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There have been several space 
geoengineering approaches 
proposed, beginning with Early 
(1989) who advocated building a 
thin glass shield from lunar 
material at the Sun-Earth L1 
Lagrange point (1.5 Gm sunward 
of Earth, four times the distance 
to the Moon).

Angel (2006) refined the concept 
with trillions of free-flying 
diffractive elements at L1, built 
and launched from Earth.

Others have proposed using 
asteroid or lunar dust in Earth 
orbit (Pearson et al., 2006; 
Bewick et al., 2013), Earth-Moon 
L1 (Struck 2007), or near Sun-
Earth L1 (Bewick et al., 2012a, 
2012b).

The latter location appears 
the most efficacious and 
worthy of further study.

Based on previous work by others, we present several space-based geoengineering approaches capable of reducing sunlight impinging upon Earth’s surface 
by ca. 1-2% to ameliorate climate change. The advantages of space-based geoengineering are: 1). No interference with the Earth’s atmosphere or ocean 
biogeochemistry, 2). Potentially long system lifetimes, 3). In an emergency, potentially fast system deactivation, 4). Synergistic development of useful space 
capabilities, including space mining, propellant production, mass production of spacecraft, solar PV, etc., and asteroid redirection—another existential threat.

We have identified asteroid or lunar dust placed in orbit near the Sun-Earth L1 Lagrange point as especially appealing, due to its relatively low level of 
technology requirements compared with other approaches, and have been developing one or more possible system architectures to realize this system. 
Preliminary estimates of the total energy, mass and cost requirements over multiple decades are presented.
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Amount of displacement varies greatly, depending on:
• Mass to surface area ratio (“areal density” = g/m2)
• Reflectivity (function of wavelength, material properties)

Solar radiation
pressure
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• Free-flying spacecraft at L1 (Early, 1989; Angel, 2006)
- Pros: High efficacy, long service lifetime
- Cons: Technical difficulty of producing, launching and 

maintaining multitude of spacecraft
• Dust cloud in orbit around gravitating body placed at L1 

(Bewick et al., 2012b)
- Pro: Lower technology level needed for dust production, 

potentially long dust lifetime
- Cons: Technical difficulty of moving and maintaining a 30 

km dia. (100 Tt) asteroid at L1, potentially catastrophic 
Earth collision hazard

• Dust cloud at displaced L1 (solar radiation pressure shifts 
location) (Bewick et al., 2012a)
- Pros: Relative ease of obtaining and placing dust 

precursor material at target location
- Cons: Short dust lifetime—need continuous 

replenishment, dust production method uncertain 
(several options available), complexity of maintaining 
large spacecraft infrastructure

Implementation of a potential 
approach is within emerging 
space technical capabilities over 
the next few years, and could be 
financed with a portion of 
expected climate mitigation 
resources (>$100B/yr).

Need detailed simulations of:

• Dust orbital dynamics: ideal 
size, location relative to L1, 
longevity, hazard of dust 
migration toward Earth?

• Viable method(s) of dust 
production, material options, 
achievable size vs. energy 
input, size range control

• Spacecraft orbital dynamics, 
propulsion method(s), overall 
system design, better mass, 
energy & cost estimates

• Impact on Earth’s climate

R
ef

er
en

ce
s

Emerging-Futures.space

Overview of approaches
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• Earth orbit: Continuous attenuation, periodic utilization
• Sun-Moon L1: Periodic attenuation, full utilization
• Sun-Earth L1: Continuous attenuation, full utilization
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Preliminary energy, mass and cost analysis
Energy H2/O2 propellant: ~24 GW, supplied by 10x10 km2 solar PV array 
near lunar south pole. Regolith: 30 MJ/kg vaporization (pessimistic) 
requires ~19 GW or 600 arrays each 0.3x0.3 km2. Mining/habitat: ~20 
MW. Mass Solar PV (4 W/g target; Svitil, 2015): 15 kt. Mining (Hem et al. 
2012): 4 kt. Electrolysis (Kleinhenz & Paz 2017): 50 kt (target). Dust 
production: 50 kt?. Transport spacecraft (SpaceX, 2017): 153 kt. Habitat: 
1 kt. Crews & food: 1 kt/yr. Cost Launch: $140/kg to Moon or L1 (based 
on SpaceX Mars scenario). Fabrication: $221B (transport spacecraft) + 
$80B? (other). One-time cost: $340B. Replacement cost: $17B/yr.

Potential approach

Send mining, power, 
habitat, transport 
equipment & crew 
to Moon. Set up 
water electrolysis 
near lunar south 
pole to generate 
H2/O2 propellant.
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Send 600 dust 
production space-
craft to orbits 
reaching displaced 
L1.

4

Each lunar period 
(27.4 days), send 
640 spacecraft to 
displaced L1 loaded 
with regolith. ~30-
day transit at aver-
age 1 km/s, slow to 
orbit at 0.2 km/s.

L1
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Orbits are phased 
to pass through 
displaced L1 over 
~20 days. Each 
dust production 
spacecraft docks 
with 14 regolith 
spacecraft in orbit.
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At displaced L1 
point, convert all 
regolith parcels to 
dust over ~10 hrs.
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Spacecraft fleet is 
refurbished and 
refilled with regolith 
and propellant, 
while other fleet is 
in transit. 420 
spacecraft rotated 
out for servicing.
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Mine regolith on 
lunar farside.
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Empty spacecraft 
return in ~10 days.

9 Assume system lifetime is 20 years, so 80 regolith spacecraft, 30 dust production spacecraft and ~4 kt other equipment are replaced annually.

System Analysis of Dust Delivery near Sun-Earth L1

• To maintain the dust cloud would require 8,500 trips/yr. Assuming a ~40-
day round-trip with fleet redundancy, 1,700 spacecraft are needed, similar 
to SpaceX’s Mars colony plans. Need ~250 lunar crew on 2-mo. rotations.

• 20 Mt/yr of material is equivalent to ~0.25% of current global coal 
production (World Coal Association, 2017).

• Near-Earth asteroids have ~150 years’ worth of material accessible 
with less velocity change (Dv) than needed to leave the Moon (2.4 km/s).

o Much of this material may be volatile (H2O, CO2, etc.) and 
unsuitable for dust production. Moreover, asteroid mining of 
volatiles as well as metals will take economic priority.

o By contrast, the Moon would provide unlimited amounts of 
material and is quickly accessible from Earth.

• As little carbon exists on Moon, we assume H2/O2 propulsion. Assuming 
0.8 km/s extra needed to insert into orbit around L1 & return, 
spacecraft propellant capacity is 2,500 t (similar to SpaceX’s Mars 
tanker) with transport capacity of 2,360 t.

• Each parcel is ~14 m in dia. (~1,600 kg/m3; Crawford, 2015).

Lagrange points are gravitational 
equilibria between two gravitating bodies, 
co-rotating with the smaller body. There 
are five natural Lagrange points in the 
Sun-Earth and Earth-Moon systems. L1 
is always between the two bodies, closer 
to the smaller body. See right.

• Objects at L1 always remain in-line between Sun and Earth
• Unstable point; must be maintained by active station-keeping

Lagrange points

Grain radius: ~100 nm
Grain lifetime: ~10 days
Cloud radius: ~4,000 km

L1 displacement: ~1.0 Gm
Mass flux: ~20 Mt/yr

Preliminary dust cloud parameters

(from Bewick et al., 2012a)


