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Concept
As explained by Adrian Nixon, the concept of the space elevator, the CEO of Nixor Ltd, while talking to AZoM, is straightforward. According to Nixon, the idea of a space elevator is a more convenient alternative to entering space (Peterkin, 2018). Currently, the only way to get to space is through a ride on a rocket. However, scientists have designed another way to see people reach space without necessarily having to ride on a rocket, as it is done today. However, what does space elevator mean? The answer to this question is one of the critical concerns that scientists are still pondering on how they can reach space with an elevator-like transportation system. As Nixon explained in his interview with the AZoM, the concept painted a basic picture of what space elevator means. 
It is like imagining a cable that comes from the satellite in space to the ground on earth. The concept seems like a fairy tale or sci-fi dream, but as scientists have established, it is possible sci-fi dream can be implemented given the right circumstances, financial support, and technology. The concept goes that a cable drops from the satellite down to the ground and is visible. One can grip it and use it to climb and eventually reach the space. According to Nixon, that is the basic concept behind the idea of a space elevator. While the explanation may seem relatively simple, straightforward, and very basic, its realisation remains another thing altogether. 
As Boucher (2014) explains, a space elevator, based on the assessment that a group of scientists has already done, consists of a tether 100,000km long moving along the geosynchronous orbit (GEO) and goes down to the ground. This space elevator would be powered by spacecraft known as tether climbers. So far, studies have shown that space elevators that can be built can meet the 100,000km distance. However, as Williams (2020 further explains, it remains an idea that is yet to be realised. For decades, scientists and futurists have been engaged in serious studies to understand the alternative way of going to space without rockets. Based on the different proposed designs and reports on the space elevator, researchers have determined that the dream could be realised sooner due to the current technological capability and other resources. 
Some argue that the original idea for a structure built on earth and traverses space was proposed in 1895 by Konstantin Tsiolkovsky (McFall-Johnsen, 2019). Konstantin, a Russian space scientist, visualised the French Eiffel Tower extending far outside earth's orbit into space and beyond (McFall-Johnsen, 2019). More specifically, he imagined the tower being connected to a structure at the terminal portion of a spindle-shaped extension, with the structure "orbiting earth in a geosynchronous orbit" (Patel, 2021). Additionally, he envisioned that this extension of the Eiffel Tower would allow goods to be carried to the distance from the earth within which satellites can synchronise their orbit with the earth's rotation at about 22,000 miles above sea level (McFall-Johnsen, 2019). As different bodies move along the tower towards space, they would accelerate due to the earth's rotation which would be utilised to propel them into orbit (McFall-Johnsen, 2019). 
Although Konstantin's idea seemed outrageous at the time, subsequent groups of scientists and engineers provided their versions of how space elevators could work. For instance, in the late 1950s and early 1960s, Yuri N Artsutanov laid the foundation for some of the modern conceptions of space elevators by publishing his ideas in a Russian newspaper called Pravda (Patel, 2021). His concept was based on a tensile structure that uses the geostationary satellite in space as the base to anchor the cable that would roll down to the ground on earth (Williams, 2020). To deal with the challenge of the elevator's weight, Yuri proposed a counterweight to be extended from the satellite and a cable extending from the geostationary satellite (GSO) that would anchor the elevator over the same sport on the surface of the earth to space. A different proposal was put forward in 1966 by John Isaacs, an American marine scientist who wrote about wires being stretched far into a geostationary satellite (Patel, 2021). These proposals were identified and further expanded upon by the Air Force Research Laboratory in the 1970s (Patel, 2021). Over the decades, other scientists have tried to add and further advance the already established science behind the concept of a space elevator. These studies have further shown that the idea is moving closer to realisation than anticipated. 
Technology
The technology behind the space elevator is associated with the challenges that have been realised with the existing way to space. The biggest hurdle to the human race today in terms of technological advancement and space exploration is the high cost and technical challenges associated with the rocket transportation system. As Emerging Technology from the airXiv (2019) explains, rocket engines work by jettisoning mass in a single direction to enable the rocket to generate thrust that propels it to space. It requires a large volume of fuel to move the spacecraft. This is not only costly but also a wastage of resources discarded during the acceleration of the spacecraft. Technology is about innovating and coming up with better and efficient ways to improve the cost and effectiveness of the existing systems. One idea that has emerged over the past decades is the space elevator, which is believed would solve some of these challenges associated with space exploration. The technology behind the space elevator involves a cable that stretches from the earth to space that provides a way to climb to orbit (Emerging Technology from the airXiv, 2019). 
Understanding how space elevators will work requires an understanding of the fundamental forces involved. Space elevators can be analogised with a person holding a string tied to a stone on the other end and trying to whirl the stone around in a circle (McFall-Johnsen, 2019). In this instance, centrifugal forces are needed to keep the string taut while pushing the stone outwards to maintain the circular movement (McFall-Johnsen, 2019). For a space elevator, the tether cable can be compared to the string, and the stone can be compared to a counterweight which will be attached at the end of the tether in space (McFall-Johnsen, 2019). Accordingly, the centrifugal forces generated by the earth's rotation will continuously stretch the tether cable, thereby keeping it straight (McFall-Johnsen, 2019). Subsequently, vehicles will be created to move along the tether to and from space (McFall-Johnsen, 2019). The elevator will then be used to move goods beyond areas in space where the earth's gravitational pull is strongest (McFall-Johnsen, 2019). Consequently, traditional space elevator models entailed a tether cable anchored on earth and stretched into space, where it is connected to a counterweight to maintain centrifugal forces (McFall-Johnsen, 2019). 
However, improved models of space elevators suggest that a moon-based space elevator may be more practical. This is mainly because the moon's atmosphere does not have massive amounts of masses and debris, and the diminished gravitational forces on the moon imply that most bodies there can support their weight (McFall-Johnsen, 2019). Accordingly, rather than anchoring the space elevator cable on earth, improved models suggest implanting it into the moon's surface and dangling it towards the earth's atmosphere (Emerging Technology from the airXiv, 2019). The main contrast in the moon-based models can be identified by analysing the centrifugal forces that maintain the rotation of the space elevators (Emerging Technology from the airXiv, 2019). In traditional earth-based models, space elevators make a complete rotation daily along with that of the earth (Emerging Technology from the airXiv, 2019). Conversely, the moon-based space elevator is expected to orbit only once each month, which is a significantly lower frequency with fewer forces being needed to maintain the rotation of the space elevators (Emerging Technology from the airXiv, 2019). As such, moon-based space elevator models are more sustainable.
The space elevator would be constructed to enable the moon-based spaceline to rotate once a month while the elevator completes its rotation every day. The difference here is the centrifugal forces, arranged differently from the moon and the earth's surface. First, the extension of the spaceline from the moon to earth, scientists have determined that it is possible to make the spaceline pass through a point where the terrestrial and lunar gravity, Lagrange point, cancel each other (Emerging Technology from the airXiv, 2019). With this technology, the Lagrange point becomes the central feature of building the spaceline. Beneath this point, there would be a cable that extends to the earth's surface, which involves the force of gravity taking its course. The force of gravity pulls the cable along the Lagrange point to the ground on earth. 
Space elevators will also require fast propulsion systems that will mainly depend on electromagnetic forces (Patel, 2021). These systems will utilise electromagnetic propulsion in launching objects into space along high-speed launch rails (Patel, 2021). These systems will resemble current trams used in transporting travellers between airports (Patel, 2021). More accurately, they will hover above the tracks, propelled by magnetic forces and using no moving parts (Patel, 2021). This aspect will enable space elevators to attain massively high speeds and eliminate the possibility of wear and tear that comes with the friction of wheeled vehicles coming into contact with the rails (Patel, 2021). Furthermore, these launching systems will have to be consistently maintained to ensure long-term use, which will necessitate the establishment of research and development facilities for the specific purpose of identifying ways to improve space elevator launching and propulsion systems (Patel, 2021). 
Scientists have agreed on the importance of Lagrange point in the construction of this elevator, citing that it will help save most of the resources that would be used to go to space. According to Emerging Technology from the airXiv (2019), the Lagrange point plays a critical role in the successful establishment of the space elevator. The Lagrange point is significant because the gravity gradient and gravity are zero, making it safer for construction projects. According to Emerging Technology from the airXiv (2019), the Lagrange point has a negligible gradient in gravitational force, making it effective because there is no debris in the region. For these reasons, scientists who have explored the space elevator possibility have determined that the Lagrange point offers the best and most advantageous for the spaceline (Emerging Technology from the airXiv, 2019). Scientists have determined four essential elements for constructing a space elevator; the base station, the counterweight, the orbital space station, the tether, and the climber (Peterkin, 2018). Tether is the cable that connects the earth's surface and space, while the climber is the elevator carriage (Peterkin, 2018). 
The Lagrange Point will also provide a suitable location for establishing facilities needed to promote further space exploration. As explained, the absence of space debris in the region makes it convenient for the construction of space exploration facilities (Emerging Technology from the airXiv, 2019). This is especially because the Lagrange point is often bypassed in space explorations, and orbits that traverse the region are specifically vigorous, thereby significantly limiting the number of meteoroids in the area (Emerging Technology from the airXiv, 2019). As such, facilities can be established in the Lagrange region used in running space-based experimentations and simulations (Emerging Technology from the airXiv, 2019). Furthermore, these facilities can be used to manage exploration missions to other areas of the solar system (Emerging Technology from the airXiv, 2019). The Lagrange point is a potentially useful region of the space that can be exploited by space elevators. 
Financial Viability
One of the biggest challenges that have reduced the realisation of the space elevator's construction is the cost involved. Constructing a space elevator is financially viable when countries come together. For a single country, even the wealthiest nation like the United States cannot do it alone. Constructing the different components of the space elevator would take years and billions of dollars. For example, the ISEC team estimated that constructing an elevator would take 20 years with approximately $20 billion to build tether, another component requiring around $80 billion (Peterkin, 2018). The last estimation that was done in 2018 to be used to construct the entire elevator was projected at $360 billion and would take around 20 and 30 years to complete (Peterkin, 2018). However, with the development of technology, more promising results are coming, reducing the cost or making this dream a reality.  According to Dr Bradley C. Edwards, the lead scientist who undertook the study into the space elevator project by NASA Institution for Advanced Concepts (NIAC), there are four components of the space elevator. The four elements have been highlighted in the previous section (base, counterweight, tether, and climber). Dr Edwards found that having all these four elements requires a lot of money and time, mainly money. Dr Edwards and his team also found that everything else could be created with the existing technology from the four elements, apart from the tether (Peterkin, 2018). The only challenge that has reduced the possibility of making this dream a reality is the cost involved in constructing a space station and anchor, the counterweight, the climber, and the tether.
Yazici (2020) further explains that the space elevator is a relatively new idea in science concepts today; it is a possible reality that can be achieved. The idea may have been started in the the1890s, but a technological advancement in the current age has made it possible to be realised. According to the author, the construction of a space elevator can be one of the most appealing features in the phase of the plane and minimise the cost of transportation by far (Yazici, 2020). It will reduce the complexities associated with cargo transportation that exists in the current transportation system. While this technology is set to help improve the human exploration attempts into space, the cost of constructing it is still a significant setback.
While the construction of this spaceline may be expensive, evaluators who have undertaken the study on space elevator construction have determined that this sci-fi dream would help reduce the cost of transporting cargo and even people into space. According to Williams (2020), the current rocket transportation system users cannot carry cargo, or even if it does, it can take a smaller load. The cost of carrying cargo to space is estimated to be about $22,000 per kilogram (Williams, 2020). This cost could be reduced significantly with the help of a space elevator because it would need as little as $200 to $500 to transport the same amount of cargo to space. Other scientists estimate that space elevators will diminish the fuel needed to access the moon's atmosphere by up to a third of the current value (Emerging Technology from the airXiv, 2019). Furthermore, space elevators will allow us to fully explore the Lagrange point in space, which scientists regard as a highly promising region for space constructions (Emerging Technology from the airXiv, 2019).
This technology would also reduce the cost of space exploration. Currently, space explorers rely on launching their spacecraft from the earth. But, with the establishment of the space elevator, the cost of travelling from the earth to space would be reduced because the spacecraft would be launched from the space station in space. Furthermore, crews and supplies to be used in the exploration would be easily transported through the elevator to space within shorter timelines. Furthermore, the returning ships could also have a place to dock without necessarily travelling to the land earth's side to dock.  This will be significantly more convenient since space elevators will simplify the management of space traffic. In this sense, the construction of space elevators may be ultimately cost-effective since they will be a one-time construction and save high costs in the future. 
Recent tests and simulations also approve most space elevator models as environmentally sustainable and financially feasible (McFall-Johnsen, 2019). For instance, some scientists conclude that optimal space elevator designs may cut down more than ninety-five per cent of the current cost for cargo transportation in space (McFall-Johnsen, 2019). These tests are conducted mainly by corporations in Japan and China, such as the China Academy of Launch Vehicle Technology, which estimates that it may create a space elevator in about thirty years (McFall-Johnsen, 2019). Similarly, Japan-based Oyabashi plans to establish space elevators by 2050 by creating a cable from a 400-meter base floating on water (McFall-Johnsen, 2019). In addition, the Japan Aerospace Exploration Agency (JAXA) successfully launched a prototype space elevator in 2018, although technical challenges were experienced in communicating with satellites (McFall-Johnsen, 2019). NASA is also involved in similar efforts to determine the feasibility of space elevator models (McFall-Johnsen, 2019). These tests and simulations illustrate the role of technology and research facilities in attaining the dream of space elevators. 
Space elevators also present the appealing possibility of acquiring precious materials from space. By providing easier access to space and its materials, space elevators will allow us to identify ways of valuable mining materials and to expand our space exploration activities. For instance, asteroids contain massive untapped stores of precious elements such as gold, platinum, and iron (McFall-Johnsen, 2019). By extracting these materials from space, we can limit the detrimental mining efforts that damage the earth's environment (McFall-Johnsen, 2019). Subsequently, we can figure out how to utilise the unique resources obtained from space and how these materials can be utilised to enhance sustainability on earth (McFall-Johnsen, 2019). Furthermore, suppose water is discovered in space. In that case, it can be used to create energy for propelling spaceships by being broken down into hydrogen and oxygen, which are essential components of rocket fuel (McFall-Johnsen, 2019). Consequently, enhanced space exploration through space elevators will allow us to access more resources while simultaneously reducing resource depletion on earth. 
A possible detrimental outcome of establishing space elevators is the tussle for land in space that may ensue after any region is deemed habitable. Fundamentally, the consistently expanding human population has made resources such as land scarcer on earth. Since space elevators will significantly reduce the amount of time and resources needed to access the available landmass in space, it will be easier to assess whether certain areas in space are fit for human encroachment. Similarly, it will be easier to research how landmasses in space can be made more habitable. Subsequently, the governmental bodies and investors involved in space exploration may compete to take up any land that is designated as habitable, which may set up an unnecessary tussle. Furthermore, issues such as whether the land on space can be sold may come up and at what rate. Such complexities and tussles may come at the expense of space exploration efforts since they will need to be settled first before any exploration can effectively progress. 
However, the ability to mine resources in space will present challenges in environmental conservation and sustainability that we currently experience on earth. Space elevators will massively enhance our ability to access valuable resources that are in demand on earth. As such, profit-driven enterprises or governments may continue to extract resources from space to a detrimental extent. Furthermore, since there are no regulations for environmental conservation in space, some individuals may utilise this opportunity to mine as many resources as possible without considering whether it may lead to environmental degradation in space and how this degradation may impact current and future generations of humans. This argument has been presented against the idea of space elevators, with some claiming that the careless extraction of resources will go against the original purpose of space elevators, which is to minimise the wastage of resources to enhance environmental sustainability and thus guarantee a safe environment for current and future generations of human life.
Safety Issues
One of the other concerns about space elevators is safety. Something this long has never been constructed before, and people can only anticipate the safety issues that may arise. To deal with the safety concerns, scientists have been arguing about the suitable material that would guarantee strength to hold such vast weight and the safety of those who use it to climb to space. The tether construction is a big challenge because the current technology can support the other three elements of the space elevator construction. However, the technology to build tether has not yet been developed. As Williams (2020) further explains, ever since this idea was conceived, the challenge has been tether itself. Many decades have passed, and a lot of research put in, but no known material has been determined to be effective to contain the strength required to build a space elevator. As Boucher (2014) explains, the main issue is the material producibility that can withstand the force, length, and perfection required to build a 100,000km long tether from the earth to space. According to Boucher (2014), almost all other issues have been resolved including the cost issue (especially with the establishment of the international space station where many countries agree to form a pact that would contribute towards meeting the cost of such huge constructions), and the only problem is tether material.
As Peterkin (2018) explains, tether needs to be strong, which means that the entire length of the structure needs to be made from strong material and yet light enough to allow movement across space. So far, scientists have suggested materials such as graphene. Sheets of graphene are believed to be a better solution to the problem that has taken scientists decades to determine. Graphene is considered to be suitable for space elevator tethers because of its chemical components. According to Peterkin (2018), the graphene sheet is solid and offers the best solution to the tether problem. Even though the studies about graphene's use are still in its early stages, so far, it has presented to be the best alternative to the existing materials that could be used. Apart from the material used to construct the tether cable, other safety concerns include the viability of the whole space elevator. So far, technology has enabled scientists to run a simulation model to help understand some of the weaknesses that need to be addressed before the actual construction begins.
Furthermore, the appropriate tether material will have to withstand weather elements within the earth's atmosphere and radioactive emissions from the sun (McFall-Johnsen, 2019). Moreover, space bodies such as meteorites, asteroids, and other space debris may continuously and unexpectedly crash into the tether material, thereby causing significant damage (McFall-Johnsen, 2019). Reliable sources also contend that hundreds of millions of masses that consistently revolve around earth may crash into space elevator tethers (McFall-Johnsen, 2019). Conversely, the moon's atmosphere does not have massive amounts of masses and debris, and the diminished gravitational forces on the moon imply that most bodies there can support their weight (McFall-Johnsen, 2019). Accordingly, it has been proposed that a moon-based space elevator is more feasible due to the limited amount of debris and the diminished gravity.
Moreover, constructing a moon-based space elevator is more achievable with the materials we currently have (McFall-Johnsen, 2019). On the other hand, an earth-based space elevator will have to contend with the earth's massive gravitational forces, which undoubtedly overwhelm the currently available materials (McFall-Johnsen, 2019). Also, a moon-based elevator will be effectively dependent on gravitational forces instead of centrifugal forces in the traditional space elevator models (McFall-Johnsen, 2019). 
 Accordingly, the tether material has to withstand collisions with foreign space bodies and have a consistent maintenance program to assess and repair any significant damage. Some scientists propose carbon nanotubes as a suitable material to withstand these factors (McFall-Johnsen, 2019). Carbon nanotubes are a hundredfold sturdier than steel, and they can be easily manufactured into hollow tubes that can be convenient for most space elevator designs (McFall-Johnsen, 2019). However, the material can barely span several meters while maintaining its tensile strength, let alone the over 35,000 kilometres needed for a space elevator (McFall-Johnsen, 2019). Moreover, they cannot withstand consistent impact from space bodies and debris. Another potential material that could be used in manufacturing the tether material is Dyneema, polyethene material with an estimated tensile strength that is close to twenty times that of steel (McFall-Johnsen, 2019). However, Dyneema has inferior capabilities in withstanding radiation within space (McFall-Johnsen, 2019). 
Consequently, to achieve the dream of space elevators, more time, resources, and research is needed. More precisely, adequate research and tests should be conducted to determine the temperature alterations that goods may experience as they move upwards along space elevators into space (McFall-Johnsen, 2019). Moreover, research is needed to assess how goods can be safeguarded from radioactive emissions in space and how possible tether materials can be created to withstand these emissions (McFall-Johnsen, 2019). Similarly, models for possible tether materials that can manoeuvre or withstand space debris are needed.  Furthermore, the necessary maintenance facilities and personnel required to sustain space elevators for long-term use need to be determined. Also, potential ways of minimising the funds required to construct space elevators should be forwarded. Aside from these, complex simulations to assess the practicability of space elevator models will be needed, as well as massive financing initiatives (McFall-Johnsen, 2019). As such, although space elevators continue to be a dream, for now, they may be within our reach in a few years to come. 
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