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Abstract
Today there is a problem for consumers residing in dense, urban areas. The
availability of consumer goods is generally lower within dense urban
environments, and the costs of goods are also higher. This is an important
consideration as the appeal of an urban lifestyle competes with the large
living spaces and easier access to rural areas that is the case in suburban
areas. Increasing the availability of consumer goods in urban areas should
be a critical consideration to promote an urban lifestyle, reduce humanity’s
carbon footprint, and improve the health of citizens.
Currently, virtually everything that you consume everyday is delivered to
the place of purchase by a vehicle powered by fossil fuels. Innovative
solutions that reduce the carbon footprint of deliveries into urban areas
have been attempted, and require public subsidy. Largely, there has been
no success by governments or business on making urban areas more accessible
to the delivery of goods. There have been some suggestions of ‘freight
pipelines’ as a way of offering a novel solution to the problem [1], but
none have been successfully implemented for consumer goods delivery on a
city wide scale.
Here, a business concept is proposed that will suggest a realistic method
of implementing a system that can deliver consumer goods into cities at a
rate competitive to truck transport, as well as offer a new way of collecting
waste from the city center.
The idea is to implement a ‘last mile intermodal system’ that will deliver
pallets and pallet-sized containers to city centers, and move waste from
city centers to collection points outside of the city. The goal is to
develop a business plan that will show the economic feasibility of the
construction of this system, and its competitiveness with current goods
delivery modes. The technical specifications of the system are estimated
to be feasible from a review of the literature, to be explored further when
the idea is more developed.
Prague, Czech Republic is proposed as a possible location for the siting of
this system because of its large, active urban core, and the possibility of
constructing the system with the first customer being the city waste company
which operates a large waste-to-energy plant only 9 kilometers from the city
center.
The system conceptually would work as depicted in the following
diagram:

In the city center, the mini rail cars would exit into a terminal, and small,
electric powered trucks similar to those used at the airport for handling
baggage would make the final delivery to retail outlets and be used to
collect pallet-sized containers of garbage. The terminal would have a large
amount of automation to reduce handling costs. A conceptual model of the
terminal in the city center can be seen in the figure below:

A system built in this way could be financed with traffic guaranteed for the
waste operation, and then build its consumer goods business incrementally,
giving shippers an opportunity to utilize the service and build their supply
chain around its operation.
This system would divert freight traffic from city streets to an underground
system which could be powered electrically, with final delivery of goods
conducted by electric trucks.
The impact that this could have on the
structure of the city could be enormous, if it could prove to be less
expensive than current delivery costs to suburban areas. Next steps include
extensive consultation with stakeholders in Prague such as the Pražka Služba
(city waste operator), České dráhy (the state railway company) and large
shippers such as PPL (DHL’s partner in the Czech Republic). Costing the
system and estimating freight traffic would be the goal of the initial
consultations to estimate the economic feasibility of the project.
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1 Context
The urban delivery market is one characterized by trucks. In fact, our
cities are kept alive today by trucks. With some small exceptions throughout
the globe, there are no other viable means of delivering all the materials
that are needed for consumption within a city and the means of returning the
wastes of cities back to the periphery.
In a time period where consumers are asked to choose more ecologically
friendly options to run their lives, there is a noticeable absence in options
for urban freight. That is not to say there has not been anything tried,
or progress in recent years. In Paris, there has been the use of barges for
intermodal delivery to grocery stores in the city center [2]. In Padua,
Italy, and other European cities, freight consolidation centers on the
outskirts of cities have been constructed and deliveries into the city core
have been routed through the consolidation centers, saving CO2 emissions in
the process [3].
Generally, improvements to the city logistics sphere have been incremental,
with attempts to control city logistics done through more restrictive and
controlling regulations, resulting in adding complexity to a supply chain
that is striving to be more visible, responsive and oriented to serving an
ever-demanding customer.
Herein lies the problem; the more sustainable
urban freight transportation mode needs to be quicker, more visible and
cheaper than the ricksaw, the donkey and cart, the 3,000 kg truck. These
are only real ways that goods are delivered into dense urban cities today
across the globe. The troubling result of this is that delivery costs into
city centers are higher than to other stores, giving retailers incentive to
increase business at lower cost locations. The transportation costs per
rolling cage, calculated in Holland in 2002, were found to be 37% higher for
all retail and 56% higher for food deliveries into core shopping areas as
opposed to all shopping areas [3].
Retail Sector Delivery Costs per Cage
Core
Percent
All Shops
Shopping
Difference
Area
All Retail
€ 6.20
€ 8.50
37%
Food
€ 4.80
€ 7.50
56%
The goal of this paper is to propose a business concept for a new paradigm
that should viably replace trucks in urban centers. This new transportation
mode needs to be cheaper, faster and much more environmentally friendly.
Most importantly, it needs to be structured to take into account the needs
of today’s consumers, and the supply chains that serve them. The ultimate
promotion of urbanism will be when the urban consumer has more choices in
products, at lower prices, then is available to the suburban big box
consumer.
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These should be the goals of tomorrow’s transportation modes, the goals
shouldn’t be to simply improve fuel efficiency by X % in the next 10 years,
the goal should be to eliminate the use of 90% of trucks within cities within
10 years and power the new delivery sources with only electrical power.
This kind of change can only occur, not through regulations and statues but
through competitive ousting of a superior transportation mode. This has
happened several times in the past. Railroads replaced inland waterways and
carts, Trucks replaced railroads, and now society needs to replace trucks.
These changes can happen within 50 years if our societies put their minds
to it.
Today we are much more efficient and creating and moving materials around
the globe and into our lives then it was in the past. Targeted, customized
production of goods is now the age that we are in. In this post-post-modern
world, we know exactly what we want and we are demanding it at exactly
specific times, in exactly specific proportions. Our supply chains try to
deliver these very specific orders dynamically and do a mind-blowing job.
We get what we want, when we want it, almost.
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2 Current Systems
The market for freight transportation in most cities is a low-margin activity
that is characterized by decentralized operators with inefficient vehicles
serving small retail and service outlets. The system is characterized by a
high number of private operators, across a range of cities [4]. Often,
private operators are difficult to optimize because their owners are
interested in meeting the needs of their retail business, not operating an
effective transportation network.
The majority of smaller delivery vehicles that travel within a city exist
within several categories, each of which exhibit unique characteristics.
These are typically the final leg of a supply chain, and will be compared
to their suburban counterparts here.

2.1 Interests of Stakeholders
Typically, the interests of stakeholders in freight transportation are very
disparate between the public and private spheres [5]. In the urban freight
market that we are discussing here, there is also a difference between
private vehicles serving retail outlets and for-hire vehicles delivering
goods. These differences will be explored through the discussion on vehicle
types.
It is important to consider the interests of the players involved. Firstly,
the goals of players in the supply chain are often driven by cost
considerations above all others. When reviewing the city logistics schemes
as outlined in the Bestufs program [3], an examination of city logistics
projects across Europe. Many of these city logistics / consolidation centers
battle with the same problem, the cost of operating an additional
transhipment point is prohibitive to city logistics consolidation centers
becoming the norm. Operating at a loss and being financed by the city
government is usual for these types of programs. Transportation goals in
the supply chain are to reduce costs, and maintain a reliable delivery time
for receivers.
The goals of supply chain actors are more nuanced, as every industry will
be different. But some observations can be made about trends in supply
chains from the literature that must be kept in mind.
These general
observations include:





Inventories are getting smaller
Deliveries are more frequent
Stocks are more visible due to technology
Responsibility for deliveries and assets are outsourced frequently

These trends all have an impact on the relative attractiveness of serving
consumers in urban vs. suburban areas. Urban areas are simply more difficult
to operate in than suburban areas, especially for retail shipments. But,
adding costs for the addition of complexity in the supply chain by adding
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an additional transfer station for larger to smaller vehicles will not make
the supply chain easier and cheaper to administer and finance.

2.2 Types of Delivery Vehicles in the Core
A general description of the types of delivery vehicles that operate within
urban and suburban areas is important to understand the costs involved, and
the interests of the vehicle owners.
Traffic into the city
Vehicles owned/controlled by the receiving party in the city:
The owners of these vehicles own their own stores or use vehicles for a
particular service they require (laundry, delivery of baggage, etc.) They
can range in size from a car or van used to serve a corner/convenience store,
to an articulated truck used to serve a large grocery store. Sometimes, the
receiving party also controls more of their supply chain and owns or controls
the warehouse being shipped from, but their primary business is sale of
goods/services to consumers. The owners of these vehicles generally are not
very interested in making their transportation activities more efficient.
The operation of vehicles is merely a cost for them, and their primary reason
for having their own vehicle is so that they have complete control over
their deliveries. Because of this, these vehicles often travel empty and
rarely solicit other freight to increase their utilization.

Vehicles owned/controlled by the shipping party:
These are wholesalers or smaller jobbers. They make their money from marking
up goods or services that they are providing, and not from the transportation
itself. Again, the transportation is a cost for these businesses. Often,
the produce that is consumed in restaurants and many retail outlets is
provided through this model, where the wholesaler will buy produce and then
resell it at delivery to the consignee. Again, they are concentrating on
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selling their goods, not on the transportation portion of the activity.
picture of a jobber’s truck is shown below.

A

For-hire / 3rd party carriers:
These are vehicles neither owned nor controlled by the shipping or receiving
party. At higher levels of the supply chain, for the movement of goods from
one factory to another is often transported with a for-hire carrier. These
movements become very efficient as these for-hire carriers can optimize the
utilization of their equipment by finding freight to carry for different
seller-buyer pairs. However, the costs of operating a vehicle within the
urban environment, the low cost of operating your own vehicle, makes it
prohibitive for a for-hire carrier to operate exclusively within a dense,
urban environment.
There are couriers that operate within the urban
environment, taxis will often offer small parcel delivery services and
bicycle couriers are common throughout the world.
Mail services also essentially operate as a for-hire carrier, but their
relationship with state governments oftentimes means that their
transportation costs are not examined as closely as in other businesses.

Construction Vehicles:
Bring construction materials into or out of cities to depots. Often these
materials are extremely heavy and intermodal options like barges are used
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when available. The owners of the vehicles are often contractors whose
business is making a profit on the entire project, and the vehicles are also
empty for much of their travelling time. Furthermore, most of these vehicles
are specialized to the point where they cannot carry different freight.

Traffic out of the city
Waste and Recycling:
A very large freight traffic flow in cities is the movement of wastes out
of the city to incinerators or landfills. Because of the large proportion
of their budgets that waste removal companies spend on transportation, they
are interested in cost reductions.
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3 Proposal
To achieve the goal of reducing pollution and greenhouse gas emissions in
cities, while promoting dense, urban areas as good places to live, a better
way of operating urban freight systems must be proposed. The answer to
these problems may be found in a solution that lies between antiquity and
modernity. The idea of ‘freight pipelines’ has existed for well over 100
years, there have been mail systems operational in places London and Prague
until recently. There are numerous freight pipelines operational in the
world today, being defined here as a pipeline that is designed to carry nonliquid or gaseous freight. Many of these systems operate with the use of
vacuums for propulsion, and there are many proposals putting forward systems
that operate using maglev systems or linear induction motors as sources of
power. A review of the types of systems that exist is discussed in the
Appendix of this document, and a good review can be found in an academic
paper by Egbunike and A. T. Potter [6].
This paper concerns itself not with the technical specifications, or even a
proposal of the best variation of technologies. Various technologies exist
that can be employed and evaluated at a later stage of research. Here, the
costs of a hypothetical system with particular characteristics that are
technically feasible according to the literature to be constructed will be
used to estimate costs and develop a business concept that can be developed
further.
The construction of the system must be proposed to serve the interests of
the shippers and people and businesses consuming the goods shipped. The
system should be cheaper and easier to use for stakeholders to find it
superior to existing systems and to choose it as an option for their
transportation network. Only through an understanding of the requirements
of stakeholders will it make sense for the system to be constructed, because
ultimately, the freight transportation purchasers must demand the use of an
alternative if it is to truly gain modal share.
Of the stakeholders above, the waste and recycling stakeholder is the easiest
to cater the system to at first. The benefits of catering to this stakeholder
include:



Usually waste disposal is operated through a city department or
contractor (one player, not many)
Transportation costs are significant for the operator

The underlying premise behind this proposal is to develop a business concept
for the construction of this system. The system should first be constructed
to cater to the waste disposal customer, and then further business can be
gained by incrementally adding more services to cater to customers whose
volume alone cannot justify the construction of the system.
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3.1 Design
The design of the system will evolve as research progresses, but there are
several design requirements that will assumed to be met by the system so
that the business requirements can be met. The proposal here will assume
the following characteristics of the system:







Underground / or covered tunnels able to carry cars of freight
The cars are able to carry containers of a standardized size that can
hold different types of goods
The technology can be implemented with minimal change at current
customer facilities (zero change if using low volumes)
The level of automation will be high, and personnel costs at terminals
will be kept low
Volume will be at least approximately one euro pallet large
Maximum payload available per car will be 15,000 - 20,000 kgs (weight
of one metal coil in the auto industry)

The system characteristics here could be satisfied by a modified version of
the tube system discussed by Henry Liu in a paper about New York City freight
options [7]. A small tube or tunnel, with narrow gauge railway laid within
it, and a linear induction motor pushing the cars along, with a 3 rd rail
supplying power to the system. The tube diameter can be 2 meters, the size
of a very large sewer pipe.

3.2 Stages of System Development
The idea would first be to make the system financeable based on the waste
haulage out of the city. As this would be an agreement with one larger
customer, the financing of the system would be easier to predict as opposed
to several, smaller contracts. After the initial system is built additional
customers can be solicited that would build traffic and fully utilize the
system. The initial business plan will be built around the concept that can
be seen in the figure below.
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The maintenance yard for the system would have to be constructed closeby to
one of the initial terminals. In this case, it could be utilized to begin
to build inbound traffic into the city with initial deliveries by truck to
the terminal location.
After construction of the first stage is completed and the system is
operational, an extension of the line can be constructed to distribution
clusters nearby.
Larger customers at the cluster would have the line
extension built directly to their facility and the system could be loaded
from inside their warehouse. For smaller customers, a pickup vehicle could
be deployed to feed the network at a smaller ‘public’ terminal.

After acquiring business for inbound traffic, the system could be expanded
to cover more of the city center and expand to other potential shippers
across the city.
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The choice of pick-up vehicles to be used at the terminals should be
carefully selected.
The containers that would be carried would be a
standardized size and would be easy to work with. The vehicles to be used
in picking up and dropping off materials within the city center could be
similar to those used at airports to handle baggage.
A Dutch company,
Cargohopper has developed an electric vehicle that could conceivably be used
for this system, it consists of a small 3 car train, which can pickup and
deliver parcels in this way [8]. A system could be developed where the
pallet containers could slide onto the ground and picked up off the ground
back onto the train easily.

Source: Transport and Logistics Industry Skills Council

3.3 Terminals
The terminal system should be built so that a seamless, automated loading
of pallet-sized containers onto a distribution train can happen at loading
and unloading facilities. Also, advances in storage rack systems can create
a completely automated system which could be optimized centrally.
The
following diagrams show a simplified model of how the system would operate
at the city center station.
The actual system would likely not have a
direct flow of pallets and pallet-containers from the rail cars to the
trucks, but would be sorted by the automated system.
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The interchangeability of pallets and pallet-sized containers is one of the
most important aspects of the system. This is critical from the experience
of shipping with 20 foot containers today; shippers have greatly customized
the use of containers for their own purposes and this intermodal system
should share this system attribute. An example of the ability to extend
uses could be the availability of power within the cars so that the transport
of refrigerated goods would be easily accomplished.
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3.4 Application of Concept to Prague
The application of this proposal to a real environment is key, a
transportation solution always has to become successful in one location
before it can be repeated. The city of Prague has great advantages to first
deploying the system. The biggest advantage is the existence of an extremely
large historical center that is very difficult to access using light trucks
and largely impossible to access using articulated vehicles. That the center
is very economically active means that there is a substantial amount of
freight activity taking place that can be captured by a new mode. Also, the
existence of a waste-to-energy facility where a substantial amount of waste
from the city is destined, and it being located very close to the city center
is appealing for faster system deployment.
A routing has been suggested through the city of Prague, merely for the
purposes of pricing and estimating traffic from a potential system. Detailed
engineering and a full route selection process must be undertaken for the
project to move forward. For the purposes of this paper, use of railway
right-of-ways has been suggested to be used assuming that the costs of using
this land could be less expensive with the cooperation of České dráhy, the
Czech railway company.
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3.4.1 Stage One of Development
The first stage of system development can be seen in the following map:

This section is approximately 8.8 kilometers long, without the connection
to the Pražka Služba (abbreviated here as P.S.) terminal in Prague 9. This
spur is approximately 200 meters away from the railway line in a straight
line distance.
Description of stations:
Masarykovo nádraží – City Center Terminal
This would be the major terminal in the city center. It could handle the
waste traffic from the historical center and surrounding area, being loaded
in pallet-containers onto the tube train, and then unloaded at the Prague 9
terminal or the waste-to-energy facility.

Prague 9 P.S. Terminal
This is one of the processing yards for the Pražka Služba, the organization
that handles waste in Prague. It is also where recycled paper is processed
and baled.
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Malešice – Prague Waste-to-Energy facility
This facility processes 215,000 tons of waste per year, generating both hot
water and electricity for the city. The intermodal system station would
have to be seamlessly integrated with the operations of the facility, so
that minimal handling costs are incurred to unload containers of waste.

Šterboholy– Equipment Terminal
Instead of having the terminal station be at the Prague waste-to-energy
facility, the line would be extended to vacant land in the vicinity, where
a storage and maintenance yard would be constructed for the cars.
Additionally, a drop-off facility would be attached to the maintenance yard
where pallet-containers could be loaded for shipping into the city. The
location at Šterboholy is suggested so that orders for goods could be
transshipped at the shopping center in the area.

3.4.2 Costs of the Stage 1 System
A financial feasibility study needs to be conducted for this proposal. Cost
estimates of the system, including a per kilometer cost of the track, a cost
estimation of stations, and operational costs should be estimated.
Additionally, the amount of traffic that could be generated to the waste
stations needs to be estimated and this service needs to be priced. With
costs and a stable source of initial income, a comprehensive feasibility
study could be conducted.
**In Progress**

3.4.3 Stage Two of Development
There is a growing logistics cluster on the edge of the city, and the second
stage of development of this system would connect the industrial zone located
at the Prague waste-to-energy facility to the industrial zone located close
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to the intersection of two major highways at the edge of the city, in
Modletice. Major potential customers in this zone include PPL (Professional
Parcel Logistics) and Hopi. These large partners need to be approached and
their interest gauged in this type of system. The length of the extension
of the system is approximately 19 kilometers, with the total system length
depicted on this map being 27 kilometers.
As for the first stage of development, the pricing and costs of the system
should be estimated here to assess the viability of the project.

4 Appendix – Review of Similar Freight Transportation
Systems
A literature review of similar systems and technologies needs to be carried
out to have a complete view of what is possible and what has been done. A
review of the literature was presented in [6] and this could serve the reader
for initial reference.
**In Progress**
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