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Yes. The energy required to transport gas in pipelines is often underestimated. The gas does not 
move through the pipeline "by itself", but must be regularly compressed by compressor stations to 
compensate for the pressure losses caused by friction. 

This effort can be neglected in the case of the company's own infrastructure, as the generation of H₂ 
is carried out entirely with the help of renewable energies. These are either directly integrated or 
combined with the energy of existing solar stations and "parks" as well as pumped storage power 
plants through electricity management. At the same time, ten times the amount of drinking water is 
produced. 

Some typical orders of magnitude: 

• Long-distance pipelines for natural gas usually operate at 50 to 100 bar pressure. 
• Compressor stations are located about every 100 to 250 km, depending on the pipe diameter 

and mode of operation. 
• Transport often consumes about 1 to 5% of the energy contained in the gas per 1,000 km . 
• In the case of very long pipelines (e.g. Russia-Europe or transcontinental pipelines), transport 

losses can reach a total of 5 to 15% of the energy content . 

An example: 

• 1 MWh of natural gas is to be transported 1,000 km. 
• If 2% compressor energy is required for this, this is 20 kWh. 
• This energy is often provided directly by burning a small part of the transported gas. 

The comparison with electricity transport is interesting: 

Transportmedium Typical loss 
High-voltage line (1000 km) approx. 2–5 % 

Natural gas pipeline (1000 km) 
approx. 1–5 % compressor 
energy 

Hydrogen pipeline (1000 km) 
approx. 2–10 % compressor 
energy 

Hydrogen requires significantly more compression work because its density is very low. This is why 
the energy required for transport increases significantly compared to natural gas. 
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For your infrastructure considerations, an even more interesting metric could be: energy 
expenditure per transported ton and kilometer (kWh/tkm). There, large pipelines perform 
surprisingly well and are often cheaper than truck, rail or even ship logistics for comparable amounts 
of energy. 

From a physics point of view, the following is approximate: 

P∝Q⋅ΔpP \propto Q \cdot \Delta p 

where: 

• PP = Compressor capacity 
• QQ = Volumenstrom 
• Δp\Delta p = pressure loss 

The pressure loss, in turn, increases sharply with the flow velocity and decreases significantly with a 
larger pipe diameter. This is why large main pipelines are often much more energy-efficient in the 
long term, despite higher construction costs. 

For your Trinity infrastructure, it might be particularly exciting to compare the energy demand of a 
natural gas pipeline with the energy demand of a water, biomass or CO₂ transport system with the 
same transport capacity. There are often surprising systemic advantages for liquid media over 
gaseous media. 

Yes. For an electromagnetically moving container, an initial estimate can be derived from physics. 
The crucial point is: In a maglev system, energy is not needed to maintain speed, but mainly for: 

1. Acceleration of mass 
2. Air resistance 
3. Magnetic losses 
4. Electrical conversion losses 

1. Acceleration energy of a 100 t container 

Dimensions: 

m=100,000 kgm = 100,000\; kg 

Kinetic Energy: 



E=12mv2E=\frac12 mv^2 

At 100 km/h (27.8 m/s) 

E=0.5⋅100.000⋅27.82E=0.5 \cdot 100.000 \cdot 27.8^2 E=38.6 MJE=38.6\,MJ E=10.7 
kWhE=10.7\,kWh 

This means: 

A 100 t container only needs about 11 kWh to be accelerated from 0 to 100 km/h. 

With recuperation, 70-90% of this energy could be recovered during braking. 

2. At 300 km/h (Transrapid range) 

v=83.3 m/sv=83.3\; m/s E=347 MJE=347\,MJ E=96 kWhE=96\,kWh 

For a 100 t container, therefore, the following are used: 

96 kWh for acceleration to 300 km/h 

. 

3. Air resistance dominates 

From about 150 km/h, the acceleration energy becomes secondary. 

The air resistance grows with: 

v2v^2 

and the power required for this with: 

v3v^3 

Therefore, a Transrapid at 500 km/h requires many times the energy of a system at 200 km/h. 



4. Particularly interesting for your infrastructure concept 

Let's take a closed duct or tunnel with reduced air pressure. 

The resistance decreases directly with the air density: 

Ambient pressure Air resistance 
1 bar 100 % 
0.5 bar 50 % 
0.1 bar 10 % 
0.01 bar 1% 

This is why Hyperloop-like concepts pursue a negative pressure. 

Example 500 km route 

100 t Container 

Speed 300 km/h 

Acceleration: 96 kWh 

Braking with 80% recovery: 

96×0.2=19kWh96 \times 0.2 = 19 kWh 

Net loss acceleration/braking: 

19kWh19 kWh 

In addition, there are orbital, magnetic and air resistance losses. 

For a well-designed maglev train, the result is roughly: 

20−50 Wh/tkm20-50\,Wh/tkm 

For 100 t and 500 km: 

100×500×20−50100 \times 500 \times 20-50 1.000−2.500 kWh1.000 - 2.500\,kWh 

total transport costs. 



Comparison with trucks 

100 t payload: 

• Trucks: ≈ 15,000 to 25,000 kWh for 500 km 
• Railway: ≈ 2,000 to 5,000 kWh 
• Maglev freight: ≈ 1,000 to 2,500 kWh 
• Maglev in the vacuum duct: potentially < 1,000 kWh 

Particularly exciting for your Trinity concept 

If a 100 t container is not transported on an open maglev route, but in a pipe system with reduced 
air pressure, the energy requirement theoretically approaches the pure acceleration requirement. 

Then a 100 t container could be moved over 500 km with a few hundred kWh. 

This corresponds energetically approximately to the content of: 

• 25-40 liters of diesel or 
• of a small PV system on a sunny day 

for transporting 100 tons of payload over 500 km. 

This is the reason why your idea of a modular infrastructure sewer is so interesting from a physical 
point of view: With a sufficiently large pipe diameter and low air pressure, it is not the bins that 
become the problem, but almost exclusively the remaining air resistance and system losses. This 
results in leaps in efficiency that are hardly achievable with classic road logistics. 

Yes, very likely even significantly. 

The crucial point is that the energy required for transport does not increase linearly with speed in 
vehicles and outdoor capsules, but the air resistance increases approximately with the square of the 
speed, while the power required for this even increases with the third power. 

Simplified: 

• 40 km/h → reference 



• 80 km/h → about 4 times the air resistance 
• 120 km/h → about 9 times the air resistance 

The required drive power increases even more. 

For your concept, this could mean: 

1. Low speed (40 km/h) 
a. Very low drag. 
b. Reduced propulsion and safety requirements. 
c. Long service life of the infrastructure. 
d. Continuous material flow instead of high-speed transport. 

2. High occupancy rate 
a. If the containers are running around the clock, the transport performance is achieved 

through mass and cycle, not speed. 
b. Pipelines work on the same principle: high continuity, low speed of the medium. 

3. Rolling resistance instead of air resistance 
a. At 40 km/h, rolling resistance often becomes more important than air resistance. 
b. On steel wheels and precise guide rails, the losses are very small. 
c. That's why freight trains are so energy-efficient. 

An interesting comparison: 

• A truck typically transports at 80-90 km/h. 
• A freight train often moves at 40-80 km/h. 
• A pipeline often transports its medium at only a few meters per second. 

All three systems ultimately use the same physical knowledge: 

The highest energy efficiency is not achieved by maximum speed, but by a continuous mass flow 
with the lowest possible friction losses. 

For your Trinity idea, you could even formulate this as a design principle: 

"It is not speed that creates efficiency, but continuity." 

It becomes even more exciting when your container trains run at fixed intervals and are 
aerodynamically coupled. This reduces the air resistance of the following containers, similar to that of 
a long freight train or a flock of birds. This can significantly reduce the energy requirement per tonne 
transported. 



From a physical point of view, a slow-moving, high-capacity container pipe or rail system is often 
closer to the energy efficiency of a pipeline than to that of a classic road transport system. This is 
probably one of the strongest levers of your approach. 



