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1. Description, key features, capabilities, and philosophy

StarRoad is a long-distance ground-to-space trunk transport complex built around an evacuated magnetic-levitation
accelerator more than 2,050 kilometres long. It is designed to place autonomous, reusable superheavy shuttles of up to
15,000 tonnes into space without carrying reactive launch propellant aboard the vehicle.

1.1. Core project philosophy
A change in the space-launch paradigm:

o Inertial atmospheric crossing. Instead of overcoming the atmosphere with thrust and aerodynamic lift-to-drag
performance, StarRoad uses the kinetic energy stored in the mass of a shuttle accelerated in vacuum to a hypersonic
velocity of about 11 km/s. The atmosphere is crossed entirely by inertia in 50—60 seconds.

o Mass as an advantage. High mass—thousands of tonnes—ceases to be an enemy and becomes a carrier of enormous
kinetic energy, while allowing superstrong, refractory materials to be used for the structure and thermal protection.

o Separation of functions. Energy infrastructure, acceleration, and precision control are assigned to the ground
complex and become a stationary engineering system. The shuttle becomes a specialised transport module optimised
for cargo carriage, orbital manoeuvring, and return.

o Scalable industrialisation. The system is conceived not as a single facility but as the first line of a space ‘railway,” with
the potential to build parallel redundant and additional tunnels, producing exponential growth in throughput and
declining costs.

1.2. Capabilities

o Direct delivery beyond geostationary orbit (GEO). An initial velocity of about 11 km/s, plus roughly 0.465 km/s from
Earth’s equatorial rotation, allows the shuttle to reach high-energy destinations such as the Earth—Sun or Earth—Moon
L1/L2 Lagrange points almost directly, with minimal correction. This makes it possible to eliminate towing and
refuelling in low Earth orbit.

o Payload capacity. Thousands of tonnes can be delivered in a single flight. This makes it economically viable to build
gigawatt-class orbital power stations, space settlements, resource-extraction, processing, assembly, and
manufacturing complexes, planetary-defence systems, and interplanetary spacecraft.

o Cost. At full utilisation, the calculated cost of delivery to high orbits could fall to $1-10 per kilogram—orders of
magnitude below existing and prospective rocket systems.

2. Technical, economic, geographic, and strategic advantages and rationale

2.1. Technical

Most alternative orbital-launch concepts are constrained not by whether they can be built in principle, but by their
operating requirements: continuous operation, active dynamic support, unrealistically high reliability, and catastrophic failure
consequences. Active kinetic megastructures require uninterrupted power and continuous dynamic stabilisation to remain
operational; if power or control is lost, the structure loses support and enters a potentially catastrophic failure mode. Long
external evacuated-tube systems also impose exceptionally demanding requirements for sealing, sectional isolation, and
thermal stability. StarRoad differs because its critical infrastructure is underground, permits pulsed operation, localises
accidents, and remains passively stable. This makes it the minimally feasible form of a trunk system for transporting cargo
beyond Earth. Its use of real technologies—vacuum transport, hypersonic aerodynamics, pulsed power, and
superconductors—adapted to the StarRoad scale further makes the approach realistic.

2.2. Economic

The principal costs are capital construction and energy. The absence of expendable stages and the negligible
consumption of working fluid for launch radically reduce operating costs. The project also stimulates regional development,
new power systems, and high-technology clusters.

Assessing StarRoad’s economic feasibility requires considering the scale of global transport and energy infrastructure. In
the context of annual world freight flows, volumes of several million tonnes are a negligible share, while capital investment
measured in hundreds of billions of dollars is normal for planetary-scale infrastructure. StarRoad therefore does not compete
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with existing transport systems; it occupies the niche of a high-energy corridor that adds new capabilities while having
comparatively little effect on total global freight flows.

2.3. Geographic

The route from the mouth of the Nyanga River in Gabon to Mount Mohi and the southern plateau in the Democratic
Republic of the Congo is close to ideal:

= Equator. Maximum velocity gain from Earth’s rotation and minimal correction of orbital inclination.
= Line of sight. A comparatively straight route through sparsely populated regions of Central Africa.

= Gateway altitude. An elevation of 3,400 metres reduces atmospheric density at the exit by 30%, moderating
thermal and shock loads.

= Seismic stability. The East African Rift displays minimal activity in this area.

= Logistics. The route begins at the ocean—for manufacturing and shuttle recovery—and ends at high
elevation.

o Optimal route and site: the approximately 2,050 km route from the mouth of the Nyanga River in Gabon to Mount
Mohi in the Democratic Republic of the Congo. Launching from the Gabonese coast provides a near-ideal equatorial
orbital inclination of about 3°, giving direct access to geostationary orbit and the Lagrange points while minimising
the cost of interplanetary transfers. The gateway complex is located on Mount Mohi at about 3,400 m, and the broad
southern plateau is reserved for expansion. The site offers excellent characteristics: altitude, level terrain, a distance
of more than 20 km from settlements, and proximity to Lakes Tanganyika and Kivu.

o Alternative site. A backup route from Port Kitomb in the Democratic Republic of the Congo to Mount Mohi would
be about 1,850 km long and remain entirely within one country, simplifying logistics and legal coordination. It would,
however, produce an orbital inclination of about 13°, requiring an additional ~200-300 m/s of delta-v to send cargo
to geostationary orbit at 0° or to the Lagrange points. That corresponds to losing about 2-4% of payload mass on
every launch. Choosing the more complex international but equatorial route, with an inclination of about 3°, is
therefore a strategic decision aimed at maximum economic efficiency throughout the corridor’s service life and at
direct access to every critical node of orbital infrastructure.

2.4. Strategic

Creation of an all-weather, round-the-clock space transport corridor. In the long term, networks of such lines become
global infrastructure, a civilisational safeguard with potential for mass evacuation, and a foundation for full-scale space
industrialisation that moves energy-intensive and heat-generating industry beyond Earth.

Even if rocket systems achieve their claimed ultra-low payload-delivery costs, a rocket launch remains a discrete event
with limited throughput. In this sense, rocket systems—regardless of price per kilogram—are expeditionary logistics by
nature. StarRoad is an infrastructure corridor intended not only to minimise the cost of an individual launch but to establish
a stable, continuous cargo flow.

3. Industrial and technological foundation

StarRoad requires no discovery of new laws of physics, but represents the culmination of engineering integration across
existing and emerging technologies:

3.1. Magnetic levitation and acceleration (maglev)

It draws on experience from China, Japan, and Germany. Record accelerations achieved in Chinese maglev trials—one
tonne from 0 to 700 km/h in two seconds—demonstrate the fundamental feasibility of rapidly accelerating massive objects.

3.2. Superconducting technologies and distributed architecture

StarRoad uses an inverted architecture: the superconducting magnets that generate the principal levitation and
stabilisation field are carried aboard the shuttle and cooled by its cryogenic systems. The tunnel contains comparatively
simple, inexpensive copper or aluminium ‘rail’ windings that act as passive guides and as a secondary circuit for transmitting
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pulsed acceleration energy. This reduces tunnel cost and complexity by orders of magnitude, moving the principal
technological complexity onto the reusable shuttle, where it can be serviced centrally.

3.3. Pulsed power

Supercapacitor and battery stations distributed along the route are charged by the GATES network and deliver gigawatt-
scale pulses to the required accelerator segment.

3.4. Vacuum engineering

Experience from the Large Hadron Collider at CERN, SpinLaunch, and Hyperloop evacuated tubes.

3.5. Hypersonic aerodynamics and thermal protection

Knowledge acquired through spacecraft, manoeuvrable re-entry vehicles, and projects such as SpaceX Starship. Active
cooling and phase-change thermal accumulators.

3.6. Nuclear power systems

Compact onboard reactors—a generation beyond RTGs—or prospective fusion modules such as Helion Energy systems
for powering the shuttle in orbit.

3.7. Tunnel construction

Modern tunnel-boring machines (TBMs) capable of advancing tens of kilometres per year, with several tunnels excavated
in parallel.
3.8. Geothermal Autonomous Thermal Energy System (GATES)

The project includes an integrated, gigawatt-scale energy and climate infrastructure based on a modified Enhanced
Geothermal System (EGS). Supercritical carbon dioxide (sCO,), obtained through Direct Air Capture (DAC), is the working fluid.
The system performs three critical functions: active control of the geothermal field to keep the accelerator tunnel thermally
stable; baseload electricity generation; and long-term removal of atmospheric CO,.

3.9. Supersonic combustion

The gateway’s gasdynamic barrier uses annular supersonic jet engines operating on an air—hydrogen mixture. Supersonic
combustion forms a stable conical gas flow directed outward along the tunnel axis. It displaces atmospheric air and creates a
pressure gradient that protects the accelerator vacuum as the shuttle passes.

3.10. Closed gateway fuel cycle

The gas-dynamic barrier uses clean, renewable fuel. Electrolysis produces hydrogen from water; the engines use
atmospheric air as oxidizer. Once the barrier fires, the principal combustion product is superheated water vapour. This
removes the need to deliver and store large quantities of chemical fuel at a remote mountain site, improving reliability and
reducing operating cost.

3.11. Technology-validation strategy

Project development proceeds along two parallel tracks: mathematical modelling and full-scale testing of critical
assemblies. This provides early confirmation of concept viability and precise engineering data while minimising risk to the
main project.

4. Detailed staged description of StarRoad elements and technologies

4.1. Accelerator tunnel and its infrastructure
o Length. Approximately 2,050 km.

o Cross-section. Ellipsoidal (~17.5 x 12.5 m), optimised for the shuttle’s aerodynamic shape and stable magnetic
levitation.

o Tunnel depth. Up to approximately 8 km, with greater depths possible if geological and thermal conditions permit.
The allowable depth can be established only after detailed geological exploration: drilling along the route, building a
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temperature profile, and assessing rock stress, fracturing and hydrogeology. The lower the temperature and heat flux
in the deep formations—provisionally up to about 200-250°C—the wider the range of buildable depths and the
greater the freedom to optimize curve radii and transition sections. That freedom reduces peak g-loads and dynamic
loads while preserving the target speed.

o Construction. A combined layout. The approximately 330 km starting section is a shallow underground straight
descending toward the gateway to simplify initial acceleration. The main section is a deep-buried or underground
tunnel providing thermal stability, vacuum isolation and safety.

o Route geometry. An S-shaped curve begins after approximately 330 km.

= Descending arc. A radius of approximately 6,300 km carries the tunnel gradually downward to establish the
required angle.

= Ascending arc. A radius of 2,500-3,500 km brings the tunnel to the gateway at approximately 5-6° above
the horizontal. The radii keep centripetal acceleration at hypersonic speed below 4g.

o Vacuum system. Segmented. Each approximately 50 km segment is autonomous, with its own vacuum pumps,
sensors and emergency valves.

4.1.1. Acceleration system

The shuttle is accelerated and stabilized through interaction between its onboard superconducting magnets and
distributed linear electromagnetic drives, or windings, installed in the tunnel. The drives are segmented passive windings
made from conventional conductors such as copper or aluminium and require no cryogenic cooling.

o Initial tunnel section (0- 330 km). The drives are located mainly beneath the guideway. They generate the field for
levitation and initial acceleration at 4g and actively compensate for gravity.

o Middle tunnel section ( 330-2, 000 km) , especially the S-curve . Drives surround the tunnel perimeter, providing
precise acceleration, force-centering the shuttle at hypersonic speed, and stabilizing it through curves. Reinforced,
structurally redundant winding materials are used along the floor of the final high-radial-load portion. From 330 to
2,000 km, acceleration tapers from 4g to Og while the shuttle reaches approximately 11 km/s by the end of the
trajectory.

o Final section (2,000-2,050 km). The last 50 km stabilize and center the shuttle before it enters the atmosphere
through the atmospheric gateway. No acceleration is applied in this section.

Pulsed power from GATES substations is delivered to selected winding segments in exact synchronization with the
shuttle’s position, producing a travelling magnetic field. Interaction with the onboard magnetic field accelerates the
shuttle. This architecture keeps the tunnel maintainable and transfers the most advanced components to the reusable
vehicle.

4.1.2. Geothermal Autonomous Thermal Energy System (GATES)

To guarantee thermal stability, energy independence and service life, every accelerator tunnel is accompanied by seven
small-diameter service tunnels forming an integrated Geothermal Autonomous Thermal Energy System (GATES):

o Six trunk collector-and-energy tunnels, each 2 m in diameter. They lie 30 m below the accelerator floor at an even
7 m centerline spacing. Paired tunnels reverse the circulation of aggressively subcooled (+5°C) supercritical CO,,
creating a continuous cooled slab more than 15 m thick beneath the entire accelerator section and eliminating
thermal bridges.

o One 3 m technical service tunnel . It runs at the accelerator’s level, 3 m to one side, giving continuous diagnostic and
repair access without stopping traffic. The GATES tunnels withstand internal pressure up to 25 MPa together with
rock pressure and dynamic loads. A fully robotic fleet of micro tunnel-boring machines excavates all seven tunnels.
GATES separates the energy infrastructure physically and functionally from transport, providing exceptional reliability
and maintainability.

4.1.3. GATES cooling system

o Deep cooling circuit. GATES collector-and-energy tunnels beneath the accelerator circulate a CO,-based working fluid
in a dense high-pressure or supercritical state. In the normal low-temperature mode, the target cold-stream
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temperature before the deep collectors is about +5...+15°C. After collecting geothermal heat underground, the CO,
may exceed +100°C depending on depth, rock heat flux and generation mode. The circuit removes geothermal heat,
establishes a cooled zone under the main tunnel and permits safe construction at depths of roughly 5-8 km.

Hydrothermal Trunk Canal ( HTC). The canal follows the StarRoad route beside the service highway, power line and
communications, joining the terminals into one surface heat-rejection system.

The HTC is a water channel approximately 5-8 m wide and 2—-3 m deep. Several independent high-pressure
serpentine pipelines run along its bed and carry CO, between adjacent terminals. Water acts as a thermal buffer and
intermediate heat-transfer medium.

CO; enters the coils from turbines, heat exchangers or compressors at approximately +50...+80°C. Over an
approximately 50 km interterminal section it transfers heat to the water and cools to about +22...435°C, depending
on season, humidity, rainfall, night-sky radiative cooling and canal operating mode.

Under normal operation, canal water remains around +22...432°C, rising locally to +35...+45°C in hot sections. Brief
local heating to +50...+80°C may occur near a hot-flow inlet and may suppress some biological activity, but the water
is not potable without treatment.

Light selective covers over the canal reflect solar radiation while permitting infrared heat rejection.

Terminal cooling. Each terminal contains cooling towers, heat exchangers, pumps, booster compressors,
turboexpanders and reserve chillers. In normal operation, the HTC passively rejects most low-grade heat.

Cooling towers and terminal heat exchangers reduce the post-HTC CO, stream from roughly +22...+35°C to
+15...+425°C. When required, reserve chillers lower it to -5...+5°C before the deep collectors. Chillers are peak,
emergency or seasonal reserves rather than the continuous primary mode.

Booster compression and turboexpansion. CO, reaches the next terminal cooled but at elevated pressure. It may
then pass through a turboexpander, recovering part of the compression energy and cooling further through
expansion to approximately -10...+5°C, depending on pressure, flow and required phase state.

The CO, then enters the GATES collectors at the required temperature, pressure and phase. This cycle does not create
free energy: the compressor adds work, the canal rejects compression heat, and the turboexpander recovers only
part of the input. Its benefit is a colder flow with less demand on active refrigeration.

Redundancy and bidirectional flow. The serpentine lines are duplicated and bidirectional. If one circuit is damaged,
flow is rerouted through a reserve pipe or adjacent terminal. Direction can change with thermal load, emergency
state and section availability.

Maintainability. Gates divide the HTC into approximately one-kilometre sections. A damaged section is isolated and
pumped down to its minimum operating level or partly drained. After depressurization, crews or robots access the
coils without stopping the full corridor. Reserve circuits, flow reversal, increased exchange through neighbouring
terminals and temporary chiller operation maintain cooling during repairs.

Limited water-management role. With a continuous east-to-west gradient, the HTC can sustain slow gravity flow,
section flushing and controlled discharge of surplus water as a secondary function.

Night-time equatorial rain can refill the canal through catchments, settling basins, filters and overflows. Because the
water never contacts CO, directly, local treatment can make it available for limited irrigation, terminal service water,
firefighting reserves and green buffer zones.

Water use remains secondary and is permitted only where it does not compromise the HTC’s primary task: cooling
CO; and maintaining GATES thermal stability.

Importance to StarRoad. Deep collectors, the HTC, terminal coolers, cooling towers, booster compressors,
turboexpanders and reserve chillers form one distributed thermal-management system. It reduces dependence on
local refrigeration plants, improves fault tolerance, redistributes heat among terminals and makes deep accelerator
construction more realistic.

The surface cooling system also strengthens StarRoad’s economic role: a linear belt of terminals, service roads, energy
nodes, water infrastructure, industrial sites and irrigated agricultural zones develops along the route.
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4.1.4. Strategic significance of GATES

Beyond power supply and thermal stabilization, the system makes safe and economical ultra-deep construction of the
main accelerator—5-8 km or more—possible in principle. Active control of the thermal field and removal of geothermal heat
overcome temperature limits that would otherwise prevent such depth. Deep construction in turn permits an optimal S-curve
with large radii, providing a gradual climb and a gateway exit at approximately 5-6° while holding cargo and crew loads near
4g over the 2,050 km route. GATES is therefore the technical foundation not only of the power system but of StarRoad’s entire

ballistic optimization. A fully robotic fleet of micro tunnel-boring machines excavates the complex.

4.1.5. Perpendicular technical access-tunnel system

To support construction, ventilation, repair, and evacuation, 40 inclined transport tunnels are built along the route at 50
km intervals. Each has a 30° inclination and an ellipsoidal cross-section of approximately 17.5 x 12.5 m. They are driven by
the same tunnel-boring machines as the main tunnel and link the surface to the trunk corridor at depths of up to 8 km.

O

o

Logistics. Each provides an independent evacuation route for staff and crew after an Alarm-2 emergency stop. Unlike
a vertical shaft, an inclined tunnel allows self-propelled vehicles to evacuate dozens of people in one trip.

Safety. The tunnels provide a second independent evacuation path for staff and crew after an Alarm-2 stop.

Scalability. Inclined tunnels form connection points for future parallel StarRoad lines. Horizontal branches can be
bored from them to new accelerator tunnels, turning the access network into an expanding transport framework.

Integration with GATES. Collector tunnels are excavated an additional 10—20 m beneath every inclined access tunnel
to pre-freeze and stabilize the rock during construction and later generate power.

Surface terminal complex. Every inclined tunnel ends at a multifunction surface terminal. Each of the 40 terminals is
an independent node containing:

= ventilation and gas cleaning to maintain tunnel air conditions and remove spent air;

= aconstruction base with areas for stockpiling, transshipment and temporary storage of modules, excavated
material and supplies;

= an operations and accommodation building for shift staff, including control rooms, rest rooms, workshops
and stores;

= ageothermal power station and cooling plant integrated into GATES to manage the heat-transfer fluid in
the deep collectors;

= a CO, capture and processing station for Direct Air Capture (DAC), closing the GATES loop by liquefying and
purifying captured CO, and feeding it to the deep collectors as the heat-transfer fluid;

= aconnection point for external power grids and communications, including reserve power and broadband.
= road or rail access linking the terminal to the regional transport network;
= an evacuation point at the surface with emergency medical facilities and a helipad.

Legal and environmental flexibility. Inclined service tunnels allow surface terminals to stand outside protected land —
national parks, reserves and water-catchment areas—even where StarRoad passes deep beneath them. This removes
the main legal obstacle to routing below conservation areas without placing infrastructure inside park boundaries.
Each terminal is built on the nearest unprotected site and connected through an inclined shaft, simplifying consent,
reducing environmental pressure and eliminating direct effects on protected ecosystems.

4.1.6. Power supply and energy storage

The StarRoad accelerator uses a three-level electrical network providing:

O

= assured redundancy, so a single component failure does not stop operations;
= adaptive discharge times, from seconds near the start to microseconds near the end;
= minimum high-power cable length, reducing loss and inductance.

Topology levels

Level 0: primary storage at terminals
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Each of the 40 terminals has gravity storage, pumped-storage hydropower using the canal’s micro-hydro
facilities, and lithium-ion battery energy storage systems (BESS).

Total capacity per terminal: approximately 5-9 GWh; approximately 360 GWh along the full route.

Output: high-voltage direct current, up to 100 kV, carried through trunk cables in the technical tunnel.

Level 1: segment controllers for 50 km sections

The route is divided into 41 segments of approximately 50 km; the final segment is the 50 km approach to
the gateway.

Each segment has a main distribution controller supplied by two neighbouring terminals for cross-

redundancy.

The segment controller distributes and synchronizes energy among one-kilometre power blocks.

Level 2: kilometre-scale power blocks. Each kilometre-scale block has a local controller that:

receives energy from the segment controller;

controls buffer lithium-ion batteries beneath the main tunnel walls;

controls switchable winding sets connected through flywheels and supercapacitors in dedicated recesses
behind the tunnel walls.

Two independent channels from the segment controller to every kilometre block provide redundancy.

o Cable-route architecture

Trunk cables, Level 0->1. They run through a 3 m technical service tunnel parallel to and 3 m away from the
main tunnel.

Route distribution. Cables from each terminal extend 50 km in both directions, 100 km total, overlapping
adjacent terminal zones. Every segment is therefore supplied by at least two neighbouring terminals,
providing 100% redundancy.

Entry into the main tunnel. At one-kilometre intervals, cables pass from the technical tunnel through sealed
penetrations into the main tunnel and connect to the local block controller.

Distribution within each block. Downstream of the controller, power divides into two parallel paths:

Path A: buffer lithium-ion batteries with approximately 0.5-1 GWh per block, smoothing second-scale
peaks.

Path B: switchable winding sets supplied through flywheel stores and supercapacitors installed behind the
tunnel walls.

o Three-zone adaptation of discharge rate. The shuttle’s acceleration profile is optimised so that peak power per
winding set is highest at the beginning, where ultrashort pulses are not required, and decreases toward the end of
the route. This permits different storage and switching technologies to be used in the three zones:

Zone
Zone I: low
speed

Zone lI:
medium speed

Zone llI: high
speed

Route . . A
u. Discharge timescale  Storage and switching technology Reason

section

0-200 km Seconds to Lithium-ion batteries and standard The shuttle is slow and takes more than 0.1 s to cross one kilometre;
milliseconds IGBT inverters BESS can feed the windings without intermediate buffers.

200-1,000 | Milliseconds to Buffer lithium-ion batteries, inertial The shuttle is accelerating and switching must be faster, but

km microseconds flywheels and SiC inverters mechanical flywheels remain practical.

1,000— . Supercapacitors and fast GTO/IGCT Transit time per kilometre falls to 0.09 s. Only supercapacitors with
Microsecond pulses X . .

2,000 km thyristor switches nanosecond response can stabilize the pulse.

Important: Zone Ill requires less energy per kilometre than Zone | because acceleration is tapering.
Component loads therefore decline even though the required discharge rate is faster.

o Redundancy and emergency resilience

Controller duplication. Every segment and kilometre controller has a hot standby: two identical boards with

independent power.
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= Cross-feeding. Every kilometre block can receive energy from its own segment controller or from
neighbouring controllers through reserve cables in the technical tunnel.

» Local winding redundancy. Each kilometre block has three independently switched winding sets. If one is
damaged, the other two continue accelerating the shuttle at lower efficiency without stopping it.

= Emergency isolation. If a short circuit or overheating is detected, the kilometre controller disconnects its
block and isolates it with inter-section gates without affecting adjacent blocks.

o Physical implementation and summary

Element Location Function

Primary storage Surface terminals Long-duration energy storage: 360 GWh.

Trunk cables Three-metre technical tunnel Redundant power transmission from terminals to segments.

Segment controllers Main-tunnel recesses every 50 km Distribution to and synchronization of ten one-kilometre power blocks.
Buffer lithium-ion batteries Beneath the main tunnel walls Smoothing second-scale peaks in Zones I and Il.

Flywheels Behind the tunnel walls in Zone Il Buffering millisecond-scale pulses.

Supercapacitors Behind the tunnel walls in Zone Il Microsecond stabilization and compensation for voltage dips.

Local kilometre controllers Recesses every kilometre Winding switching, condition monitoring and buffer control.
Accelerator windings Inner tunnel surface Creation of the travelling magnetic field that accelerates the shuttle.

o Advantages of the power architecture

= Smooth load distribution. Peak power is not required along the entire tunnel at once: pulses are slower at
the start and shorter but less energetic near the end.

= Redundancy at every level. Failure of one terminal, controller or even a complete 50 km segment does not
stop the system; neighbouring terminals and segments cover the deficit.

= Scalable expansion. New parallel StarRoad lines require no power-system rebuild; additional trunk cables
can be installed in the existing technical tunnel.

= Cost optimization. Expensive supercapacitors and flywheels are used only where needed near the final
sections, while cheaper lithium-ion batteries serve the beginning of the route.

4.2. Atmospheric gateway (high-altitude terminal)

It solves the ‘last-mile” problem.

4.2.1. Location and construction

The gateway complex stands on the summit plateau of Mount Mohi, approximately 3,400 m above sea level in the
Democratic Republic of the Congo. A broad southern plateau 16 km farther south is reserved for future expansion and could
hold dozens of parallel gateways. The complex is a massive structure with a primary mechanical closure and gas-dynamic-
barrier systems. In effect, it is a stationary ground-based jet engine with a triple annular nozzle aimed upward—not to
accelerate a vehicle, but to displace the atmosphere and create a buffer as the shuttle enters it.

4.2.2. Gas-dynamic barrier

This is the principal working element. Several seconds before the shuttle arrives, the system begins producing a conical
supersonic gas flow directed outward along the tunnel axis.

o Source and construction. Three independent concentric annular jet-engine belts—or equivalent hypersonic ramjet
belts in the same three-stage arrangement—surround the gateway exit and burn an air—hydrogen mixture. Hydrogen
is produced on site by electrolysis. Triple redundancy makes the system fault-tolerant: any two belts are sufficient to
form an effective barrier, so one of the three may fail without disabling the gateway. Each belt has independent fuel
delivery, control and ignition. The belts are arranged around the exterior in successively recessed steps from the
smallest to the largest; the mechanical closure sits inside the gateway behind them. The belts can therefore start
before the mechanical closure opens.
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o

Principal functions .
1) Establish outward-directed pressure that protects the tunnel vacuum while the shuttle passes.

2) Displace and preheat the atmospheric air ahead of the gateway, establishing a controlled gradient across the
vacuum-atmosphere interface.

The gas-dynamic barrier is not an aerodynamic shield and does not screen the shuttle from the atmosphere. It
extends the transition in time, converting the nearly instantaneous, microsecond-scale impact of cold stationary air
into a distributed millisecond-scale load against a heated co-flowing stream. Total aerodynamic force is not reduced,
but jerk and high-frequency loading fall sharply, reducing local structural-failure and thermal-shock risks.

Flow shape. An outward-flowing cone with an ellipsoidal section matching the tunnel and shuttle, tens to hundreds
of metres long, produced by three rows of annular nozzles in the gateway’s jet belts.

The gateway does not require a geometrically perfect, stationary or strictly axisymmetric cone. Its operating state is
inherently dynamic and permits temporal and spatial variation in flow shape, density and velocity.

The sole rigid operating condition is a positive outward pressure and momentum gradient throughout the shuttle’s
exit, completely preventing atmospheric air from entering the tunnel. The system must also prepare the exit region
gas-dynamically and thermally. Together these requirements make the gateway substantially more reliable and
feasible.

Flow shape is therefore an adaptive parameter rather than a target in itself. It is optimized in real time by integral
quantities—pressure, mass flow and momentum—not by a fixed geometry.

Scalability and testing. Unlike the thousand-kilometre accelerator, the gateway is modular and readily scalable.
Stable supersonic-cone formation, synchronization and jet-belt operation can be proven on fully functional 1:5 or
1:10 physical test stands, retiring the principal technical risks before full-scale route construction begins.

4.2.3. Safety system

Hydrogen imposes stringent fire and explosion-safety requirements. The gateway therefore uses redundant hydrogen-

leak det

ection, inert nitrogen purging of lines, explosion-protected equipment, physical separation of electrolysers, storage

and engine belts, and directed ventilation ducts that discharge any release safely away from personnel and critical

infrastructure.

4.3. Shuttle (AstroLiner)

4.3.1. Dimensions and launch mass

Length approximately 150 m; ellipsoidal section approximately 10 x 15 m. The hypersonic-wedge shape is optimized to
minimize drag and heat load while piercing the atmosphere.

o

Criterion

Aerodynamics and g-

loads

Thermal

Launch e

Optimal launch mass: approximately 15,000 metric tonnes.

A 15,000-tonne shuttle is the engineering and economic optimum: a practical middle ground between physical limits
and industrial feasibility.

Lower range (<8,000-10,000 t) Optimum (15,000 t) Upper range (>20,000-25,000 t)

The atmosphere dominates. Drag Fd | Inertia dominates. Atmospheric drag

= p-A-v? produces high acceleration a | produces brief initial loads of approximately
= Fd/m, demanding complex active 3-6g for up to five seconds, allowing
stabilization and causing peak heat simpler shock absorption and thermal
loads. protection.

Loads decline only slightly, while other
factors erase the benefit.

High thermal inertia. The massive structure

Low heat capacity. Small mass m . . L .
pacity absorbs and disperses peak heat during the | Heat capacity increases, but removing

causes rapid temperature rise AT =

regime . . brief atmospheric passage, permitting a heat from the massive structure
Q:t/(m-c), requiring extreme active L . .
oolin combination of passive and active thermal | becomes a separate problem.
& protection.

Balanced requirement. Acceleration to 11
km/s requires approximately 9x10™ J
(about 252 GWh), within the capability of
the distributed GATES and storage system.
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Criterion Lower range (<8,000-10,000 t) Optimum (15,000 t) Upper range (>20,000-25,000 t)

Compatible with existing technology. Its Structural stiffness falls; natural-

Construction and Buildable, but without the decisive dimensions and mass fit modern shipyard | vibration, assembly and delivery
logistics advantage of an ‘inertial ram.’ docks, welding methods and transportation | problems grow. Costs rise faster than
practice. linearly.

StarRoa

4.3.2.1
Th

o

It realizes the ‘inertial ram’ approach: the
It remains a ‘light vehicle’ vulnerable | atmosphere becomes a brief disturbance
to the atmosphere. overcome through mass and strength, not
an enduring barrier.

It becomes an industrially
unmanageable undertaking, eliminating
economies of scale.

d philosophy

= Physically, it is above the approximately 10,000 t threshold at which inertia begins to dominate aerodynamic
effects.

= Energetically, it does not drive an exponential increase in infrastructure requirements.
= Technologically, it remains within scalable industrial practice: shipbuilding and heavy engineering.

= Economically, it balances lower delivery cost through scale against capital-cost constraints.

The chosen mass is therefore a calculated optimum that makes StarRoad physically feasible and economically
defensible.

nternal arrangement and systems
e interior is designed as a multilevel longitudinal structure, with functions separated vertically through the hull.

The lower and aft hull are devoted to power and propulsion: the onboard reactor, heat exchangers, active-cooling
loops, power converters, energy stores, coolant mains and marine-propulsion equipment. This lowers the center of
mass, improves stability in hypersonic flight, glide and splashdown, and simplifies thermal and radiation shielding of
the upper compartments.

The superconducting levitation and stabilization system runs along the sides and partly beneath the hull.
Superconducting modules sit directly behind the outer skin and thermal-protection layer, minimizing the gap to the
tunnel’s passive windings. Magnets are placed:

= along both sides for the full hull length, including the upper and middle zones up to the sliding-door line;
= across the middle and aft underside;
= outside the deployment paths of the main wings and mechanical bays.

This distribution produces a uniform magnetic field, strong hypersonic stability and tolerance of localized
damage.

The middle hull contains the folding-wing bays and their load-bearing attachment frame. The main wings retract into
the hull and remain isolated from the power and cargo compartments. Small deployable control wings occupy the
forward middle section of the nose for trajectory correction and stabilization during transitional flight.

The upper hull contains a universal replaceable payload module. Dimensions, mounting points, mass and permissible
center of gravity are standardized; the module may carry cargo, propellant, passengers or a combination. Itis installed
and removed in the dock before launch and may also be removed in orbit after the upper doors open. An integrated
hydraulic or electromechanical lift and guide system deploys and extracts modules automatically in microgravity
without crew intervention.

The sliding upper doors are not primary structural members. They form an aerodynamic fairing and provide orbital
access. Folding thermal-control radiators are integrated into the doors; after the doors open and lock, the panels
deploy automatically and receive coolant to reject excess heat into space.

The shuttle nose has a multilevel functional arrangement:
= upper nose: bridge, flight-control, navigation and communications systems;

= middle nose: mechanisms for the small deployable wings and control surfaces;
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= |ower nose: cryogenic fuel and coolant tanks arranged for low hydraulic resistance and the fastest possible
coolant delivery to the nose’s active-cooling system during atmospheric penetration.

This arrangement shortens thermal and hydraulic paths, reduces the nose’s thermal lag and improves thermal-
protection reliability during the most demanding flight phase. Overall, the vehicle is a rigidly organized, scalable and
modular architecture optimized for hypersonic launch, orbital work, autonomous navigation at sea and repeated
operation without major hull disassembly.

4.3.3. Hull thermal protection

The nose and underside use a multilayer composite-metal thermal-protection system designed for extreme thermal and
dynamic loads during hypersonic flight and subsequent splashdown. It combines passive and active elements:

o an outer heat-resistant layer capable of withstanding brief exposure to temperatures of several thousand degrees
and intense radiative heating;

o aload-bearing metal sublayer that carries mechanical and vibration loads;

o active-cooling circuits that remove heat from the most heavily loaded zones, especially the nose and forward edge
of the underside;

o replaceable ablative elements in local critical zones, designed to wear in a controlled manner without damaging the
main structure.

The system also accounts for thermal shock when the heated hull meets ocean water, including steep temperature
gradients and cyclic thermal stresses. Segmentation and modular replacement of the highest-load elements during
scheduled servicing improve maintainability and reusable service life.

4.3.4. Wings

Two pairs of deployable wings provide stabilization, glide and landing control. They deploy after the shuttle reaches the
rarefied upper atmosphere.

o The forward pair corrects trajectory, stabilizes pitch and roll, and damps dynamic disturbances. It deploys in the
rarefied upper atmosphere for gliding flight.

Each forward wing:

= root-to-tip span: approximately 35 m;

= root/tip chord: approximately 14/7 m;

= area: approximately 360—-400 m?2.

o The aft pair forms the shuttle’s main aerodynamic surface.

Each aft wing:

= root-to-tip span: approximately 100 m;

= root/tip chord: approximately 14/7 m;

= area: approximately 1,000-1,100 m?2.

Total wing area is approximately 2,800—2,900 m?2. The lifting-body fuselage adds roughly 20-30% to the effective
aerodynamic area.

In subsonic flight the combined configuration provides an estimated lift-to-drag ratio of L/D = 9—13, supporting stable
gliding and controlled landing-site selection. Typical glide and splashdown speeds are estimated at 90—120 m/s (about
320-430 km/h). At these speeds, landing safety depends less on absolute horizontal speed than on vertical speed at
contact, angle of attack and glide-slope profile.

4.3.5. Parachute systems

A reusable parachute—parafoil system reduces splashdown loads and widens the acceptable landing window. It serves
as a conditionally deployed soft-landing circuit.

o Architecture and placement. The system has two parafoil stations:
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= onein the upper aft hull ;
= one in the upper forward hull, immediately behind the nose.

Each station uses an N+1 arrangement —one primary and one reserve parafoil—with independent packing
and extraction lines. Loads enter the structural frames through a transverse attachment line rather than a
single point, reducing local peaks and improving pitch-and-roll stability. Longitudinal separation prevents the
canopies from interacting or fouling each other.

Area and operating mode. The parafoils do not carry the vehicle’s full weight. They damp vertical speed during the
final phase and shape a gentle contact. Indicative values:

= area of one primary parafoil: approximately 4,500-6,000 m? ;
* combined active area with both parafoils deployed: approximately 9,000-12,000 m? .
The target vertical velocity at contactis—V, =~ 1 m/s.

Deployment criterion. The parachute—parafoil system is used only when required. The landing algorithm evaluates
total g-load , the vector sum of aerodynamic, inertial and hydrodynamic components:

= if predicted total load at contact does not exceed 4g, the shuttle lands on its wings without parafoils;

= if the predicted load may exceed 4g, the system deploys and reduces vertical speed to the target, producing
a soft gliding contact.

Reusability. Parafoils, lines and attachment hardware are designed for repeated use with scheduled inspection,
drying and replacement of wear parts, without dismantling the hull’s primary structure.

4.3.6. Autonomous power and propulsion plant

The shuttle carries a fully autonomous power-and-propulsion system for the complete mission cycle, from orbital
manoeuvres to months of independent operation at sea.

o Primary power source: an onboard nuclear reactor.

= Type: a compact fast-spectrum molten-salt reactor or a next-generation high-temperature gas-cooled
reactor. A compact fusion module—for example, a field-reversed configuration such as Helion Energy’s—is a
longer-term option.

= Qutput: 10-20 MW electric and 50-100 MW thermal.

= Purpose: power for every onboard system, the superconducting maglev components, electromagnetic
plasma thrusters, active cooling and autonomous marine propulsion. The reactor is designed to operate for
the shuttle’s entire 5-10-year service life without refuelling.

o Onboard superconducting levitation and stabilization. Cryogenic modules containing high-temperature-

superconductor magnets run along the hull and are cooled by onboard liquid nitrogen or hydrogen. They generate
the principal field for levitation and active stabilization—the magnetic-suspension system. Even if tunnel power fails
completely, inductive interaction with the passive winding ‘rails’ maintains levitation through a magnetic-mirror
effect.

Stabilization control uses a hierarchy:

1) Passive loop (microseconds): inductive coupling between superconductors and tunnel windings automatically
produces a restoring force after any displacement, without electronics.

2) Hardware loop (microseconds to milliseconds): dedicated FPGA and ASIC circuits detect imbalance and
switch sections through deterministic logic.

3) Software loop (milliseconds to tens of milliseconds): the onboard computer, with limited Al assistance,
redistributes current among superconducting sections to correct slow drift and local imbalance; nanosecond
response is unnecessary.

This architecture reacts to disturbances in milliseconds—orders of magnitude faster than the stability requirement of
a 15,000-tonne shuttle at hypersonic speed.

o Main propulsion : high-thrust electromagnetic plasma engines.
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= Principle: magnetoplasmadynamic (MPD) thrusters or Variable Specific Impulse Magnetoplasma Rocket
(VASIMR) engines powered by the onboard reactor.

= Thrust: up to 50—-100 kN (5-10 tonnes-force) in pulsed operation, sufficient for orbital corrections,
deorbiting and transfers between orbits.

= Propellant: liquid xenon, argon or hydrogen, with hydrogen also serving the cooling system.

= Autonomy: onboard Al calculates and executes docking, unloading and return manoeuvres without external
control.

o Thermal-control system :

= Deployable radiators. Liquid-loop panels unfold in space to reject excess reactor and equipment heat into
the vacuum.

= Phase-change thermal stores. Located in the nose and other critical assemblies, these essential stores
absorb megajoule-scale heat peaks during atmospheric penetration at launch and re-entry, preventing
structural overheating. The stored heat is released slowly through radiators in space or to the surrounding
water after splashdown.

= Active cooling. A closed liquid-helium or liquid-hydrogen loop provides emergency cooling for the heat
shield and critical flight hardware.

o Redundancy and safety. Reactor controls are duplicated, cooling circuits are independent, and emergency heat-
rejection equipment is provided. The design remains safe under all scenarios, including an ocean impact.
4.3.7. Autonomous landing and marine systems

After splashdown in the designated Atlantic recovery area, the shuttle becomes a fully autonomous marine vessel using
the following systems:

o Marine propulsion. Two retractable azimuth thrusters or waterjets provide high manoeuvrability at low speed.

o Power at sea. The standard onboard nuclear or fusion reactor operates at minimum output to power propulsion
and ship systems. Core life supports months-long autonomous voyages.

o Navigation and communications . Satellite navigation (GPS/GLONASS), inertial navigation, radar and lidar provide
surface awareness, while geostationary satellites maintain robust communications.

o Final deceleration. Imnmediately before water contact, a small drogue chute stabilizes and begins slowing the shuttle
from its residual 100 —150 km/h, followed by a short pulse from the main plasma engines to trim vertical speed
precisely. The parachute is jettisoned after splashdown.

The shuttle can then sail to its home port or a tug rendezvous without immediate assistance. It can ride out storm
seas, make long passages and arrive at the assigned dock for scheduled servicing, changing from spacecraft into
robotic ship.

4.3.8. AstroLiner-S: initial simplified version

During StarRoad’s early deployment, the baseline, technologically simpler and operationally more conservative
vehicle is the AstroLiner-S—the Simplified/Start version.

Itis fully functional but simplified in power and systems. It supports initial corridor operation, early cargo and crewed
launches, and the staged reduction of technical, operational and regulatory risk.

o Core concept . Astroliner-S retains StarRoad’s inertial-ram approach and all launch mass and dimensional
characteristics of the full vehicle, but carries no onboard nuclear or fusion power source .

All energy-intensive operations—acceleration, levitation and tunnel stabilization—are assigned entirely to ground
infrastructure.

AstroLiner-S is:
= an autonomous transport vehicle;

= fully reusable;



able to enter orbit, deorbit and return independently;
powered exclusively by chemical propulsion outside the tunnel;

free of high-power ionizing-radiation sources onboard.

Power and superconducting systems. AstroLiner-S excludes:

nuclear and fusion power plants;
their associated radiation, thermal and accident risks;
scenarios involving irreversible contamination of the tunnel or gateway sections.
The superconducting elements for levitation, stabilization and interaction with the guideway:
are pre-charged with current before launch;
are placed in persistent-current mode;
are isolated from one another and managed by the onboard system.

Batteries and inertial stores, or flywheels, power onboard electronics, control and protection for the full
tunnel-acceleration cycle with a time reserve.

During acceleration, active control of the superconducting circuits is limited to small correction currents and
emergency modes, eliminating the need for a continuous high-power onboard source.

Deployable solar arrays provide active power in orbit.

Propulsion outside the tunnel

AstroLiner-S performs all orbital operations with chemical propulsion.
The shuttle carries:
medium-thrust main chemical engines using LOX/LH; or LOX/LCH,;
duplicated reaction-control and emergency-control systems (RCS).
The propulsion system provides:
final insertion into the target orbit after atmospheric exit;
orbital-parameter corrections;
deorbiting;
controlled atmospheric entry and return.

Electric and magnetoplasma propulsion are omitted because this version lacks a high-power onboard
electrical source; this is not a limitation of the overall StarRoad architecture.

Return and reusability

AstrolLiner-S can perform:

autonomous deorbiting;

a shallow, controlled atmospheric entry;

aerodynamic gliding;

an ocean landing using its wings and parachute—parafoil system.
Removing the reactor greatly simplifies:

marine operation;

scheduled servicing;

vehicle recovery after an off-nominal landing.

Role of AstrolLiner- S in StarRoad development

AstrolLiner-S serves as:



= the first production version of the StarRoad shuttle;

= a platform for accumulating launch and failure statistics;
= ameans of placing the system into service early;

= the baseline transport for initial orbital infrastructure.

As compact high-power sources mature and operating experience grows, AstrolLiner-S can be supplemented
or replaced incrementally by the full AstroLiner with high-power onboard plants and electromagnetic plasma
engines.

AstrolLiner-S is therefore not a compromise but a logical entry configuration that permits StarRoad to begin
operating earlier, more safely and with lower systemic risk without changing the corridor’s fundamental
architecture.

5. Operating cycle from launch preparation to post-landing service

5.1. Preparation and launch

The loaded shuttle is placed in the launch chamber near Batanga. Its onboard systems are tested first, followed by the

accelerator systems and a pre-launch test of the gas-dynamic gateway. The onboard superconductors are energised, magnetic

levitation is started and checked, and the tunnel is evacuated. On command, pulsed power begins flowing to the accelerator's

initial segments.

5.2. Acceleration in the tunnel

o 0-330 km. Initial longitudinal acceleration is about 4g. A substantial share of the energy supports levitation and

overcomes gravity.

330-about 1,800 km, the descending part of the S-curve. Longitudinal acceleration falls smoothly from the initial 4g
to zero. The shuttle follows the underground curves under loads of up to about 4g, while surrounding electromagnetic
elements stabilise its path.

About 1,800-2,050 km, the ascending part of the S-curve. Acceleration falls to zero as the gateway approaches. The
shuttle coasts at about 11 km/s for the final 50 km.
StarRoad acceleration profile

330 km at 4g — convex taper; a = 4g-(1-u”p), p = 2.645
V(2000 km)=11.0km/s,a_max =4g,a_end =0g,t=3242s
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5.3. Exit through the atmospheric gateway

o Because the launch point is high, the shuttle is already more than 10 km above sea level about 30 km from the

gateway, minimising the shock wave's effect on the surrounding area. The gateway belts are test-fired one minute
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o

before the shuttle launches, without opening the mechanical closure. After the shuttle has covered 45% of the tunnel,
compressed air accumulated while the last tunnel section was evacuated is released through the gateway belts as a
supersonic flow. About 10 seconds before passage, hydrogen is supplied and the gas-dynamic barrier enters its main
combustion mode, producing a stable conical supersonic flow of hot, partially ionised gas. Three seconds after
successful belt activation and formation of the hot barrier-gradient cone, the mechanical closure opens.

The barrier also prevents loss of tunnel vacuum and moderates the initial thermal shock. In milliseconds, the shuttle
crosses the prepared zone of rarefied, heated gas. This key technology changes the timing of the first aerodynamic
load by removing the ultrashort shock front that would otherwise occur when the medium changes.

The gas-dynamic barrier does not reduce total aerodynamic forces. It shifts the shock load from the microsecond to
the millisecond range, critically reducing local stresses, vibration and thermal shock in the shuttle structure.

The mechanical gate opens immediately after the shuttle passes; the jet rings are then shut down without delay.

5.4. Atmospheric crossing

Load factor (g)

Following a ballistic path, the shuttle uses its inertial mass and strong structure to penetrate the dense atmosphere. Peak
thermal and dynamic loads occur in the first 10—20 seconds.

o

Essential clarification. On leaving the gas-dynamic barrier, the shuttle immediately interacts with the normal
atmosphere at the specified altitude, about 3,400 m. All trajectory, heat-flux and load calculations assume full
aerodynamic interaction with the atmosphere; they do not assume a “gas shield”, a “channel” or an accompanying
rarefied volume.

StarRoad: mechanical and thermal loads vs time and altitude
Cd =0.08, 0.10, 0.12 (Cd is the aerodynamic drag coefficient)
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5.5. Entry into space and orbital operations

After leaving the atmosphere, the radiators unfold to reject heat. The shuttle then activates its onboard electromagnetic
plasma drives for fine trajectory correction and insertion into the target orbit, often directly beyond geostationary orbit or
towards a Lagrange point. The payload is deployed. In the AstroLiner-S configuration, final insertion and orbital correction use
the chemical propulsion system.

5.6. Deorbit and return

The full AstroLiner uses electromagnetic plasma engines to leave orbit. In the AstrolLiner-S configuration, the chemical
propulsion system performs deorbit braking, corrections and final manoeuvres.
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5.7. Ocean landing

Over the Atlantic near Gabon, the braking parachute system is deployed to reduce speed. The shuttle lands at a low angle
of attack on its reinforced underside, designed for contact between a heated surface and cold water. Propellers or waterjets
deploy after splashdown.

5.8. Towing and servicing

The shuttle's own drives, powered by its onboard reactor, or standby tugs if the shuttle systems malfunction, take it to
the port complex for inspection, servicing, thermal-protection repair and preparation for the next voyage. AstroLiner-S
returns to port using batteries, an auxiliary power unit or standby tugs.

6. Implementation, schedule, requirements, and industrial centres

6.1. Project phases

StarRoad is planned as a sequence of technologically connected and economically justified stages. Each phase has clear
objectives and success criteria and creates the infrastructure needed by the next, reducing technical and financial risk.
6.1.1. Phase 0: Concept and testing (2-5 years)

o Objective: Validate the physical principles, develop the critical technologies under laboratory conditions and establish
an engineering foundation.

o Key activities

1. Detailed mathematical and CFD modelling of every process: acceleration, gateway operation and
aerodynamic impact.

2. Form an international consortium and reach preliminary political and legal agreements.
3. Conduct geological and environmental surveys along the entire route.
4. Creation of research test sites outside the main location:

bench-test superconducting levitation modules and pulsed-power systems;

build and test a 1:10-scale gas-dynamic gateway prototype to confirm that a stable graded barrier
can be formed;

Excavation of a short 1-2 km evacuated demonstration tunnel to validate the integration of
vacuum systems, magnetic acceleration of light test articles, and safety systems.

o Success criterion: experimental data confirming the viability of the key solutions—the gateway, levitation, and
stabilisation—and readiness of the detailed Phase 1 engineering design.
6.1.2. Phase 1: Infrastructure and energy anchor (5-7 years)
o Objective: Create the project’s “energy backbone” and develop robotic construction under field conditions.
o Key activities

1. Deployment of small-series production for standardised robotic tunnel-boring systems with a diameter of 2
metres.

2. Parallel excavation of the first pair of GATES trunk collector tunnels along the full route (~2,050 km) to
establish the initial thermal-stabilisation circuit.

3. Build the first geothermal plants using supercritical CO, captured by direct air capture (DAC) at key points
along the route.

4. Above the GATES collectors, excavate a small-diameter prototype test tunnel—D=2 m, L=2,050 km—with
basic vacuum, communications and service systems.

o Success criterion: A minimal GATES configuration is fully operational and energy-autonomous. High-speed robotic
excavation has been demonstrated, creating the basis for subsequent expansion.
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6.1.3. Phase 2: Small-scale validation (‘Scientific and Instrumentation Complex’ status) (4—6 years)
o Objective: Verify system synchronization and safety at realistic speeds and collect unique experimental data.
o Key activities

1. Inthe small test tunnel, accelerate and brake inert test articles weighing up to several tonnes at speeds
from 1 to 11 km/s.

2. Full-scale testing of a 1:5 gasdynamic gateway prototype with passage of a small experimental shuttle.

3. Test the “inertial ram” hypothesis experimentally by launching test masses with different structures and
thermal protection to measure acceleration loads and heat fluxes.

4. Start of detailed design and prototype manufacture for the key systems of a full-scale shuttle, including
superconducting magnets and thermal accumulators.

o Success criterion: All synchronization systems operate stably and safely. The gas-dynamic gateway is proven effective.
Experiments confirm that specific loads decrease as mass increases. The shuttle’s preliminary design is complete.
6.1.4. Phase 3: Full-function section and shuttle prototype (4-7 years)

o Objective: Integrate and test production-representative systems over a substantial section and create a flight
prototype.

o Key activities

1. Construction of a fully functional 50-200 km section of the main accelerator tunnel with its final 17.5 x 12.5
m cross-section, including all windings, energy stores, and the service tunnel.

2. Expand GATES beneath this section to its complete seven-tunnel configuration.

3. Build and comprehensively test a full-scale shuttle prototype without propulsion under ground conditions,
covering cryogenic systems, structural strength and thermal protection.

4. Integrated tunnel tests: acceleration and braking of shuttle-representative masses at loads of up to 8g and
velocities of up to ~4 km/s. Validation of all emergency protocols (Alarm 1-3).

5. Develop, ground-test and certify a compact onboard nuclear reactor for the fully functional AstroLiner.

o Success criterion: Repeated acceleration and emergency-stop cycles are completed without critical damage. Energy
recovery is proven effective. The flight shuttle and reactor are ready for final integration.

6.1.5. Phase 4: Length extension and commissioning (10-15 years)
o Objective: Complete the first line, integrate the shuttle and reach operating speed.
o Key activities

1. Extend the acceleration tunnel in stages to its design length of 2,050 km by operating many tunnel-boring
machines in parallel.

Scale the GATES infrastructure and pulsed-energy stores along the full route.
Build the final high-altitude gateway complex on Mount Mohi.

Integrate the shuttle’s onboard systems and conduct ground and low-speed tunnel tests.

vk~ W

Staged launches with gradual increases in velocity and mass until the design parameters of 15,000 t and
~11 km/s are reached.

o Success criterion: The first successful hypersonic shuttle launch places a payload on its target orbit. The design launch
cadence of one or two per month is achieved.

6.1.6. Phase 5: Scale-up and industrial operation (continuous)
o Objective: Turn StarRoad into a continuously expanding global infrastructure system.
o Key activities
1. Operate the first line and refine its logistics cycles: loading, servicing and return.
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2. Begin building a second and subsequent parallel lines to increase cargo throughput.
3. Use the project’s industrial centres as the base for orbital shipbuilding and processing facilities.
4. Develop a network of branches—shorter accelerators for people and specialized cargo.
o Success criterion: Delivery cost falls below $10/kg. Launches take place daily. An approved plan exists for the next
trunk lines and their construction has begun.
6.2. Industrial centres

o Coastal complex (mouth of the Nyanga River, Gabon): shuttle construction, production of modules for the initial
tunnel segments, and the main home port for shuttle servicing.

o Highland complex (Mount Mohi and the southern plateau, Democratic Republic of the Congo): production of
modules for the high-speed segments and final S-curve, plus assembly and servicing of the gateway mechanism. The
site includes a three-channel hydrogen electrolysis and storage system; even in an emergency, each channel can fuel
all three engine rings of the gateway’s gasdynamic barrier. Electrolysis power is supplied by local sources —GATES,
hydropower, solar power, and nuclear power—integrated into the project grid.

6.3. Overall timeframe

Because the project requires numerous advanced yet currently feasible technologies and engineering solutions, as well
as many tunnel-boring machines working in parallel, infrastructure deployment, and two manufacturing centres,
implementation of the first tunnel from the beginning of Phase 0 to the first commercial launch in Phase 4 will take
approximately 25—40 years. This is comparable to the delivery times of other megascience projects such as ITER and LIGO.
Under these conditions, progress depends primarily on funding and on diplomatic and legal coordination, not on fundamental
technical feasibility. The task is ambitious but potentially achievable by a global consortium.

7. Problems and tasks addressed

7.1. Global overheating

Move energy-intensive industry into space to reduce thermal pollution and pressure on Earth’s biosphere.

7.2. Economic task

Radically lower the cost of access to space so that solar energy, asteroids, lunar resources and eventually planetary
resources become economically viable.

7.3. Strategic objective

Create a resilient, weather-independent lift system capable of supporting both orbital industrialization and planetary
defence.

7.4. Technology catalyst

The project will catalyse advances in pulsed power, superconductivity, hypersonics, nuclear propulsion and robotic tunnel
construction.

7.5. Energy and thermal autonomy

GATES addresses both requirements together. It generates up to about 15 GW of continuous electrical power, fully
covering accelerator demand and creating a commercial surplus, while maintaining a predictable cold environment around
the main tunnel. This makes construction and operation possible in deep, geothermally active strata and removes
dependence on vulnerable external generation and unpredictable weather.

7.6. Carbon footprint

StarRoad follows a model of active environmental stewardship. As the permanent working fluid in the closed GATES
circuit, supercritical CO, would make the project the world’s largest stationary user of atmospheric carbon dioxide. Millions
of tonnes would be removed from atmospheric circulation and retained in the technical circuit for centuries, turning StarRoad
into a climate-engineering instrument capable of offsetting emissions from entire industrial sectors.
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7.7. Social and environmental potential of the Hydrothermal Trunk Canal

The HTC is more than a GATES cooling component. It is transcontinental dual-use infrastructure that also benefits the
region:

o Irrigation. Diversion gates allow canal water to irrigate farmland along the route, turning dry areas into an African
‘green belt’

o Natural replenishment. Frequent equatorial downpours refill the canal.

o Thermal water treatment. After geothermal heat exchangers raise it to +60°C, the water is effectively pasteurized
and suitable for safe irrigation, industrial use and, after filtration, domestic and drinking-water needs.

o Gravity flow. The natural gradient from 3,400 m in the east to sea level in the west moves water without pumps and
provides free circulation.

o Micro-hydropower . The elevation drop permits a cascade of small hydroelectric stations that supply additional
renewable power to local grids and the corridor itself.

StarRoad thus becomes not only transport infrastructure but an agro-energy platform integrated into the region’s
sustainable development.
7.8. Energy network
GATES and the generating network supply surplus clean energy not only to the accelerator but also to nearby cities,
industry and farms.
7.9. StarRoad as an economic artery

StarRoad as an economic artery. On one side, StarRoad becomes a planetary cargo gateway for developing the Solar
System; on the other, it becomes Africa’s principal economic artery and a catalyst for industrialization, energy independence
and food security. The route is not an isolated engineering work running underground to nowhere. Its surface infrastructure—
40 terminals, two industrial centres in Gabon and the Democratic Republic of the Congo, a hydrothermal trunk canal and a
road network—forms a linear sustainable-development cluster crossing Central Africa from west to east. Along the entire
2,050 km route, a unique alternating eco-technological-agricultural landscape emerges. The linear cluster becomes a self-
sufficient economic zone in which:

o energy is generated from geothermal, micro-hydroelectric and solar sources;

o food is grown through irrigated agriculture;

o industrial goods are manufactured, including shuttle components, tunnel modules and equipment;
o freight moves by road and rail;

o aspaceport operates, comprising the launch complex and gateway;

o atmospheric CO, is removed at direct-air-capture stations.

7.10. Critical-infrastructure safety

From the outset, the project includes measures for safe operation with large quantities of hydrogen, hypersonic speeds
and gigawatt-scale energy. Passive protection is combined with active monitoring and automatic response, establishing a new
safety standard for large energy installations and hydrogen systems.

7.11. Site selection and scalability

The project must find a gateway site that satisfies dozens of competing requirements: altitude, logistics, safety, scalability
and law. Mount Mohi and the adjacent plateau allow StarRoad to begin with a compact high-altitude site and grow into the
world’s largest spaceport without relocating.

7.12. Political and legal coordination of a transcontinental project

The route’s passage through three countries is addressed through an international consortium modelled on
megaprojects such as CERN and ITER. Underground infrastructure and the energy assets of the Geothermal Autonomous
Thermal Energy System receive a special legal status, and benefits are clearly divided among participants. The project is not
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a burden that presupposes political stability; through mutual interdependence and privileged access to the future and to
technologies developed during construction, it becomes an intrinsically valuable instrument for creating and maintaining
stability.

7.13. Evolutionary growth of cargo flow

Launch frequency grows in step with orbital industry. A pioneer phase of one launch per month creates orbital shipyards;
an industrial phase of one to three launches per week builds assets; and a mature phase of daily launches sustains exponential
growth in the space economy.

8. Markets and orbital logistics

This section addresses the central question of StarRoad’s economic feasibility: what can be launched in volumes large
enough to utilize a super-heavy launch corridor. StarRoad should not be viewed as a system for rare, one-off missions. Its
target is a high-volume, regular, industrial flow of cargo between Earth and high orbits.

StarRoad’s main initial market is not low-Earth-orbit satellite constellations or individual scientific spacecraft, but large-

scale orbital energy, computing infrastructure, interorbital logistics, orbital settlements, shipyards and the extraterrestrial
industries that follow.

8.1. The demand problem for super-heavy launches

Conventional rocket economics is limited not only by cost per kilogram but by the nature of launch itself: rockets deliver
cargo in separate small batches, with a high proportion of support mass, complex assembly in orbit and many individual
operations. Even when launch prices fall, rocket transport therefore remains expeditionary logistics.

StarRoad creates a different kind of market. Its purpose is not merely to launch today’s payloads more cheaply, but to
make possible payloads that never become economically viable under rocket logistics.

These payloads include:

o complete or nearly complete gigawatt-class space-based solar power stations;

o large orbital data centres;

o microwave power-transmission modules;

o large trusses, radiators, mirrors and panels;

o orbital shipyards and automated assembly lines;

o residential and industrial modules for EML4/5;

o interorbital tugs and transports;

o fuel, power and service modules;

o components of future asteroid and interplanetary infrastructure.

StarRoad therefore does not depend on the current space-launch market. It creates a new market, just as railways,
container shipping and power grids did more than serve existing demand: they created new economies around themselves.
8.2. Initial market: space-based solar power and orbital data centres

In the first stage, StarRoad’s main commercial and strategic cargo should be gigawatt-class space-based solar power
stations. These are large, self-deploying or partly self-deploying energy platforms delivered by AstroLiner-S directly to their
target orbits or operating locations.

Space-based solar power stations address several needs at once:
o they create high-volume, repeatable demand for super-heavy launches;

o they form an energy market independent of the day—night cycle and most weather;

(@)

they allow a substantial share of new generation to be placed beyond Earth’s surface;

(@)

they provide the basis for powering orbital industry;

o

they create an economic reason to build orbital logistics, shipyards and service settlements.
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The solar constant at Earth’s orbit is about 1,361.6 W/m?2. One gigawatt of incident sunlight therefore corresponds to
roughly 0.74 km? of perfectly oriented collecting area. With photovoltaic efficiency of 25—35%, conversion and transmission
losses, structural gaps, radiators, power electronics, redundancy and degradation, the real collector area for 1 GW of useful
electrical output reaches several square kilometres. That is large by conventional spacecraft standards but natural for
StarRoad, where mass, area and structural dimensions cease to be the primary constraint.

8.2.1. Mass references for gigawatt-class space-based solar power

A gigawatt-class power station is not a small satellite. Even optimistic contemporary architectures put the mass of a 2
GW station at several thousand tonnes. The lightest concepts, such as CASSIOPeiA, are estimated at about 2,000 t, while more
conservative NASA studies give 5,900—-10,000 t for an equivalent 2 GW system.

Project / study Power Mass Relevance to StarRoad

The most relevant reference for StarRoad: GEO/GSO, a
99.7% generation factor, a one-satellite-to-one-
rectenna architecture and, in the best case, specific
power approaching ~1 MW/t.

CASSIOPeiA / Space Energy up to 2 GW =2,000 t
Initiative / Frazer-Nash delivered to the grid

NASA 2024 RD1 / Innovative 2 GW delivered to =5,900 t A more conservative estimate. NASA normalizes the
Heliostat Swarm the grid system to 2 GW delivered to the grid; RD1 has about
11.5 km? of solar panels.
NASA 2024 RD2 / Mature 2 GW delivered to =10,000 t NASA gives a mass of about 10 million kg and a solar-
Planar Array the grid, but panel area of about 19 km?2. Because RD2 generates
through several for less time, five RD2 systems are needed to provide
systems roughly the same energy result as one RD1.

JAXA / Sasaki Tethered-SPS

0.75 GW average /
1.2 GW maximum

=20,000 t per system

A heavy reference. Rough scaling to 2 GW of average
output gives approximately 50,000+ t, making this a

series of flights and orbital assembly rather than one
launch.

At 160 g/m? and end-to-end efficiency of 7-14%, this
estimate covers only the active layer. A complete
station also needs structure, power transmission,
attitude control, radiators, cabling, electronics,
maintenance provisions and reserves.

Caltech SSPP / lightweight
modaular tile

the active layer alone is
theoretically =1,700—
3,400 t for 2 GW
delivered on Earth

not a complete 2
GW station, but a
technology unit

The table leads to the central conclusion: a 2 GW space-based solar power station weighing 2,000-10,000 t fits
AstrolLiner’s niche almost exactly. For StarRoad, it is one super-heavy launch or a limited number of flights with minimal
orbital assembly. Rocket logistics would require tens or hundreds of super-heavy rocket launches, refuelling chains, orbital
assembly, towing to GEO or EML and a sharp increase in operational complexity.

8.2.2. Energy yield of one 2 GW space-based solar power station
Using the baseline assumptions:
o power delivered to the grid: 2 GW,
o availability / generation factor: 99.7%;
o design service life: 30 years;
one station produces:
o =17.47 TWh per year;
o =524 TWh over 30 years.

This makes transport cost per kilogram fundamentally important. Under rocket logistics, launch remains the dominant
barrier. With StarRoad, the transport component rapidly falls to a small share of the future energy price.

8.2.3. Transport component of space-solar energy cost

The calculation below covers only the transport component of levelized cost of energy: the cost of delivering the station’s
mass divided by its lifetime energy output over 30 years. It excludes station manufacture, the rectenna, maintenance,
insurance, module replacement, ground infrastructure and operator profit.

Formula:
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Transport component of LCOE = station mass x delivery cost / lifetime energy output

For a 2 GW station with 99.7% availability and a 30-year life, lifetime output is approximately 524 billion kWh.

Stage / transport system Delivery cost

CASSIOPeiA-like station,

NASA RD1, 5,900 t,

NASA RD2, 10,000 t,

2,000 t, ¢/kWh ¢/kWh ¢/kWh

Current rocket logistics, lower $3,600— 1,37-2,14 4,05-6,31 6,87-10,69
reference to GTO 5,600/kg

StarRoad, years 1-2 $80-120/kg 0,0305-0,0458 0,0901-0,1351 0,1527-0,2290
StarRoad, years 3-5 $30-50/kg 0,0114-0,0191 0,0338-0,0563 0,0572-0,0954
StarRoad, years 6-10 $10-20/kg 0,0038-0,0076 0,0113-0,0225 0,0191-0,0382
StarRoad, years 11-15 $3-8/kg 0,0011-0,0031 0,0034-0,0090 0,0057-0,0153
StarRoad, years 16-25 $0.8-3/kg 0,0003-0,0011 0,0009-0,0034 0,0015-0,0057
StarRoad, years 26+ $0.3-1/kg 0,0001-0,0004 0,0003-0,0011 0,0006-0,0019

For comparison, the LCOE of modern new-build terrestrial generation is several cents per kWh: about 3—4 ¢/kWh for
onshore wind, 4-5 ¢/kWh for utility-scale solar PV and 5-6 ¢/kWh for hydropower. NASA’s estimates for terrestrial alternatives
in 2050 are approximately 2—5 ¢/kWh.

An important conclusion follows: even during the pilot period, StarRoad’s transport component for space-solar energy is
an order of magnitude below the LCOE of terrestrial generation; at mature stages it almost disappears as a principal price
factor. This does not mean the total cost of space-solar energy will be thousandths of a cent. Station and rectenna
manufacture, servicing, electronics, radiators, module replacement, insurance and operating profit remain. It means that
StarRoad removes the specific barrier that makes space-based solar power economically burdensome under rocket logistics.

For present-day rocket scenarios, the full picture is worse than the simple figure of $3,600-5,600/kg. A large station must
not only be launched into orbit but also delivered to its operating point, assembled and serviced, while tugs must be refuelled
and infrastructure maintained. NASA therefore estimates a baseline LCOE of about 61 ¢/kWh for RD1 and about 159 ¢/kWh
for RD2, far above terrestrial alternatives. StarRoad does more than reduce launch cost: it changes the class of the problem
by replacing thousands of rocket operations with one or several super-heavy infrastructure flights.

8.2.4. Orbital data centres as the second initial market

Orbital data centres could form the second initial market. The growth of artificial intelligence, cloud computing and digital
infrastructure is making data centres a significant component of global energy demand. The |IEA estimates that they already
consume hundreds of TWh per year and could approach roughly 1,000 TWh annually within the next decade.

Locating part of the computing infrastructure near space-based solar power stations offers several advantages:
o direct access to continuous orbital generation;

o less demand on terrestrial power grids;

o the ability to build large radiator fields in vacuum;

o less dependence on local constraints involving land, water and grid capacity;

o shared energy, communication and service infrastructure with the solar power stations.

During the initial stage, orbital power stations and data centres can be launched as separate platforms or as combined
energy-and-computing complexes comprising a solar power station, power electronics, radiators, a computing module,
communication antennas and a microwave transmission circuit.

8.3. Climate and industrial rationale for space-based solar power

Space-based solar power stations should not be described as merely ‘green’ technology. Their role is broader: they can
replace carbon generation not by reducing comfort and enforcing consumption limits, but by creating a more powerful energy
system.

Conventional climate policy is often perceived as asking society to sacrifice comfort to reduce emissions. StarRoad offers
another path: instead of reducing civilization’s capacity, place most new generation in space and expand available energy
without increasing power-sector carbon emissions.
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This model does not require hydrocarbons to disappear as an industrial resource. They can be phased out of mass
electricity and heat generation while being retained and redirected to chemicals, materials, carbon composites, synthetic
products and production chains where carbon is feedstock rather than fuel.

For today’s carbon-energy industries, this is not only a threat but a transition route. Companies, states and funds tied to
oil, gas and coal infrastructure could receive priority investment opportunities in space-based solar power, orbital energy,
hydrocarbon chemistry and carbon materials. StarRoad would then become a mechanism for managed conversion of
established energy industries, not merely their competitor.

8.3.1. Scale of energy replacement

One gigawatt of continuous electrical power produces about 8.76 TWh a year. A 2 GW space-based solar power station
operating at 99.7% availability produces about 17.47 TWh a year.

Accordingly:
o 100 GW of orbital generation produces about 876 TWh a year;
o 1TW of orbital generation produces about 8,760 TWh a year;

o 3 TW of orbital generation produces about 26,280 TWh a year, comparable with present global annual electricity
consumption.

Global electricity generation in 2024 was about 30.8 thousand TWh, of which fossil generation contributed roughly 18.2
thousand TWh. The scale is clear: even partial replacement of carbon generation requires hundreds or thousands of gigawatts
of new dependable capacity, not tens.

8.3.2. Possible replacement rate when StarRoad launches carry space-based solar power stations

The table gives an upper technical estimate: what happens if a substantial share of StarRoad launches delivers one grid-
connected 2 GW station per launch. It is neither a forecast nor a promise. It estimates a possible rate only if further conditions
are met: series production, completed rectennas and grid connections, political and legal acceptance, financing, maintenance
and energy markets able to absorb the output.

StarRoad Launches per year in | New space-solar New annual generation | Share of fossil-fuel Share of total world

operating period | the economic model capacity per year after deployment generation in 2024, electricity generation in
=18.2 thousand 2024,
TWh/year =30.8 thousand

TWh/year

Years 1-2 12-24 24-48 GW/year 210-419 TWh/year 1,2-2,3% 0,7-1,4%

Years 3-5 50-100 100-200 GW/year 873-1,747 TWh/year 4,8-9,6% 2,8-5,7%

Years 6-10 200-300 400-600 GW/year 3,493-5,240 TWh/year | 19-29% 11-17%

Years 11-15 500-700 1,000-1,400 GW/year | 8,734-12,227 TWh/year | 48-67% 28-40%

Years 16-25 1000+ 2,000+ GW/year 17,467+ TWh/year 96%+ 57%+

Years 26 and 1500+ 3,000+ GW/year 26,201+ TWh/year 144%+ 85%+

beyond

The table shows why space-based solar power is a natural primary market for StarRoad. With one 2 GW station per
launch, even early operations create a material energy flow; mature operations become a planetary-scale instrument.

The table must not be read as a guaranteed decarbonization schedule. Actual replacement will be constrained not only
by StarRoad’s launch capacity but also by:

o the rate of space-based solar power station production;

o production of power electronics, radiators, trusses, microwave transmitters and control systems;
o construction of ground rectennas;

o power-grid capacity;

o political authorization for microwave power transmission;

o international allocation of benefits and risks;



o insurance and regulation of orbital energy;
o station maintenance, repair and end-of-life disposal;
o competition from terrestrial solar, wind, nuclear, hydroelectric and geothermal power.

The accurate claim is therefore this: StarRoad makes a replacement rate comparable with the scale of global fossil

electricity technically possible, but the actual transition rate is set by station manufacturing, grids, rectennas, policy and
markets.

8.3.3. Industrial conversion of carbon-based energy

If station production keeps pace with StarRoad launches, terawatt-scale orbital power could be built within one or two
decades. It would not eliminate terrestrial energy, but would change its role: ground grids, nuclear, hydro, renewables,

geothermal plants and storage would form a hybrid system in which orbital generation supplies the baseload, industrial and
export layers.

In this scenario carbon-based energy does not simply ‘lose’. It gains a route for conversion:

o

coal- and gas-fired power stations gradually leave baseload generation;

(@)

gas infrastructure moves partly into reserve, chemical and synthetic roles;

@)

oil and gas companies invest in space-based solar power, rectennas, hydrocarbon chemistry and carbon materials;
o the coal industry can shift toward carbon composites, reducing agents, chemical feedstocks and materials;
o some established energy companies become operators of orbital generation, rectennas and grid distribution.

The main political and economic point is not to demand that powerful industries destroy themselves immediately, but
to offer them a transition route. If the carbon-energy sector can preserve or improve margins through space-based solar
power and chemical production, resistance to the transition can be substantially lower.

8.3.4. How this differs from a conventional ‘green agenda’

StarRoad proposes energy expansion, not energy austerity. Its climate rationale is not to reduce civilization’s capacity but
to move that capacity into more sustainable infrastructure.

That differs from approaches perceived as demanding that people ‘live worse for the climate’. Space-based solar power
combined with StarRoad supports a different vision:

o more energy, not less;

o fewer emissions, not less industry;

o more available computing power, not limits on the digital economy;

o more electrification of transport, production and daily life;

o more opportunity for developing regions;

o less dependence on fossil resources as fuels, while retaining carbon as an industrial feedstock.

This approach better matches StarRoad’s civilizational logic: the project does not ask humanity to shrink; it creates
infrastructure that permits growth without the former carbon footprint.

8.3.5. Conclusion: space-based solar power as the primary market

Gigawatt-class space-based solar power stations are not a secondary application of StarRoad; they are one of the central
reasons for its economic necessity.

Together they:

o create mass demand for super-heavy launches;

o provide transparent commercial revenue through energy sales;

o power the future orbital industrial base;

o create demand for rectennas, relays, tugs, shipyards and service settlements;
o give carbon-based energy industries a new investment niche;
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o provide a genuine mechanism for planetary-scale climate action.

Under rocket logistics, space-based solar power stations remain too heavy, costly and operationally complex. Under
StarRoad logistics, they become a natural series-produced cargo: not an exceptional mission, but an energy product of large-
scale infrastructure industry.

8.4. Orbital locations: GEO and EML4/5

The primary locations for space-based solar power stations and related infrastructure are geostationary orbit and the
Earth—Moon Lagrange points EML4/5.

Geostationary orbit is well suited to transmitting power to fixed regions on Earth. A satellite or power platform in GEO
maintains an almost constant position relative to the surface, simplifying microwave-beam pointing, siting of ground
rectennas and integration with regional grids. Geostationary altitude is about 35,800 km above the equator.

EML4 and EMLS5 are suitable for large settlements, shipyards, industrial nodes and energy clusters. They lie at the vertices
of equilateral triangles in the Earth—Moon system and have greater long-term stability than the collinear L1/L2 points. That
matters for mass industry: large stations, warehouses, shipyards, assembly trusses and residential complexes can be
established there without continuously expending large quantities of propellant for station-keeping.

Using GEO and EML4/5 also reduces conflict with low Earth orbit. Solar power stations and other large platforms need
not place enormous arrays in LEO, where they would cause light pollution, collision risks, residual-atmosphere drag and
interference with astronomy. Low orbit remains a service zone for capsule descent, intermediate operations, inspection and
specific low-orbit tasks.

8.5. Initial stage: direct AstroLiner-S flights

The initial stage uses AstroLiner-S, the starting, simplified and lower-risk shuttle variant. It carries no nuclear or fusion
power source and uses chemical propulsion for final insertion, correction, deorbiting and return.

The principal goal of the initial stage is to create a primary cargo flow without waiting for all orbital infrastructure to
mature. AstroLiner-S must therefore be able to deliver large modules directly:

o to geostationary orbit for installing solar power stations and energy relays;
o tothe EML4/5 energy clusters;

o to high-energy orbits for deploying solar power stations and data centres.
Cargoes at this stage are mainly complete or nearly complete structures:

o self-deploying space-based solar power stations;

o power-transmission modules;

o large radiator panels;

o data-centre computing blocks;

o truss structures;

o robotic assemblers;

o initial service stations;

o propellant and working-fluid reserves;

o communication, navigation and traffic-control modules.

Advantages of EML4/5 and GEO over LEO:

o No light-pollution problem from low-orbit satellites.

o Nearly continuous illumination for solar power stations, without a regular day—night cycle.
o A stable position relative to Earth and the Moon.

Key figures for the stage:

o Launch frequency: 1-2 per month, or 12-24 per year.
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o Payload per flight: 10,000 t.

o Annual cargo flow: 120,000-240,000 t.

o Delivery cost: $80-120/kg.

o Target orbits: EML4/5 and GEO.

This approach avoids the trap of building all space infrastructure before earning revenue. The first commercial payloads
are themselves components of the future infrastructure.

8.6. Mature stage: microwave relays and service infrastructure

The mature stage begins when the number of power stations, data centres and large platforms is sufficient to keep an
orbital network in continuous operation. The task then expands from launching new stations to servicing those already
deployed.

Principal elements of the mature stage:

o a network of microwave relays in GEO;

o permanent service nodes near major energy clusters;

o repair and inspection craft;

o storage stations;

o orbital tugs;

o the first permanent settlements and rotating crews at EML4/5;
o automatic and semi-automatic shipyards;

o an EML1 transport hub.

Microwave relays make it possible to distribute energy more flexibly between regions of Earth, reduce dependence on
direct station-to-rectenna geometry and build an energy network rather than a set of isolated orbital power stations. On the
ground, the system must include receiving rectennas, conversion substations, buffer storage and connections to regional
power grids.

Permanent servicing extends the life of solar power stations. This is fundamental: without servicing, their economics is
limited by the life of individual modules. If panels, transmitters, radiators, electronics and trusses can be replaced in orbit,
the stations become maintainable energy facilities rather than disposable satellites.

8.7. Dividing transport by operating environment

Mature StarRoad logistics is built around separating transport functions by environment, not around one universal
spacecraft.

AstroLiner handles Earth-to-orbit and orbit-to-Earth transport. It is an orbital heavy lift vehicle, a return glider and a
heavy container carrier, but it should not become a universal interplanetary spacecraft.

Interorbital transports operate only in space. They do not enter an atmosphere and therefore carry no landing heat
shield, wings, marine systems or reinforced hull for water landing. Their dry mass is lower and their life longer because they
are optimized for travel between orbital nodes.

Specialized capsules descend to planets and return people or cargo to a surface. They should not form part of AstrolLiner’s
main hull: bringing thousands of tonnes down merely to deliver a small group of people or a small cargo is irrational.

The transport hierarchy is:

Environment Primary vehicle Function

Earth - orbit AstrolLiner / AstroLiner-S super-heavy lift of cargo and modules

High orbits and L-points interorbital transports and tugs transport between LEO, GEO and EML1/2/4/5
Orbit - surface passenger and cargo capsules descent of people and cargo

Orbital nodes stations, warehouses and shipyards storage, assembly, repair and transfer
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This division lowers the dry mass of every vehicle class, reduces compromises and makes space logistics more like
maritime transport, with container carriers, tugs, ports, warehouses, shipyards and specialized vessels.

8.8. AstroLiner’s role in mature logistics
AstrolLiner is not a universal spacecraft. Its primary role is a cyclic super-heavy lift vehicle and a reusable return transport.
It carries upward:
o cargo containers;
o passenger modules;
o propellant modules;
o construction components;
o panels, trusses, cables and radiators;
o interorbital tugs, assembled or in parts;
o descent capsules;
o orbital-station modules;
o components of power stations and data centres.
It returns mainly empty or with a limited return cargo:
o Ccrew;
o samples;
o expensive repairable assemblies;
o retired electronics;
o failed or removed components.

The return configuration should be as light as possible. After completing its mission, AstrolLiner’s return mass must be
substantially below its launch mass, because safe gliding, atmospheric entry and water landing require minimum residual

mass. Returning thousands of tonnes of payload to Earth is not a routine task; specialized capsules or separate return modules
handle it.

AstrolLiner retains a limited amount of its own delta-v for four reasons:
1. independence from infrastructure that is not yet fully deployed;
2. the ability to use alternative routes;
3. emergency scenarios;
4. flexibility in early operation.

In a mature system, however, specialized tugs and transports provide most interorbital delta-v. This reduces demands on
AstrolLiner, extends hull life and shortens the launch—unload-return—service—relaunch cycle.

8.9. interorbital transports and tugs

Interorbital transports are StarRoad’s permanent space fleet. They operate among LEO, GEO, EML1, EML2, EML4/5 and
other nodes without entering the atmosphere or returning to Earth.

Their tasks include:

o delivering modules from the AstroLiner unloading point to target orbits;
o towing solar power stations, data centres and large trusses;

o carrying propellant and working fluids;

o transporting passenger modules;

o servicing and replacing power-station components;

o delivering capsules to service orbits for descent;
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o returning empty tugs to EML1 or EML4/5;
o supporting orbital shipyards.

These craft may use electric, magnetoplasmadynamic, nuclear-electric, solar-electric or hybrid propulsion. Because they
never need to enter an atmosphere, they can be highly specialized: large radiators, lightweight trusses, large working-fluid
tanks, replaceable propulsion units and maintainability at orbital shipyards.

In the mature architecture, interorbital transport is what turns StarRoad from a launch system into a space transportation
network.
8.10. Descent to Earth and other planets
Specialized capsules perform descent, so AstroLiner need not serve as a universal re-entry vehicle for every task.
Principal types:

Passenger Capsule (PC) — a capsule for people, designed for safe entry, emergencies, autonomous landing and
integration with a passenger module.

Cargo Capsule (CCap) — a capsule for valuable cargo, samples, equipment, biological material, electronics and
components that must return to a surface.

Industrial Return Capsule (IRC) — a reinforced cargo capsule for returning materials in bulk if such a market emerges at
a later stage.

AstrolLiner carries the capsules into orbit. Interorbital tugs, or AstroLiner itself during the early phase, transfer themto a
service orbit for descent. After separation, each capsule enters and lands independently.

The Moon, Mars, Venus and asteroids use distinct landing systems adapted to each environment. A universal descent
craft cannot serve every body in the Solar System because atmospheres, gravity, heat fluxes, dust conditions and launch
requirements differ too greatly.

8.11. Standardized modules

Standardization is the foundation of StarRoad logistics. Just as maritime containerization changed world trade,
standardized orbital modules should transform the space economy.

Basic module types:

Passenger Module (PM) — a pressurized passenger module usable in AstrolLiner, an interorbital transport, an orbital
station or a passenger capsule. It contains life support, seats or cabins, emergency reserves, docking interfaces and standard
attachment points.

Cargo Container (CC) — a pressurized or unpressurized container for panels, trusses, radiators, cables, equipment,
robotic systems, spare parts and consumables.

Propellant Module (PrM) — a module storing propellant, working fluid, water, oxygen, hydrogen, argon, xenon or other
consumable media for tugs and stations.

Utility Module (UM) — a power, radiator, communication or control module that may include solar panels, batteries,
radiators, antennas, converters, heat exchangers and control electronics.

Construction Module (CM) — a construction module containing trusses, beams, frame sections, robotic assemblers,
fastening systems, tethers, cable runs and deployable structures.

Power Transmission Module (PTM) — a power-transmission module containing microwave antennas, phased arrays,
power electronics and beam-pointing and control systems.

Every module should have standardized:
o dimensional classes;
o structural interfaces;

robotic grapple points;

O

@)

docking interfaces;
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o electrical and thermal interfaces;

o digital identity and service records;

o permitted mass and centre-of-gravity ranges;

o emergency securing and separation modes.

This allows stations, spacecraft, power stations and industrial complexes to be assembled as combinations of standard
blocks rather than as unique vehicles.
8.12. Hierarchy of orbital infrastructure

StarRoad’s orbital logistics is organized as a hierarchy of nodes.

Earth / StarRoad.
Manufacturing, assembly, launch, Astroliner repair, module production, propellant preparation, energy supply and cargo-
flow control.

LEO.
A service zone for descent capsules, inspections, emergencies, temporary operations and capsule separation before entry. In
the mature system, LEO is neither the main warehouse nor an overcrowded industrial belt.

GEO.
A zone for microwave relays, energy platforms, communications and power transmission to fixed regions of Earth. GEO is well
suited to integrating orbital energy with ground grids.

EML1.
The main transport hub of the Earth—Moon system. AstrolLiner can arrive directly to unload modules when a payload does
not require a direct flight to its final destination. Warehouses, tugs, traffic control, repair nodes and the lunar-elevator transfer
station are located here.

EML1 should be highly automated. A large permanent resident workforce is unnecessary: people can remain in better-
protected lunar lava tubes, at EML4/5 or aboard large stations and travel to EML1 when needed.

EML2.
A scientific and observational zone for radio-quiet observatories, deep-space telescopes, test stations, deep-space
communications and scientific facilities on and near the lunar far side.

EML4 / EMLS.
The principal centres of a mature orbital civilization: shipyards, settlements, industrial stations, large power stations,
interplanetary-spacecraft assembly, warehouses, repair bases and control centres for further expansion.

8.13. Orbital shipyards

Orbital shipyards are established primarily at EML4/5. Their purpose is to assemble structures that cannot or should not
be launched whole even by StarRoad.

AstrolLiner delivers materials and structures to them as flat-pack cargo:
o panels;

o trusses;

o structural profiles;

o cables;

o radiators;

o mirrors;

o membranes;

o tanks;

o load-bearing assemblies;

o robotic assembly systems.
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Robots and teleoperators perform assembly. People handle servicing, supervision, complex repairs and exceptional
decisions, but should not manually perform most hazardous assembly work.

The shipyards build:

o new space-based solar power stations;
o large radiator fields;

o interorbital transports;

o interplanetary spacecraft;

o residential stations;

o asteroid-processing complexes;

o components of future megastructures.

At this stage, StarRoad ceases to be merely a system for launching from Earth. It becomes the lower link in a production
chain in which Earth supplies complex components while space gradually takes over assembly, servicing and part of
manufacturing.

8.14. Orbital and lunar settlements

Permanent settlements arise not as an end in themselves but from the need to service large infrastructure. Once power
stations, shipyards, tugs, relays, lunar production nodes and industrial platforms become numerous, fully remote servicing is
no longer sufficient.

The main form of large orbital settlement is a rotating station with artificial gravity, such as a Stanford torus or a
derivative. Such stations are placed primarily in stable locations suited to long-term development, including EML4/5, and
serve as residential, service, medical, repair and administrative centres for orbital industry.

Permanent staff for lunar bases and industrial settlements should live not on the Moon itself but aboard artificial-gravity
stations at EML4/5. This limits long-term health effects from low lunar gravity while keeping personnel close to lunar
infrastructure. The Moon then functions mainly as an industrial work site with rotating surface shifts.

EML1 becomes the lunar system’s central transfer and logistics hub. It concentrates warehouses, docks, tugs, refuelling
modules, repair facilities and traffic control for flows among Earth, the Moon, EML4/5 and other orbital regions. Keeping
personnel near the Moon simplifies shift rotation, emergency response, repairs and control of lunar production compared
with repeatedly sending crews from Earth.

A lunar elevator linking the Moon’s surface with the EML1 region is a major component of this architecture. It provides
regular cargo and passenger movement between the surface and orbital infrastructure: regolith, oxygen, metals, construction
materials and industrial modules move upward, while equipment, consumables and rotating crews move down. It gives lunar
industry a permanent connection to orbital shipyards, settlements and interorbital logistics without continual rocket launches
from the surface.

Because lunar gravity is low, lunar settlements will mainly be protected industrial bases operated by rotating shifts. They
support mining, processing, energy and construction complexes, automated equipment, oxygen production, regolith
processing, assembly of lunar-elevator components and preparation of cargo for EML1.

Radiation protection for orbital and lunar settlements uses several layers:

o passive shielding with water, polyethylene, lunar regolith, fuel or technical stores;
o placing the best-protected areas in central and internal sections;

o active magnetic protection to reduce charged-particle flux;

o emergency storm shelters for solar proton events.

Water, hydrogen, polyethylene, fuel and lunar regolith are both useful stores and radiation mass. Protection need not be
dead weight when it can be incorporated into the operating cycle of a station, lunar base, lunar elevator or EML1 node.
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8.15. The logistics analogy: space as a maritime network
A mature StarRoad system resembles maritime logistics more than a launch programme.
In this analogy:
o Astroliner is a super-heavy container carrier between Earth and orbit;
o interorbital tugs are harbour tractors and ocean-going tugs;
o interorbital transports are long-route vessels;
o EML1 is a transit port and distribution hub;
o GEO is an energy and communications roadstead;
o EMLA4/5 are industrial ports, shipyards and cities;
o capsules are specialized landing craft;
o PM, CC, PrM, UM, CM and PTM modaules are containers and functional blocks.

This approach changes the culture of spaceflight itself. Unique missions give way to schedules, container circulation,
repair, insurance, standards, warehouses, port traffic control and industrial freight turnover.

8.16. Cargo-flow economics

StarRoad reverses the central rule of the space economy. In rocket logistics it is cheaper to save kilograms because every
kilogram is expensive. In StarRoad logistics it is cheaper to standardize, mass-produce and launch in large batches.

This changes engineering choices:

o structures can be stronger and easier to repair;

o equipment can include greater margins;

o stations can be designed as serviceable facilities rather than disposable satellites;
o the mass of radiators, shielding and frames ceases to be an absolute constraint;
o large platforms become more economical than many short-lived small craft.

The key economic effect is that StarRoad creates a market for orbital facilities, not merely a launch market. Revenue can
come not only from cargo delivery but from participation in the manufacture, ownership and operation of power stations,
data centres, relays, tugs, shipyards and energy networks.

Possible commercial models include:

o selling launches to outside customers;

o long-term contracts for energy infrastructure;

o owning and operating space-based solar power stations;
o joint ventures with energy companies;

o leasing orbital data-centre capacity;

o selling power through ground rectennas;

o service contracts for orbital facilities;

o logistics tariffs for interorbital transport;

o insurance, repair and life extension for stations.

This approach reduces dependence on any single market. If outside launch demand is insufficient, StarRoad creates its
own cargo flow through energy and orbital-industry programmes.

8.17. Stages of market and logistics development

The development of demand and orbital logistics proceeds through four stages.
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I. Foundation stage (10-20 years) — energy cargo flow.
AstrolLiner-S launches complete or nearly complete SBSP stations, data centres, relays, service modules, and initial tugs. The
primary objective is to demonstrate regular launches, establish the first commercial energy facilities, and create a market for
orbital power generation.

Il. Mature stage (20-50 years) — orbital service network.
GEO relays, an EML1 hub, service stations, repair craft, tugs, and the first permanent settlements and shipyards at EML4/5
appear. AstroLiner gradually shifts from direct flights to every destination toward the role of a heavy lift system unloading at
network nodes.

lll. Industrial stage (50-100 years) — off-Earth manufacturing.
Active construction begins on interplanetary spacecraft, asteroid-processing complexes, and large orbital habitats. The system
increasingly uses off-Earth materials, reducing dependence on massive raw-material shipments from Earth.

IV. Evolutionary and potential stage (100+ years) — Solar System infrastructure. EML4/5
become departure points for expansion across the Solar System, the construction of megastructures, solar swarms, O’Neill
cylinders, deep-space telescopes, and interstellar missions.

This sequence matters: StarRoad does not require a fully developed space civilisation at the outset. It begins with clear
sources of demand—energy and computing—and only then expands into a complete space economy.
8.18. Evolutionary prospects: StarRoad’s successor

StarRoad need not be the final form of planetary transport infrastructure. It can be viewed as a transitional but necessary
stage between the rocket age and mature astroengineering megastructures.

Among the familiar hypothetical systems—space elevator, launch loop, StarTram, orbital ring and space tower—only an
advanced orbital ring could ultimately surpass StarRoad in cargo capacity. Such a structure, however, requires an established
and powerful orbital industry, vast quantities of material, shipyards, energy, robotic assembly and experience operating
megastructures.

A possible successor to StarRoad is a system of two connected rings:

o atransport ring encircling Earth with a low point that meets the surface;

o ageosynchronous port ring and space dock at GEO altitude;

o several moving cable rotors inside sealed shafts in the transport ring;

o aconnection between the transport ring and geosynchronous port ring at the trajectory’s high point.

Like a launch loop, the transport ring contains rapidly moving rotors in sealed channels, but it could be safer. Unlike a
loop, its moving cable rotors make no sharp turns and experience much lower radial loads; in an emergency break they can
be designed to move away from the planet without destroying the whole structure. The transport ring would be a dynamic
annular space tower stretching from the surface to the geosynchronous port ring.

This system is not an alternative to the first StarRoad. It is a possible successor. Without StarRoad or a comparable trunk
system, the mass, equipment, shipyards and energy capacity needed for an orbital ring cannot be launched cheaply enough.
8.19. Planetary-engineering potential: the Solar System as one resource system

StarRoad could eventually open possibilities that now appear unthinkable, including large-scale astroengineering and
terraforming. These are late civilizational scenarios that arise only after mature Solar System infrastructure exists: inexpensive
cargo lift from Earth, space-based solar power, orbital shipyards at EML4/5, asteroid mining, interplanetary transports, a
tanker fleet and autonomous energy for deep-space missions.

The key idea is to treat Venus and Mars not as two independent programmes but as one resource system. Mars lacks
nitrogen, hydrogen, a dense atmosphere and magnetic protection. Venus has enormous stocks of CO, and nitrogen and Earth-
like mass and gravity, but they are locked inside an extreme environment: a temperature around 460°C, pressure around 92
atmospheres, a CO, atmosphere, sulphuric-acid clouds, no magnetic field and extremely slow retrograde rotation.

8.19.1. Preliminary stage: Solar System infrastructure

Before planetary terraforming begins, the following must exist:
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o

o

StarRoad as a low-cost channel for lifting mass from Earth;

space-based solar power stations and solar swarms as energy sources;

orbital shipyards at EML4/5;

advanced asteroid mining for metals, water and volatiles;

tens or hundreds of advanced, self-sufficient space settlements and the energy nodes supporting them;
a tanker fleet carrying hydrogen, water, nitrogen and CO,;

nuclear-electric or fusion transport systems for long routes.

A reasonable starting date for such programmes is no earlier than 100+ years after StarRoad begins operation, with

possible acceleration if space infrastructure grows exponentially.

8.19.2. Venus: stages of terraforming

Venus may be better suited than Mars to large-scale, long-term settlement: its gravity is about 0.9g, its mass is close to

Earth’s and solar energy is abundant. The central problem is its extremely high initial barrier.

1.

Cooling and CO, deposition.

A large sunshade is placed at the Venus—Sun L1 point to reduce incoming energy. Under deep cooling, a substantial
portion of the CO, becomes liquid or solid and settles on the surface. Pressure falls sharply, changing the planet
from a hellish environment into one accessible to engineering and construction.

. Quasi-synchronous ring and orbital port

. After cooling, a dynamically supported ring is built about 33,400 km above the surface, at the altitude of Venus’s
future 24-hour synchronous orbit. Its circumference is about 248,000 km, local gravity about 0.021g and free circular
velocity roughly 2.87 km/s. While Venus still rotates too slowly, active rotors support the ring, which serves as an
orbital port, energy node and tanker-receiving point.

. Atmospheric processing and hydrogen

imports. Deposited CO, is lifted to processing complexes. Hydrogen arrives from the outer Solar System, icy bodies
and asteroid resources. The basic CO,-binding reaction is:

CO;, +4H; - CH4 + 2H,0

Water is used for oceans and oxygen; methane serves as fuel and chemical feedstock; carbon is bound in materials
and long-term stores; and sulphur compounds are converted into mineral forms. Excess nitrogen and some CO, can
be shipped to Mars.

Habitable Venus.

Primary terraforming can be considered complete after oceans, a nitrogen—oxygen atmosphere, controlled climate,
magnetic or magnetospheric protection and an initial biosphere have formed. Venus can be habitable even during
an intermediate rotation period of about 120 hours: nights of roughly 60 hours are moderated by oceans, clouds, a
1.3-1.6 bar atmosphere, heat transport and a system of mirrors and shades.

. Orbital correction of rotation and a 24-hour day. Bringing Venus

to a 24-hour period is not a prerequisite for habitability but a prolonged engineering refinement. Moving from its
present retrograde rotation to a direct 24-hour period requires an angular-momentum increase of roughly 4.3x1033
kg-m?s. At a working-fluid exhaust velocity of about 100 km/s, approximately 1.1x10%' kg of working fluid is
required. With ideal jet energy near 5x103° J, 300 EW gives a timescale of about 500—-600 years. Allowing for
engineering losses and 10%'-3x10%' J of energy extends this to roughly 1,000-3,000 years at 300 EW and several
thousand years at 100—200 EW. Two transport rings, symmetrically connected on opposite sides of both the planet
and the quasi-synchronous ring, transfer rotational momentum from the ring to the surface. Two rings rather than
the single ring used in the Earth and Mars configurations provide additional dynamic stabilization during momentum
transfer. Once the 24-hour period is reached, the ring becomes a fully synchronous Venusian dock.

8.19.3. Mars: stages of terraforming

Mars is easier for early bases but harder to transform into a complete planetary environment. Its limitations include
gravity of about 0.38g, a thin atmosphere, too little nitrogen, scarce accessible volatiles and weak magnetic protection. Mars
therefore needs not only local engineering but imported matter from Venus, asteroids and the outer Solar System.
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1. Artificial magnetosphere
. Magnetic protection is the first condition for long-term terraforming: orbital rings similar to Earth’s synchronous and
transport rings, energy and reflector platforms and magnetic systems integrated into the synchronous ring. Without
it, a new atmosphere remains vulnerable to the solar wind and gradual loss. Like Venus’s quasi-synchronous ring, the
Martian synchronous ring combines transport and orbital, energy and magnetospheric functions. Integrated solar
panels and storage power the ring’s magnetospheric circuit, power electronics and control infrastructure that sustain
the planet’s artificial magnetic field.

2. Importing atmosphere
and water. Nitrogen and part of the CO, arrive from Venus; water comes from asteroids, icy bodies and the outer
Solar System. Mars is not terraformed in isolation: the shared resource network supplies its missing volatiles.
Importing Venusian atmosphere gives Mars a milder, more stable climate sooner than creating and warming an
atmosphere solely from the planet’s own resources.

3. Atmospheric thickening and climate warming.
Once magnetic protection exists, CO,, nitrogen, water vapour and additional greenhouse agents gradually build the
atmosphere. A denser atmosphere offsets part of Mars’s temperature problem, increases heat transport and pressure
and expands the regions where liquid water can exist.

4. Water, soils and biosphere
. Reservoirs are created, regolith is processed, soil toxicity is reduced, and microbial and plant ecosystems begin.
Development proceeds in stages: protected local biospheres, then regional climate zones and only later an attempt
at global environmental stabilization.

5. A planet-scale usable
environment. With sufficient nitrogen, CO, and water imports, Mars could acquire a dense regulated atmosphere,
artificial magnetic protection, water reserves, biologically active regions and large industrial infrastructure. At 0.38¢g
it will probably remain less suitable than Venus for mass, long-term Earth-like habitation, but low gravity brings its
own advantages: cheaper ascent and landing, convenient orbital logistics, construction of immense structures, low-
gravity manufacturing and a role as an industrial, scientific and transit hub between the inner Solar System and
asteroid belt.

8.19.4. Advantage of the combined scenario

A combined Venus—Mars—outer-Solar-System scenario is stronger than either isolated approach. Terraforming Mars
alone is constrained by shortages of nitrogen, water, energy and magnetic protection. Terraforming Venus alone requires
processing an enormous CO, atmosphere without an outside user for the surplus. The shared model turns one planet’s
problem into another’s resource: Venusian nitrogen and CO, support Mars, outer-Solar-System hydrogen and water support
Venus, and asteroid industry supplies metals and construction mass.

In this logic, StarRoad is not a direct terraforming tool but the first link in a causal chain: StarRoad provides inexpensive
mass lift; space-based solar stations provide energy; EML4/5 enables shipyards; asteroid mining supplies raw material; a
tanker fleet exchanges matter between planets; and only then does planetary engineering become possible.

8.20. Strategic conclusion
StarRoad and AstroLiner create a permanent space economy, not a launch programme.

Initial markets are space-based solar power, orbital data centres and energy infrastructure. Mature markets are servicing,
repair, power relay, interorbital logistics, shipyards and settlements. The industrial stage creates an asteroid and
interplanetary economy. The evolutionary stage opens the way to megastructures, distant missions and the long-term
expansion of civilization.

The section’s central idea is that StarRoad does not seek a market within the old model of spaceflight. It creates a new
market in which mass cargo flow, orbital energy, computing infrastructure and space industry form one logistics system.

9. Project economic model

9.1. Methodology and key assumptions

The economic model is based on the following principles:
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o Series production and in-house manufacturing — equipment costs for tunnel-boring machines, generators and
storage systems fall by 30-50% through scale.

o Localization — using local resources, labour and construction materials in Africa, as supported by Spon's African
Construction Cost Handbook.

o Current market prices — 2025-2026 figures for battery energy-storage systems (BESS) and geothermal power
stations.

o Exchange rates — 1 USD =~ 100 RUB / 0.90 EUR, for context. All calculations use constant 2025 US dollars and exclude
inflation. An uncertainty of £30% is consistent with pre-feasibility-study standards.
9.2. Tunnel-construction costs under African conditions

Spon's African Construction Cost Handbook provides detailed labour and material costs for 13 African countries. It
contains no direct unit price for very large-diameter tunnels because conditions vary greatly, but it provides a basis for
calibrating the estimates.

. Average cost Total cost (USD .

Type of work Quantity el billion) Basis
E lation f lobal for | -secti

Main tunnel (17.5 x 12.5 m) 2,050 km $12-18 million $24.6-36.9 xtrapolation from global data for large cross-sections,
adjusted for African conditions.

Collector tunnels (6 x 2,050 km, 12,300 $3-5 million $36.9-61.5 Based on actual Afr.ican mine-development costs of $3,500/m

%2 m) km for small cross-sections.

Service tunnel (g3 m) 2,050 km $4-6 million $8.2-12.3 As fgr the collector tunnels, adjusted for the larger cross-
section.

Inclined tunnels (40 x 16 km, 640 km $12-22 million $7.7-14.1 As for the main tunnel, with a premium for the 30° incline.

17.5 x 12.5 m)

Total tunnelling ;;;040 $77.4-124.8

9.3. Tunnel-boring-machine fleet with in-house production

A series order comprising 40 main TBMs, 240 collector TBMs and 40 service TBMs, together with an in-house assembly
line in Gabon and the Democratic Republic of the Congo, reduces costs by 30-50%.

Shield type Diameter Quantity Unit price (series, in-house production) Total (USD billion)
Main TBM (SR-Main) ~18 m 40 units $35-60 million $1.4-2.4
Collector TBMs (SR-Collector) 2m 240 units $0.8-1.5 million $0.19-0.36
Service TBM (SR-Service) 3m 40 units $1.2-2 million $0.05-0.08
Assembly plants (2) - — $1-2 billion $1-2

Total TBM fleet $2.64-4.84

9.4. Geothermal Autonomous Thermal Energy System (GATES)

A real 35 MW geothermal plant at Menengai in Kenya cost about $35-40 million, or $1,000-1,250/kW including drilling
and the steam well. With 40 stations built in series and manufacturing localized, unit cost can be estimated at $800—
1,200/kW.

= Cost of one 2.5 GW station: US$2.0-3.0 billion.
= Cost of 40 stations: US$80-120 billion.

The range uses the lower bound of Russian geothermal-plant costs—approximately USS650/kW based on Iturup—and
an upper bound of US$1,500/kW for complex projects.

The calculation uses an upper estimate of 100 GW for total GATES capacity. Actual available power can be established
only after geological exploration and may be far lower, potentially only several gigawatts. Funds released in that case
would build alternative generation.

9.5. Energy-storage system

The storage system has three levels:
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9.5.1. Primary level — long-duration storage at the terminals

Located at 40 terminals, this level stores enough energy for one launch, 360 GWh, with a reserve. Preferred technologies
at current prices are:

Storage technology Unit cost Source

Energy Vault operating experience: 25 MW / 100 MWh costs $7.7
Gravity energy storage $50-100/kWh million, or $77/kWh. Round-trip efficiency is 75-85%, with a service
life of 30—40 years.

Pumped-storage and small hydropower

using the Hydrothermal Trunk Canal $80-150/kWh Uses the natural elevation difference along the route.

According to Ember (2025): $75/kWh for equipment from China plus
$50/kWh for installation. At a scale of 215 GWh, the cost may fall to
$100/kWh.

$125/kWh for the

Lithium-ion BESS . .
complete installation

Total primary-level capacity is 360 GWh, covering the complete acceleration cycle. For a combined system of 70%
gravity/pumped storage and 30% BESS, the cost is:

Component Capacity Unit cost Cost

Gravity storage + pumped storage 250 GWh $60/kWh $15 billion
BESS 110 GWh $125/kWh $13.75 billion
Total primary level 360 GWh $28.75 billion

Uncertainty range: $22-35 billion.

9.5.2. Secondary level — buffer storage beside the windings and in the tunnel

Flywheels are installed directly beside the windings to smooth transient loads. Unit cost is $0.5—1 million/MWh; 1-5
GWh of buffer capacity costs $0.5-5 billion.

9.5.3. Pulse level — microsecond stabilization

Supercapacitors compensate only for microsecond pulsations and stabilize voltage during sharp load changes. Total
capacity is less than 1% of launch energy, or 1-3 GWh. At $300-500/kWh for pulse systems, the cost is $0.3—1.5 billion.

9.5.4. Total energy-storage cost

Level Technology Capacity Cost (USD billion)
Primary Gravity storage + pumped storage + BESS 360 GWh $22-35

Buffer Flywheels 1-5 GWh $0.5-5

Pulse Supercapacitors 1-3 GWh $0.3-1.5

Total storage $22.8-41.5

9.6. Industrial centres and logistics

Cost item Cf)s_t (USD Basis
billion)
Industrial centre in Gabon — shuttle and launch-module production 536 Shipbuilding docks, plants and
cranes
Industrial centre in the Democratic Republic of the Congo — high-altitude $2-4 Mountain industrial cluster and
atmospheric gateway and high-speed modules electrolysis system
Port development in Gabon and on Lake Tanganyika $1-3 Berths, cranes and warehouses
Power lines and roads along the 2,050 km route $4-8 22,0 kV power lines, roads and
bridges
Hydrothermal Trunk Canal (HTC) $2-5 Excavation, lining and locks
Total $12-26
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9.7. Research, development and prototyping — Phase 0

Cost item R_a r_|ge JUEIE
billion)

Mather.natlcal anfi computational-fluid- $0.01-0.03

dynamics modelling

Geological survey of the 2,050 km route $0.015-0.025

Engineering design and BIM documentation $0.02-0.05

Test site for the gateway and superconducting $0.01-0.03

systems

Consortium formation and legal agreements $0.005-0.015

Total Phase 0 $0.06-0.15

Basis

Comparable case: development of digital twins for a hyperloop
system, CHF 4.5 million.

$7,000-12,000/km for detailed investigation in hard-to-reach areas.

Technical requirements, concept designs and detailed construction

designs.

A test stand for a prototype gateway chamber and levitation

modules.

International negotiations, registration and insurance.

The R&D budget of $0.06—-0.15 billion is not fixed. More detailed engineering, a full-scale gateway prototype or large-
scale test rigs could raise it to $0.5-3.0 billion. The consolidated CAPEX table therefore uses a range of $0.1-3 billion and

a median of $1.5 billion.

9.8. Final consolidated project CAPEX

Cost item Range (USD billion)
Tunnel construction $77.4-124.8

TBM fleet and production $2.64-4.84

GATES — 40 stations of 2.5 GW each $80-120
Three-level energy-storage systems $22.8-41.5
Industrial centres and logistics $12-26

R&D, licences and administration $0,1-3
Contingency reserve (15%) $31-49

TOTAL CAPEX $225-365

Key conclusion: the median estimated cost of the StarRoad project is about $300 billion.

9.9. Distribution by phase (USD billion)

Cost item Phase 0
Tunnel construction —
TBMs —
Geothermal Autonomous Thermal Energy System (GATES) —
Energy storage —

Industrial centres and logistics —

R&D and licences $1.5

Contingency (15%) $0.23
TOTAL by phase $1.73
Cumulative total $1.73

9.10. Payback and delivery-cost dynamics

All figures in this subsection are strictly theoretical.

9.10.1. Evolution of launch frequency and per-kilogram cost

Median (USD billion)

$101.1
$3.74
$100
$32.2
$19
$1.5
$40
$295

Phase 1

$2
$60
$10
S5
$0.2
$11.6
$88.8
$90.5

Phase 2
$5

$0.7
$20
$10

$3

$0.1
$5.8
$44.6
$135.1

Phase 3
$20
$0.8
$20

$8

$3

$0.1
$7.8
$59.7
$194.8

Share of CAPEX (%)

41%

1.5%

40%

13%

8%

0.6%

16%

100%
Phase 4 Phase 5
$70 S6
$0.2 $0.1
$3 S1
S5 S3
$0.05 $0.05
$11.7 $1.5
$90 $11.7
$284.8 $296.5

StarRoad does not reach full capacity immediately. Launch frequency and payload-delivery cost evolve as new lines enter

service, the shuttle fleet grows and orbital infrastructure is deployed.

Modelled delivery cost to GSO and beyond, USD/kg:



Launches per

Period Li E
erio ines i~ requency
Yc.ears 1—? - 1 1924 1-2 per
pilot period month
Years 3-5 1 50-100 1-2 per
week
Years 6-10 1 200-300 About 1
per day
Years11-15 | 2 500-700 About 2
per day
Years 16-25 3-4 1000+ 3-5 per
day
Years 26 and 54 1500+ 5-10 per
beyond day

9.10.2. Cost calculation for one launch ($S/kg)

Delivery cost

($/kg)

$80-120

$30-50

$10-20

$3-8

$0.8-3

$0.3-1

Comment

First commercial launches. Operations are refined; overheads are high
and the production run is small.

Series operation begins. The fleet grows to 3-5 shuttles, and economies
of scale reduce costs.

The first line reaches design capacity, with fully automated
maintenance.

The second line enters service, sharing fixed costs between two
accelerators.

The system scales to 3—4 parallel lines. Space-based solar power
stations exceeding 1 GW are deployed to provide orbital energy for
manoeuvres and cargo processing.

Mature infrastructure. Space power stations supply the accelerator and
orbital plants; the marginal energy cost is close to zero.

The formula for each period is: Ckg = (Cenergy + Cmaintenance + Cdepreciation + Coperations) / Mpayload, where:

= Cenergy is the cost of electricity, including cooling and auxiliary systems.

= Cmaintenance is maintenance of the shuttles and infrastructure.

= Cdepreciation is depreciation of $300 billion in CAPEX over 50 years.

= Coperations covers other operating expenses: personnel, logistics and insurance.

= Mpayload is payload mass per launch: 10,000 t.

Final parameters by period:

. Launches per L] . .
Period - Energy ($/kg) nce Depreciation ($/kg) Operations ($/kg) Total cost ($/kg)
($/kg)
Years 1-2 12 1.8 6.63 50 3.57 62
Years 3-5 50 1 1.25 12 0.67 14.92
Years 6-10 250 0.36 0.23 2.4 0.13 3.12
Years 11-15 — 2 lines 600 0.12 0.113 1 0.061 1.29
Years 16-25 — 34 lines 1200 0.045 0.049 0.5 0.026 0.62
Years 26+ — 5+ lines and 2000 0.015 0.015 0.3 0.008 0.34

space-based solar power

9.10.3. Launch-cost structure in absolute figures

For a representative year in each period, using a 10,000 t payload:

Maintenance

S ::l::]ct:gs(’f :lileI:s:,\)per faunch (050 (U.SI? million)
million)

Years 1-2 12 18 66.3 500

Years 3-5 50 10 12.5 120

Years 6-10 250 3.6 2.34 24

Years 11-15 600 1.2 1.13 10

Years 16-25 1200 0.45 0.49 5

Years 26+ >2000 0.15 0.146 3

9.10.4. Key calculation assumptions

1.

solar power and the project's own geothermal capacity.
2.

becomes an automated production-line operation.
3.

Depreciation (USD

Operating expenses Total per launch (USD

(USD million) million)
35.7 620

6.7 149.2
1.26 31.2
0.61 12.93
0.26 6.2
0.079 3.38

Energy: the baseline price is $0.05/kWh in the first years, falling to $0.005/kWh by year 26+ through space-based
Maintenance: high during the pilot period because of repairs, commissioning and excess staffing; by year 10 it

Depreciation: $300 billion of CAPEX over 50 years equals $6 billion per year. At 250 launches a year, this is $24

million per launch. This is a conservative estimate with no offset from other revenue. Alternatively, the same
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annually recovered CAPEX of $6 billion a year may be treated as a continually growing investment stream used to
build new StarRoad branches.

and increasing energy-sale revenue by orders of magnitude.

9.10.5. Integrated dynamics: revenue versus cost

Period .
Years 1-2 12
Years 3-5 50
Years 6—-10 250
Years 11-15 600
Years 16-25 1200
Years 26+ 2000

Launches per

Average market price

Launch revenue (USD

($/kg) billion/year)

$100 12 7.44
$39 19.5 7.45
$9.6 24 7.8
$3.9 23.4 7.76
$1.6 19.2 7.44
$0.5 10 6.75

Cost (USD billion/year)

Space-based solar power: from year 16 it supplies orbital plants and part of the accelerator, reducing energy costs

Gross profit (USD
billion/year)

4.56

12.04

15.64
11.76

3.25

Note: revenue from GATES electricity sales, $35-44 billion/year, is not included in this table. It is a separate stream

covering depreciation and infrastructure operating costs.

9.10.6. Conclusion on cost dynamics

StarRoad begins with a delivery price of $80-120/kg to GSO and beyond—already 10—15 times less than Falcon Heavy at
$1,400/kg to LEO and comparable to Starship's target of $200/kg to LEO. By year 10 the price falls to $10/kg, by year 25
to $1/kg, and by year 30, with 5+ lines and space-based-solar support, to below $0.5/kg. Solar energy and asteroid
metals then become economically accessible to terrestrial industry.

Key conclusion: StarRoad is competitive even in the pilot period. Scaling and energy synergy with space-based solar

power reduce the price smoothly by two orders of magnitude over 30 years.

9.11. Comparison with alternatives

Project

StarRoad — energy
component: GATES + storage

StarRoad — transport
component: tunnel, gateway
and shuttles

StarRoad — complete
system

Falcon Heavy —
development

Starship — development

Grand Inga hydropower
project, Democratic Republic
of the Congo

Large nuclear power station
— 2 units, about 2.4 GW

Type

Energy

Transport

Energy + transport

Transport

Transport

Energy

Energy

9.12. Economic conclusion

Investment (CAPEX
/ R&D)

$100-150 billion

$150-200 billion

~$300 billion

~$5 billion in R&D

~$10 billion in R&D

$80-100 billion

$15-20 billion

Payback period

5-7 years, from energy sales

8-12 years, including cargo
revenue

8-12 years, combined revenue

~10-15 years at commercial
launch frequency

~10-15 years at the target
market size

15-25 years

20-30 years

Cost / LCOE

$0.05/kWh

$1-10/kg

$0.05/kWh and $1—
10/kg

~$1,400/kg

Target: $200/kg;
potential: $50-100/kg

$0.03-0.05/kWh

$0.05-0.08/kWh

Note

Geothermal generation and storage
only. Pays back as an independent
power project.

Accelerator, gateway and shuttles.
Pays back through cargo delivery
while using energy from the first
component.

Integrated project, with revenue
from energy and cargo.

An operational rocket. CAPEX here
is development expenditure, not
infrastructure.

Under development. Investment is
in R&D, not permanent
infrastructure.

A major hydroelectric project
supplying energy only.

A typical nuclear power station
supplying energy only.

The economic model indicates that StarRoad is feasible, with median CAPEX of about $300 billion. The key factors are:
1. GATES, at $80-120 billion, is the most expensive component but pays back as an independent energy project in 57

years.
2.
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Tunnel construction, at $77-125 billion, is technically manageable through series-produced TBMs and in-house
manufacturing.
Energy storage, at $23—42 billion, is based on falling BESS prices of $125/kWh and gravity systems using leading
global practice.



4. R&D, at $0.1-3 billion, reflects the real cost of prototyping rather than full-scale construction.

Economic case: at a baseline price of $0.05/kWh, StarRoad generates $35—44 billion a year from energy sales alone. This
covers operating expenses and supports capital payback through energy exports even before full-scale space launches
begin.

10. Safety and emergency operating modes

StarRoad is designed around an extreme fail-operational paradigm in which failure of any single component—and often
several components—does not lead to catastrophe. Safety is provided by physical redundancy, functional separation, and
multi-layered protocols covering the entire cycle from preparation through flight.

10.1. Safety philosophy: no single failure is fatal

o Redundancy in critical systems. Key elements—the shuttle’s onboard reactors, power supplies for accelerator

segments and the gateway’s jet rings—have threefold or fourfold redundancy.

Segmentation and isolation. The tunnel is divided into autonomous 50-200 km sections with independent power,
vacuum and emergency mechanical gateways between them. If an adjacent section loses vacuum, its gateway closes
only when no shuttle is present, preventing a cascading failure.

Active and passive levitation control. The main stabilization and imbalance-compensation system is onboard the
shuttle. Massive superconducting loops and onboard power units redistribute energy within microseconds to counter
local failures in ground systems. In hypersonic curves, the shuttle’s elliptical cross-section and centrifugal force further
stabilize it against the guide surface.

Shuttle and crew first. If an emergency occurs during launch, the protocols prioritize saving the shuttle even at the
cost of localized damage to tunnel infrastructure.

10.2. Principal risks and their safeguards

Risk Cause Safeguards and protocol
1. Onboard stabilization with nanosecond response. 2.
A . . I ti king: ath i d the shuttle ind
Loss of levitation or field Power-segment failure or nductive braking: at hypersonic speed the shuttle induces

asymmetry at hypersonic speed |damaged winding.

Failure of the gateway’s gas-
dynamic barrier

Loss of tunnel vacuum

Failure discovered after stopping
is no longer possible

current in the tunnel’s passive windings, creating a stabilizing
effect.
3. Segmentation confines impact and damage to one section.

1. A redundant three-ring system with blast protection around
each ring. 2. A prelaunch test 60 seconds before departure forms
the gas cone without opening the main shutter; defective rings
are isolated. 3. Alarm-1 cancels launch on any fault.

Failure of one or more jet rings.

1. A pressure-sensor network along the entire

Depressurization caused by an | tunnel. 2. Emergency inter-section gateways for

accident or damage. containment. 3. Automatic emergency-stop protocol, Alarm-1 or
Alarm-2, if depressurization is detected ahead of the shuttle.

Alarm-3: maximum braking, up to 8g, reduces speed. Priority is
given to placing the shuttle on a suborbital trajectory even if the
gateway is lost. The payload is jettisoned to lighten the vehicle
for a subsequent safe ocean landing.

A critical fault is detected in the
final 60—100% of the
acceleration route.

10.3. Emergency-protocol hierarchy

o Alarm-1, prelaunch emergency. Activated before the shuttle starts if the system detects loss of vacuum, magnetic-

field faults, failure of any gateway ring or abnormal formation of the gas cone. Action: cancel launch immediately,
isolate faulty tunnel sections with gateways, diagnose and repair.

Alarm-2, early or middle-route emergency, 0-60%. Activated after departure when a fault is detected farther along
the trajectory. Action: emergency braking and a stop inside the tunnel. If the fault lies ahead, the shuttle returns to
the start under its own power. Otherwise, after stopping it is isolated by gateways in its current section; the section
is filled with air and crew and passengers evacuate through the service tunnel and surface shafts.



o Alarm-3, late-route emergency, 60—-100%. Activated when a tunnel stop is impossible and failure of the gateway or
final segment is likely. Actions:

1) Maximum emergency braking, up to 8g, to reduce speed.

2) Preserve shuttle integrity first; the gateway remains open.

3) Enter an emergency suborbital trajectory and jettison cargo at the apex to lighten the vehicle.

4) Land in a designated area of the Indian or Pacific Ocean using all primary and backup systems. The shuttle

structure is designed for the overloads and partial destruction of the gateway.

10.4. Structural provisions for survivability

o Shuttle. Two independent onboard reactors, in the longer term; a distributed superconducting levitation system; and
a reinforced hull designed for extreme loads and thermal shock.

o Atmospheric gateway. Three independent annular jet engines in blast-resistant housings. A mechanical shutter can
withstand the shock wave from a partially disrupted gas barrier. Funnel-shaped openings in the gateway’s inner walls
instantly relieve pressure and passively vent gas into reserve vacuum chambers. They minimize atmospheric gas
entering both tunnel and gateway, limiting damage even after a complete gateway-system failure and preventing the
hypersonic shuttle’s pressure pulse from rupturing the structure.

o Tunnel. Segmentation, emergency gateways, duplicated power systems and a technical service tunnel for emergency
evacuation and repair.

10.5. Acoustic and shock-wave effects

A shuttle leaving at hypersonic speed produces a powerful N-wave sonic boom. Most wave energy travels in a narrow
band along the trajectory, reducing effects on ground infrastructure near the gateway. A closed sanitary protection
zone is nevertheless established around it; modelling determines the radius and full-scale tests confirm it.

Two peak-overpressure thresholds, Ap, define acceptable surface exposure:

Ap < 2 psf, approximately 96 Pa: damage to buildings and glazing is considered unlikely.

Ap < 1 psf, approximately 48 Pa: the target for populated areas, corresponding to minimal complaint risk and no
damage.

Route design and operating limits—the exclusion corridor, weather windows and altitude restrictions—are selected
with enough margin to guarantee these thresholds.



StarRoad: sonic-boom footprint width and overpressure vs altitude
Estimated Ap range (calibrated against Space Shuttle data)
All calculations assume Mach M=32 and shock-wave propagation angle p=1.8°
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Conclusion: StarRoad safety is not founded on a belief that failures cannot occur. It accepts every failure mode as possible
and provides predefined, automated responses. That turns the concept from a hypothetical route into a deliberate,
dependable and, above all, trusted engineering system.

11. Cultural and psychological impact

Beyond its technological and economic effects, StarRoad will profoundly influence culture and humanity’s collective
consciousness. Every launch will be transformed from a technical operation into a vast public and almost sacred event.

11.1. Spectacle as a phenomenon

The shuttle’s hypersonic exit will create a uniqgue human-made astronomical phenomenon: the Solar Arrow. To an
observer in a safe area it will appear as an instantaneous flash on the horizon, followed by the rapid ascent of a dazzling
plasma trail drawing a straight line across the sky. Tens of seconds later, instead of the familiar roar of engines, a devastating
double sonic boom will arrive—the physical sensation of an entire flying city, not merely a machine, crossing the sonic and
thermal barriers. Night launches will illuminate the landscape like a moving comet and resemble an unnatural, technological
aurora.

11.2. Psychological and symbolic resonance

o Tangible scale. An abstract space programme becomes a daily or weekly spectacle visible from hundreds of
kilometres away, turning space expansion from a set of charts into a physical fact of life.

o A new archetype. The image of a giant luminous arrow fired by Earth into space becomes a powerful archetype of
progress, will and aspiration. In popular culture it replaces the archaic vertical rocket and symbolizes the transition
to an age of space transport corridors.

o Unity and pride. Just as Soyuz and Apollo launches once gathered the planet around television screens, regular
StarRoad flights become global media events demonstrating humanity’s ability to cooperate on immense goals.

11.3. Socioeconomic consequences

o Tourism. Purpose-built viewing complexes at the safe boundaries of the exclusion zone become centres of a new
form of space tourism. Watching a launch could rival visiting the ancient wonders of the world in its appeal.



o Educational impetus. The spectacle becomes an unmatched instrument of career inspiration, encouraging millions
of children to study physics, engineering and astronautics.

o Demystifying space. The regular, predictable and industrial character of launch removes the aura of exceptionalism
and mortal risk from spaceflight and presents it as a normal, though immense, logistics operation.

StarRoad will therefore create not only the physical infrastructure for reaching space but the cultural narrative and emotional
foundation humanity needs to accept its new role: a civilization actively building its future beyond the cradle. The regular
appearance of the Solar Arrow will be a daily reminder that the road to the stars is not only open but in use.

12. Conclusion

StarRoad is more than an engineering megaproject. It is a strategy for the transition to an industrial space civilisation. By
moving from the ‘rocket’ paradigm to the ‘corridor’ paradigm, the project offers a way to overcome the two principal barriers:
payload-delivery cost and low cargo throughput.

The hypersonic corridor becomes a backbone linking energy, agriculture, industry, logistics, and space technologies. Africa
also gains an opportunity for an industrial and technological leap by using its geography and resources to build a road to space
rather than merely exporting raw materials.

By integrating and scaling proven technologies, StarRoad lays the foundation for an economy in which Solar System resources
become available for solving problems on Earth, while the infrastructure itself serves as both insurance and a springboard for
humanity’s future. Realising it will demand unprecedented international cooperation, long-term investment, and engineering
resolve; the reward will be a key to a genuinely spacefaring age, virtually unlimited off-Earth resources, and abundant energy.
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