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Executive Summary  

As the AI race continues at breakneck speed, the demand for compute and energy is soaring. 

Maintaining a competitive edge in the AI race will require terawatts of power – and that scale 

presents significant challenges for terrestrial power grids. Orbital data centers (ODCs) offer a 

potential strategic alternative. By harnessing near-continuous solar power in low-Earth orbit and 

processing data directly in space, ODCs could reduce dependence on strained terrestrial grids, 

alleviate downlink bottlenecks, and provide physically separated compute infrastructure for 

mission-critical national security workloads. Although ODCs are unlikely to achieve cost parity 

with terrestrial facilities in the near term, their strategic value may outweigh economic 

inefficiencies. China’s development of its Three Body Computing Constellation integrates orbital 

computing into a broader military and intelligence strategy, signaling that space-based AI 

infrastructure is emerging as a domain for geopolitical competition rather than purely 

commercial innovation. For the United States, the question is not simply whether ODCs are 

cheaper, but whether secure, resilient AI compute in orbit are feasible to maintain military, 

intelligence, and technological advantage in an increasingly contested space environment. 

Key Takeaways 

• AI’s explosive growth is driving energy demand beyond what current terrestrial grids can 

reliably and securely sustain. 

• Orbital data centers offer strategic resilience and near-continuous solar power, but remain 

costlier than ground-based alternatives in the near term. 

• China is embedding orbital computing into its military-space doctrine, signaling that AI 

infrastructure in space is a geopolitical, not merely commercial, contest. 

• China is reinforcing its space ambitions through a sprawling global footprint, building 

partnerships and telemetry, tracking, and command infrastructure across Africa, South 

America, and other regions to support its expanding orbital presence. 

• Establishing and maintaining a U.S. advantage will require regulatory modernization and 

a clear strategy for securing resilient AI compute in orbit, an increasingly contested 

military 
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1 Introduction 

Background 

Terrestrial data centers (TDCs) are approaching a convergence of constraints, from limited power 

availability and interconnection delays, to increasing land and water demands, rising energy 

costs, and growing cyber and geopolitical risks (Wroth, 2025).  

Data centers currently account for 4% of total electricity consumption in the United States and 

are predicted to represent nearly half of electricity demand growth between now and 2030 (Hsu, 

2025; Kluger, 2026). Continued proliferation of data centers on Earth is becoming incrementally 

costlier to the environment, to the companies that operate them, and to the average electricity 

consumer (Nguyen, 2025; Noffsinger, 2025). Cybersecurity vulnerabilities are also a growing 

concern, particularly when data centers are connected to critical infrastructure and government 

networks (Ferrante, 2025).  

Data centers range from hyperscale facilities serving broad commercial users (primarily oriented 

toward AI), to colocation facilities hosting multiple tenants’ hardware, to enterprise and 

government or defense centers dedicated to a single mission owner (Shehabi, 2024; CoreSite, 

n.d.). Each type is defined by different requirements for latency, security, and uptime. In the near 

term, ODCs are most likely to serve AI training and other energy-intensive batch workloads first, 

because these are less latency-sensitive than real-time services and thus better suited to early, 

specialized compute than general-purpose cloud hosting would be. AI hyperscale data centers 

have grown rapidly in recent years and are expected to comprise 40% of all data centers by 2028, 

double their share in 2018 (Shehabi, 2024). 

 

Fig. 1. Distribution of servers by data center type (Shehabi, 2024)  

Orbital data centers (ODCs) have been proposed as a partial pressure valve release for 

burgeoning data needs, offering the possibility of relocating some compute and storage off-

planet, where continuous solar energy, reduced reliance on terrestrial power grids, and physical 
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separation could provide advantages for certain workloads (Feilden, Oltean, & Johnson, 2024). 

In concept, ODCs could maintain continuous power via solar generation, avoid the need for large 

land and water resources, and offer distinct security properties for select mission sets. These 

characteristics have drawn interest from both commercial and national security sectors. 

That interest is not limited to the United States. China has begun integrating orbital computing 

into its military-space doctrine through the Three Body Computing Constellation, signaling that 

AI infrastructure in space is acquiring geopolitical significance alongside its commercial 

dimensions. China has also established a broad global footprint of ground-based partnerships and 

telemetry, tracking, and command infrastructure across Africa, South America, and other regions 

in support of its expanding orbital presence. These developments suggest that space-based 

compute is becoming an area of strategic competition, providing additional context for U.S. 

assessments of ODC investment and policy. 

Uses for ODCs 

At present, the strongest near-term use case for ODCs is power-intensive compute, particularly 

AI training and large-scale simulations, two data applications that are scheduled in batches 

(rather than requiring continuous uptime) and that can tolerate the higher latency involved with 

satellite communications (Feilden, Oltean, & Johnson, 2024; Arcas et al., 2025). Training frontier 

AI models is the most demanding application in terms of energy and cooling requirements; in 

orbit, continuous solar energy and the vacuum environment remove both key constraints that 

TDCs face, offering substantial benefits for power-intensive workloads. In a national security 

context, this capability has potential relevance for burst or dedicated training and processing of 

mission-critical data—such as imagery analysis, signals classification, and cyber defense 

models—where the value of physical separation can justify higher costs, especially when 

training can be performed in orbit and only distilled models or outputs are downlinked to Earth 

(Aspiotis & Ghaffarian, 2025; European Space Agency, 2024; Davison, 2024). 

U.S. policy plays a major role in determining the timeline for ODC development and 

deployment. Several significant players—including Starlink, Axiom Space, Blue Origin, 

Starcloud, Aetherflux, Google, OpenAI, and Lonestar Data Holdings—are actively exploring 

ODC-adjacent concepts such as space-based cloud services, edge processing in orbit, and hosted 

payload compute, suggesting early momentum in the industry (Kluger, 2026; Gunia, 2025; 

Nutanix, 2025). The Department of Commerce (DoC), Federal Communications Commission 

(FCC), Federal Aviation Administration (FAA), and Department of Defense (DoD) are among 

the largest public-sector actors positioned to work alongside industry in accelerating ODC 

development (Georgetown Law Library, 2025).  

On December 18, 2025, the President released an executive order, “Ensuring American Space 

Superiority,” building on an August 2025 executive order titled “Enabling Competition in the 

U.S. Commercial Space Industry” (Office of Space Commerce, 2025; The White House, 2025). 
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More recently, the Space Bureau—operating under the FCC—accepted an application by SpaceX 

for a non-geostationary (NGSO) ODC system of up to one million satellites on February 4, only 

five days after filing (Federal Communications Commission, 2026). The current posture of the 

executive office reflects a prioritization of rapid development and a desire to position public 

institutions as strong partners for private space companies.  

The following sections assess the feasibility and tradeoffs of ODCs through technical, financial, 

and geopolitical lenses. The analysis is framed as an evaluation of present capabilities and is not 

intended to direct policy efforts or assert whether one course of action is preferable to another. 

 

2 Technical Components and Costs 

Increasing demand for AI compute capacity and national security requirements for resilient, 

physically separated infrastructure have raised questions about the feasibility of orbital data 

centers broadly. At the same time, China's integration of orbital computing into its military-space 

doctrine, alongside its expanding ground-based infrastructure across multiple regions, has 

contributed to growing international attention on space-based data infrastructure as a strategic 

consideration. This section examines the technical components and cost considerations involved 

in establishing and operating data centers in orbit, providing a foundation for evaluating where 

ODCs may be viable and where significant barriers remain. 

Power Generation in Orbit and Terrestrially  

Increasing power demand, rising energy costs, and limited scalability on Earth are key 

motivations for moving data centers into space. Approximately 95% of solar energy is lost by the 

time it reaches Earth, which means that computing in orbit captures far greater efficiency (Y 

Combinator, 2025). By placing the satellite components of an ODC in a low-Earth sun-

synchronous orbit, solar energy can be harnessed more effectively. Each solar panel in orbit 

produces eight times as much electricity as its Earth-based equivalent (Pultarova, 2025).  

This orbital configuration allows the satellite to maintain a constant angle to the sun, providing a 

steady energy source. Not only does the orbit eliminate nighttime darkness, but it also removes 

other problems associated with cloud cover, terrestrial weather, and seasonal variation (Gunia, 

2025). Orbital positioning that allows for consistent solar exposure reduces thermal cycling, 

thereby limiting physical stress on infrastructure and slowing hardware degradation (Bargatin et 

al., 2025). Atmospheric attenuation, which is the weakening of electromagnetic waves as they 

travel through the atmosphere, is likewise eliminated by ODCs (Feilden, Oltean, & Johnson, 

2024). Constant solar exposure also removes the need for large battery systems for periods of 
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limited solar access, and this reduction in battery mass directly lowers launch costs and 

simplifies system architecture (Pultarova, 2025). 

For ODCs, power consumption is a key factor in cost calculations because it dictates the mass of 

critical support systems such as solar panels and radiators (Bleier et al., 2025). ODCs do not 

benefit from subsidized electricity and require power infrastructure sized for worst-case 

generation capacity, given the absence of a grid to draw from during peak demand. Because solar 

panel and radiator size add to satellite mass, which in turn increases fuel requirements and launch 

costs, ODCs are “up to 250% more sensitive to energy efficiency improvements” than TDCs 

(Bleier et al., 2025).  

For TDCs, power costs constitute 7% to 13% of total operating costs. TDCs benefit from 

subsidized power grids whose costs are amortized across millions of users, allowing them to pay 

for electricity actually consumed (Bleier et al., 2025). Data center electricity costs in the United 

States vary considerably depending on local rates, facility size and capacity, and utilization 

efficiency. Power usage effectiveness (PUE) is a metric data centers use to determine energy 

efficiency–any PUE ratio above 1.0 indicates energy is being directed toward non-compute 

functions such as cooling, lighting, and other support systems (“What Is Power,” n.d.). In 2025, 

average electricity costs for industrial users across the United States ranged from approximately 

$0.06 to nearly $0.22 per kWh (U.S. Energy Information Administration, n.d.).  

Hyperscalers employ advanced energy and infrastructure management to achieve greater cost 

efficiency (Daniel et al., 2025). A 2025 estimate places annual U.S. TDC power costs at $570 to 

$3,000 per kWh (Arcas et al., 2025). Based on these figures, a 100 MW hyperscaler—ideally 

consuming 876 million kWh annually—may spend between $57 million and $300 million on 

electricity each year. 

Thermal Management, Mass, and Launch Cost 

One of the primary sources of resource consumption for TDCs is thermal management. In 

operation, data centers produce significant amounts of heat, commonly dissipated using large 

volumes of water. In space, ODCs can dissipate heat only through thermal radiation, since the 

vacuum environment precludes convection or conduction (Bleier et al., 2025; Bargatin et al., 

2025). Deep space serves as an extremely cold heat sink for radiated thermal energy. Exploiting 

this advantage requires the development of new deployable radiators, which several commercial 

companies are currently developing or have already produced (Feilden, Oltean, & Johnson, 

2024).  

Heat rejection would still be a pivotal driver of total operating costs for ODCs, accounting for 

over 33% of the total (Bleier et al., 2025). The ability to passively transport heat loads from chips 

to radiator surfaces is a critical engineering challenge for ODC feasibility (Arcas et al., 2025). 

Beyond the technological components, the mass of the cooling system itself must be factored 
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into development planning. Radiators add significant mass to the satellite and introduce 

complications in both launch and deployment (Hsu, 2025). Cooling systems are therefore a 

critical technical component that affects multiple phases of ODC development and operation. 

Cost Models  

Andrew McCalip’s cost estimate model for TDCs and ODCs uses publicly available information 

and large language models to derive a per-watt cost of usable compute power. The methodology 

focuses on engineering fundamentals, simplifying the model to emphasize core infrastructure 

costs. For ODCs, the components include launch costs, satellite hardware and mass, solar 

radiation intensity, solar cell efficiency, and radiator performance. In contrast, TDC costs reflect 

a data center with a tilt-wall design and a cheap, continuous power supply (McCalip, n.d.). Tilt-

wall construction is competitive in cost efficiency, construction time, and flexibility for large 

facility layouts (Ambegaonkar, n.d.). As a result, the model likely understates real-world total 

costs, especially for ODCs. Several key model assumptions apply to both TDC and ODC 

estimates: 

• Exclusion of GPU hardware costs: To simplify the analysis, the model excludes the 

highly variable costs of compute hardware such as GPUs, CPUs, memory, and storage. In 

practice, high-end GPU models such as NVIDIA's H100 cost between $27,000 and 

$40,000 per unit (Laurent, 2026). This exclusion may understate total costs for TDCs 

more than for ODCs, as compute costs for ODCs comprise less than 1% of total costs 

compared to 57% to 72% of TDC costs (Bleier et al., 2025). 

• Exclusion of financing, taxes, incentives, and fair market values: The model excludes 

interest payments on debt, corporate and property taxes, and local incentives available to 

TDCs in established markets. The net effect on cost estimates is ambiguous, as TDCs 

face both tax burdens and benefits, and tax policy for ODC projects is less established. 

• Exclusion of insurance, logistics overheads, and downtime: The model assumes the ODC 

will operate continuously for the entire five-year duration and excludes insurance and 

maintenance costs. This understates total ODC costs, as maintenance expenses are 

expected to be a significant barrier. 

A representative tilt-wall data center with 1 GW capacity costs approximately $16.6 billion 

over five years. Inputs include a $12.50 per watt facility construction cost, $1.80 per watt gas 

turbine leasing cost, a 7,500 BTU/kWh heat rate (45% efficiency in energy-to-electricity 

generation), a $4.80 per million BTU gas price, and a 1.3 PUE ratio (McCalip, n.d.). 

A hypothetical ODC with 1 GW capacity costs approximately $135.6 billion over five years. 

This estimate is based on capacity assumptions for the V2 mini satellite, Starlink's most 

advanced mass-deployed model. Inputs include a $1,600 per kilogram launch cost, reflecting 

expected Starship costs to LEO with full reusability (Pethokoukis, 2024); $22 per watt satellite 

hardware cost; 37 watts of power generated per kilogram; 27 kW satellite size; 60% orbital 
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sunlight fraction (the percentage of a satellite's orbital path receiving direct sunlight); 2.5% 

annual solar cell degradation; 9% GPU failure rate; and $1 billion in non-recurring engineering 

costs (McCalip, n.d.). It would require launch costs to drop to $1 per kilogram (from $1,600) for 

the five-year cost projection to drop to $58.9 billion. If the target capacity increases to 5 GW, the 

original cost likewise quintuples (McCalip, n.d.). 

Major technological advances are required for ODC infrastructure to become cost-competitive 

with terrestrial alternatives. If launch costs drop to $30 per kilogram (an ambitious scenario by 

2040), satellite hardware costs fall to $10 per watt (less than half the V2 mini), specific power 

increases to 100 W/kg (nearly triple the V2 mini), the orbital sunlight fraction rises to 80%, and 

both annual solar cell degradation and GPU failure rates drop to 1%, the five-year cost projection 

for a 1 GW ODC falls to $15.4 billion compared to the $16.6 billion tag for a comparable TDC 

(McCalip, n.d.; Pethokoukis, 2024). McCalip posits that only SpaceX is positioned to potentially 

achieve these costs, as vertical integration is “the whole ballgame” (McCalip, n.d.). 

Assessment of the technical requirements indicates that ODCs face substantial cost barriers and 

depend on advances across multiple engineering domains before they can approach cost parity 

with terrestrial facilities. Whether those costs are justified depends in part on the strategic value 

assigned to space-based compute infrastructure — a calculus that extends beyond economics into 

questions of national security resilience and geopolitical positioning. Those considerations are 

examined in the following sections, with particular attention to China's integration of orbital 

computing into its military-space doctrine and the implications for U.S. infrastructure planning in 

an increasingly competitive space environment. 

 

3 National Security Considerations 

Orbital data centers (ODCs) raise national security questions that extend beyond cost and 

technical feasibility. Their strategic relevance lies in resilience, mission assurance, data integrity, 

and the evolving nature of conflict in space. As AI systems become embedded in intelligence 

analysis, cyber operations, autonomous platforms, and command-and-control architectures, the 

location and structure of compute infrastructure itself becomes a security variable.  

Architectural Choice  

Architectural design has direct national security implications. Two main structural designs have 

been proposed for ODCs: monolithic and constellation. A monolithic design refers to a single 

large satellite with kilometers-long solar panels, whereas a constellation architecture consists of a 

system of smaller satellites in communication with one another (Bargatin et al., 2025). 
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Monolithic Architecture. Monolithic structures offer a simplified network, as data processing 

and transmission occur within a single platform rather than across multiple nodes. This 

simplification reduces latency by eliminating inter-satellite communication, which is particularly 

advantageous for time-sensitive AI decision-making (“inference workloads”) (Li et al., 2025). 

However, the same scale that enables low latency also introduces significant risk. Long solar 

panels are subject to greater forces, increasing structural stress and causing oscillation (Manley, 

2025), which complicates maneuvering to avoid collisions (Arcas et al., 2025). From a cost 

perspective, this creates a single-point-of-failure problem: damage to a single subsystem can 

render the entire platform inoperable, resulting in the potential loss of billions of dollars in 

deployed infrastructure. From a security perspective, this single-point-of-failure profile presents 

a substantial vulnerability. 

Constellation. Constellation architectures distribute compute across multiple smaller satellites. 

The greatest advantage of constellation ODCs is their modularity, which reduces the impact of 

hardware failures and replacements while enabling scalability (Feilden, Oltean, & Johnson, 

2024). Hardware churn is integral even to terrestrial-based modern computing, and is especially 

pronounced in the high-radiation environment of space, which accelerates infrastructure 

degradation. Onboard chips will need to be replaced every five to six years, and servicing is less 

disruptive when operators can take a single satellite offline while the rest remain operational 

(Hsu, 2025). 

With constellation architectures, formation control presents the greatest operational risk. 

Satellites must fly in close formation to overcome the power losses associated with short-range 

communication. Operating in such close proximity to one another – potentially only hundreds of 

meters of separation based on current research – raises the risk of intra-constellation collisions 

(Beals, 2025). Additionally, as the number of satellites increases, available bandwidth decreases, 

and the number of vulnerable points within the distributed multi-tenant system grows (Pizzi et 

al., 2025). 

Importantly, though, distributed architecture complicates the ability of adversaries to target the 

system. A constellation cannot be neutralized through a single strike, and redundancy across 

nodes enables continuity of operations even under partial disruption. Additionally, distributed 

compute facilitates “data sharding,” in which sensitive datasets are segmented into shards spread 

across nodes rather than centralized. This separation reduces the risk of comprehensive data 

compromise and limits the intelligence value of any single breach. Notably, China's Three Body 

Computing Constellation, examined in detail in Chapter 3, has adopted this architectural 

approach — a design choice that reflects both its operational advantages and its relevance to 

military applications. From a national security perspective, resilience through redundancy is a 

defining advantage of constellation architecture. 
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Data Transmission and Security  

When establishing communication systems, both the efficacy and security of data transmission 

must be considered, as several nations are developing counterspace technologies, including 

satellite-specific jamming systems (Gunia, 2025). When data has been collected by space 

satellites (such as imaging and telemetry), processing that data in space eliminates costly delays 

by significantly reducing the volume of raw data sent downlink for ground-based processing (In-

Orbit Data Centers Market Size, Growth and Forecast Report 2035, n.d.). In addition, in 

contested environments where terrestrial ground stations or communication networks may be 

attacked, the ability to conduct such “edge processing” near the space-based sensors enhances 

mission continuity.  

Multiple modes exist for transmitting data, including radio frequency (RF), laser-based 

communication, and specialty data shuttle satellites.  

RF is commonly used for satellite-to-ground transmission because it is more resilient to 

atmospheric disruptions such as clouds and turbulence (Yang et al., 2025). Each low-Earth-orbit 

satellite operates within its own designated section of the radio frequency spectrum for wireless 

connectivity (Dine, 2026).  

For inter-satellite communication, many companies are shifting toward laser-based systems, 

which have emerged as a faster alternative to radio waves and perhaps even to terrestrial fiber 

networks (Vo, 2025). Google has already proposed using inter-satellite lasers to connect its 

proprietary Tensor Processing Unit chips (TPUs) as part of its Project Suncatcher plans (Welle, 

2025). Laser-based transmission is more secure than RF because any interruption in its precise 

downlink is immediately detectable, enabling automatic shutoffs in the event of link interference 

(Avalanche Technology, 2023).  

Alternatively, some types of data can also be physically shuttled back to Earth. For batch 

workloads such as AI training, physically transporting training outcomes would be most secure, 

analogous to how Google manages its “Transfer Appliance” program (Chong, 2017). Data 

shuttles offer a secure, albeit slower, method of data transfer for batch loads (IBM, 2023). 

The need for secure data transmission underscores the importance of resilience and mission 

assurance in large-scale data processing. Key players cite the resiliency benefits of ODCs, 

including: secure, redundant non-terrestrial storage of critical datasets; compute and storage 

infrastructure for space-based data-collection systems, including in-orbit sensor processing, 

compression before downlink, and constellation management, autonomy, and space domain 

awareness analytics (Lonestar Data Holdings Inc., 2025).  

Cybersecurity is not guaranteed; the link from satellites to ground stations is not failure-proof, 

raising concerns about the integrity of data transmission between the ODC and its terrestrial 
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receiver (Varadharajan & Suri, 2024). Nonetheless, the projected uses for ODCs call for a 

broader shift toward distributed architectures with space assets that collect and generate more 

data than can be downlinked in raw form, but can be efficiently processed closer to the space-

based sensors. In fact, today’s contested environments may require processing in space.  

Data security–during both storage and transmission–will remain an important factor in 

evaluating the costs and benefits of ODCs, particularly for national security functions. 

Strategic Implications in a Contested Space Domain 

As space becomes increasingly congested and militarized, the survivability of digital 

infrastructure gains strategic importance alongside its technical and economic dimensions. 

Terrestrial data centers are vulnerable to grid disruptions, cyber intrusion, physical sabotage, and 

kinetic attack. ODCs introduce physical separation that may enhance survivability during 

conflicts or infrastructure disruptions on Earth. In scenarios involving attacks on power grids or 

fiber networks, space-based compute could preserve AI-enabled defense functions and 

intelligence workflows. 

The strategic value of that separation may also extend to positioning. Orbital infrastructure, once 

established, confers advantages in spectrum access, orbital slot allocation, and operational 

presence that are difficult for later entrants to replicate. As low-Earth orbit becomes more 

congested, early deployment may determine which actors can sustain persistent compute 

capacity in space and which face compounding access constraints. China's development of the 

Three Body Computing Constellation reflects an awareness of these dynamics, suggesting that 

the window for establishing a competitive orbital presence is a relevant planning consideration 

alongside cost and technical readiness. 

Orbital infrastructure introduces its own vulnerabilities, including collision risk, debris 

proliferation, spectrum congestion, and adversarial counterspace capabilities. The proliferation of 

distributed satellites increases the number of potential attack surfaces even as it enhances 

redundancy. Evaluations of ODC viability therefore require consideration of escalation 

dynamics, deterrence stability, and debris mitigation alongside the technical and financial factors 

examined in the preceding sections. 

Domestic Policy and Regulatory Constraints 

The United States’ ability to capitalize on the national security benefits of ODCs is shaped by 

domestic regulatory structure. Current FCC policy governing LEO satellites is outdated and 

inadequate because it does not effectively allocate the limited resources on which satellites 

depend (Dine, 2026). These resources include access to radiofrequency spectrum, orbital slots, 

and safe physical separation in increasingly congested orbital corridors. These regulatory 

shortcomings will be further amplified as more commercial competitors enter the market.  
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In addition, the current regulatory process represents a key impediment to the technological 

progress needed to develop and test ODCs. This challenge is especially pressing as China's 

satellite infrastructure continues to expand, allowing it to lay further claim to the diminishing 

available capacity in LEO and widening its lead in a technological competition with significant 

national security implications. 

Companies like SpaceX seek speed, flexibility, low regulatory risk, and spectrum optionality to 

invest in further development of ODCs. Despite rhetoric from the current administration about 

advancing U.S. interests in space, a fragmented regulatory framework constrains acceleration of 

the space industry. The FAA must approve each launch into orbit, a process that can take months 

(Meigs, 2025). The FCC, as the largest regulatory authority for satellites, will face increasing 

bottlenecks as more satellites are deployed (Meigs, 2025). These problems will intensify as 

additional commercial competitors enter the market, necessitating an assessment of how to 

redistribute and reorganize regulatory responsibilities across U.S. agencies. This reorganization 

is critical as China’s satellite infrastructure continues to develop in a streamlined, centralized 

system of regulatory planning that strategically prioritizes dual-use space technology to advance 

China's geopolitical and military power. 

For the United States, building domestic ODC capabilities is less about a commercialized 

technology race with China (whose commercial space industry remains significantly less 

developed) than it is about addressing national security concerns, preserving U.S. space and 

military dominance, and protecting critical terrestrial industries that rely on space infrastructure. 

 

4 China’s Development of ODCs Through Its Space and Security Strategy  

Understanding the strategic context for U.S. ODC development requires a closer examination of 

China's approach. While the preceding sections have pointed to China's orbital computing 

ambitions as one factor shaping the broader landscape, the scope and integration of China's 

program warrants dedicated analysis. China's development of space-based compute infrastructure 

is not an isolated technical program — it is embedded within a longer-term strategy that links 

orbital capabilities to military doctrine, intelligence architecture, and global ground-based 

infrastructure. The following section examines that program in detail, beginning with its most 

publicly visible component. 

In its most ambitious publicly-disclosed plans to date – summarized in Figure 2 – China’s Three 

Body Computing Constellation (3BCC) will implement a constellation of over 2,000 satellites, 

each capable of performing over 700 trillion operations per second (Xinhua, 2025). China 

launched 12 initial experimental satellites in May 2025 as part of the constellation. The 3BCC 

represents China's most recent iteration of a decade-long ambition for space dominance, 
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incorporating numerous advanced technologies and relying on public-private cross-sector 

collaboration (Jakubski, 2025). 

 

Fig 2. Plans and structure of China’s Three Body Computing Constellation (Jakubski, 2025)  

In 2016, China published “China's Space Activities in 2016,” signaling to the international 

community its intention to deploy technology that would bolster its competitive edge in space 

(China National Space Administration, 2016). As part of this mission, the PRC launched the 

third-generation satellites of the BeiDou system in 2017, a GNSS/GPS navigation system 

enabling high-powered positioning and navigation–a key development in China’s pursuit of 

space dominance (Baar, 2024). Within the 3BCC, the BeiDou system serves as a critical 

backbone, enabling advanced integration and computing across the technologies employed in the 

constellation. A second turning point in China's space development came in 2021, when China 

formally outlined its key five-year objectives and technological priorities in “China's Space 

Program: A 2021 Perspective,” a white paper signaling the state’s intent to play the leading role 

in shaping the international space order (State Council Information Office, 2022).  

Notably, China has achieved these ambitious goals while spending a fraction of U.S. 

expenditures. An analysis of China’s 2021 program to date places its spending at approximately 

$20 billion, compared to roughly $80 billion by the United States over the same period (Moffett, 

2025). This disparity highlights the effectiveness of centralized state planning in advancing 



14 
 

China’s space industry but also reveals the comparatively limited investment in China’s 

commercial space sector. 

ODCs are increasingly central to China’s space ambitions into the next decade. The PRC has 

explicitly mapped a step-by-step strategy for achieving and maintaining a competitive edge in 

ODC development and expansion over this timeframe. State documents illustrated the phased 

timeline for the development of data centers and computing in low-Earth orbit (Cheng, 2025). 

 

Fig 3. PRC’s developmental timeline for orbital data centers (Cheng, 2025) 

Within China’s overall space program, including the 3BCC and other planned developments, the 

state’s ambitions toward technology and militarization raise national security concerns for the 

United States: 

Technology 

Rather than developing space technology that simply increases data-processing capacity, China 

has taken a precision-focused approach, creating capabilities that advance political and military 

objectives. After completing the BeiDou system in 2020, the PRC launched the Yaogan-41 

satellite in 2023, citing environmental geosynchronous surveillance purposes (Swope, 2025). As 

an addition to the BeiDou ecosystem, it enhanced the PRC’s precision surveillance capabilities, 

with the ability to continuously track objects as small as approximately 2.5 meters throughout the 

Indo-Pacific region (Swope, 2024). In developing satellite constellations, China has also tested 

technology capable of docking with and repositioning satellites, conducting its first test with the 

Shijian-21 satellite, which docked with and moved another satellite into a secondary orbit (Hope, 
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2025). This is a capability the United States currently lacks but one that is critically important for 

managing orbital debris, repositioning satellites within a constellation, and potentially 

conducting offensive military operations against adversarial satellites. 

Militarization 

China has shifted its space strategy to emphasize dual-use systems capable of defending its space 

infrastructure against the United States and collecting global intelligence. Toward this end, the 

3BCC integrates numerous space and orbital technologies, adding surveillance capacity 

alongside more efficient processing of collected imagery. It is important to note that while the 

United States is looking to space in part because of diminishing terrestrial resources, China is not 

motivated by a lack of TDC capacity. Currently, only 20–30% of China’s data center capacity is 

being utilized (Chen, 2025). Instead, the 3BCC primarily serves a strategic purpose: developing 

and launching ODCs advances China’s position as a military and diplomatic space power. China 

recently reorganized its military's space sector to elevate its strategic importance and emphasize 

the central role of space in China’s warfighting and defense strategy (Wuthnow, 2025). The 

3BCC’s advanced satellites fulfill multiple critical strategic purposes, including orbital 

maneuvering for counterspace operations, high-speed and real-time computing to conduct 

targeted cybersecurity attacks against adversarial space infrastructure, and jamming or spoofing 

of space-based systems (Swope et al., 2025). 

It is also important to note the role that 3BCC technologies play in China’s intent to dominate 

space as a military asset. By embedding space technologies within its Digital Silk Road 

initiative, China has negotiated 26 bilateral space cooperation agreements to establish 18 

telemetry, tracking, and command (TT&C) ground stations in strategically selected host nations, 

projecting surveillance capacity into geographic corridors otherwise inaccessible to Chinese 

intelligence operations (Nouwens, 2025). Within the 3BCC framework, these ground stations 

function not as passive civilian infrastructure but as active nodes of a distributed intelligence 

network. The constellation’s integrated computing power enables near real-time geospatial data 

collection, amplifying the strategic value of each ground installation and effectively embedding 

high-powered Chinese intelligence collection capabilities around the globe (Funaiole et al., 

2026). 

Challenges and Trajectory  

Despite these ambitions, China faces numerous regulatory and technical hurdles in establishing 

and maintaining a clear advantage over the United States in space. The first challenge is the 

accumulation of space debris as the number of satellites in orbit increases (Moffett, 2025). China 

has demonstrated it has the technology to move satellites into graveyard orbits, but it still 

requires greater collaboration with international entities to manage debris effectively. Space 

debris poses a serious risk of damage and destruction, particularly to large infrastructure systems 
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such as the 3BCC. The second challenge is China’s limited rocket launch capacity; the country is 

turning to startups in hopes of generating solutions for both investment and innovation (Nelson, 

2025). Current licensing requirements create procedural delays and restrict the number of 

launches a company can conduct, effectively limiting overall national launch throughput. China 

will need to significantly reform licensing regulations if it hopes to attract potential U.S. 

commercial operators (such as SpaceX) that are currently world leaders in space-facing 

technology (Nelson, 2025). 

China’s ODC development ultimately represents a strategic effort to secure a critical 

technological edge over the United States. China’s emphasis on geospatial intelligence enables 

the use of ODCs and precision space technology to establish a military advantage in intelligence 

gathering, grey-zone operations, and potential large-scale conflicts (Swope, 2024). Rather than 

focusing ODCs on civilian or commercial data purposes, the 3BCC integrates agentic AI to 

enable autonomous decision-making in orbit, reducing the downlink delay by processing high 

volumes of imagery in orbit and transmitting only critical information to TDCs (ESPI, 2025). 

Even in the absence of a mature Chinese commercial space industry to improve feasibility and 

reduce the costs of the 3BCC, the military and intelligence advantages associated with the 3BCC 

underscore the rationale for China’s centralized state planning and ambitious development 

timelines. 

 

5 Conclusion  

The trajectory of AI development suggests that compute demand will continue to accelerate, 

placing unprecedented strain on existing terrestrial infrastructure. Terrestrial data centers remain 

the backbone of global compute, yet they face compounding constraints in grid availability, 

siting, cooling, and security exposure. Orbital data centers represent a structurally different 

response: Rather than expanding against terrestrial limits, ODCs shift the locus of compute into a 

domain defined by energy abundance, physical separation, and strategic contestation.  

In the near term, iterative advancements in space-based data processing are more likely than the 

widespread deployment and operation of full-scale ODCs (Daniel et al., 2025). While TDCs will 

be increasingly constrained by power, land, and water deficits, ODCs are not yet positioned to 

replace them at scale. Current cost projections, thermal management challenges, data 

transmission vulnerabilities, and domestic regulatory fragmentation suggest that ODCs will 

remain significantly more expensive and complex to operate for the foreseeable future. However, 

for specific use cases such as AI training and large-scale simulation, ODCs could offer a strategic 

advantage. Meanwhile, China's ambitious integration of orbital computing into its military 

strategy illustrates stakes that extend beyond a commercial and technological competition to 

encompass geospatial intelligence-gathering and control over critical space-enabled 
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infrastructure. As a result, national security imperatives are also likely to influence U.S. decision-

making on ODC development, not just economic feasibility. 

Architectural choices further sharpen this strategic calculus. Distributed constellation models like 

China’s 3BCC offer resilience through redundancy; they complicate an adversary’s ability to 

target orbital infrastructure and reduce the risk of single points of failure. Processing data in orbit 

also limits the risk of data exposure and enhances mission assurance in contested environments. 

At the same time, orbital infrastructure introduces new vulnerabilities, including congestion, 

debris, spectrum competition, and counterspace threats. Security in this domain must therefore 

be defined not as invulnerability, but as survivability under disruption. 

Ultimately, the viability of orbital data centers will hinge on whether their strategic benefits 

justify their economic premiums. If AI becomes as central to military planning, intelligence 

operations, and geopolitical leverage as current trajectories suggest, then the geography of 

compute will become inseparable from national power. In that scenario, space is not simply an 

alternative location for data centers; it is a strategic layer of digital infrastructure. The United 

States must therefore evaluate ODC viability not only as an engineering challenge or commercial 

venture, but as a long-term decision about resilience, deterrence, and technological advantage in 

an increasingly contested domain. 
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