Terraforming Venus
Venus is the second planet from the sun. It’s the sixth planet in size and mass in the solar system and it is the closest planet to Earth (Britannica, n.d.-a).
Figure 1 - Data – Venus v Earth
(Data adapted from Britannica, n.d.-a, n.d.-b)
	
	Venus
	Earth

	Distance from Sun
	108, 209, 475 km (0.72 AU)
	149, 598, 262 km (1 AU)

	Year in Earth days
	224.7 days
	365.256 days

	Mean orbital velocity
	35 km/s
	29.78 km/s

	Mean radius
	6,051.8 km
	6,378.14 km

	Surface area
	4.6 x 108 km2
	510,064,472 km2

	Mass
	4.87 x 1024 kg
	5.972 x 1024 kg

	Mean surface gravity
	887 cm/sec2
	980 cm/sec2

	Rotation period (day)
	243 Earth days
	23.9345 hr (23 hr, 56 min, 4 sec)

	Atmospheric composition
	Carbon Dioxide (96%), Nitrogen (3.5%), water (0.02%). Trace quantities of Carbon Monoxide, Oxygen, Sulphur Dioxide.
	Nitrogen (78%), Oxygen (21%), Argon (0.93%), Carbon Dioxide (0.0395%), Water (~1%)

	Mean surface temperature
	464°C
	15°C

	Moons
	0
	1

	Mean surface pressure
	95 bars
	1 bar



Figure 2 – Europa
(Data adapted from The Planetary Society, n.d.)
	Distance from Sun
	5.2 AU

	Year in Earth days
	12 Earth years

	Mean radius
	1550 km

	Mass
	1.59 x 10^10

	Mean surface gravity
	131.5 cm/sec2

	Rotation period (day)
	3.5 Earth days

	Atmospheric composition
	Mostly oxygen

	Mean surface temperature
	-160°C



As shown in Figure 1, many features of Venus are like Earth. This is why Venus is a prime subject for terraforming, as it will not be hard to transition from Earth to Venus.
Method for Terraforming
As Venus has a very high temperature of 464°C and an atmospheric pressure which is 95 times stronger than on Earth, the planet must somehow be cooled down (Britannica, n.d.-a). The cause of this high temperature and pressure is due to its proximity with the sun and the vast amount of CO2 in the thick atmosphere (NASA, 2025). To combat this, the solar shade method will be used. Paul Birch proposed the use of slatted mirrors that would be placed at a certain point called the L1 point between the planet and the sun, and that they wouldn’t be perpendicular to the sun’s rays, but at an angle so that the rays would eventually be skewed away from striking Venus. (Birch, 1991). 
Although this is a promising concept, the vast amount of time and equipment required to achieve this is many times larger than what humans have been able to transport to or construct in space and thus would take many years and lots of funding to be a feasible project (Birch, 1991). 
As Kurzgesagt (2021) neatly summarises it, after the temperature of the planet reaches a chilly temperature of -81°C and the CO2 from the atmosphere has frozen on the surface of the planet, we will at some point have to warm the planet up again to make it a liveable place for humans, and the CO2 will just “melt and fill up the atmosphere again.” So, instead, we’ll have to somehow transport the CO2 ice out of Venus so that it is stored away in space ready for future use. This could be very efficient with the use of mass drivers instead of rockets, but it would still be very cost-ineffective and a very intense challenge to solve (Kurzgesagt, 2021). Additionally, even with the CO2 out of the way, the planet still has no water to sustain a large population, so how will the waste be transported out of the planet and water be transported in? 
As Birch (1991) proposes, maybe Venus could collide with an ice planet from the outer solar system, bringing all the necessary water in one go. However, this would be very difficult as transporting such a large object through the solar system with our current technology would be an enormous feat. Instead, Kurzgesagt (2019) suggests the use of space tethers, a simple technology that consists of a cable and a weight. By extending the tether, making it spin, and using a counterweight to keep the tether in place, the space tether could use the orbit of the moon or planet to “fling” objects large distances with twice the tether’s rotation velocity. They name this the Skyhook, and there are already specialised materials that can withstand the pressure that a Skyhook would face spinning and flinging objects across the solar system. Although this would be less efficient than finding a fast way to bring an entire ice moon to the planet being terraformed, it would be a lot more cost-effective and would have a higher chance of success as it is very possible that a Skyhook could be made with the current technology we have (Kurzgesagt, 2019). 
So, by placing a Skyhook at Venus and an ice moon, for example, Europa, the waste from Venus could be accelerated into orbit around Venus, where it would gather into a small ice moon, and the ice from Europa could be transported across the solar system to Venus, where it would then be able to enter as the Skyhook on Venus catches the ice and throws it down to the surface. Excess nitrogen could also be removed with the same method, as the Skyhook transports different materials in and out of orbit, and this would lower the atmospheric pressure even further (Kurzgesagt, 2019). Although Europa is incredibly far from Venus, as shown in Figure 2, the use of the Skyhook would make the transportation of the ice incredibly easy (The Planetary Society, n.d.).
Now, the atmosphere and water issues have been solved, but how about the most important step? Without a breathable atmosphere, nobody can live permanently on the planet as they would on Earth, so how will we make this planet liveable? First, to address the temperature and day-night cycle. As shown in Figure 1, one Venusian day is 243 Earth days (Britannica, n.d.-a). If we were to just remove the solar shades, one side of the planet would burn up while the other side would remain cold, and that wouldn’t be very pleasant. So, Kurzgesagt’s response to this is to manipulate mirrors around the planet so that we would have full control over how much light and energy the planet received. These mirrors could be strategically used to melt large oceans and illuminate the cities (Kurzgesagt, 2021). 
Then, what about the atmosphere? Currently, after throwing out the CO2 out into orbit, the atmosphere is still almost entirely made of nitrogen and has very little oxygen. To combat this, cyanobacteria will be introduced as the first inhabitants of Venus, and as they undergo photosynthesis, they will release oxygen and transform the nitrogen to something akin to a “planet fertiliser”, which would fertilise the oceans, readying them for more complex life forms. Then, the Venusian soil will have to be ground down so that nitrogen fixing plants will be able to grow on them, and CO2 from the artificial ice moon would be introduced to feed the plants and cyanobacteria to speed up the process (Kurzgesagt, 2021). Eventually, the planet will turn green, and Venus would look a lot like Earth compared to its current state. Over a few thousands of years, the atmosphere would be finally breathable, and Venus would be successfully terraformed. 
Of course, this is all theoretical, and a successful terraforming would be incredibly difficult and time consuming. However, with the right conditions, it is very much a planet that humans can look to colonising in the future. The only thing stopping us now is our imagination. 
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