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www.youtube.com/watch?v=i0NwZGaPZdw&t=2s
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Transportation → Green Deal

www.eea.europa.eu/publications/rail-and-waterborne-transport/rail-and-waterborne-best

Reducing the GHG emissions from transport by 90% by 2050 
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Shinkansen L0 (jap.新幹線L0系電車)

https://upload.wikimedia.org/wikipedia/commons/a/ac/Series_L0.JPG?uselang
=de
www.youtube.com/watch?v=ElUE5T-siWg

The last barrier of efficient transport

supersonic, e.g. 𝑣!"# > 1080 ⁄$!
%

MagLev 2.0: Hyperloop Tube Transport 

Partners:
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The nub of the matter

https://www.tec-science.com/mechanics/gases-and-
liquids/flow-separation-boundary-layer-separation/
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𝑣!"# ~ 400 ⁄$%
& ⇒ 𝐸'()) > 83% due to air friction

https://www.youtube.com/watch?v=HueZ9S-UtiY

https://www.nap.edu/openbook/21784/xhtml/images/img-102.jpg

Engine Losses
Urban:  58-60%
Interstate: 58-59%Aerodynamic Losses

Urban:  4-10%
Interstate: 15-20%
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Hyperloop – The idea

6

www.youtube.com/watch?v=Z-M833m4UuI



Prof. Dr. rer. nat. Walter Neu - IHT Community Forum November 23rd, 2021

Hyperloop Competition, LA
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Aerodynamics – Blockage ratio

BR = 0.7                     BK = 0.5                            BK = 0.2

Pod = 
1.5 m

1,8 m
2,12 m

3,35 m

Pressure ~ 1-10 mbar
BR 0.6

Aditya Bose and Vimal K. Viswanathan: Mitigating the Piston Effect in High-Speed Hyperloop 
Transportation: A Study on the Use of Aerofoils 2021
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Hyperloop in production logistics

Logistics hub relocated out of plant site /city

• Standardized containers

• Automated operation 24/7

• Reduction of
• Public road traffic volume

• Green House Gases, CO2

• Pollutants

• Noise & light

• Energy consumption
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Implementation of new logistics approaches

Intermodal transportation

• Resource optimized route planning

• Autonomous platforms

• Automated loading / unloading

• Hyperloop

https://www.hyperlooptt.comhttps://www.einride.techhttps://hhla.de
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Demonstrator - Industrial use case

Source. TBNL (Thomas Nobel) & GVZ (Mark Michael)

Central 
Warehouse

Industrial plant 

12km

• LSP = consolidation center/cross docking

• Case study: LSP -> Plant transport via Hyperloop

warehouse

warehouse

warehouse
warehouse

Logistic Service Park (LSP)

Volkswagen-Plant Wolfsburg

FV LSP 
Wolfsburg

https://www.dlr.de/content/en/articles/news/2017/20170413_ngt-cargo-what-freight-trains-of-the-future-will-look-like_21934.html

Source: GVZe Wolfburg & tbnlr-gmbh
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Hyperloop

Diesel-Truck
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Benefits of Hyperloop ePI-Node

*German Energy mix

Additionally: no fine dust, automated, closed system

*

2.600 €

521 € 638 kg 

3000 kg 

30 min 

60 min 
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New Silk Road – Long Distance Land Transport
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Hardt Hyperloop Development Program

https://hardt.global

HDP, NL

ü Feasibility of Hyperloop

ü Test & Validate

ü Identify future prospects

ü Transporting Tulips in the region

www.investopedia.com/articles/personalfinance/
062315/five-largest-asset-bubbles-history.asp
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Hyperloop Facility @ Emden
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Hyperloop Research

Research Projects 

• Simulation & modeling

• Laboratory scale

• Test infrastructure
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ePIcenter
Impact of new technologies
and trade routes

Hyperloop Development 
Program
European Hyperloop Roadmap

European Hyperloop 
Technology Center 
Large Scale Research Infrastructure

European Hyperloop Open Network
Academia, Industry, SMEs & public stakeholders

EU Hyperloop Large-Scale Research 
and Technology Infrastructure
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Key Features of Hyperloop
• Low pressure tube

• Pressurized pod

• Levitating (no roll friction, mechanically decoupled)

• Less wear => less vibrations

• Automated & controlled

• Energy & cost saving

uxwing
.com/s
ervice-
provide
r-icon/

This work is licensed under a Creative Commons Attribution 4.0 License. For more information, see https://creativecommons.org/licenses/by/4.0/

This article has been accepted for publication in a future issue of this journal, but has not been fully edited. Content may change prior to final publication. Citation information: DOI
10.1109/ACCESS.2021.3057788, IEEE Access

J.K. Nøland: Prospects and Challenges of the Hyperloop Transportation System: A Systematic Technology Review

at the high-pressure atmospheric side. When the desired
pressure is reached (t = �ttube), the time to depressurize
the tube (�ttube) can be formulated
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Eq. (12) can be expressed in a way that makes number of
pumps per length (Npump/ltube) as an input.
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The total amount of energy needed to depressurize the tube
(Etube) are then
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where (Ppump) is the pumping power needed of each pump
during the depressurization process (�ttube). Eq. (14) can be
combined with eq. (13), to make the formulation independent
of number of pumps as follows.
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In eq. (15), the depressurization energy (Etube) needed is pro-
portional to the volume of the tube (Vtube), the ratio between
the pump power and the pump flow rate ( ˙Vpump/Ppump,
included in the vacuum pump specification), and the natural
logarithm of the ratio between the atmospheric pressure
(patm) and the tube pressure (ptube). By inserting eq. (7), one
obtains eq. (15) in terms of the blockage ratio (�), yielding
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where the capsule diameter (Dcaps) is the input rather than
the tube diameter (Dtube). As shown in Fig. 10, several
megawatt-hours (MWh) are needed to pressurize every kilo-
meter of the tube. For pressures approaching one-thousand
of the atmospheric pressure, the energy profile starts to get
steeper. In general, the tube-operational energy needs get sig-
nificantly higher when the blockage ratio gets low, opposite
to the capsule’s aerodynamic energy needs. This inevitably
represents an optimization problem, where lowering the cap-
sule’s air resistance energy requirements will increase the
tube’s energy requirement instead. Moreover, it will benefit
operating the tube for long periods of time since much energy
is used to depressurize the tube. The way the Hyperloop
tube is operated (number of capsules involved) will strongly
influence the energy needs per revenue-passenger-kilometer
(RPK), which is an important metric to evaluated the ef-
fectiveness of the Hyperloop transportation system (HTS).

�����

����

����

	 
�����

�
����

�

FIGURE 9. Sketch depicting the main geometrical parameters determining
the performance of the evacuation system. The pressure inside the tube
(ptube) is evacuated by a tube wall of thickness �. The pump depicted has a
nominal power rating of Ppump. It is responsible for tube depressurization, as
well as compensating for air leakages under operation. The number of pumps
is Npump, and they are uniformly distributed along the tube trajectory.

FIGURE 10. Depressurization energy consumption as a function of tube
pressure (ptube) for several blockage ratios (Acaps/Atube) with a capsule
diameter Dcaps = 2.7m. Calculations are based on eq. (16). The estimated
values are based on a default pumping performance (V̇pump/Ppump) of
36.36m3/h per kW (i.e., 10.1L/s per W) [24], [25].

As an example, 3MWh/km (blockage ratio of 0.3) implies
3000MWh to depressurize a 1000 km tube. Vacuum pumps
along the tube would then need 24 h of a total pumping power
of 125MW.

2) Tube leakage compensation
Once the tube is pressurized to the desired value, one would
have to maintain the pressure. According to Darcy’s law (the
so-called ’Ohms law for air leak’), the volumetric leakage
(V̇leak) through a cylindrical porous tube (i.e., concrete is a
porous medium) is proportional to the pressure drop through
it [26], yielding

vleak =
V̇leak

2⇡rltube
= �k

µ

dp

dr
, (17)

where k is the air permeability of the medium (concrete), µ
is the dynamic viscosity of the gaseous medium (air), and
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