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Abstract 

New Space is a recent phenomenon which is characterised by the changing economics 

of access to space. This has been enabled through the rise of low-cost launch vehicles 

and small satellites. Earth observation is one of the most interesting economic activities 

within this landscape. This paper develops a systems view of Earth observation with the 

aim of seeking alternative systems perspectives as a way of facilitating the discovery of 

new insights. In particular, it makes use of this super-system diagram in order to identify 

key technologies which will have an enabling or disruptive effect on Earth observation 

in the next 5-10 years. In doing so, this paper conducts a review of existing literature on 

space technology, systems theory, and technology forecasting, with the aim of setting 

the groundwork for a systems analysis. Having identified 30 key technologies, it then 

matches them with relevant New Space startups and goes on to discuss the application 

of systems thinking to technology strategy. The paper finds that the use of systems 

thinking is an effective method of generating new insights for complex and even socio-

technical systems, such as the Earth observation system in question. 
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1. Introduction 

1.1 Space in context  

Space is an entirely new domain of existence, into which humanity is extending its reach. It is 

the super-system to planet Earth. As a result, all of the industries, disciplines, and perspectives 

which currently drive our progress as a society are now also becoming involved in this journey 

to explore the unknown. From the 1950s to the 2050s, we are set to have taken the path of a 

century-long leap from the confinement of our origins on Earth into a multi-planetary species 

(Fig. 1) [1]. This will define both the nature and future of our civilisation. Having expanded our 

presence to low Earth orbit (LEO), we now venture to the Moon, Mars, the rest of the Solar 

System, and maybe one day to the stars beyond. Space is the final frontier. 

 

Fig. 1 - Space exploration. Source: Author’s work 

The scientific, civilisational, and inspirational benefits of space exploration are immeasurable. 

From observing the universe’s physical mechanics, to generating a wide variety of spin-off 

technologies, and discovering new sources of evidence for astrobiology, research activities in 

this domain can have both economic and abstract returns [2]. According to the ISECG’s Global 

Exploration Roadmap (2018), these benefits can be expressed as (1) innovation & economic 

growth; (2) knowledge gain; (3) global cooperation; and (4) culture & inspiration [3]. 

Fundamentally, space exploration provides us with “cosmic and evolutionary perspectives” – 

creating an epistemic paradigm shift which widens our view of the Earth’s interconnected 

systems and allows us to better understand the reality within which we exist [4].  
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However, we have also reached an unexpected point in our history whereby society is now 

more reliant on space technology than ever before, yet still “takes the day-to-day benefits of 

space for granted” [5]. When one considers capabilities such as global positioning, weather 

forecasting, and climate science, there are hundreds of ways in which the presence of satellites 

in Earth’s orbit enables our modern way of life. We are in a state of constant interaction with 

space – although few people seem to be aware of it. From this point of view, ‘New Space’ is 

the most significant dynamic which is shaping the future of the space economy. 

 

1.2 New Space 

Definition 

New Space is a phenomenon which refers to the recent emergence of startups that develop 

space technology in faster and more cost-effective ways than traditional aerospace companies 

[5]. This has become particularly possible in the last 10-15 years due to the changing cost 

economics of access to space, which has been enabled by the rise of low-cost launch vehicles 

and small satellites (smallsats) [6]. Another factor in this equation has been the widespread 

use of commercial off the shelf (COTS) components. As per Sweeting (2018), this has allowed 

startups to “create reprogrammable, reconfigurable satellites capable of sophisticated 

functions with high utility in a fraction of the volume, mass, cost, and timescales” [5]. In a 

broader sense, all of this is currently unfolding within the context of ‘Space 4.0’, which the 

European Space Agency (ESA) defines as a new era characterised by the “interaction between 

governments, private sector, society, and politics” [7]. 

An entire ecosystem has now formed around this dynamic, including public initiatives such as 

ESA’s Business Applications [8] and Business Incubation Centres (BIC) [9]; venture funds 

such as Seraphim Capital [10] and Space Angels [11]; and accelerator programmes such as 

Seraphim Space Camp [12] and Starburst Accelerator [13]. For such actors, the ability to view 

New Space from a systems perspective can be highly valuable – especially as a method of 

identifying key technologies for its future development. In that respect, one of the most 

interesting activities is Earth observation (EO), which is defined as “the process of acquiring 

observations of the Earth’s surface and atmosphere via remote sensing instruments” [14].  

Earth observation 

Whereas space exploration is characterised by an ‘outward focus’ which seeks to explore the 

universe, Earth observation has an ‘inward focus’ which makes use of space as a unique 

vantage point to view our planet from above. The process of activities within this super-system 
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can be represented as a ‘data lifecycle’ whereby satellites are: (1) designed & manufactured; 

(2) launched into orbit; (3) collect data with various payloads; (4) send it back down to ground 

stations, (5) store & process that data, (6) analyse it with AI-enabled software, and (7) 

transform it into downstream applications (Fig. 2). The result of this process is a new paradigm 

which allows startups to produce unprecedented levels of insight for downstream sectors. End 

products include solutions to address problems in environment, transportation, agriculture, 

logistics, telecoms, energy, finance, construction, government, and more.  

 

Fig. 2 - Data lifecycle. Source: Seraphim Capital [10] 

This same super-system is also used for missions which are outside the scope of New Space, 

such as ESA’s Copernicus programme which uses its ‘Sentinel’ satellites to capture data for 

climate science [15], as well as NASA’s joint Landsat programme with the United States 

Geological Survey (USGS) [16]. These public initiatives play a critical role in generating the 

knowledge which underpins our understanding of the Earth’s physical processes. As an 

activity, Earth observation enables many of the policy decisions which we will need to take in 

order to tackle the 21st century’s environmental crisis – a multi-dimensional phenomenon which 

is characterised by climate change, biodiversity loss, and air/water pollution. However, the 

scope of this research project remains limited to the New Space economy, thereby excluding 

Earth observation programmes which are operated by space agencies. 

 

1.3 Research aims 

Research question 

This research project has been designed to develop a systems view of Earth observation in 

order to produce insights about the future of New Space. In doing so, its primary aim will be to 

answer the following question: Which key technologies will have an enabling or disruptive 

effect on the Earth observation system within the next 5-10 years? 

Its secondary aims will be to establish a list of New Space startups which match those 

technologies, discuss the application of systems thinking to technology strategy, and make 

predictions about the future of Earth observation at an industry level. These objectives were 

previously set out in the Project Concept Report [17]. 
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Strategic importance 

This research project’s rationale can be explained by: (1) its relevance to the space industry; 

and (2) its academic contribution to the domain of technology management.  

Due to the fact that New Space is a recent phenomenon with a highly dynamic landscape, it 

has not been widely researched yet. As a result, this project’s output will be useful for a number 

of actors in the space industry. For space agencies, it will facilitate technology planning for 

research & development activities and enable a better understanding of public vs. private 

capabilities. For space startups, it will provide a systems-based view of the industry and help 

to evaluate competition. For investors, it will highlight potential gaps in the market and identify 

early-stage opportunities, as well as facilitate the evaluation of future risks for existing 

technologies. As an exercise which seeks to apply systems thinking to technology strategy, 

this project sits at the intersection between the UCL Centre for Systems Engineering (UCLse)’s 

research themes on systems modelling and technology planning [18]. 

Change in scope 

There were two significant changes in scope which were made during the discovery and 

research phases of this project. The first change was a shift from including both Earth 

observation and space exploration towards only examining the former. This was done in order 

to narrow the research project’s focus such that it would be able to produce valuable insights 

without being limited by time and resource constraints. The second change was to engage in 

a single unstructured interview with a high-profile actor in the space industry instead of 

conducting a number of shorter surveys. This was done in order to allow for an in-depth 

conversation, which was judged to be more appropriate given the complexity of this topic, as 

well as to avoid issues related to selection bias and statistical significance in data collection. 

This paper is organised as follows: Section 1 as an introduction; Section 2 for research 

methodology; Section 3 for literature review; Section 4 for analysis & results; Section 5 for 

discussion; and Section 6 for conclusions. 
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2. Methodology 

2.1 Research design 

This research project includes both primary and secondary research. In order to develop an 

effective framework for this process, it was designed with four main stages: (1) discovery 

phase; (2) research phase; (3) analysis phase; and (4) synthesis phase (Fig. 3).  

 

Fig. 3 - Research methodology. Source: Author’s work 

The discovery phase includes an initial literature review on space technology, systems theory, 

and technology theory. This is intended to serve as an exploratory activity which investigates 

relevant works in order to define key concepts and set the groundwork for the design of an 

Earth observation system. The research phase includes the creation of a systems diagram in 

parallel with an interview and further secondary research. Both of those activities are marked 

with design loops in order to indicate the iterative process between them and the diagram’s 

preparation. The analysis stage includes a systems analysis which examines the Earth 

observation system and serves as a platform for further discussion. This is intended to be the 

paper’s main source of insights. The synthesis stage includes the research findings in the form 

of key technologies identified for the future of Earth observation, as well as a list New Space 

startups which match those capabilities. This is then followed by a discussion which involves 

the interplay between systems thinking, technology strategy, and future predictions. 
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In terms of primary research, an interview was conducted with the CEO of Seraphim Capital, 

which is the world’s first venture fund for space technology startups [10]. This involved the 

presentation of a draft systems diagram, comments to provide feedback on its design, the 

identification of key technologies for Earth observation, and a general discussion on the future 

of New Space. The notes for this interview can be found in Appendix A. 

 

2.2 Research evaluation 

Due to its exploratory nature, this research project is limited by multiple factors. First, as it 

represents a novel application of systems thinking to the New Space economy, there is a lack 

of relevant academic literature. Second, the interview pool is restricted to a small number of 

players who have a super-system perspective in this area, therefore producing qualitative data 

which is not statistically significant compared to wide-scale surveys. Finally, as an exercise in 

technology forecasting, this research project operates within a fundamentally limited view of 

the future and is vulnerable to the risk of path dependency [19]. Although its focus on the next 

5-10 years retains a lower level of unpredictability than long-term scenarios, this is still 

expected to have a significant effect due to the high rates of progress in space technology.  

Nevertheless, this research design is one of the most effective ways to investigate the topic in 

question, especially given the time and resources. In particular, the parallelisation of the 

research phase to include an element of design iteration will allow for feedback and produce 

novel insights which are more open to seeking alternative systems perspectives [20]. In fact, 

a similar approach can be found in the design loop between functional analysis and design 

synthesis within the systems engineering design process (SEDP) [21]. 
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3. Literature review 

3.1 Space technology 

Space economy 

The space industry is currently valued at around $350 billion, which is expected to rise to over 

$1 trillion by 2040 according to Morgan Stanley [22]. Although some are skeptical about the 

sustainability of this growth in areas such as telecommunications and government services, 

which currently make up over 50% of the economy, others believe that downstream 

applications will be one of the main drivers of new growth [23]. Ever since SpaceX’s first 

successful launch of a commercial payload in 2009, New Space funding has become the 

dominant narrative when it comes to making predictions about the industry’s future (Fig. 4). 

 

Fig. 4 - Space funding since 2009. Source: Space Angels [24] 

As per Bryce Space & Tech (2019) more than 220 New Space companies have raised a total 

investment of around $21.8 billion since the year 2000 [25]. According to the Seraphim Space 

Index, the 12 month period to June 2019 saw $4.3 billion in venture funding, with launch 

vehicles ($1.7 billion) and satellite constellations ($1.8 billion) receiving the most investment 

[26]. This highlights the recent explosion in the number of venture-backed startups developing 

smallsat launch vehicles. However, with an intense competition landscape and moderate 
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growth in short-term market demand, it seems likely that only a few players will be able to 

sustain enough revenues. As per Millward (2019): “a shake-out is inevitable as these launchers 

prove their reliability and launch cadence while vying for market share” [27]. Nevertheless, this 

represents an important vote of confidence in the continued rise of small satellites, both from 

the entrepreneurial and investment side of the ecosystem. 

New Space 

In general, there is a limited amount of literature on the concept of New Space. However, some 

of the works which have been published provide a useful overview of its characteristics, as 

well as interesting comments about its past and future dynamics. 

Sweeting (2018) defines New Space as “the emergence of a different ethos for space where 

the established aerospace methods and business have been challenged by more 

entrepreneurial private sector by adopting more agile approaches and exploiting the latest 

commercial-off-the-shelf technologies” [5]. In his view, the development of microsatellites, and 

especially the CubeSat form-factor, has been the main driver behind this phenomenon. 

However, he further elaborates that this also required the right combination of platform 

designs, payload capabilities, ground segment technologies, and business case robustness – 

which was not present until the late 2000s.  

 

Fig. 5 - Satellite sizes. Source: Federal Aviation Administration (FAA) [28] 

This is supported by Serra et al. (2014), which states that “microsatellite performance is rapidly 

evolving”, while also expressing concern for the lack in smallsat launch vehicles at the time 

“despite the increasing demand for light launch opportunities” [6]. As mentioned above, this is 

no longer an issue; in fact, the balance has shifted from a market pull towards a technology 

push [19]. According to the Federal Aviation Administration (FAA), the ‘small satellites’ 
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designation includes spacecraft with masses between 0.01kg - 600kg (Fig. 5), although that 

term is most commonly used to refer to micro and nanosatellites. The CubeSat form-factor 

allows them to be manufactured at a lower cost, launched in greater numbers, and give rise to 

the emergence of constellations which can be gradually replaced over the years. 

The rise of SpaceX was enabled by NASA’s “Space Act Agreements”, a public-private 

innovation policy which allowed the space agency to work together with commercial space 

companies. NASA used these powers to establish the Commercial Orbital Transportation 

Services (COTS) programme, which was the mechanism that gave SpaceX the opportunity to 

be awarded contracts to resupply the International Space Station (ISS). This was crucial in 

providing it with a sustainable source of revenue during the early stages of its development, 

especially as a new entrant in the market against aerospace giants such as Orbital ATK and 

the United Launch Alliance (ULA). This view is supported by Anderson (2013), whereby “the 

partnership between NASA and private companies through Space Act Agreements show a 

new level of understanding and cooperation between the public and private sectors” [29]. 

Similar observations are also expressed by Lambright (2015), which states that the rationale 

behind the COTS programme was actually to allow NASA to “concentrate its constrained 

government resources on deep-space exploration” [30]. 

Earth observation 

In 2018, over 300 small satellites were launched into orbit, of which around 40% were for 

remote sensing activities (Fig. 6) [31]. This number is expected to reach over 1,000 in the next 

few years, as companies such as SpaceX, OneWeb, and Planet Labs continue to build mega-

constellations for both Earth observation and global broadband coverage. 

 

Fig. 6 - Smallsats by application. Source: Bryce Space & Tech (FAA) [31] 
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In general, the different types of Earth observation include passive imagery such as 

panchromatic, multi-spectral, pan-sharpened, hyper-spectral, and microwave radiometry; as 

well as active imagery such as synthetic aperture radar (SAR), LIDAR, radar altimetry, GNSS 

reflectometry, and radar scatterometry [14]. The development of SAR capabilities is often 

mentioned as one of the most significant modern innovations in Earth observation, primarily 

due to its ability to “collect imagery during day and night, in all weather conditions” [32]. This 

has several applications such as ship tracking, sea ice monitoring, forest monitoring, soil 

moisture, urban mapping, flood mapping, and infrastructure monitoring [14]. 

A framework which is particularly relevant to this paper is the European Space Technology 

Master Plan (ESTMP), which provides an overview of research & development activities 

across Europe in order to facilitate the technology harmonisation process. Some of the key 

technologies mentioned in these documents include microprocessors with integrated circuits 

and field programmable gate arrays (FPGAs), additive manufacturing (3D printing), green 

propulsion, deployable structures, inflatable structures, on-board data processing, synthetic 

aperture radar (SAR), and optical communications [33].   

UCLse’s course on Space Systems is another useful resource which has been examined as 

part of this paper’s literature review. With regards to Earth observation, some of the key 

technologies mentioned during the module include multi-payload platforms, high-quality video 

imaging, cloud processing, data cubes, and space debris removal. Different methods were 

discussed for space debris removal, including passive technologies such as sails, balloons, 

and electrodynamic tethers; active technologies such as space-based nets and ground-based 

laser de-orbiting; as well as dedicated ‘space tugs’ for de-commissioning services [34]. 

To conclude, the most relevant systems for Earth observation which have been identified from 

this literature review can be summarised as satellite structures, propulsion, launch vehicles, 

satellite platforms, EO payloads, satellite logistics, on-board data processing, machine 

learning, industry insights, and integrated platforms. These preliminary findings from the 

discovery phase will be used as a starting point to design the systems diagram for Earth 

observation, with design iterations to be made during the research phase. 

 

3.2 Systems theory 

Systems definition 

Systems theory is the study of interconnected parts which exist and interact within the context 

of a greater whole. It was originally developed as a way of understanding biological systems, 
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whereby previous methods involved a reductionist approach which examined each part’s 

functions in isolation. It can be applied to a wide range of different subjects, from the Earth’s 

physical processes to the European Union’s political dynamics.  

As per Checkland (1999), the types of systems can be classified as (1) natural systems; (2) 

designed physical systems; (3) designed abstract systems; (4) human activity systems; and 

(5) transcendental systems [35]. Within that framework, the Earth observation system in this 

paper would considered as a designed physical system. However, it also contains both 

abstract (data lifecycle) and human (enterprise context) elements. This introduces the idea of 

soft systems methodology, whereby socio-technical systems can be analysed with similar 

concepts to those found in systems thinking and systems engineering [36]. 

In order to determine whether any given subject can be considered a system for the purposes 

of systems analysis, one can formulate a test which is similar to the one developed by 

Checkland (1999), along with a few modifications. The relevant questions are as follows:  

(1) Are there multiple parts?  

(2) Are they interacting with each other?  

(3) Do they display emergent properties?  

(4) Is there an architecting vision or an observer’s logic? 

Within that context, the Earth observation system would have both an architecting vision and 

an observer’s logic. The former can be explained through its intentional design by space 

systems engineers for the purposes of enabling EO activities, which expresses its nature as a 

generative philosophy [37]. However, this does not extend to all levels of the lifecycle and 

hierarchy. The latter, on the other hand, can be explained by the unique view which must be 

taken to conceptualise, categorise, and visualise a system which may seem too nebulous and 

socio-technical to those who do not have the benefit of a systems perspective. This underpins 

the simplest yet most essential idea in systems theory – the conceptual model [37]. 

Systems properties 

Systems may come in many forms, but all of them exhibit the same fundamental attributes: 

system boundaries, emergent properties, sub-systems, super-systems, and interfaces. Even 

the most abstract or soft system can be analysed through this universal framework. 

Systems can also be described through a wide range of classification models which help us to 

better understand their internal and external traits. As per Leal (2018), this includes interaction 

(linear vs. complex); coupling (loose vs. tight); integration (low vs. high); type (hard vs. soft); 
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externality (open vs. closed); nature (conceptual vs. practical); stability (stable vs. dynamic); 

physics (deterministic vs. probabilistic); and linearity (linear vs. non-linear) [37]. 

Reverse salients 

Within the context of innovation, there is a concept in systems theory which is referred to as 

the ‘reverse salient’. As per Hughes (1983), the salient is used to describe a scenario whereby 

a certain sub-technology has progressed beyond its complementary components. On the other 

hand, the reverse salient “appears in an expanding system when a component of the system 

does not march along harmoniously with other components” [38].  

At the activity level, this therefore describes situations in which a sub-technology falls behind 

the rest and limits the entire sector’s advancement. The reverse salient is most commonly 

applied to systems which exploit general purpose technologies (GPTs), although examples 

include a wide range of industries such as braking technology in railways, battery technology 

in mobile phones, and battery technology in electric cars. Although reverse salients are similar 

to other concepts such as ‘bottlenecks’ and ‘pain points’, their application is more specific to 

high-level views of technology systems [38] – such as the one developed in this paper. 

 

3.3 Technology theory 

Technology forecasting 

Technology forecasting is an exercise which seeks to make predictions about future scenarios 

and how they will determine the characteristics of particular technological systems. As a result, 

this concept sits at the intersection between scenario planning and technology roadmapping. 

Although this can be a useful tool in terms of understanding where to dedicate our resources 

in the present for the most effective outcomes in the future, technology forecasting is also 

fundamentally limited by its uncertainty, unpredictability and the risk of path dependency.  

An interesting framework which can be used to predict technological progress is the theory of 

inventive problem-solving (TRIZ). This systematic approach seeks to identify engineering 

parameters which can be improved through the application of inventive principles, including 

modifications such as segmentation, low-cost parts, thermal expansion, and composite 

materials. If we go one step further, Mann (2003) takes the view that “performing an 

evolutionary potential trends analysis at different levels of a system hierarchy can very often 

capture the likely disruption”, whereby evolutionary potential within this context is defined as 

“the difference between the relative maturity of the current system, and the point where it has 

reached the limits of each of the evolution trend” [39].  
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This is a fascinating commentary on how to engage in better technology forecasting, which 

seems to have significant potential for in-depth analysis of space systems. The application of 

evolutionary potential trends analysis to various technologies within the Earth observation 

system could produce a wide range of novel insights. This would not only map out areas for 

future innovation, such as in the form of a radar plot (Fig. 7), but also develop a new 

perspective on the engineering parameters which give rise to relative strengths and 

weaknesses within each technological system. 

 

Fig. 7 - Evolutionary potential radar plot. Source: Mann (2003) [39] 

Another important element in technology forecasting is the differentiation between technology 

push and market pull. Technology push can be defined as enterprise-driven innovation which 

engages in the development of new technologies and products with new capabilities. On the 

other hand, market pull can be defined as customer-driven innovation which is seeks to satisfy 

market needs and react against competition [19].  

However, as per Howells (1997), this binary view of innovation represents a flawed 

conceptualisation. Instead, he proposes a new approach whereby “the firm is the only ‘agent’ 

capable of innovative action” and the market is seen as a complex source of proven uses with 

associated values, thereby making innovation “an essentially qualitative and socio-cognitive 

process” [40]. This is an interesting view which may prove to be useful when it comes to the 

high-technology markets and products associated with an Earth observation system. 
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Disruptive innovation 

The theory of disruptive innovation, as developed by Christensen (1995), outlines a particular 

type of disruption which often underpins a market’s changing economics [41]. However, 

despite its relatively wide scope of application, the elements which constitute disruptive 

innovation must be examined carefully in order to ascertain its relevance for each scenario.  

First of all, it is important to draw a distinction between disruptive innovation, which refers to 

technologies that “introduce a very different package of attributes from the one mainstream 

customers historically value” and sustaining innovation, which refers to technologies that “give 

customers something more or better in the attributes which they already value” [41]. Second, 

it must be appreciate that disruptive innovation contains an element of “low-end disruption”. 

This refers to the idea that disruptive technologies tend to enter the market at the lower end of 

its price and performance spectrum. In such a scenario, the incumbent has often left a gap in 

the market (sustaining trajectory), which the disruptor then uses to capture its first customers 

as a new entrant (disruptive trajectory), even if profit margins are not substantial (Fig. 8). 

 

Fig. 8 - Christensen’s theory of disruption. Source: Harvard Business Review 

Finally, the disruptor’s entry is often followed by further innovation. This allows it increase its 

profit margins and fundamentally change the market’s landscape by redefining customers’ 

expectations with regards to which attributes are desirable and available. The classic scenario 

provided in Christensen (1995) is the rise of Hard Drive Disks (HDDs), whereby high-end 

suppliers focused on the needs of governments and businesses, such as storage capacity and 

retrieval speed, thereby overshooting the needs of low-end consumers. As smaller, more 
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portable, and lower-cost HDDs entered the market, those new entrants disrupted the playing 

field and eventually overtook the market share from most of the incumbents [41].  

However, as previously mentioned, it must be noted that this is a specific type of disruption. 

When one simply refers to the “disruptive effect” of any given technology, Christensen’s test 

does not apply. In the broader sense, disruption can be defined as the displacement of existing 

market dynamics in favour of new technologies, capabilities, or approaches. Whilst disruptive 

innovation will be discussed in Section 5 with regards to low-cost launch vehicles and small 

satellites, the “disruptive effect” which is identified in Section 4’s research findings will refer to 

the wider concept of disruption rather than Christensen’s narrow formulation. 
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4. Analysis 

4.1 Earth observation 

 

Fig. 9 - Earth observation system. Source: Author’s work 

The diagram above represents this paper’s view of the Earth observation system (Fig. 9). In 

the following section, this model will be analysed using systems thinking in order to examine 

its elements from the perspectives of system lifecycle and system hierarchy.  
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4.2 Systems analysis 

System lifecycle 

The defining characteristic in this system’s architectural design is the data lifecycle. As a 

functional abstraction [21], it represents the process of activities involved in Earth observation 

which generate a flow of hardware towards space (upstream) and a flow of information back 

towards the Earth (downstream). The main activities in the data lifecycle are: Build; Launch; 

Collect; Downlink; Store; and Analyse. This perspective has facilitated the identification and 

categorisation of systems which are involved in each stage of the lifecycle. 

Build is the first activity in this super-system, during which satellite sub-systems are designed 

and manufactured. The relevant systems have been identified as structure, power, propulsion, 

materials, electronics, and software. These elements were chosen as a result of literature 

review, interview notes, and further research including a study of space systems [34]. It should 

be noted that satellite payloads have been left out of this stage as they were evaluated to be 

more relevant to the Collect activity in terms of their interactions with other elements. 

Launch is the activity during which satellites are integrated into a launch vehicle and sent into 

orbit. The relevant systems have been identified as launch vehicles, launch services, and 

infrastructure. These elements were chosen as a result of literature review, interview notes, 

and further research including the FAA’s report on the commercial launch market [28]. In this 

context, infrastructure refers to launch facilities such as spaceports and secondary vehicles. 

Collect is the activity during which satellites engage in Earth observation, including remote 

sensing with both optical and radar payloads. The relevant systems have been identified as 

satellites, payloads, logistics, end-of-life services, and alternatives. These elements were 

chosen as a result of literature review, interview notes, and further research including ESA’s 

Earth observation guide [14]. Alternatives refer to the use of unmanned aerial vehicles (UAVs) 

which operate at near-space altitudes, such as high-altitude pseudo-satellites (HAPS), as well 

as aerial imagery with drones at lower altitudes. Although those systems do not exist directly 

within the Earth observation super-system, they perform identical functions and should 

therefore be considered as a part of this ecosystem for technology forecasting purposes. 

Downlink is the activity during which data from satellites is processed, encrypted, and sent 

back down to ground stations. The relevant systems have been identified as on-board 

processing, communications, relay systems, data encryption, and ground networks. These 

elements were chosen as a result of literature review, interview notes, and further research 

including an investigation of innovation trends in the ground segment [42]. 
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Store is the activity during which data from satellites is stored and processed before analysis. 

The relevant systems have been identified as data storage, data processing, and cyber-

security. These elements were chosen as a result of literature review. It should be noted that 

the data processing at this stage is far more advanced and resource-intensive than on-board 

processing, as it has the aim of preparing data for real-time analytics. Data storage is the 

system in this model which is the least unique to Earth observation, however it has been 

included nevertheless due to its relevance to the super-system’s emergent properties. 

Analyse is the final activity in this super-system, during which EO data is analysed and turned 

into valuable insights for downstream applications. The relevant systems have been identified 

as EO marketplaces, machine learning, cloud computing, industry insights, and product 

platforms. These elements were chosen as a result of literature review, interview notes, and 

an extensive study of Seraphim Capital’s investment activities – including in particular the 

Seraphim Space Index which tracks venture funding in space technology startups [26]. 

System hierarchy 

System hierarchy is another attribute which facilitates this model’s effectiveness in seeking 

alternative systems perspectives [20]. In this case, the relevant degrees include the sub-

system level (technologies), system level (technology groups), activity level (data lifecycle), 

super-system level (Earth observation), and enterprise context (input & output ecosystems).  

The enterprise context, which is also related to the idea of a ‘system development system’, 

has been divided into an input ecosystem and output ecosystem. However, there is some 

overlap. The relevant actors for inputs have been identified as governments, regulatory bodies, 

manufacturers, space agencies, space startups, and investment firms. Examples of these 

include the UK Ministry of Defence (MoD), the Federal Aviation Authority (FAA), Airbus 

Defence & Space, the European Space Agency (ESA), Planet Labs, and Seraphim Capital. In 

general, these players are involved in planning, designing, funding, and operating space 

systems which are used in the Earth observation super-system’s upstream segment.  

The relevant actors for outputs have been identified as data owners, applications, platforms, 

customers, end users, and substitutes. Examples of these include DigitalGlobe, Spire AirSafe, 

Amazon Earth (AWS), Maersk Line, a maritime shipping crew, and Sky Futures. The distinction 

between customers and end users is an important one: customers are those which purchase 

space-enabled applications, whereas end users are those which interact with the product on 

a frequent basis and experience a direct benefit from its capabilities. In general, these players 

are involved in the generation, distribution, purchase, and consumption of space-enabled 

insights in the Earth observation super-system’s downstream segment. 



UCL MSc Technology Management  Kaleagasi, 2019 
 

21 | P a g e  
 

As a result of this hierarchy, it can also be observed that the Earth observation super-system 

displays emergent properties. In particular, its systems interact with each other in order to 

engage in activities which transform space hardware into downstream applications. Therefore, 

it passes the system test formulated Section 3 which requires it to have multiple parts, 

interconnectedness, emergent properties, and an architecting vision or observer’s logic. 

 

4.3 Research findings 

Having carefully evaluated this research project’s literature review, systems diagram, and 

systems analysis, 30 key technologies for Earth observation have been identified. The 

following table lists them with reference to their activity, system, justification, and effect: 

Activity System Technology Justification Effect 

Build Propulsion Electric propulsion Orbit-raising capabilities Disruptive 

Build Propulsion Green propulsion Lack of toxic fuels Enabling 

Build Structure Deployable structures New satellite designs Disruptive 

Build Materials 3D printing Lower costs & times Enabling 

Build Electronics Software-defined satellites New satellite capabilities Disruptive 

Launch Launch vehicles Re-usable rockets Lower launch costs Disruptive 

Launch Launch vehicles Hybrid-engine rockets Lower launch costs Enabling 

Launch Launch vehicles Mobile launch Launch location flexibility Disruptive 

Launch Launch vehicles Spaceplanes (SSTO) New launch capabilities Disruptive 

Collect Satellites Smallsat constellations High coverage at low cost Disruptive 

Collect Payloads Synthetic aperture radar Weatherproof visibility Disruptive 

Collect Payloads ADS-B sensors Aviation tracking Disruptive 

Collect Payloads AIS sensors Maritime tracking Disruptive 

Collect Payloads Radio occultation Weather forecasting Enabling 

Collect Payloads Sub-surface radar Underground resources Disruptive 

Collect Payloads Real-time HD video New EO capabilities Disruptive 

Collect Logistics Space tugs Orbit-raising capabilities Disruptive 

Collect Logistics Satellite re-fuelling Extended lifespan Disruptive 

Collect Logistics Space debris tracking Situational awareness Enabling 

Collect Logistics Space debris removal Environmental safety Disruptive 

Collect End-of-life Satellite de-orbiting Regulatory requirements Enabling 

Collect Alternatives High-altitude platforms Near-space EO activities Disruptive 

Downlink Processing On-board processing Reduces data budget Enabling 

Downlink Relay systems Optical relay systems Higher downlink speeds Enabling 

Downlink Ground networks Shared ground networks Flexibility at lower cost Enabling 

Analyse Cloud computing Cloud-based analytics Increased capabilities Enabling 

Analyse Machine learning Radar analytics Insights from SAR data Disruptive 

Analyse Industry insights Data fusion analytics Multi-source intelligence Enabling 

Analyse Platforms Queryable Earth Searchable EO insights Disruptive 

Analyse Platforms Integrated platforms New product ecosystem Disruptive 

 

Table 1 - Key technologies in Earth observation 
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4.4 New Space startups 

Based on the findings above, each technology was then matched with a New Space startup 

which is either currently developing or already operating that system. The purpose of this 

exercise was to bridge the gap between theory and application, whilst also providing insights 

for relevant players in the space industry. The following table lists these companies with 

reference to their technology, location, and short description of their capabilities: 

Technology Company Location Description 

Electric propulsion Exotrail France 
Electric thrusters for small 

satellites [43] 

Green propulsion Tesseract Space United States 
Low-toxicity thrusters for 

satellites and spacecraft [44] 

Deployable structures 
Oxford Space 

Systems 
United Kingdom 

Deployable space antennas 

and panel systems [45] 

3D printing Relativity Space United States 
Smallsat launch vehicles with 

3D printing [46] 

Software-defined 

satellites 
Vector Launch United States 

GalacticSky: microsatellites 

with smart cloud-computing 

[47] 

Re-usable rockets SpaceX United States 
Launch vehicles with landing 

capabilities [48] 

Hybrid-engine rockets 
Gilmour Space 

Technologies 
Australia 

Hybrid engine rockets with 

mobile launch platform [49] 

Mobile launch 
Gilmour Space 

Technologies 
Australia 

Hybrid engine rockets with 

mobile launch platform [49] 

Spaceplanes (SSTO) Reaction Engines United Kingdom 
Skylon: SSTO spaceplane with 

SABRE engine [50] 

Smallsat constellations Planet Labs United States 
Smallsat constellation for 

global monitoring [51] 

Synthetic aperture radar ICEYE Finland 
Microsatellites with SAR for 

global monitoring [32] 

ADS-B sensors Spire Global United States 
Spire AirSafe: aviation tracking 

with ADS-B sensors [52] 

AIS sensors Spire Global United States 
Spire Maritime: ship tracking 

with AIS sensors [53] 

Radio occultation Spire Global United States 
Spire Weather: high-accuracy 

forecasting with RO [54] 

Sub-surface radar LunaSonde United States 
Nanosatellites for sub-surface 

resource imaging [55] 

Real-time HD video SEN  United Kingdom 
Space TV: real-time HD video 

of Earth from space [56] 

Space tugs D-Orbit Italy 
Developing space tugs for 

orbit-raising services [57] 

Satellite re-fuelling Infinite Orbits Singapore 
Satellite re-fuelling services for 

life extension [58] 

Space debris tracking LeoLabs United States 
LeoTrack: real-time space 

debris tracking services [59] 
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Space debris removal D-Orbit Italy 
D3: de-commissioning for end-

of-life satellites [57] 

Satellite de-orbiting D-Orbit Italy 
Developing spacecraft for 

space debris removal [57] 

High-altitude platforms World View United States 
Stratollite: high-altitude 

balloons for EO activities [60] 

On-board processing N/A N/A N/A 

Optical relay systems Analytical Space United States 
Relay system with high-

capacity optical comms [61] 

Shared ground 

networks 
Leaf Space Italy 

Leaf Line: shared ground 

station networks [42] 

Cloud-based analytics 
Earth Observing 

System (EOS) 
United States 

Cloud-based workstation for 

EO data analytics [62] 

Radar analytics PlanetWatchers United States 
EO data analytics for natural 

resource monitoring [63] 

Data fusion analytics Geospatial Insight United Kingdom 

Satellite & drone imagery 

analytics for insurance and 

investment insights [64] 

Queryable Earth Planet Labs United States 
Developing a platform for fully 

accessible Earth insights [65] 

Integrated platforms Amazon United States 

Amazon Earth (AWS): platform 

to build applications with 

geospatial datasets [66] 

 

Table 2 - Key technologies with New Space startups 
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5. Discussion 

5.1 Systems thinking 

The systems view of Earth observation which was developed in this paper has proven to be a 

highly effective method in terms of producing novel insights for technology forecasting. At the 

most basic level, the ability to design a visual representation of a complex system is a powerful 

tool. This is especially the case with regards to a super-system which involves numerous 

elements of hardware, software, and socio-technical processes. Since we are naturally better 

at processing images than text, wherein “half of the human brain is devoted directly or indirectly 

to vision”, the value of generating such diagrams should not be underestimated [67].  

However, the benefits of a systems perspective also extend far beyond this visualisation. This 

section will elaborate on the various ways in which systems thinking has improved or limited 

this paper’s research findings, as well as discuss any relevant points that arise from it. In doing 

so, it will examine the implications of the systems analysis in Section 4 through the concepts 

of system lifecycle, system hierarchy, and system properties. 

System lifecycle 

The data lifecycle’s structural role in the Earth observation system’s architecture was an 

essential benefit for the identification of key technologies in this paper. It allowed for each 

stage’s activity to be categorised into integrated systems, such that all elements of the process 

were considered adequately. This is important due to its potential in reducing the risk of human 

bias or error when conducting exploratory research. As per Reason (1999), the “system 

approach” to human error recognises that providing a structural framework which prevents 

such fallibility is the most effective method for risk management [68].  

With reference to the research findings, technologies such as deployable structures, on-board 

processing, and integrated platforms may not have been identified at all without having faced 

the necessity of examining the interactions between each of the systems in the data lifecycle’s 

activities. Had this perspective not been available, it would have been expected that a strong 

bias would occur towards the more directly relevant and familiar technologies, such as those 

situated within ‘Launch’ and ‘Collect’. Although those were indeed some of the most prominent 

activities in the research findings, the overall distribution nevertheless seems to be a 

proportional representation of each stage’s relative importance and innovation potential.  

The time dimension is another property which is inherent to the system lifecycle. This can 

manifest itself on two different levels. First, one can use the systems diagram in order to make 
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predictions about the duration between various stages in the data lifecycle. For example, it 

could be used in order to plot the timeline of a spacecraft from its initial design stage to the 

testing, integration, launch, and collection phases. Naturally, such investigations would require 

the diagram to be adapted for more detailed observations at the sub-system level. However, 

the conceptual value remains. Second, one can use this perspective in order to consider the 

lifecycles of individual elements within the context of the time dimension. For example, 

technologies such as re-usable rockets, satellite re-fuelling, and end-of-life services could all 

play an important part in modelling the Earth observation system as a circular economy.  

The presence of an economic value chain is yet another benefit of this lifecycle perspective. 

With the use of a systems diagram, it becomes easier to consider the particular stages at which 

value is added to the system of interest. For example, a small satellite is not particularly 

valuable once it has been designed and manufactured. However, the process of launching it 

to space opens up a potential for data collection which significantly increases its economic 

relevance. Similarly, Earth observation data which has not yet been processed is both 

abundant and difficult to use for downstream applications. This points towards the idea that 

systems within the ‘Analyse’ stage are significant value-adding services. This becomes an 

insight that could then be used to further investigate the Earth observation system from a 

business perspective, such as evaluating the relative capital costs and profit margins for 

hardware manufacturers vs. software analytics companies. 

On the other hand, this lifecycle perspective could also be used to better understand the 

allocation of risk at each stage – which could be seen as a negative counterpart to the 

economic value chain. For example, the satellite manufacturer may face lower profit margins, 

but would also not have to face the insurance costs and/or financial consequences of a 

complete launch failure. Thus, the level of risk which is incurred at each stage, and the actor 

which faces the potential consequences, would be a useful insight to form a better 

understanding of the system’s dynamics. This could be especially important for New Space 

startups which operate on low levels of cash runway and are often not yet revenue-generating 

during their first years of launching satellites. For example, in 2017, Spire Global lost “10 of its 

ship-tracking and weather data cubesats” due to a Soyuz rocket’s launch failure [69].  

To conclude, the system lifecycle is an invaluable perspective for technology forecasting due 

to the fact that it (1) allows the system’s architect to capture the entire range of activities 

involved in the lifecycle; (2) reduces the risk of neglecting certain systems based on the 

perceived importance of their activities; (3) engages with the time dimension on multiple levels; 

(4) can be viewed as a manifestation of the economic value chain; and (5) serves as a 

framework to better appreciate the allocation of risk. 
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System hierarchy 

System hierarchy’s presence in the Earth observation super-system was important for three 

main reasons. First, it allowed the systems diagram to reflect multiple levels of resolution, from 

individual technologies all the way up to the enterprise context. This opened the doors for a 

more thorough appreciation of the ‘system development system’, competing systems, and the 

input & output ecosystems as indicated in Section 4. Whilst this awareness could have been 

achieved without an explicit exercise in systems thinking, it is often taken for granted and cast 

aside as the ‘external environment’, which rarely results in a comprehensive understanding of 

the interconnectedness between the system of interest and its super-system context. For 

example, the identification of actors such as regulatory bodies, data owners, platforms, and 

end users would have been highly unlikely without the benefit of this perspective. 

Second, it involves the existence of multiple interfaces between systems and system levels, 

which brings into question the idea of inter-operability. For Earth observation, this is an 

important consideration, whereby the compatibility of satellite sub-systems, EO data formats, 

and analytics algorithms could have significant consequences on achieving both science and 

business objectives. Interoperability is indeed a recurring theme in the EO analytics 

community, whereby Planet Labs comments that “this lack of standardization is even more of 

an urgent issue as vast archives of EO data head into advanced machine-learning-based 

pipelines for data mining” [TTT]. This seems to be a challenge that will need to be resolved 

within the next 5-10 years of the Earth observation’s systems development (Fig. 10). 

 

Fig. 10 - Earth observation inter-operability. Source: Planet Labs [] 

Finally, system hierarchy plays a crucial role in demonstrating the potential for vertical 

integration within the Earth observation system. For example, a company which is already 

active in designing, manufacturing, and operating its own satellites becomes more readily able 
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to identify the opportunity for expanding its analytics capabilities. This also links back to 

previous points on the flow of information and the economic value chain, which demonstrates 

that even the exercise of systems thinking is in itself an interconnected system of abstractions 

and analysis points. Spire Global is a real example of the scenario above, whereby its satellite 

capabilities were only developed as a means for vertical integration into global monitoring 

services – thereby maximising the amount of value that it generates from EO data. 

To conclude, system hierarchy was also found to be a useful perspective due to the way in 

which it (1) allowed the systems diagram to reflect multiple levels of resolution, from individual 

technologies all the way up to the enterprise context; (2) involves the existence of multiple 

interfaces between systems and system levels, which brings into question the idea of inter-

operability; and (3) plays a crucial role in demonstrating the potential for vertical integration 

within the Earth observation system. 

 

5.2 Technology strategy 

Earth observation 

Within the context of New Space, some of the major dynamics which underpin technological 

changes in Earth observation include: (1) cost economics; (2) time to market; (3) technology 

format; (4) reliability; (5) scalability; (6) risk levels; and (7) business culture. This represents a 

move towards space systems which are more affordable, faster, software-centric, disposable, 

modular, lower risk, and developed by entrepreneurial teams (Fig. 11). 

 

Fig. 11 - New Space dynamics. Source: Seraphim Capital [10] 
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From this paper’s research findings, some of the most interesting technologies to discuss in 

relation to technology strategy include: electric propulsion; deployable structures; re-usable 

rockets; mobile launch; spaceplanes; smallsat constellations; synthetic aperture radar (SAR); 

sub-surface radar; space tugs; satellite re-fuelling; space debris tracking; optical relay systems; 

queryable Earth; and integrated platforms.  

Innovation theory 

Electric propulsion allows satellites to change orbits without having to carry significant 

amounts of fuel. This represents a disruptive effect due to new capabilities for smallsats in 

terms of their relative independence from orbital insertion slots during the launch stage. 

Deployable structures allow satellites to unfold antennas, arrays, and booms which far 

exceed the size limitations of their launch capacity. This novel design element affords space 

systems engineers with the flexibility to achieve more without having to make a significant 

trade-off. This can be related to TRIZ, whereby the segmentation of deployable structures is 

an inventive principle which improves the system’s engineering parameters (size vs. area). 

Re-usable rockets allow satellites to be launched at dramatically lower costs. This represents 

a sub-technology which used to be a ‘reverse salient’ as per Hughes (1983) [38]. It was the 

rise of SpaceX with its Falcon 9 architecture which turned reusability into an example of 

disruptive innovation as per Christensen (1995) [41]. By focusing on the lower end of the 

market such as commercial re-supply services to the ISS, SpaceX was able to capture enough 

revenue in order to innovate and overtake the incumbents in technological capabilities.  

Mobile launch allows satellites to be launched from remote locations, thereby disconnecting 

the link between access to space and established launch infrastructure. This is can be seen 

as an example of modularity, which also fits into the wider trend of decentralisation. 

Spaceplanes are being developed as a single stage to orbit (SSTO) alternative for launch 

vehicles. They will have the ability to operate both as an aircraft while in the atmosphere and 

a spaceship while in orbit, which will be achieved through the use of “air-breathing engines”. 

Once ready for operations, spaceplanes are likely to represent a technology push due to their 

radically new design. However, if we take the view developed by Howells (1997), then the 

proven uses and associated values of such a launch architecture will already be evident [40]. 

Smallsat constellations are a new architectural design for satellites orbiting the Earth, 

allowing global coverage, high revisit rates, and communication networks. This represents a 

fundamentally new way of thinking about the value of space assets, whilst also serving as 
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another example for disruptive innovation. In particular the CubeSat format’s focus on the 

lower end of the market allowed it to become one of the dominant forms in Earth observation. 

Synthetic aperture radar allows satellites to engage in Earth observation regardless of 

weather conditions, thereby providing reliability, flexibility, and highly-customised services for 

a wide range of customers. However, this comes with the added difficulty of radar analytics. 

Sub-surface radar is a remote sensing technology which can penetrate the surface of a planet 

in order to map its underground natural resources. This represents an interesting business 

case situation, whereby startups such as LunaSonde plan on using the revenues from their 

Earth-based customers in order to fund the development of capabilities which will extend to 

exploiting resources from other planetary bodies and asteroids. 

Space tugs allow satellites to be transported for orbit-raising and de-commissioning purposes. 

This represents a third-party alternative to the use of electric thrusters for similar scenarios. 

Such technologies will play a key role in enabling the future of the LEO economy. 

Satellite re-fuelling will allow satellites to benefit from life extension services, potentially 

changing the entire cost economics of smallsat constellations and reducing the amount of 

satellites that are abandoned as space debris after running out of fuel for operations. This is 

also related to the idea of lifecycles and circular systems. 

Space debris tracking enables space situational awareness (SSA) through the real-time 

mapping of trajectories for all objects in Earth’s orbit. LeoLabs is the current industry leader in 

this area, having recently launched its LeoTrack services. As per Sweeting (2018): “If the large 

numbers of satellites proposed for LEO actually materialize, especially in constellations, then 

the same drivers that led to the global air traffic control system on Earth may also lead to the 

creation of an analogous space traffic control system, especially as the quantity of space debris 

continues to increase.” [5] This is one of the most significant threats and challenges facing the 

New Space economy in the next 5-10 years, which establishes the position of space debris 

tracking platforms as fundamentally enabling systems for Earth observation activities. 

Optical relay systems allow for the downlink transfer of data from satellites at higher speeds 

than any other alternatives. This plays an important role in resolving the bottleneck caused by 

high volumes of EO imagery being generated every second of the day by small satellites. As 

per Sweeting (2018): “Traditional RF capabilities are unlikely to be able to meet this demand 

for increasing communications rate and hence bandwidth” [5]. 
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Queryable Earth is a concept which involves the virtualisation of Earth observation insights 

into a fully searchable smart platform. Although this could be seen as a technology push, it 

also seems to be the natural progression of current analytics products. No formal projects have 

been announced yet, but Planet Labs have expressed an intention to fulfil this vision [FFF]. 

Integrated platforms would bring together launch capabilities, smallsat constellations, raw 

imagery, cloud-based analytics, industry intelligence, and product platforms into a single 

pipeline of space-based value creation. This represents a high form of vertical integration. 

 

5.3 Future predictions 

Based on the technologies and trends which have been identified throughout this paper, it will 

now be possible to make some predictions about the future of the Earth observation system, 

as well as the New Space economy at an industry level. 

One of the first issues which will be addressed is the smallsat launch market. Whereas only a 

few years ago the lack of low-cost launch options was seen as a reverse salient in the space 

industry, there has recently been an explosion in the number of venture-backed startups 

developing smallsat launch vehicles. This includes companies such as Rocket Lab, Vector 

Launch, Astra, Firefly Aerospace, PLD Space, Relativity Space, Orbex, Skyrora, Gilmour 

Space Technologies, Zero2Infinity, CloudIX, Ripple Aerospace, Interstellar Technologies, 

SpaceLS, and several others. 

In addition, there will also continue be some competition over this market from SpaceX, Blue 

Origin, and Virgin Orbit. From the perspective of smallsat manufacturers and operators, this is 

a highly desirable landscape. Due to the intensity of competition, customers will likely enjoy 

higher bargaining power than launch providers, allowing them to secure better prices. This is 

especially true for the dozens of new entrants that will be starting with limited flight heritage 

and no reliability track record, which can often be more important than pricing alone.  

This is further exacerbated by the fact that SpaceX recently announced its “Smallsat Rideshare 

Program”, which will offer dedicated rideshare launch for small satellites at only $2.25m per 

mission – a price point which has yet to be matched. However, the disadvantages of rideshare 

compared to dedicated launch include less control over orbital insertion slots and waiting times.  

Nevertheless, this is not likely to be a problem for medium-sized rockets, as the vast majority 

of satellites being launched are for a few players with major constellations – namely Planet 

Labs and Spire Global (Fig. 12). Such customers are able to afford launching several satellites 

at the same time, which eliminates much of the need for dedicated launch options.  
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Fig. 12 – Small satellite companies. Source: Bryce Space & Tech [31] 

Although many of these launch providers will continue to test their rockets and secure initial 

contracts, this paper predicts that there will be a significant consolidation in market share 

towards 15-20 players within the next few years. Those which survive will have established 

themselves through either commercial traction, price competition, geopolitical considerations, 

or other forms of differentiation such as mobile launch, balloon launch, and 3D printing. 

There is also a similar concern with regards to satellite constellations, whereby the amount of 

Earth observation data being produced (technology push) may not yet be matched with 

sufficient analytics capabilities and demand for downstream services (market pull). However, 

it is likely that this will only be an issue for the short-term, with new technologies and platforms 

improving our ability to exploit such data within the next 5-10 years – as highlighted in the 

research findings of this report. 

Finally, in the medium-term, it is likely that we will see a trend towards vertical integration from 

players such as SpaceX, Amazon, Google, and Planet. SpaceX already controls a significant 

amount of the New Space economy’s launch capacity with its Falcon rockets, while also 

working on the manufacturing, design, and operation of its Starlink satellite constellation for 

global broadband coverage. Amazon has the benefit of its Amazon Web Services (AWS) 

platform which already includes ‘Earth on AWS’, as well as its relationship with Blue Origin’s 

launch vehicles through Jeff Bezos. Google has some of the world’s leading geospatial 

mapping capabilities with Google Maps, an existing platform for Earth science data analytics 

with ‘Google Earth Engine’, extensive data centre infrastructure, and state of the art machine 
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learning capabilities. Planet Labs is certainly a smaller player than the others on this list. 

However, it is still the leading Earth observation company in the world and could seek to 

expand its economic activities by engaging in vertical integration.  

As a result, this paper predicts that at least one or two of these companies will move towards 

establishing integrated platforms for Earth observation analytics and other space-enabled 

applications. However, it is also possible that other existing companies such as Spire Global 

and ICEYE could become involved in this dynamic, as well as completely new entrants which 

are not yet within the scope of this paper’s research. 
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6. Conclusions 

As a new domain of existence, space is one of the most interesting and interdisciplinary 

concepts to explore. The ‘outward focus’ provides us with awe and inspiration about scientific 

discovery, whilst the ‘inward focus’ enables our modern way of life in more ways than we can 

imagine. This paper’s focus on Earth observation was chosen due its impact on both our 

economy and our understanding of the planet’s interconnected systems. 

The systems view of Earth observation which was developed in this paper was proven to be a 

highly effective method in terms of producing novel insights for technology forecasting. At the 

most basic level, the ability to design a visual representation of a complex system was found 

to be a powerful tool. The research design for this paper included four main stages: (1) 

discovery phase; (2) research phase; (3) analysis phase; and (4) synthesis phase. 

In the discovery phase, initial literature review was conducted. With regards to space 

technology, it was found that along with low-cost launch vehicles and small satellites, the right 

combination of platform designs, payload capabilities, ground segment technologies, and 

business case robustness was also required in order to enable the rise of New Space. It was 

also found that public-private innovation policies such as NASA’s Space Act Agreements 

played an instrumental role in fuelling the initial stages of commercial ventures. This was 

equally found to be the case in Europe, whereby ESA’s Business Applications and Business 

Incubations Centres (BIC) foster an innovation ecosystem which has a significant effect on the 

enterprise context around the Earth observation system.  

With regards to systems theory, it was found that the “observer’s logic” in this paper can be 

expressed as a unique view which is taken to conceptualise, categorise, and visualise a 

system which may seem too nebulous and socio-technical to those who do not have the benefit 

of a systems perspective. This underpins the simplest yet most essential idea in systems 

theory – the conceptual model. Finally, with regards to technology theory, it was found that the 

application of evolutionary potential trends analysis to various technologies within the Earth 

observation system could produce a wide range of novel insights. It would not only map out 

areas for future innovation, but also develop a new perspective on the engineering parameters 

which give rise to relative strengths and weaknesses within each technological system. 

In the research phase, a systems diagram was created in order to produce novel insights about 

Earth observation and the future of New Space. The systems analysis which followed found 

that both system lifecycle and system hierarchy perspectives facilitated the identification and 

categorisation of systems which are involved in each stage of the data lifecycle. 
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In the synthesis phase, this paper’s findings were discussed in relation to systems thinking and 

technology strategy. The system lifecycle was found to be an invaluable perspective for 

technology forecasting due to the fact that it (1) allows the system’s architect to capture the 

entire range of activities involved in the lifecycle; (2) reduces the risk of neglecting certain 

systems based on the perceived importance of their activities; (3) engages with the time 

dimension on multiple levels; (4) can be viewed as a manifestation of the economic value 

chain; and (5) serves as a framework to better appreciate the allocation of risk.  

System hierarchy was also found to be a useful perspective due to the way in which it (1) 

allowed the systems diagram to reflect multiple levels of resolution, from individual 

technologies all the way up to the enterprise context; (2) involves the existence of multiple 

interfaces between systems and system levels, which brings into question the idea of inter-

operability; and (3) plays a crucial role in demonstrating the potential for vertical integration 

within the Earth observation system. 

Finally, some predictions were made about the future of New Space. First, it was predicted 

that that there will be a significant consolidation in the smallsat launch market within the next 

few years, with only 15-20 players achieving enough commercial traction, price competition, 

or differentiation. Second, it was predicted that despite concerns with regards to satellite 

constellations facing insufficient analytics capabilities and demand for downstream services 

new technologies and platforms will improve our ability to exploit such data within the next 5-

10 years – as highlighted in the research findings of this report. Third, it was predicted that at 

least one or two of SpaceX, Amazon, Google, and Planet Labs will move towards establishing 

integrated platforms for Earth observation analytics and other space-enabled applications, with 

the possibility of smaller players and new entrants also expanding their economic activities. 

In conclusion, the key technologies which will have an enabling or disruptive effect on the Earth 

observation system in the next 5-10 years have been identified as: electric propulsion, green 

propulsion, deployable structures, 3D printing, software-defined satellites, re-usable rockets, 

hybrid-engine rockets, mobile launch, spaceplanes, smallsat constellations, synthetic aperture 

radar (SAR), ADS-B sensors, AIS sensors, radio occultation, sub-surface radar, real-time HD 

video, space tugs, satellite re-fuelling, space debris tracking, space debris removal, satellite 

de-orbiting, high-altitude platforms, on-board processing, optical relay systems, shared ground 

networks, cloud-based analytics, radar analytics, data fusion analytics, queryable Earth, and 

integrated platforms which bring several of these systems together to deliver new insights. 

In terms of future work, this paper takes the view that the systems perspective is a significantly 

under-utilised tool in many industries and disciplines. A similar approach to the one which was 
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taken in this research project should be applied to other super-systems which could produce 

novel insights. The Earth observation system developed in this paper was only examined at a 

high-level overview, and would therefore benefit from a more in-depth analysis of its systems, 

sub-systems, and even component-level elements. However, the data lifecycle remains a 

robust framework for the modelling of space systems with an inward focus. In particular, it 

would be interesting to apply an evolutionary potential trends analysis at different levels of the 

system hierarchy for Earth observation. 
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Appendix A 

Interview with Seraphim Capital 

The following notes are a summary of the topics which were discussed between this paper’s 

author and the CEO of Seraphim Capital – the world’s first venture fund for space technology 

startups. Due to the confidential nature of this interview, there is no transcript available. 

Key technologies: 

• Electric propulsion 

• Deployable structures 

• Software-defined satellites 

• Re-usable rockets 

• Mobile launch 

• Spaceplanes 

• Launch services 

• Smallsat constellations 

• SAR imaging 

• ADS-B sensors 

• AIS sensors 

• Sub-surface radar 

• Space tugs 

• Satellite re-fuelling 

• Satellite de-orbiting 

• Space debris tracking 

• Space debris removal 

• High altitude platforms (HAPS) 

• On-board data processing 

• Quantum encryption 

• Cloud computing 

• Radar analytics 

• Data fusion analytics 

• Integrated platforms 

 

Arianespace: 

• ESA should not waste money on replicating SpaceX 

o Arianespace re-usable launch vehicle project 

• Member states provide funding for value returns 

• Look at China - several private launch companies 

o Unless payload is sensitive, companies are okay with this 

• Since there's a competitive landscape, geopolitics is less important 

o Only an issue when there's over-dependence (e.g. NASA -> Russia) 

  

Earth observation: 

• Copernicus open data actually hurts innovation 

• Great to foster an open ecosystem with app platforms etc. 

• However, too many startups popping up - difficult to differentiate USP 
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• Also devalues EO data analytics as customers know that source is free 

• EO data analytics not as profitable as we initially expected 

• Question: what other wrong assumptions are we making now? 

• Seraphim invested in PlanetWatchers, but still uncertain  

o Commercial pipeline 

o SAR analytics expertise  

   

Space debris: 

• Space agencies talking about it 

• Regulations only serve as guidelines 

• Seraphim startups: LeoLabs, D-Orbit 

• Turning point = debris causing damage to ISS? 

• Once regulations hit, will balance out launch costs 

o Space debris "tax" 

o Re-fuelling services 

o De-commissioning 

  

Future of space: 

• Vertical integration 

• Amazon = Blue Origin 

• SpaceX = Falcon + Starlink 

• Integrated platforms with subsidised costs 

• Launch -> satellites -> EO data -> analytics -> products 

• Space for a few more tech giants in this area 

o Google? Planet Labs? Spire? ICEYE? 
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Appendix B 

Participant Information Sheet 

1. Name and affiliation of the researcher 
Bartu Kaleagasi (MSc Technology Management, UCL) 
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The Future of New Space: A Systems View of Key Technologies in Earth Observation 
 

3. Invitation to Research Project 
You are being invited to take part in a research project. Please read the following information 
carefully and decide whether or not you wish to participate. If you have any questions, please let 
me know before we proceed. Thank you for your time. 
 

4. What is the project’s purpose? 
This project’s purpose is to investigate the future of ‘New Space’ by identify key technologies 
which will enable the Earth observation system in the next 5-10 years.  
 

5. Why have I been chosen? 
You have been chosen due to the relevance of your work to this research project’s topic. 

 
6. Do I have to take part? 

No, taking part in this research project is entirely voluntary. 
 

7. What will happen to me if I take part? 
You will be asked to answer some questions related to the research project. This data collection 
will then be considered along with secondary research in order to generate insights.   
 

8. What are the possible benefits of taking part? 
There will be no benefits to taking part in this research project. 
 

9. What if something goes wrong? 
If there are any problems, you may contact the researcher to find a solution. Any further 
complaints can be made to the Chair of the UCL Research Ethics Committee.  
 

10. Will my taking part in this project be kept confidential? 
Your organisation and position will be displayed in the report to provide context if necessary, but 
any other personal information will be kept strictly confidential. 

 
11. How will my data be stored and processed? 

Your data will be stored in accordance to UCL regulations and GDPR guidelines. 
 
12. What will happen to the results of the research project? 

The results of this research project will be submitted to UCL and remain confidential. However, if 
the report is to be published in any form in the future, you will be asked for additional consent. 

 
13. Contact for further information 

Bartu Kaleagasi  
bartu.kaleagasi.14@ucl.ac.uk 
Mobile: 07478691645 


