman Cycles” and used by the post office for warehouse work as well as by the Good 

Humor Ice Cream Company (Figure 6) for vending purposes (Klepfer, 2012). From 1939 

to 1967, “cycle trucks” became the most popular in the U.S. whereby 10,000 units were 

sold during World War II (Klepfer, 2012).    

 

 

Figure 6: Good Humor Ice Cream (Worksman Trading Corp., 2010) 

2.2 CLASSIFICATION AND CURRENT USES OF CARGO CYCLES 

Cargo cycles can have two, three, or four wheels. Two-wheeled cycles usually carry 

relatively smaller loads (around 396 lbs.) and volumes (around 0.25 m3 or 8.8 ft3) while 

three- and four-wheelers can carry up to 0.5 tons (1000 lbs.) and 1.5 m3 (53 ft3) (Decker, 

2012). Their prices currently range between 700 and 10,000 euros ($750 to $11,500). The 

different cargo-cycle types and designs as well as their diverse uses are discussed in the 

following sections.  

2.2.1 Cargo Cycle Types and Categories 

Cargo cycles are often classified into three main categories (Yao, 2014): 
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 Bakery Bikes: similar to conventional two-wheeled bikes. Bakery bikes can be 

loaded in the front and/or rear with an average load capacity of 75 kg (165 lbs.). 

Special customized designs can carry up to 150 kg (330 lbs.). 

 Low-Loaders: these bikes are equipped with very low loading areas between the 

front wheel and the head tube. They allow for higher stability and therefore greater 

loads. Low-loaders can be two-wheeled carrying up to 180 kg (397 lbs.) or three-

wheeled carrying up to 500 kg (1,100 lbs.). 

 Backpackers: similar to low-loaders but the loading area is located in the rear 

between the back wheel and the head tube. This design can be more advantageous 

as it does not block the driver’s view. Two-wheeled backpackers can carry up to 

200 kg (440 lbs.) while three-wheelers can carry up to 250 kg (550 lbs.). Currently-

existing four-wheeled bikes are usually of the backpacker category with a load 

capacity of 400 kg (880 lbs.). 

There are three propulsion levels that cargo cycles can have. They can either be 

fully human-powered like regular cycles or equipped with one of two types of motors 

(Jorna, Mallens, & Mobycon, 2013). Pedelec cycles are comprised of bikes or trikes with 

an auxiliary motor that merely assists the cyclist in pedaling and is rarely used for full 

propulsion of the electric motor. E-bikes and e-trikes are bicycles with an auxiliary electric 

motor that can operate the cycle with no need for pedaling. The choice of motor type 

usually depends on the topography of the city and the expected average distance of trips 

that will be made by the bike. E-cycles and pedelec cycles are more expensive than regular 

non-motorized cycles but can accommodate longer distances and higher speeds. 

Of the three mentioned categories, there currently exist 67 design models by 34 

commercial manufacturers (Riehle, 2012). Cargo bike design modifications are 

continuously being assessed to accommodate larger loads and higher volumes (Yao, 2014). 

Recommended design improvements related to cyclists’ safety, posture, vision/sight and 

long-term sexual function have been highlighted (Yao, 2014).  
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2.2.2 Cargo Cycle Uses in the 21st Century 

The reemergence of this mode in our current century is evident. The uses of cargo 

cycles can be classified into three main categories: passenger transport, freight transport, 

and provision of services (Jorna et al., 2013). Passenger transport has so far been the 

dominant form of cargo-cycle usage. In certain cities in East Asia, Africa, and even in the 

U.S., bicycle taxis, also referred to as pedicabs, lorries, or rickshaws (Figure 7), are used 

to transport tourists and local citizens within urban areas over relatively short distances. 

Individuals in several European cities have also resorted to cargo bikes to transport children 

(Figure 8) as a replacement to a car or purchasing a second vehicle. In Copenhagen, 25% 

of families with two or more children use a cargo bike to drop off their children at school 

or for recreational trips (Cyclelogistics, 2011; BBC Autos, 2014). Passenger transport 

services offered to elderly and/or disabled individuals can also be found in a number of 

cities in Europe. 

 

 

Figure 7: Rickshaw Driver in India (Khan, 2015)  
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Figure 8: Cargo Bikes Used to Transport Children (Brisbane Cyclist, 2015)     

Cargo cycles are also used by individuals for personal freight delivery such as 

shopping goods, furniture, or other light-weight objects. In Vienna, the LastenRad 

Kollektiv rental company provides individuals with free cargo bikes to transport big or 

heavy items. Similarly, Velogistics, the UK-based company, provides similar services at a 

European scale by building an online database to connect cargo-cycle-owners with other 

individuals wishing to rent them for temporary use (Decker, 2012). 

Cargo cycles allow for freight transport and last-mile logistics as well.  Some large 

chain companies such as FNAC in Spain (Barcelona and Madrid) and IKEA in certain 

Dutch and Danish cities use them to deliver online-ordered products to customers. Other 

small enterprises such as organic food suppliers also rely on cargo cycles for urban 

deliveries (Decker, 2012). Some industries make use of cargo cycles for internal transport 

of people or parts inside factories as well (Jorna, Mallens, & Mobycon, 2013). Public and 

private courier services and logistics companies (Figure 9) have also found many 

advantages in shifting to cargo cycle deliveries (Decker, 2012) with cargo trikes being the 

most popular design for such services.  

Cargo cycles are also gaining popularity in the courier and mail delivery industry. 

The renowned courier company, DHL, currently uses cargo cycles in fifteen Dutch cities 
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(Figure 10). The largest known courier company to use this mode is the French La Petite 

Reine which delivers mail in four cities in France.  

 

Figure 9: B-Line Logistics Company in Portland, OR (Davis, 2013) 

 

 

Figure 10: DHL Cargo Bike Delivery (Copenhagenize, 2013) 
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Tradesmen and service providers find this mode greatly convenient as a 

replacement to vans which are more costly and less practical to maneuver around cities. 

Window cleaners (Figure 11), electricians, builders, chimney sweeps, locksmiths, painters, 

repairmen, carpenters, and other industry officials are therefore carrying out their 

businesses in large urban areas using cargo cycles (Decker, 2012). Individuals in the 

service industry have also found this mode more suitable for starting or trying out new 

businesses as it is associated with lower investment and operating costs thus entailing less 

risk. One example is the currently-trending food bikes in Denver and Portland, used by 

brewers, chefs, baristas, and even farmers to produce on-street food services, similar to the 

existing food trucks (Lee, 2015; O'Connor, 2011). Evidently, cargo cycles are also being 

used by small local authorities for minor maintenance and repairs of city infrastructure (e.g. 

parks and roads), garbage collection, care services for senior citizens, and transportation of 

official documents. The lower costs associated with this mode allow municipalities and 

local officials to channelize tax funding to other projects and make better use of public 

money (Decker, 2012).  

 

 

Figure 11: Urban Streets Window Works in Chicago, IL (Robinson, 2012) 
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2.3 CASE STUDIES AROUND THE WORLD 

The use of cargo cycles has been eminent in a number of countries around the 

world. This section presents a brief overview of some of the different cargo cycle 

companies emerging in Europe, developing countries in Asia, Africa, and South America, 

and in the U.S. & Canada. Information obtained for this section is based on documentation 

with a special focus on current applications in Europe where this mode is officially being 

recognized by public officials. 

2.3.1 Europe 

In European metropolitan areas, freight constitutes a large portion of daytime 

traffic, accounting for about 50% in cities such as Hamburg, Munich, and Berlin, and more 

than 90% in London and Paris (Riehle, 2012). In addition to its hazardous environmental 

impacts, urban freight increases costs due to delayed deliveries, fuel consumptions, and 

reduction in reliability (Decker, 2012).  

Trucks are the dominant mode of freight transport in European cities. Most of these 

trucks are often transporting light-weight goods and some are even empty (Decker, 2012). 

In the city of Breda in the Netherlands, 1,900 vans and trucks enter the city each day; 40% 

of the deliveries involve just one box and only 10% actually require a large vehicle to be 

transported (Decker, 2012). In other European cities, only 20% of all cargo trips require 

the use of heavy vehicles and more than 12% are classified as small goods with an average 

volume of 1 m3 (Jorna et al., 2013).  

Based on current research, more than 25% of all goods and 50% of all light goods 

in European cities can be handled by cycles (Cyclelogistics, 2011). A study for the city of 

Graz in Greece shows that 32% of kilometers driven could be transferred to cargo cycles 

leading to 1,200 tons of savings in fuel and 2,600 tons of savings in CO2 (Mühlbacher, 

2010).  

Many European businesses have begun adopting cargo cycles to overcome their 

first-mile and/or last-mile freight challenges. The majority of such firms are of small sizes 
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with few employees and vehicles. Their operations have proven to be most successful in 

areas where motorized vehicles are at a disadvantage due to congestion, unavailability of 

parking, and other legal restrictions (Riehle, 2012) such as big cities (more than 100,000 

inhabitants) with suitable topographies (slightly hilly). The average payload of such firms 

is 50 to 450 kg with distances not exceeding 20 km (Riehle, 2012). Goods are first delivered 

using large vehicles (vans or trucks) to urban consolidation centers (a.k.a. central 

distribution hubs) and then redistributed within the urban area using cargo cycles. Some 

companies make use of their vans, boats, cargo trams, or even trucks to create temporary 

distribution hubs for their products. In some cases the bikes are used for the first-mile of 

delivery, that is to the distribution centers (Decker, 2012). 

The Netherlands and Denmark are the primary leaders in the adoption of cargo 

cycles in Europe, witnessing significant increases in their usage over the past decade 

(Cyclelogistics, 2011). They are also home to some of the most popular cargo bike designs 

such as Bakfiets and the Bullit Bike.  

The United Kingdom (UK), is distinguished for its detailed cargo cycle 

implementation studies and its use of cycle modes in its courier industry. Some of its most 

famous cargo cycle logistics companies include Outspoken Delivery, based in Cambridge 

and known for its human-powered foldable freight bikes that it uses in combination with 

transit to deliver packages to/from London, and Gnewt Cargo, which makes use of e-bikes 

to perform last-mile delivery of urban goods (Cyclelogistics, 2011).  

In Berlin, Germany, research indicates that cargo cycles with electric assist can 

replace up to 85% of car trips made by courier services (Decker, 2012). Velogista, one of 

Berlin’s most distinguished bicycle courier companies, first started using electric cargo 

bikes in 2013 to transport weights up to 250 kg. The relatively small-sized start-up 

(comprised of thirteen staff members) is responsible for delivering goods to around thirty 

customers comprised of restaurants, beverage stores, and other retail establishments 

(ECLF, 2014).  
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In France, La Petite Reine has gained attention as being one of the major companies 

in this industry since 2009, operating in four cities in the country, as well as in the cities of 

Geneva and London. Using electrically-assisted tricycles, La Petite Reine cyclists manage 

to transport 180 kg of goods per bike, pedaling 10 to 15 km per day, and serving a number 

of retail and grocery stores (Fondation Solidarite, 2015).  

Similarly in Spain, a number of freight delivery businesses were established in the 

last decade. TXITA, based in San Sebastian, initially started out as a cycle taxi company 

in 2006 and later on shifted to the delivery of freight and is currently expanding to combine 

courier packages as well. Vanapedal, based in Barcelona, was founded in 2010 and 

immediately gained public support for the transport of e-commerce and the delivery of 

goods to historic centers and areas with difficult access and time restrictions (ECLF, 2014). 

Both Spanish companies rely on advertisements on the sides of their cargo boxes to 

increase their revenues and provide adequate wages to their cyclists. 

The usage of cargo cycles in Europe is not, however, limited to private small 

businesses. A number of large courier companies are also testing this new mode as a 

replacement or addition to their current truck fleets. In Denmark, IKEA is leasing bikes to 

customers as a means to get their shopping home. IKEA research has shown that almost 

20% of Danish customers were already transporting their purchases home using their 

private bicycles. In the Netherlands, DHL replaced 33 trucks with cargo cycles as part of a 

pilot study. The results indicated a $575,000 increase in savings and a reduction of 152 

metric tons of CO2 in one year (BBC Autos, 2014). It also proved that cargo cycles are 

more cost-efficient and outperform trucks and vans in densely-built areas for short parcel 

rounds (Jorna, Mallens, & Mobycon, 2013). The renowned courier company, UPS, 

performed a similar attempt at testing out electric-assisted delivery cycles in a number of 

European cities. In 2010, UPS began using a fleet of six cargo cycles in a number of 

German cities where truck deliveries seemed impossible or inefficient. (Lenz & Riehle, 

2013).   
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However, the real success of cargo cycles in Europe can be attributed to the public 

support that it has captured. The CycleLogistics project (2014), carried out across a span 

of three years, aims to “reduce energy used in urban freight transport by replacing 

unnecessary motorized vehicles with cargo cycles in European cities” (Decker, 2012; 

ECLF, 2009). This EU-funded initiative is based on the belief that cargo cycles are a real 

alternative for inner-city transport of goods and works to spread awareness about their 

potential to different public (municipalities, transport officials) and private (tradesmen, 

artisans, service-providers) groups (Cyclelogistics, 2011). As part of the project plan, 2,000 

cargo cycles were lent to businesses and governments to “test them out” (ECLF, 2009). 

Moreover, municipalities and local authorities were further encouraged to create new 

regulatory frameworks and policies for cargo cycles to be tested along-side the provided 

samples.  

Another initiative inspired by CycleLogistics is the European Cycle Logistics 

Federation (ECLF) which is a membership organization comprised of around 30 cycle 

logistics businesses, manufacturers and suppliers of cargo cycle equipment, and associates 

who are advocates of promoting cycles (ECLF, 2014). The federation aims to inform 

communities on the need for proper cycle logistics across Europe and seeks to increase the 

potential of cargo cycles in the market. The ECLF is based on the belief that a group is 

more powerful in effectively convincing stakeholders of this mode than separate 

individuals (Plas, 2012).  

A similar movement founded by the German Federal Ministry of Environment is 

the Ich ersetze ein Auto (“I replace a car”) which began in July 2012 and continued for two 

years (Decker, 2012). This project promotes the use of electrically-assisted cargo cycles 

and targets courier services exclusively. The plan makes use of forty electrically-assisted 

cargo bikes (e-bikes) with a load capacity of 100 kg and volume of 0.25 m3 in nine major 

German cities for a time span of two years for assessment.  
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2.3.2 Developing Countries 

The low investment costs associated with cargo cycles and their effectiveness in 

facilitating freight transport in highly congested urban areas makes them a suitable solution 

in many developing countries. Due to limited sources, this section will only include a 

number of applications in Africa, Asia, and South America based on personal interviews, 

newspaper articles, and blogs. Although it may be that developing countries are the initial 

users of cargo cycles, their usage has not been thoroughly documented.   

In many East African cities, the primary use of cargo cycles is to provide taxi 

services or to transport goods. In Kampala, Uganda, the cyclists, referred to as Boda-Bodas, 

transport a variety of objects from small food items such as rice or fruits to larger, heavier 

items such as firewood, water gallons, or even bed frames (Morris, 2008). In Ghana and 

Cameroon, the use of pushcarts is common for freight transport yet has been proven to be 

unstable and difficult to use (Cyders, 2008). In certain areas, the inadequate infrastructure 

makes it difficult for farmers to make use of push carts to carry their surplus crops to 

markets fifteen to twenty miles away, thus inhibiting effective agricultural distribution. A 

project performed in Karaba, Rwanda showed that the introduction of cargo cycles as a 

mode for freight transport improved productivity and quality of life. The project was 

sponsored by the Portland-based coffee house, Stumptown, and provided the region with 

400 cargo bikes that had a design load of 350 pounds (2 bags of coffee beans) and a 2.5-

long space for accommodating cargo. This was a major improvement in terms of speed, 

efficiency, and safety compared to the traditional strategy of transporting goods using 

baskets carried on the head (Utz & Currie, 2008).   

In China, hundreds of millions of cargo cycles are used in cities with dense 

populations to transport people and goods such as garbage, fruits, mini barbecue, stacks of 

chairs or hay, and other items (Quijano, 2011). In Nepal, bikes of different designs are used 

to deliver packages, sell goods, wash clothes, and feed children. Portal Bikes Org. is one 

of the main manufacturers of cargo bikes in Nepal, providing a number of designs that 

accommodate different uses (Portal Bikes, 2015). In India, cycle rickshaw trolleys are the 
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dominant form of non-motorized mode for urban freight transport, especially in cities such 

as Delhi. Rickshaw trolleys are comprised of cargo trikes with a low platform in the rear 

end of the cycle. They are widely used for retail businesses, small-scale construction, and 

industrial activities (Sadhu, Tiwari, & Jain, 2014).  

In Lebanon, cargo cycles are commonly used for traditional food vending services. 

Recently, with the increasing congestion and unreliable travel times, small start-up 

businesses have been established, such as Deghri Messengers, to provide delivery services 

for packages, food, and other light-weight items. The start-up has also purchased a number 

of Bullit cargo bikes for the transport of vegetables and food products to and from the 

farmer’s market that is held every week (Deghri M., 2015).   

Similarly, in a number of locations in South America, the use of cargo cycles is 

common. In Chile, companies such as Lipigas, Gasco and Abastible have been delivering 

gas tanks to customers’ houses using cargo cycles for more than fifty years (Lipigas, 2015). 

In Desaguadero, Bolivia, lorries are commonly used for goods and passenger transport 

(Rough Guides Ltd., 2015). 

2.3.3 U.S. and Canada 

The “Freight Tricycle Operations in New York City” Report tries to illustrate the 

condition of freight transport in large, congested U.S. cities. In Manhattan, more than 

110,000 freight deliveries are carried out on a daily basis with nearly all last-mile deliveries 

made by commercial trucks and vans. Delivery companies face major congestion delays 

sometimes adding up to approximately seven hours of congestion per day. Parking 

restrictions, limited accessibility, and inadequate off-loading facilities are other major 

issues which often lead to circling and idling thus prolonging travel times, reducing 

reliability, and increasing fuel operating costs. Moreover, delivery companies tend to pay 

an average of $500 to $1000 per truck per month of parking fees during business-hour 

deliveries in New York City (Kamga & Conway, 2013).  

In terms of environmental and social impacts, significant greenhouse gas emissions, 

nitrogen oxides, sulfur oxides, and other pollutants are generated by urban freight vehicles. 
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The noise emitted by trucks is another source of pollution that affects public health and 

livability in mixed commercial and residential areas. Moreover, the number of truck-related 

accidents in congested urban areas is much more significant than those that are automobile-

related, thus creating major safety concerns (Dembosky, 2008). 

In the U.S. and Canada, cargo-cycle use is limited. However, with increasing 

sustainable awareness, rising bicycle ridership, and the commercial importance of “going 

green”, a number of private companies are currently shifting to non-motorized urban 

deliveries for the transportation of goods and services. The majority of such initiatives have 

been observed in cities like Portland, New York, Denver, Chicago, Austin, and Toronto 

(BBC Autos, 2014). Table 1 summarizes some of the most popular cargo cycle uses in 

North America.  
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Company Name Location 

Delivery Companies 

Revolution Rickshaws New York, NY 

Bike Move Portland, OR 

B-Line Sustainable Urban Delivery Portland, OR 

Community Bicycle Network Toronto, Canada 

Messenger Services 

Checker Courier New York ,NY 

Beat-the-Clock Bike Messengers Austin, TX 

Food Bikes 

Trailhead Coffee Roasters Portland, OR 

Hopworks Urban Brewery Portland, OR 

Taco Bike Nashville, TN 

West Sac Veggie Trike Sacramento, CA 

Wash Perk Cargo Bike Denver, CO 

Meals on Wheels Toronto, Canada 

Other Services 

East-Side Compost Pedallers Austin, TX 

Builder by Bike Portland, OR 

Madsen Bikes Web-based (sale and rental) 

Urban Street Window Works Chicago, IL 

Table 1: Cargo Bike Uses in the U.S. and Canada 

The use of food bikes is most evident in cities with significant cycling communities 

such as Denver and Portland. Delivery companies are beginning to gain popularity in 

highly congested urban cities such New York, Toronto, and Portland. 

2.4 SUMMARY OF LESSONS LEARNED 

Based on several experiences in the adoption of cargo cycles in urban freight 

logistics, a number of advantages, disadvantages, and observations can be made. This 

sections outlines some of them. 
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2.4.1 Advantages of Cargo Cycles 

In terms of cost-effectiveness, cargo cycles are 98% cheaper (in terms of $/unit of 

distance) than all other alternatives (Dembosky, 2008). This is due to their low capital costs 

as well as their low operating and maintenance costs. The average cost of a cargo cycle is 

around 3,000 euros ($3,400) and can be up to 10,000 euros ($11,500) for large three-or 

four-wheelers. This is relatively cheap compared to other motorized vehicles such as vans 

and trucks which usually cost around $20,000 or more (ECLF, 2009). Moreover, the 

operating costs of cargo cycles are much lower due to fuel savings, lower insurance, 

storage, and depreciation costs, and the flexibility of parking whereby the bikes can be 

easily parked near their destinations with no risk of parking violations. 

In addition to the monetary savings, cargo cycles are faster in urban areas with high 

congestion and limited access (Dembosky, 2008). They are characterized by their ability 

to enter pedestrianized neighborhoods and alleyways that prohibit large vehicles as well as 

perform deliveries anytime during the day since they do not create any congestion, noise, 

or air quality issues such as vans and trucks. Moreover, the flexibility associated with this 

mode makes it highly reliable and resistant to uncertain road conditions such as congestion 

and unavailability of parking. Cargo cycles can be parked next to building entrances or 

even inside the buildings.  

From an environmental perspective, cargo cycles are considered “clean” as they do 

not emit any local emissions (e-bikes may be responsible for some non-local emissions due 

to their dependence on electric motors). This results in positive health impacts as well and 

distinguishes the role of this mode in air quality action plans (ECLF, 2009). Cargo cycles 

are also relatively quiet and smaller in size thus occupying less physical space in dense 

urban areas with narrow streets and close buildings (Decker, 2012) and consequently 

improving walkability in such areas. 

From a business perspective, this mode offers companies flexibility in diversifying 

their fleets based on types of packages and their corresponding weights and volumes (using 

different cargo cycle sizes and designs). Moreover, cargo cycles do not oblige courier 



 22 

employees to own a driver’s license which increases the hiring pool for such industries and 

provides jobs (Decker, 2012). Their increased reliability also improves the accuracy of 

delivery times and ability to meet assigned time windows thus leading to better services 

and happier customers (Cyclelogistics, 2011). 

The benefits of cargo cycles lead to an overall better quality of life with lower 

emissions and noise, improved safety, and a more walkable environment. In congested 

urban cities, such improvements are of major importance to public authorities and the 

significant role of this mode in creating a more livable urban environment is clear. 

2.4.2 Challenges and Disadvantages of Cargo Cycles 

On the other hand, a number of disadvantages associated with the use of cargo 

cycles have been identified. Although electric batteries allow for faster and longer trips, 

their ranges do not exceed 25 to 40 miles which can greatly limit the number of trips that 

can otherwise be performed by the cycles during one business day (Jorna et al., 2013). 

Another set of challenges often brought up is related to the cyclist age, and physical fitness 

which may impose restrictions and narrow down the pool of eligible employees. Higher 

labor costs due to more arduous jobs as well as higher health insurance and benefits costs 

may also be required. Weather conditions and topography can also affect the feasibility of 

this mode which may not be well adopted in icy environments or in hilly regions. Pedelec 

cycles are also criticized of imposing cyclist fatigue issues. Cyders (2008) claims that the 

average cyclist’s power levels are mostly affective for 10-30 minutes after which his/her 

cycling productivity declines rapidly (Cyders, 2008). Electric assistance plays a major role 

in eliminating this concern. 

However, the main disadvantage hindering the adoption of this mode is the fact that 

its reemergence is still recent and awareness is minimal. For governments and local 

authorities, the introduction of this new mode requires proper planning and budget 

allocations. This may not be possible in small municipalities that lack the resources to run 

such new bicycle schemes (ECLF, 2009). Moreover, the promotion of cargo cycling 

requires more consistent maintenance and management of cycling infrastructure, the 



 23 

modification or creation of certain legal frameworks associated with this new mode, and 

the enforcement of proper cargo-cycle-related regulations that target pedestrian safety 

issues and interaction with other individual cyclists who will most probably share the bike 

lanes. Moreover, cargo cycles may require specialized parking spaces as they cannot easily 

be parked on a regular bicycle rack and cannot be left unattended (Cyclelogistics, 2011).  

From a business perspective, the goods transported by cargo cycles may impose 

higher insurance costs or certain types of insurance plans that are not yet clearly defined 

and available. This is expected to improve with time with an increase in awareness of the 

existence of this mode (Jorna et al., 2013). The safety of cargo-cycle-transported goods is 

one main concern that discourages businesses from shifting to this mode; however, a 

revealed-preference survey distributed to rickshaw-owners in India proved that this has 

never been a real issue and that it is more of a concern than an actual risk (Sadhuet al., 

2014). 

2.4.3 Factors that Encourage Use of Cargo Cycling 

Although the advantages and challenges associated with cargo cycles are often 

contradictory, their usage has proven to be effective in several contexts. This highlights the 

need to determine the factors that result in the successful implementation of cargo cycles, 

the facilities that should be provided urban areas, and the types of industries that could 

make the best use of this mode.  

Based on the literature, a number of factors that encourage the use of cargo cycling 

have been outlined. The topographical characteristics of cities (mainly their degree of 

flatness) is a main determinant of the success or failure of this mode (Decker, 2012), even 

though electric assistance can eradicate such concerns. High population densities and 

congestion present in some historical centers in Europe as well as narrow, winding streets, 

low average traffic speeds, and limited on-street parking have proven to be the best 

conditions for this mode to effectively compete with the traditional trucks and vans. One 

main factor is the presence of a strong bicycle culture in the city.  
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Based on a study done by the UK on cargo-cycle usage, perception is found to be 

the “biggest single factor inhibiting the use of cycle freight”, that is the lack of information 

provided to governments and private businesses on the types of cargo cycles available and 

their economic and environmental effectiveness. In cities such as London, where cycling 

has been increasing as a main mode of daily commute, cargo cycles seem to be rapidly 

growing in popularity (Cyclelogistics, 2011). This, however, should be coupled with safe 

and adequate cycling infrastructure (Decker, 2012) such as bike lanes, bike signals, and 

proper intersection markings. In terms of climate conditions, no studies related to the effect 

of weather on the use of cargo cycles have been outlined.  

From an industry perspective, a number of characteristics dictate the success of 

cargo-cycle usage such as the size of the organization, the number and types of vehicle 

fleets it owns, the number of miles per average freight trip, the number of freight trips per 

day/week, and the average weights and volumes of the loads it is responsible for 

transporting. The industries that have the highest potential to make use of cargo cycles 

include financial intermediations, real-estate companies, rental businesses, and retail 

businesses with light-to-medium-weight goods (Cyclelogistics, 2011). However, the single 

most influential factor for encouraging businesses is public support. 

A number of municipal regulations and incentives have been highlighted by the 

CycleLogistics Clean Air report such as (ECLF, 2009): 

 Offering free test programs for companies  

 Offering subsidies for cargo cycle investments  

 Creating designated parking spaces for cargo cycles  

 Enforcing parking violations of other transport vehicles 

 Banning motorized transport with special permissions for cargo cycle 

 Supporting city-logistics concepts for cargo cycles 

 Supporting marketing programs for use of cargo cycles 

Moreover, improvements in cargo cycle designs are expected to greatly influence 

the adoption of this mode. Improving cyclist comfort and increase load and volume 
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capacities are major targets (Yao, 2014). The International Cargo Bike Festival, held in the 

Netherlands, and the Berliner Fahrradschau Exhibition, held in Germany, introduce a 

number of innovative and sustainable cargo cycle designs such with bikes and trikes of 

capacities up to 90 kg and 150 kg respectively and made of reusable parts (Decker & 

Bostraeten, 2014). Significant improvements in electric motor designs with enhanced 

tilting mechanisms, better control, and greater cargo space have also been presented. 

2.5 FUTURE OF CARGO CYCLES IN THE U.S.  

This chapter has so far focused on the current state of cargo cycles in different 

countries around the world. With rising awareness, more innovative designs, and 

successful tests being carried out, the use of cargo cycles in urban freight transport is 

expected to snowball (Klepfer, 2012).  

In the U.S., the popularity of cargo cycles is still very minimal; yet according to 

Klepfer (2012), a number of demographic urban trends seem to indicate that “the cargo 

bike sector is going to grow, so is the urban market as a whole”. With more people moving 

back into urban centers, population densities are increasing dramatically in large U.S. 

cities. Moreover, automobile ownership seems to be declining with millennials and 

younger generations shifting to more sustainable modes such as cycling and transit. Cities 

in the U.S. have also been investing in bicycle-friendly infrastructure over the last decade 

to accommodate for the increasing percentage of daily cyclists (Klepfer, 2012). Businesses, 

and especially courier services and messengers, have started to look at the benefits of lower 

operating costs and improved reliability in providing better services to their customers at 

lower costs (Dembosky, 2008). 

With such high hopes for the future of freight cycling in place, detailed analyses of 

the cost-effectiveness of cargo cycles in different U.S. urban contexts is needed. Adequate 

implementation tests and documentation is key in encouraging stakeholders to invest in 

this shift and in proving the true cost-effectiveness of cargo cycles in urban freight 

transport. The next chapter outlines some of the current findings related to assessing the 

feasibility of cargo cycles and possible areas of improvement. 
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Chapter 3: Academic Literature 

A number of academic studies have been conducted to assess the competitiveness 

of cargo cycles in the delivery of freight in urban areas. While most studies rely on surveys 

and interviews, other studies attempt to use cost models and optimization functions to 

compare the actual difference in costs between cargo cycles and traditionally-used trucks.  

The majority of papers focus on freight tricycles with electric assistance (a.k.a. e-trikes), 

which have higher payload capacities and volumes and are not associated with significant 

topography issues and/or severe driver fatigue. The main points and results of each of the 

reviewed articles are described in this chapter. 

Tipagornwong and Figliozzi explore the competitiveness of freight tricycles with 

diesel vans in the context of last-mile freight delivery (Tipagornwong & Figliozzi, 2014). 

The paper first introduces the freight tricycle characteristics and its current role in urban 

freight delivery in cities like Portland, Oregon and Paris, France. The study then describes 

an optimization-based cost model for minimizing the total cost in light of two scenarios: 

(1) the cargo capacity constrained scenario and (2) the time window constrained scenario. 

The function incorporates a number of factors including monetary costs, travel times, labor 

costs, and a penalty for time spent searching for parking. The optimization problem is 

applied to a case study on B-line, a Portland-based freight tricycle logistics company. The 

results indicate that the number of tricycles needed is twice that of the diesel vans for the 

same cargo capacity. However, for a tight time window with no capacity constraints, the 

number of needed vehicles for both modes is the same. A break-even and elasticity analyses 

are then presented to validate the work. The paper concludes that the competitiveness of 

the freight tricycle with the diesel van is mostly affected by driver’s costs. Moreover, 

tricycle-use makes most sense in urban areas where parking or access to destinations is 

difficult, average traffic speeds are relatively low, and there are time constraints for 

deliveries. 

Muhlbacher explores the potential of shifting lightweight urban freight traffic to 

cargo bikes in the city of Graz, Austria (Mühlbacher, 2010). The study constitutes the basis 

for this new form of freight transport in Europe as it clearly outlines the different types of 
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industries which have the highest potential in using this mode. The data is collected through 

interviews with different companies and classes of business on their operations in the 

historic city center and other traffic-calmed areas in Graz. The results of the study show 

that 18 of the 22 industry categories can potentially shift their freight transport operations 

to cargo cycles resulting in a total saving of 1,200 tons per year of fuel and 2,600 tons of 

CO2 emissions.  Moreover, the paper proposes offering government subsidies or 

performing certain services, such as faster bicycle lane clearance in winter, to further 

encourage private businesses to perform this mode shift. 

A study done by Jorna, Mallens, and Mobycon assesses the use of electric bikes 

and scooters in an aim to promote clean and energy-efficient vehicles for the delivery of 

goods and passenger transport in urban areas (Jorna et al., 2013). The main goal is to raise 

awareness and build confidence in the feasibility of using such modes in different city and 

industry contexts. This is done through the collection and documentation of data on current 

initiatives taking place in the EU (through surveys) and by offering private and public 

bodies access to several E-bike technologies for testing purposes. The paper also goes into 

the detailed financial economic and socioeconomic sustainability of e-bikes by studying 

exact monetary and environmental data for a number of case studies around the world (New 

York, Brussels, and Wijhe).  

Another analysis of cargo cycles is done by Gruber, Kihm, and Lenz to determine 

the potential market for this mode, how the market is currently organized, how electric 

cycles are perceived in the market, and what factors drive businesses to shift to their usage 

(Gruber, Kihm, & Lenz, 2014). This is done in the context of inner-city courier shipments 

in Germany with a specific focus on one courier company in Berlin for a more detailed 

quantitative assessment. Quantitative data on the type of cargo, volume, weight, 

dimensions, and other characteristics is collected using filtered inventory records of the 

company while perception data is obtained using surveys with 590 messengers in eight 

companies. The results of the study show that in terms of cost, payload, and range, electric 

cycles are ranked right between cars and bikes and are suitable for courier shipments. Using 

a binary logit model, the study team is able to determine that the factors that affect 
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perception of electric cycles are the companies’ demographics, professional factors, 

attitudes, and values, while actual implementation is mainly affected by electric range, 

purchase price, and availability of information. 

A study performed in India by Sadhu et al. assesses the benefits associated with 

cycle rickshaw trolleys (CRT), the most widely-used non-motorized mode for intra-city 

freight transport in Delhi (Sadhu et al., 2014).  The study outlines some of the economic, 

environmental, social, and safety improvements that result from the shift from motorized 

vehicles to CRT. By surveying 2000 Delhi-based CRT drivers, the study team concludes 

that CRTs are associated with 3% of CO2 savings and 8% of reduction in hydrocarbon 

emissions. Moreover, shifting to CRT leads to a major decrease in the number of vehicle-

related accidents and fatalities as well as lower congestion levels. However, the most 

significant advantage of CRTs is the number of jobs they create, which can be up to 

600,000 to 700,000 jobs, thus reducing the level of unemployment. In a highly dense city 

such as Delhi, where poverty and unemployment are major concerns, CRTs have a highly 

positive socioeconomic impact. The results of the survey also show that CRT drivers 

experience physical stress and fatigue within the first four hours of work, and that most are 

unable to seek medical advice. This issue is further highlighted in the last section of the 

paper where the importance of proper policies and regulations in hiring CRT employees, 

such as age restrictions, the provision of health benefits, and well-planned non-strenuous 

work schedules, is claimed to be a very important factor in the future prosperity of this 

mode.  

Outspoken delivery, the largest cycle courier in the UK, in partnership with the 

CYCLElogistics project, presents a similar analysis of some of the factors that make urban 

freight cycling successful and the various last-mile logistic improvements that can further 

contribute to this success (Outspoken Delivery, 2012). The study shows that logistics 

companies located in urban areas are facing a number of challenges which can be easily 

overcome through the use of cargo cycles. Such issues include the restriction of access to 

trucks and vans to central business districts during certain time-periods, the difficulty of 

navigating narrow streets, driver health and stress created by congestion, and vehicle 
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maintenance and insurance costs which are relatively high. Moreover, a number of 

challenges associated with cargo cycles, such as security of goods, ranges, insurance, and 

real-time tracking, are mentioned and the company provides insights into how it currently 

operates around them. In terms of urban logistical improvements, one main point 

highlighted in the study is the importance of consolidation hubs and the need for more 

centers on the edge of the city centers to accommodate for the numerous vans and trucks 

that are required to unload there. Moreover, proper planning can result in uniquely-owned 

hubs that can coordinate with a number of small businesses (such as florists and building 

suppliers who currently operate their own vans and make only one to two deliveries in 

urban areas) and therefore succeed in significantly decreasing the number of vans traveling 

on urban streets.  

Another European-based paper written by Lenz and Riehle addresses the need for 

more research and documentation for this potential mode (Lenz & Riehle, 2013). The study 

highlights some of the most prominent firms that are using cargo cycles in Europe, the 

different tests that are currently conducted by companies in the region, and some of the 

publicly-funded projects and studies in cycle freight. Through personal interviews and 

surveys conducted with experts from 38 freight cycling companies based in five European 

countries, the study team outlines a number of observations on company characteristics, 

motivation and reasons for cargo-cycle usage, and the actual effectiveness of this mode 

based on experience. The results indicate that 50% of the interviewed companies have less 

than 15 employees and that the use of cargo cycling is often an “expression of the company 

philosophy” which is often established with awareness and conviction. Some of the main 

issues that are raised by the companies include the lack of proper infrastructure for cargo 

cycle operation and the need for space for depots and consolidation centers. Moreover, 

public support manifested through restrictions and increased parking fees for other freight 

modes plays a major role in further promoting the use of cargo cycles. 

Conway et al. perform a similar study to assess the impact of economic, 

infrastructure, and regulatory conditions on the cost-effectiveness and feasibility of freight 

tricycles in Manhattan, New York City (Conway, Fatisson, Eickemeyer, Cheng, & Peters, 
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2012). This is done in comparison to regulations present in Paris and London where freight 

tricycles are highly abundant. The study team first conducts a thorough review of current 

operations in the two cities through telephone and on-site interviews, email 

communications, and available literature. Then, the corresponding demographic data 

(population, employment), economic data, bicycle infrastructure maps, and land-use 

information are gathered for each of the two cities as well as the proposed Manhattan region 

(comprised of Midtown and Downtown Manhattan only). The results show that Paris and 

London have many similar characteristics with the studied region and therefore last-mile 

delivery operations can be easily shifted to cargo cycles within it. The anticipated social, 

environmental, safety, and financial benefits associated with this shift also make it a highly 

viable option. Based on comparative analysis of the three cities, a number of “lessons 

learned for New York” are outlined which include the need for urban micro-consolidation 

centers for freight tricycles to prosper in the city. Moreover, even in the current absence of 

public support, small businesses and urban logistics companies can still benefit 

economically from the shift to freight bikes in the Manhattan region. The Freight-Tricycle 

Operations in New York City Project, which was scheduled for completion in April 2014, 

aims to further develop this initiative by quantifying the benefits associated with cargo 

cycles and providing freight stakeholders in the NYC region with the needed information 

to encourage them to shift to the use of cargo tricycles in the city. 

Despite the growing use of cargo cycles in countries around the world, there seems 

to be a major gap in research on this mode and collection of data on its performance. 

Several studies have been done by academics and private companies to note down its most 

significant benefits and the policies that can contribute to its successful implementation. 

However, such studies are highly dominant in European countries with limited research 

done in the U.S., where the majority of cities have significantly different characteristics 

than the historical centers of European cities. Moreover, most methodologies rely on 

surveys and personal interviews and only a few try to incorporate quantitative assessments 

based on accurate data. For this purpose, the next chapters will be dedicated to a cost-

benefit assessment of the shift from trucks to cargo cycles in one of the U.S.’s fastest-
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growing cities, Austin, TX. The industry under study is the United States Postal Service 

which has so far relied on its customized Long-Life Vehicles that are currently at the end 

of their life cycle and are imposing high maintenance costs. The economic benefit of 

shifting from these vehicles to cargo cycles will be assessed in the context of a relatively 

less dense city (compared to New York City for example) with a well-maintained and 

expanding bicycle infrastructure and a strong cycling community.  
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Chapter 4: Methodology 

This thesis focuses on evaluating cargo cycles as alternative modes for the last-mile 

delivery of freight in urban areas. A case study on the U.S. Postal Service (USPS) is 

performed to determine the feasibility of replacing the current USPS trucks with cargo 

cycles in terms of total long-term cost. The assessment of cargo cycles is done based on 

five main levels of comparison:  

1. Comparison between two types of cargo cycles (two-wheeled vs. three-wheeled) 

2. Comparison between two types of electric propulsion (partial vs. full) 

3. Comparison between cargo cycles and other motorized and non-motorized modes  

4. Comparison between congested and normal traffic conditions 

5. Comparison between the use of cargo cycles in different urban contexts (different 

population densities and depot location) 

This section outlines the details of the methodology used, the assumptions made, 

and sources of data acquisition.  

4.1 USPS CASE STUDY 

The USPS case study is interesting for a number of reasons. First, USPS’s Every 

Door Direct Mail (EDDM) service (USPS, 2015) constitutes a good data source to estimate 

the number of deliveries that can be made in each zip code. The EEDM service involves 

delivering advertisement flyers or packages by mail to every single apartment, house, 

and/or business in a specific area. The mail service for EEDM is divided into “Carrier 

Routes” for each given zip code (e.g. Route 78705-C011 is carrier route number 11 in zip 

code 78705) allowing advertisement agents to choose specific target customers as shown 

in Figure 12.  
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Figure 12: USPS Carrier Routes for Zip Code 78705 (USPS, 2015) 

Second, USPS recently declared its desire to replace its currently-owned fleet of 

vehicles and has called for bids for a new type of vehicle. Any changes in vehicle type will 

have long term implications on its operations and consumer footprint. Finally, USPS is a 

public agency which makes it easier to get data in comparison to private sector couriers. It 

is also compelled to abide by federal laws such as the Clean Air Act thus making 

environmental matters and emissions an important consideration in its choice of vehicles.  

The Grumman Long Life Vehicle (LLV) has been USPS’s main vehicle for the past 

few decades, constituting 74% of its entire vehicle fleet (Sheehan, 2015).  Purchased 

between 1987 and 1994, the LLV constitutes an aluminum body with a Chevrolet S-10 

pickup chassis and a General Motors’ Iron Duke four cylinder engine (Ramsey, 2015). 

Currently, 143,000 LLVs are operating in the U.S. and have a lifetime of 24 years. 

However, their serviceability has been greatly declining. The maintenance cost of each 

LLV was estimated at more than $3,000 in 2013, with nine percent of the vehicles costing 

more than $6,000, due to their weak sliding doors and leaking windows. The vehicles also 
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consume a significant amount of fuel estimated at about 150 million gallons/year (Nelson, 

2015). Other problems related to the design of the LLV have also come up such as the 

restricted carrier visibility created by its windowless cargo area, its low ground clearance 

which is problematic in deep snow (Pope, 2009), and its insufficient capacity to 

accommodate the increase in number of packages (due to e-commerce).  

The USPS has undertaken a number of attempts since 2005 to eradicate the 

observed flaws in the LLV model. In 2009, USPS estimated a total cost of $4.2 billion to 

replace its entire LLV fleet (O'Keefe, 2010) and therefore decided to repair all vehicles to 

last until 2017. In 2012, the company was compelled to replace all worn-out LLVs with 

minivans (Sheehan, 2015). USPS has also undertaken several attempts to test the 

conversion of LLVs into electric vehicles in an attempt to decrease operating costs and 

comply with the clean-air act requirement of all federal fleets (U.S. Department of Energy, 

2014). In 1995, six gasoline-powered LLVs were converted to alternative fuel and drivers 

claimed they were much more enjoyable to drive yet their rate of acceleration was reported 

to be significantly lower (Dinh, 1997). In 2012, an attempt to receive bids for the LLV 

electric conversion was made. However, this initiative was not regarded as a significant 

financial solution (Cote, 2012). When all attempts seemed to fail in solving the budget 

deficit created by the LLVs, the courier company started considering the purchase of new 

vehicles in 2014. In the beginning of 2015, USPS called for bids for New Generation 

Delivery Vehicles (NGDV) to replace all its current LLVs by 2018. 

4.2 MODE CHARACTERISTICS 

The study attempts to demonstrate the benefits and costs associated with replacing 

the USPS LLVs with cargo cycles in different urban contexts. For the purpose of this 

comparison, two types of cargo cycles are assessed having different volume capacities and 

payloads, a two-wheeled cargo bike (heron referred to as “bike”) and a three-wheeled cargo 

bike (hereon referred to as “trike”). Moreover, two types of propulsion are considered; (1) 

pedelec cycles which involve only partial electric assistance, and the cyclists are expected 

to pedal for two-thirds of the trip duration, and (2) electric cycles (e-bikes and e-trikes) 
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whereby the electric batteries are used for the entire trip durations and no pedaling is 

needed by the cyclists. This results in four types of cargo cycles: (1) pedelec bike, (2) 

pedelec trike, (3) e-bike, and (4) e-trike. It is assumed that the pedelec cycles have a 

maximum operating speed of 10 MPH while the e-cycle modes can achieve a speed of 15 

MPH due to the electric assistance provided.  

Regular non-motor-assisted cargo cycles are disregarded in this thesis to overcome 

limitations associated with topographical issues and driver fatigue. Moreover, a fully-

electric van is also included for comparison as it is a relatively new vehicle that has recently 

been introduced to the courier market and is expected to lead future courier modes 

(Edelstein, 2015). For example, DHL has already begun using electric vans for mail 

deliveries in Milan and Rome (Nissan Newsroom, 2015).  

To achieve a realistic representation, the exact make and model for each mode is 

assumed and the corresponding purchase costs and operating and maintenance costs for 

each are obtained. Table 2 summarizes the characteristics associated with each mode. 
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Characteristic LLV Van Bike Trike 

Manufacturer 
Grumman 

Corporation
a
 

Nissan
b
 

Larry vs. 

Harry
c
 

Cycles 

Maximus
d
 

Make LLV 
Nissan e-

NV200 

Bullit  

E-Cargobike 

CM Traction 

Drive 

Life Span 

(years) 
24a 

20
e
 5

f
 5f 

Battery Type N/A 
Lithium Ion 

24 KW 

BionX Li-Mn 

48V 

Lead Acid 

AGM Battery 

Battery Size 

(KWH) 
N/A 24 0.555

g
 0.864f 

Single Charge 

Range (miles) 
N/A 106b 25c 30f 

Maximum 

Operating 

Speed (MPH) 

55a 75b 
15.5

h
 15.5c 

Volume 

Capacity (ft3) 
121a 148b 5c 49f 

Payload (lbs.) 1000a 1697b 
200

i 550f 

CO2 Emissions 

(g/mile) 1267
j
 194

k
 35

l
 35 

Table 2: Characteristics of Alternatives 

Based on USPS requirements, delivery vehicles often travel at an average speed of 

15 MPH due to continuous stopping (USPS, 2014). It is assumed that all modes have to 

                                                 

 
a (USPS, 2014) 

b (e-NV200, 2015) 

c (Larry vs. Harry, 2013) 

d (Cycles Maximus, 2015) 

e Assumed equal to maximum life of 24 KWH battery 

f (Conway, Fatisson, Eickemeyer, Cheng, & Peters, 2012) 

g (Bionx, 2015) 

h (Rolling Orange Bikes, 2015) 

i Payload is 400 lbs. including weight of driver. Driver assumed to be 200 lbs. 

j 11.52 kg/gallon of gasoline and 0.11 gallons/mile with $12 CO2/ton (Nissan Newsroom, 2015) 

k Assumed equal to that of a Nissan Leaf (EPA, 2014) 

l (Maus, 2011) 
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travel at an average speed equal or less than 15 MPH to be able to provide adequate delivery 

services. 

4.3 LOCATION CHARACTERISTICS 

In terms of location characteristics, the case study is performed on three zip codes 

within the city of Austin, Texas (78701, 78705, 78731). The model is applied to each zip 

code separately and then the results are compared. Table 3 and Figures 13, 14, and 15 show 

the location of each zip code with a brief description of some of the major land use and 

road characteristics associated with each.  

 

Zip 

Code 
Location Populationa Deliveries/Mileb Major Land Usec 

78701 

Austin Central 

Business District 

(CBD) 

26,825 85 
Mainly offices and 

commercial buildings 

78705 

University of 

Texas at Austin 

(UT) 

Neighborhood  

3,855 82 

Mixture of commercial and 

residential neighborhoods 

surrounding UT.  

 

Many multi-family homes 

and large-lot single family 

homes. 

78731 Far West 24,059 35 

Mainly residential:  

many single-family homes, 

some multi-family homes, 

and stretches of open space) 

Table 3: Characteristics of Locations 

                                                 

 
a (ZipAtlas, 2013) 
b Determined based on modeling results which are explained in Chapter 5. 
c (City of Austin, 2015) 
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Figure 13: Boundaries of CBD Location 

 

 

Figure 14: Boundaries of UT Neighborhood Location 
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Figure 15: Boundaries of Far West Location 

For the remainder of this thesis, the three locations will be referred to as CBD, UT 

Neighborhood, and Far West respectively. The CBD is considered the base location to 

which the other two locations are compared. The chosen scenarios demonstrate two main 

types of consolidation centers which are hereon referred to as “depots” (within the delivery 

area or outside of the delivery area)  and two types of population densities reflected by the 

deliveries per mile (high population density of about 83 deliveries/mile and low population 

density of about 35 deliveries/mile ). The choice of these particular area serves to 

demonstrate the effect of population density and depot location on the cost of the cargo 

cycles. The designated depot addresses allocated for each EDDM delivery area are 

summarized in Table 4. 
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Location Main Depot Address Local Depot Address 

CBD 
4516 Burleson Road, Austin, 

TX, 78744 

823 Congress Ave Ste 150, 

Austin, TX, 78701 

UT Neighborhood 
4300 Speedway, Austin, TX, 

78751 
Not Available 

Far West 
3575 Far West Blvd, Austin, 

TX, 78731 
Not Available 

Table 4: Main and Local Depot Addresses for each Location 

This particular choice of study areas results in three depot configurations summarized in 

the following sections. 

4.3.1 CBD Depot 

In this scenario, it is assumed that the area has two depots, a main depot that is 

external to the zip code (lies in zip code 78744) and a local depot that is located within the 

given zip code. The assumption here is that, for the LLV and the van, this area is only 

serviced by the main depot whereby the vehicles originate and are then required to travel a 

distance of 3.7 miles before they reach the area where deliveries have to be made. The 

vehicles are then required to drive all the way back to the depot at the end of their trip after 

they have made all deliveries. This assumption is made as no parking lots were found to 

accommodate the LLV and van in the vicinity of the local depot.  

On the other hand, for the bike and trike alternatives, it is assumed that the vehicles 

are parked at one of the USPS offices located within the zip code (which is referred to here 

as a local depot). The goods are first transported from the Main Depot using a 15-ft truck 

and then distributed to the zip code locations using the bike and trike modes as shown in 

Illustration 1. For these alternatives, it is assumed that the truck has to first travel a distance 

of 4.7 miles from the Main Depot to the Local Depot, unload, and then all internal 

deliveries are made using cargo cycles. This assumption mimics the functionality of the 

consolidation centers. 
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Illustration 1: Depot Configuration for CBD 

4.3.2 UT Neighborhood Depot 

In this scenario, it is assumed that there is only one depot, a main depot. However, 

it is located outside of the zip code at a distance of 0.5 miles as shown in Illustration 2. For 

this scenario, all mode alternatives originate at the main depot, travel a distance of 0.5 

miles, and then begin making deliveries to the respective addresses within the area.  

 

 

Illustration 2: Depot Configuration for UT Neighborhood 
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4.3.3 Far West Depot 

This scenario, shown in Illustration 3, is has only one depot, a main depot, and it is 

located within the zip code so all mode alternatives originate from that point and begin 

their trip to the designated delivery addresses. 

 

 

Illustration 3: Depot Configuration for Far West 

It is important to note that, while three depot configurations are presented, the 

locations still serve to compare between two types of depot locations; (1) within the zip 

code and (2) outside of the zip code. The first type is demonstrated by the CBD and Far 

West depot (since the mode of interest is the cargo cycles) and the second type is 

demonstrated by the UT Neighborhood depot. 

4.4 SCENARIO ASSESSMENT 

The model assumes that the entire fleet of LLVs for the zip code  replaced by a 

uniform fleet of a different type of vehicle. Each mode is therefore assessed separately and 

it is assumed that no two types are used simultaneously.  

Two sets of scenarios are analyzed: (1) the pedelec bikes and pedelec trikes which 

have only partial electric assistance and can therefore travel at a 10 MPH speed and (2) the 
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e-bike and e-trike which have full electric assistance (no pedaling involved) and can 

therefore travel at a speed of 15 MPH. Moreover, each of the sets of scenarios is assessed 

in two traffic conditions: (1) congested traffic conditions whereby it is assumed that the 

LLV and van can only travel at 10 MPH, and (2) normal traffic conditions whereby it is 

assumed that the LLV and van can travel at the regular average speed of 15 MPH. The 

speeds of the bike and trike are not affected by congestion due to the assumption that these 

modes have their own right-of-way (e.g. dedicated bike lanes) and are not affected by 

conditions on the roadway. The analysis results in two sets of scenarios (pedelec cycles vs. 

e-cycles) each constituted of congested conditions and normal conditions. Moreover, each 

of the scenarios is applied to the four different modes. 

The resulting sixteen scenarios are as follows:  

Pedelec Cycle Scenarios: 

Congested Conditions: 

1. Base Case: Purchase new fleet of LLVs (10 MPH) 

2. Scenario 1: Replace LLVs with Vans (10 MPH) 

3. Scenario 2: Replace LLVs with Pedelec Bike (10 MPH) 

4. Scenario 3: Replace LLVs with Pedelec Trike (10 MPH) 

Normal Conditions: 

5. Base Case: Purchase new fleet of LLVs (15 MPH) 

6. Scenario 1: Replace LLVs with Vans (15 MPH) 

7. Scenario 2: Replace LLVs with Pedelec Bike (10 MPH) 

8. Scenario 3: Replace LLVs with Pedelec Trike (10 MPH) 

Electric Cycle Scenarios: 

Congested Conditions: 

9. Base Case: Purchase new fleet of LLVs (10 MPH) 

10. Scenario 1: Replace LLVs with Vans (10 MPH) 

11. Scenario 2: Replace LLVs with (15 MPH) 

12. Scenario 3: Replace LLVs with (15 MPH) 
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Normal Conditions: 

13. Base Case: Purchase new fleet of LLVs (15 MPH) 

14. Scenario 1: Replace LLVs with Vans (15 MPH) 

15. Scenario 2: Replace LLVs with E-Bike (10 MPH) 

16. Scenario 3: Replace LLVs with E-Trike (10 MPH) 

The above scenarios are then applied to each location separately (CBD, UT 

Neighborhood, Far West) resulting in a total of 48 scenarios. 

4.5 NUMBER OF DELIVERIES 

Using the City of Austin GIS data (City of Austin GIS, 2015), the links in each zip 

code can be obtained. Based on the EDDM routes defined by USPS, each link is given a 

route carrier ID (such as 78731C001) and classified based on its respective zip code. Using 

the total number of deliveries for each carrier route (Melissa Data Corp., 2015), the total 

number of deliveries for each link (i,j) can be calculated as a proportional percentage based 

on the entire route length using the following relation: 

 

𝑞𝑖𝑗 =  [
𝑙𝑖𝑗

∑ 𝐿𝑖𝑘
𝑛
𝑘=1

] 𝑄(𝑅𝑖) 

Where:  

 qij = total number of deliveries on link (i,j) 

 lij = length of link (i,j) in miles 

 n = total number of links in route Ri 

 Q(Ri) = total number of deliveries on carrier route Ri 

Furthermore, an origin node and destination node is assigned to each link in the 

network based on the respective geographic coordinates obtained from the GIS data. All 

trips originate and end at the node of the designated depot.  
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4.6 PACKAGE SIZE 

Based on the EDDM package specifications, the length of the package should be 

between 3.5 inches and 15 inches, the height must be between 3.5 in and 12 in (and less 

than or equal to the length), and the thickness must be between 0.007 in and 0.75 in (USPS, 

2015). For the purpose of validating this assumption, the maximum dimensions are taken 

into account (15 in x 12 in x 0.75 in), resulting in a package of volume of 135 in3 (0.078125 

ft3).  An average package size of 0.078125 ft3 is considered for the remainder of the 

analysis. 

Having an estimated package volume, the number of deliveries (total number of 

packages of this size) that can be made by each mode during one trip, also defined as the 

capacity of this alternative. QAlt expressed as deliveries per trip, can therefore be calculated 

based on the following relation: 

 

𝑄𝐴𝑙𝑡 (
𝑁𝑢𝑚𝑏𝑒𝑟 𝑜𝑓 𝑑𝑒𝑙𝑖𝑣𝑒𝑟𝑖𝑒𝑠

𝑡𝑟𝑖𝑝⁄ ) =
𝑄𝐴𝑙𝑡(𝑓𝑡3/𝑡𝑟𝑖𝑝)

0.078125 𝑓𝑡3/𝑑𝑒𝑙𝑖𝑣𝑒𝑟𝑦
  

 

The resulting capacity of each mode in terms of number of deliveries per trip is 

summarized in Table 5. The capacity value of each alternative mode will hereon be defined 

using these values to match the demand on each link (which is also given in terms of 

number of deliveries.) 

 

Alternative Vehicle Capacity (ft3) 
Capacity (equivalent 

number of deliveries/trip) 

LLV 121 1,549 

Van 148 1,894 

Bike 5 64 

Trike 49 627 

Table 5: Capacity of each Alternative in cubic feet and # of Deliveries per Trip 
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4.7 NETWORK MODEL 

Had the problem been based solely on capacity, the number of vehicles required for 

each mode to perform all the deliveries for a given zip code can be calculated by simply 

dividing the total deliveries associated with a zip code by the capacity of each alternative. 

However, due to time constraints, whereby it is assumed that all deliveries are made within 

a one-day working schedule (~8 hours), then the problem becomes a “capacitated vehicle 

routing problem with time window”. It is also assumed that each alternative uses a 

particular set of routes such that the lengths traveled and total time utilized are minimized. 

Formulating the problem in this manner ensures that the required number of vehicles for 

each vehicle type is determined optimally.   

The classical Vehicle Routing Problem (VRP) is a complex optimization problem 

that has been the center of combinatorial optimization studies for some time (Cordeau, 

Laporte, Savelsbergh, & Vigo, 2007). The VRP normally entails capacity and route length 

as restrictions and can be solved using a diverse number of solutions. Based on a defined 

vertex set (customer set) and a certain network with assigned travel costs on each link, the 

VRP aims to determine an optimized solution for delivery routes originating from a certain 

depot and serving every customer (vertex) in the set only once. This type of solution is 

favorable in the transportation industry as it ensures minimum cost for delivery as well 

(Taner, Galić, & Carić, 2012).   For the purpose of modeling this study, a Capacitated 

Vehicle Routing Problem with Time Windows (CVRPTW) is considered. The CVRPTW 

is a specific case of the VRP whereby each customer can only be served within a certain 

time window [ai, bi]. This can be applied in cases where delivery vehicles are restricted in 

certain areas during peak hours or when customers provide a desired time window for the 

delivery of their packages. In this study, the time window is based on the business hours 

of each location depot. It is assumed that all deliveries within a certain location have to be 

made to the customers during one day’s business schedule.  

The CVRPTW is often modeled as a multi-commodity network flow model with 

time window and capacity constraints. It is usually defined on a directed graph G={V,A} 
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where V = {0…n+2} is the vertex set representing customers. The depot for each location 

is represented by V=0 and V=n+1. N is the set of nodes which in this case is equal to the 

vertex set V. The variable A={(i, j): i, j ∈ V, i ≠ j} is an arc set representing circuits (direct 

cycles) associated with each vehicle route. Feasible routes include paths that start at V=0 

and end at V=n+1. K represents the set of m vehicles under the assumption that a fixed 

fleet of m identical vehicles, each of capacity Q, is available at the depot.  A time window 

[ai, bi] is associated with each vertex such that [an+1, bn+1] is the time window for the depot 

vertex (Cordeau et al., 2007). 

The problem can then be stated as follows: 

minimize          ∑ ∑ 𝑐𝑖𝑗𝑥𝑖𝑗
𝑘

(𝑖,𝑗)∈𝐴𝑘∈𝐾                                                                                    (11) 

subject to 

∑ ∑ 𝑥𝑖𝑗
𝑘

𝑗∈𝛿+(𝑖)𝑘∈𝐾 = 1,      𝑖 ∈ 𝑁,                                                                  (12) 

∑ 𝑥0𝑗
𝑘

𝑗∈𝛿+(0) = 1,     𝑘 ∈ 𝐾                                                                           (13) 

∑ 𝑥𝑖𝑗
𝑘

𝑗∈𝛿−(𝑗) − ∑ 𝑥𝑗𝑖
𝑘

𝑗∈𝛿+(𝑗) = 0,       𝑘 ∈ 𝐾, 𝑗 ∈ 𝑁,                                    (14) 

∑ 𝑥𝑖,𝑛+1
𝑘

𝑗∈𝛿−(𝑛+1) = 1,      𝑘 ∈ 𝐾,                                                                (15) 

𝑥𝑖𝑗
𝑘 (𝑤𝑖

𝑘 +  𝑠𝑖 + 𝑡𝑖𝑗 −  𝑤𝑗
𝑘) ≤ 0,        𝑘 ∈ 𝐾, (𝑖, 𝑗) ∈ 𝐴,                             (16) 

𝑎𝑖 ≤ 𝑤𝑖
𝑘 ≤ 𝑏𝑖,      𝑘 ∈ 𝐾, 𝑖 ∈ 𝑉,                                                                    (17) 

∑ 𝑞𝑖𝑖∈𝑁  ∑ 𝑥𝑖𝑗
𝑘

𝑗∈𝛿+(𝑖)  ≤ 𝑄,       𝑘 ∈ 𝐾                                                          (18) 

𝑥𝑖𝑗
𝑘 ∈ {0, 1},       𝑘 ∈ 𝐾, (𝑖, 𝑗) ∈ 𝐴.                                                                (19) 

 

Where each of the variables is defined as shown in Table 6.  
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Variable Description 

A Arc set representing all paths in the network 

N Set of nodes (N=V) 

K Set of m vehicles of fixed fleet available at the depot 

cij Travel cost of each route (i, j) 

𝑥𝑖𝑗
𝑘  

Binary variable with (i, j) ∈ A, k ∈ K. It is equal to 1 if and only if arc (i, j) is used 

by vehicle k 

𝑤𝑖
𝑘 

Continuous variable with i ∈ N, k ∈ K, indicating the time at which vehicle k starts 

servicing vertex i 

si Service time at i (with s0 = sn+1 = 0) 

tij Travel time from i to j 

ai Lower limit of time window for vertex i 

bi Upper limit of time window for vertex i 

V Vertex set representing customers with V=0 and V= n+1 representing depot 

qi Demand of customer i 

Q Capacity of each vehicle 

δ+(i) With δ+(i) = {j: (i, j) ∈ A}   

δ−(j) With δ−(j) = {i: (i, j) ∈ A} 

Table 6: Definition of Variables for VRPTW Function 

The objective function (11) minimizes the total routing cost. Constraint (12) states 

that each customer is visited exactly once, while constraints (13)–(15) ensures that each 

vehicle is used exactly once and that flow conservation is satisfied at each customer vertex. 

The consistency of the time variables 𝑤𝑖
𝑘 is ensured through constraint (16) while time 

windows are imposed by constraint (17). These constraints also eliminate sub-tours. 

Finally, constraint (18) enforces the vehicle capacity restriction. 

For each zip code, the model determines the number of trips needed to perform all 

deliveries within a given time window (depending on business hours of each depot, 

typically 8-9 hours).  

It takes as input the following: 

1. The capacity (Q) of each type of vehicle fleet which varies by each mode assessed  
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2. The number of deliveries (or demand) to be made at each node in the system which 

is equal to the demand on the link connected to this node 

3. The average speed on the network links which is expected to vary based on 

expected level of  congestion 

4. The length of each link in the network in miles 

5. The allowable time window which is based on the business hours of the depot 

6. The service time (si) needed at each node which is equal to a unit time per package 

delivery (assumed to be 5 seconds/package) multiplied by the demand (or number 

of packages) at node i. 

Subject to the following constraints: 

1. All customers in the network are served 

2. Each customer in the network is served only once 

3. All deliveries are made within the allocated time window 

4. The number of deliveries made during one trip does not exceed the capacity of the 

vehicle 

5. All vehicles originate and terminate at the allocated depot of the region 

6. Total trip distances do not exceed maximum allowable range of electric motors in 

the cases where it is assumed that the given vehicles are making use of the motor 

for the entire trip duration. 

Most CVRPTW solutions are based on heuristics which seek to produce good 

quality solutions in minimal computing times. The solution algorithm used in this thesis to 

solve the proposed problem is an all-purpose heuristic based on the “Ruin and Recreate 

Principle” (R&R), created by Schrimpf et al. (2000).  R&R is suitable for complex 

optimization problems with many constraints such as the CVRPTW (Schrimpf, Schneider, 

Stamm-Wilbrandt, & Dueck, 2000). The algorithm functions in a way such that an initial 

CVRPTW solution is created, then a part of it is significantly ruined (or eliminated), and 

then recreated again in later stages of the procedure. By performing several iterations of 

this procedure, a “better” solution is obtained (Misevicius, 2003). The main advantage of 

this methodology is that, instead of creating a new solution from scratch, it tries to arrive 
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at the best solution by fixing an already-existing one. Schrimpf et al. propose and compare 

between a number of ways to execute this algorithm. The solution attempts to satisfy two 

objectives: (1) minimize the number of vehicles, and (2) minimize the travel distance 

(Schrimpf et al., 2000).  

The initial solution is first obtained based on a shortest path algorithm. It is then 

ruined by randomly selecting a node or customer k from the set of nodes N and removing 

it from the network (that is, assuming that this customer is no longer served). Then, a 

random number A is chosen such that 𝐴 ≤ [𝐹. 𝑁], where 𝐹 ∈ [0,1], and removing A-1 of 

the “nearest neighbors” of node k. The “nearest neighbors” are defined based on a specified 

metric. This is one way to ruin the solution referred to as radial ruin. Another way is 

selecting a random number A which also has to be a fraction of the total number of nodes, 

and then removing A nodes from the network through random selection. All the “removed” 

customers are then put aside in an imaginary bag B as referred to by Schrimpf et al.  

The solution is then “recreated” by reinserting the customers of set B into the 

network. This is done through the best insertion methodology whereby each customer is 

randomly selected from the bag and then reinserted into the network in the best or most 

clever way possible such that each resulting recreation solution is compliant with all 

constraints (Schrimpf et al., 2000). In the cases where inserting the next customer will 

result in an inadmissible solution, then a new vehicle (or vehicle-trip) is added to the 

system. 

The solution algorithm is executed in way that it optimizes the number of trips (as 

opposed to number of vehicles) needed to perform all deliveries within the given time 

window. The solution algorithm generates an output in the form of number of deliveries 

per trip, total duration of trip, total distance traveled in miles for each trip. Table 7 provides 

a sample of the output format for a pedelec trike with a capacity of 627 packages/trip. Using 

jsprit MATSim (GitHub, 2013), the software application generates a plot diagram for each 

scenario being assessed. The plots of the LLV mode at 15 MPH for the UT neighborhood 

location is presented in Figure 16. Additional sample plots are shown in Appendix I. 
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Trip 

Number 

Number of Deliveries 

per Trip 

Trip Duration 

(hr:min:sec) 

Trip Distance 

(in miles) 

1 627 1:22:03 7.60 

2 627 1:27:55 8.99 

3 627 1:26:49 8.55 

4 623 1:25:09 8.26 

5 601 1:27:02 9.15 

6 623 1:21:59 7.43 

7 627 1:23:52 7.81 

8 612 1:20:28 7.28 

9 617 1:20:38 7.22 

10 626 1:22:42 7.82 

11 626 1:23:50 7.83 

12 625 1:29:07 9.17 

13 626 1:29:39 9.28 

14 604 1:23:28 8.41 

15 544 1:14:10 7.12 

16 553 1:11:57 6.38 

17 627 1:26:19 8.43 

18 609 1:17:25 6.58 

19 615 1:19:40 7.01 

20 622 1:21:07 7.23 

21 609 1:17:26 6.58 

Table 7: Sample of Network Model Output 

 

 

Figure 16: Output for LLV in UT Neighborhood Normal Conditions 
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This output is then using to determine the total duration of each trip (in hours) as 

well as the total distance (in miles) using Microsoft Excel. The total trip time is determined 

as the sum of the model output and a certain loading time which is computed by multiplying 

the total number of packages per trip by a unit loading factor assumed equal to the unit 

unloading factor of 5 seconds/package. It is assumed that each time the vehicle goes back 

to the depot, there is a certain duration for it to load all the packages needed for the next 

trip.  

The number of vehicles is then determined using the Best Combination algorithm 

(Mehta, 2012) which attempts to find the best combination of trips that can be allocated to 

a single vehicle such that the time window constraint and/or maximum allowable range are 

satisfied. This strategy may result in some vehicles having a total service duration per day 

less than the business hours of the depot or a number of packages per trip less than the total 

capacity. However, the financial model parameters described below are mainly computed 

based on unit distance or unit hour therefore eliminating any error or overestimation 

associated with half-empty trucks or business hours with no services being provided.  

4.8 FINANCIAL MODEL 

The four vehicle types are compared using the net present value (NPV) of the 

estimated long-term cost associated with each. This is done by developing a benefit-cost 

model for a period of 24 years (equal to the lifetime of the LLV which is the base case) 

starting with year 2015 as the base year. A discount rate of 6% is used as the analysis is 

considered to be of the relatively lower-risk magnitude (VTPI, 2013). The model is 

constructed using the monetary value of each of the following criteria as input: 

4.8.1 Purchase Cost 

The total annual cost of purchase is obtained for each vehicle make and model. The 

LLV purchase cost was estimated to be $20,009 in 2010 dollars (GAO, 2011), which 

amounts to $21,538 in 2015 dollars (adjusted for inflation). The basic cost of a Nissan e-

NV 200 van is rated at £21,720 or $32,301 (Nissan e-NV 200, 2015). The purchase cost of 

a bike with a Bionx Conversion Kit and a Convoy accessory estimated at €3,727 or $4058 
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(Larry vs. Harry, 2013). The purchase cost of a trike is estimated the Cycles Maximus 

pricing for a TractionDriveTM Cargo VanTrikeTM at £7,555 or $11,236 (Cycles Maximus, 

2015). 

Furthermore, it is assumed that each of the alternative vehicles are replaced at the 

end of their life span within the study period. As such, the van is replaced at year 20 while 

the bike and the trike are replaced every 5 years, therefore at years 5, 10, 15, and 20. 

At year 24, a salvage value is computed for each vehicle type. Since the LLV is 

considered to be the base scenario, it is estimated to have no salvage value for that year. 

For other alternative modes, their salvage value is computed using a linear depreciation 

model based on their last year of replacement which happens to be Year 20 for all three 

vehicles. The salvage value of each of the three alternative modes at year 24 is computed 

using the following relation: 

𝑆𝑎𝑙𝑣𝑎𝑔𝑒 𝑉𝑎𝑙𝑢𝑒 ($) = [
𝑃𝐶

𝐿𝑖𝑓𝑒
 × (𝐿𝑖𝑓𝑒 − (24 − 𝑌𝑒𝑎𝑟 𝑜𝑓 𝑃𝑢𝑟𝑐ℎ𝑎𝑠𝑒))] + 𝑃𝐶 

Where: 

 PC: Purchase Cost per vehicle ($/veh) 

 Life: Life Span (years) 

 Year of Purchase: Year that vehicles were last replaced (which is equal to Year 20 

for the van, bike and trike) 

Figure 17 demonstrates an example of how the salvage value is calculated for the 

van alternative. 
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Figure 17: Linear Deprecation of the Van Alternative 

The total annual purchase cost is computed by multiplying the cost of each vehicle 

by the number of vehicles needed to perform all the deliveries in the location within a one-

day working schedule. 

4.8.2 Fuel and Electric Motor Charging Cost  

The fuel and electric motor charging cost is estimated using per mile fuel cost for 

the LLV and the cost of charging the electric motor per mile for the van, bike, and trike 

modes. The fuel cost of the LLV is considered equal to that of a pickup/van/SUV in city 

driving conditions which is 10.1 cents per mile according to the “Per-mile Costs of 

Operating Automobiles and Trucks Final Report 2003” (MnDOT, 2003) which amounts to 

13 cents per mile in 2015 dollars. For the non-motorized modes (van, bike and trike), the 

electric motor charging cost is based on the usage of the electric battery. The van’s electric 

motor charging cost is estimated by the manufacturer, Nissan, to be $0.05/mile. Since the 

bike and the trike alternatives are also equipped with electric batteries, then the electric 

motor charging cost is assumed equal to $0.05/mile for those alternatives as well. The 

annual cost of fuel and charging the electric motor is then computed for each vehicle by 

multiplying the per unit distance cost by the total miles driven by each vehicle type within 
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a zip code to make all deliveries within a one-day working schedule for the total number 

of working days per year. 

4.8.3 Maintenance Cost  

A rough estimate of the total annual cost of maintenance for each alternative is also 

obtained.  

For the LLV, the per-mile maintenance cost is assumed to be $0.15 per mile 

(Seedah, Muckelston, & Harrison, 2013). For the van, estimated to be driven 40 miles on 

average each day for a period of seven years (average lifetime of an electric battery), 

maintenance costs are assessed at $0.1174 per mile.  

The total annual maintenance cost for trikes is estimated to be $0.02/mile and the 

same is assumed for the bike (Tipagornwong & Figliozzi, 2014). It is to be noted that this 

per-mile estimate of maintenance cost does not include cost of replacing the electric battery 

which will be accounted for as a separate parameter. 

The annual maintenance cost is then computed for each vehicle by multiplying the 

per unit distance maintenance cost by the total miles driven by all vehicles within a zip 

code to make all deliveries within a one-day working schedule then for he total number of 

working days per year. 

4.8.4 Battery Replacement Cost 

This parameter is only computed for the van, bike and trike. For the van, a new 

battery has to be purchased every 100,000 miles (Silva, Ross, & Farias, 2008) at a cost of 

$5,500 as now being offered by Nissan (Albright, Edie, & Al-Hallaj, 2012). The Bionx 

battery used by the bike is estimated to lose much of its strength after approximately 1000 

charges, that is 25,000 miles since it has a charge range of 25 miles (Fogh, 2015). The cost 

of a Bionx conversion kit is €1,626.50 ($1,760) which is an additional fixed maintenance 

cost that would be incurred every 25,000 miles of total delivery. Similarly for the trike 

(with a battery range of 30 miles), the battery has to be replaced every 30,000 miles. Using 

the output of the network model, the daily average mileage per vehicle can be obtained and 
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therefore the total lifetime of the battery estimated. If the lifetime of the battery exceeds 

the depreciation life cycle of the vehicle then the battery does not need to be replaced at 

any time. Otherwise, the battery needs to be replaced when the vehicle has reached the 

mileage limit. A detailed presentation of battery replacement for each scenario is presented 

in the Results section of this report. 

4.8.5 Labor Cost  

Each vehicle is assumed to be driven by one employee with a specific work 

schedule. The total annual labor cost for each vehicle type in each zip code is therefore 

dependent on:  

1. the number of employees (equal to number of vehicles required to complete all the 

deliveries within a zip code within a one-day work schedule for each vehicle type)  

2. the working hours of the depot servicing each zip code as summarized in Table 8. 

 

Location Address of Depot Working Schedule 

CBD 
823 Congress Ave Ste 150, Austin, TX, 

78701a 

Monday-Friday: 8:30-5:00 

Saturday: 9:00-1:00 

Sunday: closed 

UT 

Neighborhood 
4300 Speedway, Austin, TX, 78751 

Monday-Friday: 8:30-5:30 

Saturday-Sunday: closed 

Far West 3575 Far West Blvd, Austin, TX, 78731 

Monday-Friday: 9:00-5:30 

Saturday: 9:00-2:30 

Sunday: closed 

 

Table 8: Business Hours of Depots 

                                                 

 
a For this location, the business hours of the Local Depot are considered instead of those of the Main Depot. 
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Thus, the total number of working days per year for each of the depots is also 

obtained. The ten national holidays during which all USPS offices are closed are deducted 

from the total annual number of working days. Consequently, the total number of working 

days per year can be obtained as summarized in Table 9. 

 

Location 
Annual Number of Working Days 

(days/year) 

CBD 252 

UT Neighborhood 303 

Far West 303 

Table 9: Annual Number of Working Days and Hours for each Location Depot 

Using the output of the network model, a total trip time (in hours) can be obtained 

for each location at each operating speed. It is assumed that labor cost per day is the hourly 

labor wage multiplied by the sum of total trip time. This assumption pertains that 

employees are paid by the hour and therefore lunch/resting time is not accounted for in the 

labor cost. 

The total annual labor cost is then computed based on the following relation: 

𝐴𝑛𝑛𝑢𝑎𝑙 𝐶𝑜𝑠𝑡 𝑜𝑓 𝐿𝑎𝑏𝑜𝑟 (
$

𝑦𝑒𝑎𝑟
) = 𝐸 × 𝑊𝐸 × 𝑇𝑇𝑇 × 𝑊𝑜𝑟𝑘𝑖𝑛𝑔 𝐷𝑎𝑦𝑠 

Where: 

 E: Total number of employees needed to perform all deliveries for a certain location 

(equal to the total number of vehicles needed) 

 WE: Wage of each employee ($/hour) 

 TTT: Sum of all trip durations within a working day which is obtained from the 

model (hours/day) 
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 Working days: Annual number of working days per year (days/year) which varies 

by zip code depot 

The average hourly wage for USPS city carriers is estimated at $28/hour for year 

2015 (FedSmith Inc., 2015). 

4.8.6 Emissions Cost  

The total annual emission cost is estimated as the social cost of carbon emissions 

associated with the each vehicle. The total annual emissions cost for the LLV is computed 

based on the following assumptions: 11.52 kg of CO2 are produced per gallon of gasoline 

(Nissan Newsroom, 2015), 0.11 gallons of gasoline are consumed per mile driven by the 

LLV (GAO, 2011), and the monetary value of CO2 emissions is estimated at $12/ton 

(Nordhaus, 2011) in 2005 US international prices which amounts to $15.05/ton of CO2 in 

2015 dollars. This results in 1267 g of CO2 produced per mile by the LLV which is 

equivalent to $0.0168 of CO2 per mile.  

Emissions cost can also be calculated for the remaining vehicle types even though 

they do not incur any tailpipe emissions. It is still assumed that there is a certain percentage 

of upstream CO2 emitted and should therefore be taken into account. The CO2 emissions 

for the van are assumed equivalent to that of a Nissan Leaf which is estimated at an average 

of 194 g/mile based on the U.S. Environmental Protection Agency (EPA) report (2014), 

equivalent to $0.00257/mile (EPA, 2014).  

A study by the European Cyclists Federation (ECF) compares the CO2 emissions 

of bicycles with respect to other vehicle types and estimates CO2 emissions by electric-

assist bicycle at 22g/km which amounts to 35g/mile (Maus, 2011). This is equivalent to 

$0.000468/mile of emissions costs for the bike and the trike. 

The annual emissions cost is then computed for each vehicle type by multiplying 

the per unit distance emissions cost by the total miles driven by all vehicles within a zip 

code to make all deliveries within a one-day working schedule for the total number of 

working days per year. 
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4.8.7 Other Parameters 

For the CBD, and specifically for the bike and the trike alternatives, it is assumed 

that packages are first delivered from the Main Depot to the Local Depot by a 15-ft. truck 

and then distributed within the zip code by the cycle modes. As such, an extra fixed cost is 

added to the total costs of these alternatives to account for the cost of using the truck to 

make that initial delivery to the local depot. The network model is applied only to the bike 

and trike with the assumption that these vehicles originate from the local depot. The fixed 

additional cost of the trucks is estimated at about $10,099 based on the breakdown shown 

in Table 10. 

 

Characteristic of Truck Value 

One-way Distance Traveled (miles) 4.7 miles 

Number of trucks required  1
a
 

Operation Cost ($/mile) 30.8
b
 

Maintenance Cost ($/mile) 355
c
 

Labor cost ($/year) 7,056
d 

Emissions cost ($/year) 39.79 

Table 10: Additional Fixed Costs of 15-ft. Truck for CBD Location 

                                                 

 
a Capacity of a 15 ft. truck is 733 ft3 (UHaul, 2015)so it can make 9,382 deliveries which exceeds the total of 7,859 

deliveries for this zip code. Thus, one truck is enough for this task 
b A truck of this size consumes 10 mpg at a cost of $0.13/gallon 
c Maintenance cost is assumed to be $0.15/year as that of the LLV. 
d One employee is needed for the job with a total of 1 hour to drive the car to the local depot and back. 
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Chapter 5: Results and Discussion 

This chapter presents the results obtained for each of the proposed scenarios. The 

results are analyzed in an attempt to come up with general observations and conclusions 

about the feasibility and competitiveness of cargo cycles with respect to other modes in 

different city contexts as well as different traffic conditions. Recommendations for future 

work are also provided to highlight areas of improvement that can be applied to the 

methodology. 

5.1 ANALYSIS OF RESULTS 

The model determines the optimum number of trips, total miles traveled, and total 

hours needed to complete all deliveries within a certain zip code. This is done for all 48 

scenarios and for each mode separately.  Each of the output values is used to determine the 

optimum number for vehicles for each vehicle type in addition to the net present value 

(NPV) of for each scenario. The results are summarized in Appendix II. 

The battery replacement duration for the electric modes (van, bike, and trike) is 

determined based on the average expected delivery miles per vehicle. It is assumed that for 

the electric cycle scenarios, the lifetime limit of the battery is 25,000 and 30,000 miles for 

the bike and trike respectively, under the assumption that the electric battery is used 

throughout the entire trip time (thus making it possible for the bikes to travel at a speed of 

15 MPH).  For the pedelec cycle scenarios traveling at 10 MPH, the assumption is that the 

cargo cycles are only using their electric batteries for one-third of the trip time, and the 

battery lifetime mileage is therefore three times that of the e-bike (i.e., 75,000 miles) and 

the e-trike (i.e., 90,000 miles).  Battery replacement year is then determined by multiplying 

the average expected daily mileage per vehicle by the total annual number of working days 

(varies by location). A summary of the results of this procedure is shown in Table 11. 
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Location Mode 

Avg. Daily Mileage Per 

Vehicle (miles/vehicle/day) 

Battery Life 

Duration 

Needs 

Replacing? 

10  

MPH 

15  

MPH 

10 

MPH 

15 

MPH 

10 

MPH 

15 

MPH 

CBD 

Van 25.41 25.41 16 16 YES YES 

Bike 36.79 23.41 8 4 NO YES 

Trike 23.23 23.23 15 5 NO NO 

UT 

Neighborhood 

Van 14.97 14.97 22 22 NO NO 

Bike 50.16 22.93 5 4 NO YES 

Trike 23.45 23.45 13 4 NO YES 

Far West 

Van 31.56 37.81 10 9 YES YES 

Bike 57.25 22.20 4 4 YES YES 

Trike 34.19 21.59 9 5 NO NO 

Table 11: Summary of Battery Replacement Computations 

Using the generated NPV values, the efficiency of the cargo cycles is assessed with 

respect to other existing (LLV) and potential modes (van) within varying urban contexts. 

The variation in NPV values of the total costs for each mode with respect to the pedelec 

cycles (partial electric assistance) and the e-cycles (full electric assistance) are portrayed 

in Table 12 and Table 13 respectively. Since all the parameters considered in the financial 

model are incurred costs and therefore have a negative value (except the salvage value) 

then the resulting NPV is also negative. It is a reflection of the value of all the expenses for 

a particular mode in 2015 dollars. As a result, a more negative NPV value (higher number 

in absolute value) indicates a higher cost for the entire analysis period. The mode with the 

least negative NPV value (lowest absolute value) is considered the least expensive and 

therefore the best option according to this analysis. 
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CBD UT Neighborhood Far West 

Congested 

   

Normal 

   

Table 12: NPV (in $Millions) of Total Cost for each Pedelec Cycle Scenarios 
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CBD UT Neighborhood Far West 

Congested 

   

Normal 

   

Table 13: NPV (in $Millions) of Total Cost for each Electric Cycle Scenarios
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As shown in Tables 12 and 13, the results indicate that the two-wheeled cargo 

cycles (pedelec bike and e-bike) have the highest NPV t for all scenarios. Moreover, their 

NPV values are 40% to 120% higher than those of the trikes regardless of traffic conditions 

and location. As a result, this type of cargo cycle is rendered unfeasible from a cost 

perspective and will hereon be disregarded in this analysis. 

The true competitiveness of the cargo cycles is portrayed through the NPV values 

of the pedelec trike and the e-trike. In the following analysis, two main parameters will be 

analyzed:  

1. The NPV of the trike which portrays its cost efficiency 

2. The percentage difference between the NPV of the trike and that of the van and 

LLV.  

Moreover, these values will be compared amongst locations, as well as traffic 

conditions (congested vs. normal) to determine the potential effect of each on the cost and 

competitiveness of the trike mode. 

Looking at the total NPV cost values of the each mode separately, it appears that 

the e-trike yields the lowest NPV cost in congested conditions in the CBD location amongst 

all the scenarios that were assessed. Moreover, the e-trike (i.e. electric cycle scenarios) has 

the lowest NPV in congested conditions and is therefore the most cost-effective amongst 

all modes regardless of location. This leads to the conclusion that for the CBD location, 

during congested conditions (e.g. during peak hour), the e-trike is cheaper to use than the 

LLV and its potential replacement, the electric van. As for other locations and traffic 

conditions, the trike incurs higher NPV cost yet the percentage difference between their 

values and those of the LLV and van is, in some cases, relatively small. As a result, it is 

important to also assess the competitiveness of this cargo cycle in different contexts. 

Defining the “competitiveness” of the trike as the percentage difference between 

its own NPV and that of the LLV and van, then the lesser this difference is, the more 
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competitive the trike. Consequently, based on the obtained results, a number of conclusions 

can be made. The e-trikes turned out to be more competitive than the pedelec trikes 

regardless of location and traffic conditions. This is justified by the observation that, at 

faster speeds, the vehicles can perform more deliveries in shorter durations thus potentially 

decreasing the number of vehicles needed and the cost of labor. Moreover, both e-trikes 

and pedelec trikes turned out to be more competitive in congested traffic conditions than 

in normal conditions regardless of location. This is under the assumption that the trikes are 

not affected by traffic conditions and have access to dedicated bike lanes.  

Comparing the three different zip codes shows that the trikes are, in general more 

competitive in the CBD than the UT Neighborhood which suggests that having the depot 

within the delivery area improves the efficiency of this mode. This can be justified by the 

additional number of trips the bikes have to make (due to lower capacity) compared to 

other modes. Consequently, allocating the depot farther away from the delivery areas adds 

an additional distance for the trikes to travel during each trip to or from the depot. Longer 

distances increase the cost of the trikes and make them less competitive when compared to 

other modes such as the LLV and van which do not have to perform as many trips back to 

the depot. 

The comparison between Far West and CBD suggests that the trikes are more 

competitive in areas with higher deliveries per mile (higher population density). The 

density of deliveries also portrays how spread out a region is. In the Far West area, the 

trikes are required to travel larger distances to make the same number of deliveries. This 

results in a higher total distance traveled (total miles) and therefore a higher cost.  

Moreover, comparing between the two locations and CBD indicates that the trike 

is more competitive in Far West than in the UT Neighborhood in congested conditions; 

however, the opposite is true in normal conditions. This seems to suggest that, in normal 

conditions, the number of deliveries per mile has a greater impact on the competitiveness 
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of the trike while, in congested conditions, the location of the depot seems to play a more 

important role. 

Assuming now that there is no dedicated right of way for the trike modes and that 

they are required to share the road with the other vehicles, then only the assumptions for 

the e-trike in congested conditions would change. Under this scenario, the e-trikes will 

have to travel at a speed of 10 MPH (as opposed to 15 MPH in their own dedicated lane) 

at a speed equal to that of the LLV and van. This results in a scenario similar to the pedelec 

cycle scenarios in congested conditions (where all vehicles are traveling at a speed of 10 

MPH) which increases the cost of the trike mode and makes it less competitive. This 

observations suggests that the provision of a dedicated right of way for the trikes would 

decrease their cost and increase their competitiveness. This is expected because, one of the 

most obvious benefits of this mode is its ability to occupy less space on the roadway and 

therefore can benefit from traveling at a speed faster than larger vehicles which are greatly 

affected by congestion. 

Figure 18 outlines the variation in total NPV with respect to the number of 

deliveries per mile per vehicle for each location for the trike mode. The obtained graph 

shows that as the number of deliveries per mile that is required by each trike increases, the 

NPV of the trike modes decreases (in absolute value). Consequently, in areas with high 

population density such as the CBD, the trike mode is expected to yield lower costs than 

in other, more spread-out areas, such as Far West. This can again be justified by the number 

of trips that the trike modes have to make back to the depot to reload a new batch of 

packages. The less the number of deliveries per mile, the longer is the distance that the 

bikes have to travel to make the deliveries and to go back to the depot, and consequently 

the longer is the duration of each trip. As a result, the more deliveries the vehicles can make 

per trip the lower is their NPV value (which depends greatly on the total miles traveled). 

These results also highlight the sensitivity of the NPV cost of the trike modes to the total 

delivery distance needed to make all deliveries within the zip code.  
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Figure 18: Variation of NPV (in $Millions) with Deliveries per Mile 

5.2 POLICY IMPLICATIONS 

The results of the proposed model outline a number of factors that increase the 

competitiveness of cargo cycles in urban areas. From a policy standpoint, such factors 

should be promoted and made available to encourage courier and logistics companies to 

consider shifting from their currently-used trucks to more environmentally-friendly and 

safer modes. The provision of dedicated bike lanes on all streets in the urban network (and 

especially in CBD areas) and the widening of currently existing bike lanes to accommodate 

for the larger-sized cargo cycles is essential for making use of this mode’s smaller size and 

ability to overcome roadway congestion.  

Moreover, the feasibility of cargo cycles is not possible without the presence of 

local depots and consolidation centers close to the delivery areas, and preferably within 

them. Such facilities can be provided by local governments in designated areas within 
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urban regions and leased to one or more logistics companies to facilitate their management 

of services and offer them an alternative to truck cruising and parking fines. These centers 

serve as well-equipped hubs with loading and unloading zones as well as storage areas. 

Companies can have their goods delivered to these centers by trucks and then distributed 

to different parts of the urban region using other modes such as cargo cycles.  

The comparison between different types of urban areas also shows that the use of 

cargo cycles is most successful in regions with high population density (large number of 

deliveries per mile) such as CBD’s.  Such areas also play a major role in the economy of 

cities as they account for a significant percentage of employment within metropolitan areas, 

and are often composed of mixed-use neighborhoods that encompass both residential and 

commercial facilities. Policy makers should therefore start by focusing on the CBD’s of 

large dense cities, where current delivery methods are greatly hindered by congestion and 

lack of curb space, and where efficient logistics are essential for the prosperity of the city’s 

economy. 

Other policies that contribute to the use of cargo cycles is the assignment of no-

truck zones within certain CBD streets. Allowing easy access of trucks to central hubs and 

banning them from accessing all other streets in such regions could play a major role in 

compelling companies to shift to this new form of mail or package delivery. Similar 

policies that could also be implemented include higher parking fines or monetary 

incentives that reward companies who shift from traditional trucks and motorized modes 

to cargo cycles.  

Most importantly, governments should support and advocate the use of cargo cycles 

for a number of reasons not assessed in this study. The improvement of safety and 

environmental conditions is one of the main targets of all urban authorities. Decreasing and 

possibly eliminating the use of trucks also contributes to improving the walkability score 

of a CBD and the overall livability of the area. As such, such efforts hat support the use of 
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cargo cycles for urban freight delivery are highly important in urban contexts and aid the 

public sector in attaining some of its goals in improving the lives of its citizens.  

5.3 PRIVATE SECTOR IMPLICATIONS 

From a private sector perspective, the model outlines the feasibility of the use of 

cargo cycles in terms of total cost. With the availability of dedicated bike lanes wide 

enough to accommodate the cargo trikes, as well as proper consolidation centers, it is 

evident that logistics companies would decrease their cost of service by switching to this 

alternative mode, which could also result in decreasing their prices and becoming more 

competitive in the market.  

Moreover, the use of cargo cycles portrays a more environmentally-friendly image 

for private companies making them more appealing to customers and potentially improving 

their business. For logistics companies that offer delivery services exclusively, the cargo 

trikes also provide a platform for advertisement (on the sides of the cargo trunk) which has 

proven to generate a good source of revenue that can be used to increase hourly wage rates 

of employees and thus compensate for any extra effort or discomfort associated with the 

switch from trucks to trikes.  

5.4 RECOMMENDATIONS AND FUTURE WORK 

The proposed methodology succeeds in outlining some of the factors that decrease 

the cost of cargo cycles and make them more competitive for mail delivery in urban areas. 

However, the model has been applied to a small sample of areas in one specific city 

possibly rendering its results biased or location-specific. As such, one recommendation is 

to use the model to assess the competitiveness of cargo trikes in other cities with different 

characteristics. One advantage is that the data used in this study is based on USPS data for 

its EDDM service which it offers nation-wide. Consequently, the model parameters can 

easily be obtained for other regions within the U.S. and altered to reflect different 
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population densities (through the number of EDDM deliveries) as well as different average 

speeds and depot locations.  

Another limitation imposed by the model is financial parameters considered which 

are relatively limited in number and do not reflect all the costs incurred by private 

companies. Other factors such as insurance costs, registration costs, and other legal 

expenses should be considered. The use of cycle modes may incur high insurance costs as 

the packages being delivered are subject to higher risks of damage or theft and may 

therefore require higher costs for their insurance. Moreover, the model’s exclusive reliance 

on quantifiable and monetary parameters hinders it from clearly reflecting some of the 

benefits associated with other non-quantifiable factors related to cargo trikes such as 

improved safety, reduction in noise, improved walkability or livability scores of urban 

areas, and increased reliability of delivery services. In addition, the model only takes into 

account costs and spending without considering some of the benefits that can be attained 

such as increases in revenue due the attraction of a higher number of customers for 

example. Driver comfort is another parameter that can be considered and which may 

decrease the competitiveness of the cycling modes. 

In terms of network modeling, the current methodology relies on distances, speeds, 

and number of deliveries. It is recommended that future network analysis consider no-truck 

zones and streets with prohibited parking. Moreover, topography issues are also a major 

consideration, especially in assessing the feasibility and competitiveness of pedelec cycles 

which require human effort and may unfeasible in hilly areas. The region’s weather and 

climate also play an important role in better assessing the cycling modes as they involve 

higher exposure of employees to exterior conditions and may not be suitable in ice and 

snow.  

The model also fosters the assumption that all streets in the urban area are equipped 

with dedicated bikes lanes that are used by the cargo trikes to overcome congestion. This 

is not exactly true, especially in locations such as Far West where many of the roads have 
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minimal or no bike facilities at all. Consequently, one recommendation is to use the City 

of Austin 2009 Bike Plan (City of Austin, 2009) which provides data on the types of bicycle 

facilities provided on each link in the city.  

Finally, the model assumes that the vehicle fleets are uniform and assesses the use 

of each type of mode independently. One suggestion is to evaluate the use of mixed fleets 

(e.g. LLV and trike) to determine if the obtained costs can be further decreased by using 

an optimum fleet combination of all the proposed modes. This could be an interesting 

improvement to the current model and may result in a more realistic and optimized 

scenario. Since the private companies are required to first transport their packages to the 

consolidation centers using trucks, then these trucks can be accounted for as part of the 

mixed vehicle fleet instead of being classified a separate fixed cost added to that of the 

trikes. Other policies could also be considered such as over-time hours (with over-time 

wages) as opposed to business hour restrictions. Providing delivery services for a total of 

nine hours instead of eight, for example, could result in a lower total cost than restricting 

the deliveries to the eight-hour time window and possibly having to add another vehicle to 

the fleet to meet this time window. 
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Chapter 6: Conclusion 

With changing trends in urban living, a rapidly growing population, and the 

increasing popularity of e-commerce, the need for new urban delivery strategies in U.S. 

cities is evident. Many logistics companies around the world are currently resorting to 

alternative delivery methods which rely on well-equipped urban hubs or consolidation 

centers where packages are stored and then redistributed within the city using more 

practical delivery modes. Cargo cycles are one prominent example of such modes 

distinguished by their relatively smaller sizes and ability to overcome congestion and 

parking issues.  

A number of academic studies attempt to assess the feasibility of implementing this 

new mode in urban settings. Many of the results indicate that one of the main factors 

hindering its instigation is the lack of awareness among private companies as well as the 

deficiency in academic studies that outline the costs and benefits of using cargo cycles. 

This thesis aims at providing a concise overview of cargo cycles, their emergence, uses, 

and identified advantages and disadvantages around the world. It also attempts to determine 

the factors that influence their cost and competitiveness with respect to other existing and 

potential modes. A case study on the USPS EDDM service is presented to provide sample 

results for this evaluation process and a number of recommendations related to policy and 

private sector improvements are suggested. 

The study is applied to three different zip codes within the city of Austin, TX in 

different traffic conditions. The comparison between regions is used to determine the effect 

of the location of the depot (or consolidation center) and the population density of an area 

on the cost and competitiveness of the cargo cycle mode. Moreover, the presented 

framework provides a comparison between different types of cargo cycles of varying 

capacities and propulsion systems.  

The results indicate that the best form of cargo cycles of those assessed is the 

electrically-assisted trike (e-trike) generating the lowest costs amongst all modes in 
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congested conditions. Moreover, the cargo trike has proven to be relatively competitive 

with other modes even in cases where its costs are higher. The competitiveness of the trikes 

varies based on the urban context and is highest in areas with high population density and 

with depots located within the delivery area boundaries. The results also show that, as the 

deliveries per mile required by a single trike increase, the cost of the trikes decreases 

greatly.  

The outlined methodology demonstrates the feasibility of cargo cycles from the 

cost perspective of the private companies. However, it also assumes that proper facilities 

such as dedicated bike lanes and consolidation centers are already available within the 

urban areas. This suggests that the successful implementation of this mode is also 

dependent on the efforts of the public sector in providing the required amenities. Moreover, 

policies that discourage the use of other modes such as trucks and motorized vehicles (e.g. 

parking fines and no-truck zones) play a major role in further promoting the shift to cargo 

cycles.  

The benefits of cargo cycles on the quality of life of urban citizens is evident. 

Increased livability, improved safety, decreased congestion, and reductions in noise and air 

emissions are some examples. This thesis demonstrates the benefits of this mode from the 

perspective of the private companies in terms of significant cost reductions. The shift to 

cargo cycles for the provision of urban delivery services would therefore result in a win-

win scenario. With proper awareness and government support, this mode has a high 

potential in leading future urban logistics and creating cleaner and more livable 

environments in the nation’s growing cities.   

 

 

 

  



 

 

 

74 

Appendix I 

 

Figure 19: Output for Van in UT Neighborhood Normal Conditions 

 

Figure 20: Output for E-Bike in UT Neighborhood 
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Figure 21: Output for E-Trike in UT Neighborhood 
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Appendix II 

 

Mode 
No. of 

Trips 

No. of 

Vehicles 

Total 

Distance 

(Miles) 

Total 

Duration 

(Hours) 

Avg. Distance 

per Vehicle 

(Miles/Veh) 

NPV of 

Total Cost 

($) 

LLV 5 5 110.74 31.91 22.15 $3,269,295  

Van 4 4 101.63 30.98 25.41 $3,171,785  

Bike Ped 126 6 257.56 47.49 42.93 $4,809,671  

Trike Ped 13 4 92.94 30.22 23.23 $3,181,878  

Table 14: Results for Pedelec Cycle CBD Congested Conditions 

Mode 
No. of 

Trips 

No. of 

Vehicles 

Total 

Distance 

(Miles) 

Total 

Duration 

(Hours) 

Avg. Distance 

per Vehicle 

(Miles/Veh) 

NPV of 

Total Cost 

($) 

LLV 5 5 110.74 28.25 22.15 $2,919,809  

Van 4 4 101.63 27.63 25.41 $2,852,031  

Bike Ped 126 6 257.56 47.49 42.93 $4,809,671  

Trike Ped 13 4 92.94 30.22 23.23 $3,181,878  

Table 15: Results for Pedelec Cycle CBD Normal Conditions 

Mode 
No. of 

Trips 

No. of 

Vehicles 

Total 

Distance 

(Miles) 

Total 

Duration 

(Hours) 

Avg. Distance 

per Vehicle 

(Miles/Veh) 

NPV of 

Total Cost 

($) 

LLV 5 5 110.74 31.91 22.15 $3,269,295  

Van 4 4 101.63 30.98 25.41 $3,171,785  

E-Bike 126 11 257.56 38.64 23.41 $4,076,389  

E-Trike 13 4 92.94 27.13 23.23 $2,886,069  

Table 16: Results for Electric Cycle CBD Congested Conditions 

Mode 
No. of 

Trips 

No. of 

Vehicles 

Total 

Distance 

(Miles) 

Total 

Duration 

(Hours) 

Avg. Distance 

per Vehicle 

(Miles/Veh) 

NPV of 

Total Cost 

($) 

LLV 5 5 110.74 28.25 22.15 $2,919,809  

Van 4 4 101.63 27.63 25.41 $2,852,031  

E-Bike 126 11 257.56 38.64 23.41 $4,076,389  

E-Trike 13 4 92.94 27.13 23.23 $2,886,069  

Table 17: Results for Electric Cycle CBD Normal Conditions 
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Mode 
No. of 

Trips 

No. of 

Vehicles 

Total 

Distance 

(Miles) 

Total 

Duration 

(Hours) 

Avg. Distance 

per Vehicle 

(Miles/Veh) 

NPV of 

Total Cost 

($) 

LLV 9 9 108.86 46.59 12.10 $5,683,645  

Van 7 7 104.77 46.16 14.97 $5,657,031  

Bike Ped 210 15 802.52 117.08 53.50 $13,885,101  

Trike Ped 21 7 164.15 52.26 23.45 $6,299,222  

Table 18: Results for Pedelec Cycle UT Neighborhood Congested Conditions 

Mode 
No. of 

Trips 

No. of 

Vehicles 

Total 

Distance 

(Miles) 

Total 

Duration 

(Hours) 

Avg. Distance 

per Vehicle 

(Miles/Veh) 

NPV of 

Total Cost 

($) 

LLV 9 9 108.86 42.98 12.10 $5,268,199  

Van 7 7 104.77 42.69 14.97 $5,257,842  

Bike Ped 210 15 802.52 117.08 53.50 $13,885,101  

Trike Ped 21 7 164.15 52.26 23.45 $6,299,222  

Table 19: Results for Pedelec Cycle UT Neighborhood Normal Conditions 

Mode 
No. of 

Trips 

No. of 

Vehicles 

Total 

Distance 

(Miles) 

Total 

Duration 

(Hours) 

Avg. Distance 

per Vehicle 

(Miles/Veh) 

NPV of 

Total Cost 

($) 

LLV 9 9 108.86 46.59 12.10 $5,683,645  

Van 7 7 104.77 46.16 14.97 $5,657,031  

E-Bike 210 34 802.52 89.72 23.60 $11,285,002  

E-Trike 21 6 164.15 46.75 27.36 $5,655,712  

Table 20: Results for Electric Cycle UT Neighborhood Congested Conditions 

Mode 
No. of 

Trips 

No. of 

Vehicles 

Total 

Distance 

(Miles) 

Total 

Duration 

(Hours) 

Avg. Distance 

per Vehicle 

(Miles/Veh) 

NPV of 

Total Cost 

($) 

LLV 9 9 108.86 42.98 12.10 $5,268,199  

Van 7 7 104.77 42.69 14.97 $5,257,842  

E-Bike 210 34 802.52 89.72 23.60 $11,285,002  

E-Trike 21 6 164.15 46.75 27.36 $5,655,712  

Table 21: Results for Electric Cycle UT Neighborhood Normal Conditions 
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Mode 
No. of 

Trips 

No. of 

Vehicles 

Total 

Distance 

(Miles) 

Total 

Duration 

(Hours) 

Avg. Distance 

per Vehicle 

(Miles/Veh) 

NPV of 

Total Cost 

($) 

LLV 12 11 331.2 70.5 30.11 $8,748,306  

Van 11 10 315.6 68.9 31.56 $8,617,867  

Bike Ped 180 18 1087.8 140.9 60.43 $16,821,680  

Trike Ped 23 11 410 79 37.30 $9,541,094  

Table 22: Results for Pedelec Cycle Far West Congested Conditions 

Mode 
No. of 

Trips 

No. of 

Vehicles 

Total 

Distance 

(Miles) 

Total 

Duration 

(Hours) 

Avg. Distance 

per Vehicle 

(Miles/Veh) 

NPV of 

Total Cost 

($) 

LLV 9 9 310.44 58.14 34.49 $7,257,001  

Van 8 8 302.44 57.57 37.81 $7,209,431  

Bike Ped 180 18 1087.8 140.9 60.43 $16,821,680  

Trike Ped 23 11 410 79 37.30 $9,541,094  

Table 23: Results for Pedelec Cycle Far West Normal Conditions 

Mode 
No. of 

Trips 

No. of 

Vehicles 

Total 

Distance 

(Miles) 

Total 

Duration 

(Hours) 

Avg. Distance 

per Vehicle 

(Miles/Veh) 

NPV of 

Total Cost 

($) 

LLV 12 11 331.2 70.5 30.11 $8,748,306  

Van 11 10 315.6 68.9 31.56 $8,617,867  

E-Bike 180 48 1087.80 104.02 22.66 $13,102,645  

E-Trike 23 18 410.27 64.91 22.79 $8,300,653  

Table 24: Results for Electric Cycle Far West Congested Conditions 

Mode 
No. of 

Trips 

No. of 

Vehicles 

Total 

Distance 

(Miles) 

Total 

Duration 

(Hours) 

Avg. Distance 

per Vehicle 

(Miles/Veh) 

NPV of 

Total Cost 

($) 

LLV 9 9 310.44 58.14 34.49 $7,257,001  

Van 8 8 302.44 57.57 37.81 $7,209,431  

E-Bike 180 48 1087.80 104.02 22.66 $13,102,645  

E-Trike 23 18 410.27 64.91 22.79 $8,300,653  

Table 25: Results for Electric Cycle Far West Normal Conditions 
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