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Abstract
The United States Air Force has identified Agile Combat Employment (ACE) as a keystone of its future operating concept, requiring operations from dispersed, austere locations with limited infrastructure. Providing reliable electrical power to these forward locations remains a critical constraint. This study evaluates the extent to which Space-Based Solar Power (SBSP) can meet the energy demands of ACE in contested environments. Drawing on recent technological advances, cost trends in space launch, and emerging commercial developments, it argues that SBSP offers a viable means of delivering persistent, on-demand power without the logistics vulnerabilities associated with traditional fuel-based systems. Through analysis of SBSP architectures and two notional case studies, the paper finds that proliferated low Earth orbit constellations using laser power transmission could significantly enhance the survivability, flexibility, and endurance of distributed forces. While technical, economic, and operational risks remain, including system vulnerability and signature management, SBSP has the potential to serve as a critical enabler of ACE and a strategic advantage in future great power competition.










Chapter 1: Introduction

Let us make hay while the sun shines.
					-- Sancho Panza[endnoteRef:1] [1:  Miguel de Cervantes Saavedra, Don Quixote, trans. Edith Grossman (London: Penguin Classics, 2003), ISBN 0142437239.] 

At its core, this study asks a single question: how well can space-based solar power (SBSP) meet the energy demands of the United States Air Force’s (USAF) Agile Combat Employment (ACE) operational concept? As the US reorients toward great power competition with China, the requirements of large-scale combat operations, particularly in contested, dispersed, and austere environments, are driving a reassessment of how energy is generated and delivered to forward forces. At the same time, rapid advances in commercial space capabilities and declining launch costs are reshaping what is technically and economically feasible in orbit. Together, these trends suggest that SBSP, long considered a speculative technology, may now offer a viable solution to one of the most persistent challenges in modern warfare: providing reliable, resilient power to distributed forces.
The post-Cold War period after the fall of the Soviet Union was a time of optimism and strategic reorientation for the US. The bipolar world order that had defined the past four decades was over, and the US strategy transitioned away from countering the spread of Communism across the globe and competing with Moscow toward more positive goals of ensuring free commerce, building liberal institutions, and promoting democracy as the only remaining great power. Without a counterbalancing pacing challenge, the US cashed in its peace dividend, downsized its military, and reduced its interest and investment into space research, development, and exploration. NASA budgets flattened, defense-oriented space programs were scaled back, and much of the momentum of the Apollo era faded into a period of stagnation. Space became a supporting domain for terrestrial operations rather than a central arena of geopolitical competition.
In the past decade, however, the US has recognized that the rise of China (and, to a lesser extent, the resurgence of Russia) marks the end of this brief period of unipolarity. Today, the US is in the midst of a space renaissance propelled by commercial entities like SpaceX which are driving down the cost of bringing payloads to orbit and expanding the scope of possibilities in space. For example, the Delta II launch vehicle that operated in the 1990s cost $38,800 per kilogram (kg) of payload to Low Earth Orbit (LEO) adjusted for inflation to FY21 dollars. Improvements enabled Delta IV to reduce that number to $10,400 per kg. Today, SpaceX’s Falcon 9 has reduced this figure to $2,600 per kg, the Falcon Heavy is at $1,500 per kg.[endnoteRef:2] The massive, reuseable Starship system currently in development is projected to be even more economical at $500 per kg or even lower.[endnoteRef:3] Combined with this increase in spacelift capabilities is an increase in demand – the US sees Chinese space activities as a threat. Some weaponization efforts such as anti-satellite (ASAT) weapons testing and the development of Fractional Orbital Bombardment (FOB) platforms are overtly aggressive. Others like in-orbit servicing, large integrated satellite constellations, and artificial intelligence for space-based applications are ‘dual-use’ with civilian as well as military utility.  [2:  Thomas G. Roberts, “Space Launch to Low Earth Orbit: How Much Does It Cost?” Center for Strategic and International Studies, https://aerospace.csis.org/data/space-launch-to-low-earth-orbit-how-much-does-it-cost/.]  [3:  Jack Kuhr and Mo Islam, “Payload Research: Tracking Starship’s Progress with Additional Flights on the Horizon,” Payload, March 20, 2024, https://payloadspace.com/payload-research-starships-progress-and-exploring-expendable-configuration/.] 

Today in the US, preparations for Large Scale Combat Operations (LSCO) are in full swing. It is impossible to predict the future, but tensions between the US and the PRC could ignite into armed conflict before the end of the 2020s.[endnoteRef:4] Some experts anticipate that if the PRC seeks to invade and assimilate Taiwan, they will do so during the “Davidson Window,” a period during which the PRC’s capabilities are rapidly increasing and they can catch the US by surprise.[endnoteRef:5] Indeed, Chinese President Xi Jinping ordered his military “to be ready by 2027 to conduct a successful invasion” of Taiwan, a year that marks the 100th anniversary of the founding of the People’s Liberation Army (PLA).[endnoteRef:6] Other experts suspect the PRC will take a longer-term, less aggressive approach to “squeeze,” rather than “seize” Taiwan.[endnoteRef:7] Nevertheless, both nations show no sign of slowing down their preparations for LSCO. In this new era of spacepower competition and open weaponization, the great spacepowers (the US and the PRC) are searching for ways to leverage the space domain to gain an advantage on the battlefield.  [4:  Paul Giarra, Bill Hamblet, and Gerard Roncolato, “The War of 2026: Phase III Scenario,” US Naval Institute Proceedings 149, no. 12 (December 2023).]  [5:  US Senate Committee on Armed Services, Hearing to Receive Testimony on United States Indo-Pacific Command in Review of the Defense Authorization Request for Fiscal Year 2022 and the Future Years Defense Program, March 9, 2021, 48.]  [6:  Greg Norman, “China’s Xi Has Ordered Military to Be Ready for Taiwan Invasion by 2027, CIA Director Burns Says,” Fox News, February 3, 2023, https://www.foxnews.com/world/china-xi-ordered-military-ready-taiwan-invasion-2027-cia-director-burns-says.]  [7:  Isaac Kardon and Jennifer Kavanagh, “How China Will Squeeze, Not Seize, Taiwan,” Foreign Affairs, May 21, 2024, https://www.foreignaffairs.com/china/how-china-will-squeeze-not-seize-taiwan.] 

Agile Combat Employment	
	In a potential war with the PRC, the US faces a challenge it has not experienced since World War II. Twenty-first century LSCO requires greater commitment of manpower and resources, as well as greater potential for massive casualties than the small wars of the recent past. US air superiority has been a matter of course for decades of armed conflict, but PRC capabilities in the air approach or exceed parity with the US.[endnoteRef:8] Chinese supply and communication lines will be vastly shorter and more sustainable than those of the US during a conflict in Taiwan or the Pacific. As part of its plan to operate and win against such a closely-matched adversary, the US military must make its forces more dispersed, survivable, and adaptable. [8:  Eric Heginbotham et al., The US-China Military Scorecard (Santa Monica, CA: RAND Corporation, 2015), https://www.rand.org/pubs/research_reports/RR392.html.] 

Agile Combat Employment (ACE) is an operational concept employed by the US Air Force, particularly for operations in Contested, Degraded, and Operationally-limited (CDO) environments. ACE is a scheme of maneuver that emphasizes dispersed, temporary basing of forces instead of large, permanent bases to increase survivability and make targeting more difficult for adversaries. [endnoteRef:9] The temporary, flexible nature of ACE presents dilemmas for adversaries while generating combat power. It can be performed both proactively and reactively to deter aggression or complicate enemy decision-making in anticipation of or in response to enemy actions. [9:  Department of the Air Force, Air Force Doctrine Note 1-21: Agile Combat Employment (Washington, DC: Department of the Air Force, August 23, 2022), 1–2.] 

According to Air Force doctrine, successful ACE is contingent on three enablers: expeditionary and multi-capable Airmen, mission command, and tailorable force packages.[endnoteRef:10] The dispersion inherent to ACE necessitates small teams of Airmen to take on more responsibility to execute operations. With this increased responsibility comes requisite authority – leaders must trust their Airmen in dispersed locations and empower them to make decisions in support of the Commander’s intent. This trust is central to the concept of mission command, in which subordinate leaders can operate effectively in the absence of communications with senior leaders. Finally, tailorable force packages must be deployed to austere locations while balancing risk to mission and risk to force.  [10:  Ibid., 4-5.] 

Space Based Solar Power
	Space-Based Solar Power (SBSP) is a technology that collects solar energy in orbit and wirelessly transmits it to the ground for conversion into electricity. Crucial components of SBSP include the on-orbit solar arrays, wireless transmitters (microwave or laser-based), and ground-based receivers capable of converting the incoming signal into usable electricity. For the past half-century, SBSP has enticed scientists and technologists for its potential to provide reliable, renewable power to meet global energy demands. 
Literature Review
Few sources in the academic literature directly address the utility of SBSP for combat operations. This work relies heavily on the 2007 report from the National Security Space Office entitled Space-Based Solar Power As an Opportunity for Strategic Security.[endnoteRef:11] This 75 page report represents the most comprehensive feasibility study of SBSP for the purposes of national security to-date, including scientific and technological considerations, political and legal implications, logistics and infrastructure requirements, and an economic analysis. In the study, the group identified “base islanding” as a potential use-case for SBSP, enabling the military “to operate independent of vulnerable ground-based energy delivery infrastructures.”[endnoteRef:12] As a result of collaborative effort, the study group concluded that “SBSP requires a coordinated national program with high‐level leadership and resourcing commensurate with its promise.”[endnoteRef:13] [11:  National Security Space Office, Space-Based Solar Power as an Opportunity for Strategic Security (Washington, DC: NSSO, 2007).]  [12:  Ibid., 3.]  [13:  Ibid., 2.] 

As a promising technology in development by multiple private companies, many details of SBSP progress are proprietary. However, in a recent webinar hosted by SpaceNews, many of the thought leaders at the cutting edge of SBSP discussed the state of the science.[endnoteRef:14] Those interviewed included Founder and President of Mankins Space Technology, John Mankins, the Head of Aetherflux, DC, Colby Carrier, the Senior Project Leader of the Center for Space Policy and Strategy at the Aerospace Corporation, Karen Jones, and Co-CEO of Space Solar, Martin Soltau. The statements of these industry leaders, in addition to publicly available information from their companies, provide a helpful overview of the status of current commercial efforts toward fielding SBSP. [14:  “Space-Based Solar Power Webinar,” SpaceNews, August 14, 2025, https://spacenews.com/live-event-space-based-solar-power/.] 

In 2011, Ivan Bekey predicted that private-public partnerships to develop SBSP would be a major driving force in the commercialization of space technologies.[endnoteRef:15] The high-risk nature of SBSP and large upfront capital costs would require government funding, rather than being an entirely commercial project. As part of a larger shift toward space commercialization, Bekey anticipated that SBSP could be fielded as early as 2030 and that the abundant economic potential of providing power from orbit could increase the demand for commercial space launch two to three orders of magnitude above that of government launches.[endnoteRef:16] [15:  Ivan Bekey, “The Long-Term Outlook for Commercial Space,” in Toward a Theory of Spacepower, ed. Charles D. Lutes et al. (Washington, DC: National Defense University Press, 2011), 194.]  [16:  Ibid., 198. ] 

Goswami and Garretson’s 2020 book Scramble for the Skies outlines the state of great power competition in space, focusing on China, India, and the US. In it, the authors argue that the PRC views SBSP not just as a commercial opportunity, but as a strategic imperative for energy security and energy sector dominance.[endnoteRef:17] SBSP deployment is cited as one of the driving forces for the PRC’s development of the super-heavy lift rocket, Long March 9. The PRC aims to deploy a commercial SBSP system by 2040.  [17:  Namrata Goswami and Peter Garretson, Scramble for the Skies (Lanham: Lexington Books, 2020), ISBN: 978-1-4985-8312-1, 201-205. ] 

Overview
While the low logistics footprint and ubiquitous access to electricity promised by SBSP has myriad defense and commercial applications, the scope of this work is limited to the utility of SBSP for US Air Force ACE activities. Often, potential defense applications can justify large capital expenses to develop new technologies, and ACE’s requirement for energy in austere environments could be met by SBSP. In the Foreword to the 2007 NSSO report, the Director, Joseph D. Rouge, observed that “technological challenges are closing rapidly and the business case for creating SBSP is improving with each passing year. Still absent, however, is an appropriate catalyst to stimulate the various interested parties toward actually developing a SBSP capability.”[endnoteRef:18] In this work, we posit that the need for ubiquitous power in austere locations for ACE in future conflict with the PRC may serve as that catalyst. [18:  Joseph D. Rouge, in Space-Based Solar Power as an Opportunity for Strategic Security (Washington, DC: NSSO, 2007).] 

The analysis that follows evaluates the extent to which SBSP can support ACE by meeting its unique energy demands in contested and austere environments. It argues that SBSP has the potential to outperform traditional power generation methods in enabling distributed operations. Moreover, ongoing reductions in launch costs and advances in solar power technology are rapidly improving the feasibility of SBSP, positioning it as an increasingly practical option for a spacefaring power like the United States.
This work builds on past research into SBSP with special consideration of developments over the past two decades in solar power, spacelift, and US military energy requirements. Chapter 2 provides the background for both SBSP and ACE. The history of SBSP development is outlined, and the current state of the technology is described. The chapter summarizes technological hurdles in commercialization of SBSP as well as efforts in government, commercial industry, and academia to study and field the technology. In Chapter 3, the crux of the argument is explored, in which the case is made for SBSP as a key enabler for ACE. In Chapter 4, two notional case studies are examined, one involving near-peer conflict in the South China Sea and the other involving a Sino-Russian SBSP project to power a remote Arctic base. Finally, Chapter 5 provides concluding thoughts and suggests a way forward for the US. 














Chapter 2: Background

Our beams feed these worlds energy drawn from … the Sun.
-- Isaac Asimov, Reason (1941)[endnoteRef:19] [19:  Isaac Asimov, “Reason,” Astounding Science-Fiction 27, no. 2 (April 1941): 76–97.] 

	
As with most space technologies, the idea of SBSP was first described in science fiction before it was embraced by science fact. In Isaac Asimov’s 1941 short story, “Reason,” a newly sentient robot with a god-complex struggles with its identity as it trains to operate a space-based solar array which beams power to distant planets via microwave. In 1968, Czech-American scientist Dr. Peter Glaser published a foundational article on the concept of SBSP in the journal, Science.[endnoteRef:20] In it, he outlined the requisite technologies for SBSP and provided estimates of the total area and weight required for different efficiencies of solar panels and microwave transmission from space. Since the publication of this foundational article, Glaser patented the technology and became a staunch advocate and prolific author on SBSP, earning the title of “Father of SBSP.”[endnoteRef:21]  [20:  Robert Glaser, “Power from the Sun: Its Future,” Science 162, no. 3856 (November 22, 1968), 857-861.]  [21:  Leonard David, “Peter Glaser, Father of Solar-Power Satellite Idea, Dies at 90,” Space Insider, June 9, 2014, https://www.space.com/26175-peter-glaser-solar-power-satellite-obituary.html.] 

Since Glaser’s time, interest in SBSP has waxed and waned with major feasibility studies conducted in the 1970s as a joint NASA/DOE project as well as NASA’s 1995-1997 ‘fresh look’ study.[endnoteRef:22] In both cases, SBSP was found to be technically feasible but not economically viable compared to other more conventional energy sources.  By 2007, the US had spent an estimated total of $80 million studying SBSP, as compared to hundreds of millions of dollars budgeted each year for nuclear fusion research and development.[endnoteRef:23] The 2012 Solar Power Satellite-Alpha (SPS-Alpha) concept was developed by NASA’s Innovative Advanced Concepts (NIAC) program led by John Mankins. It represents the most recent conceptual design produced by the US government and the first design to advance to technology readiness level (TRL) 3, analytical proof-of-concept. In contrast with previous concepts, NIAC determined that SPS-Alpha could be economically viable with some needed technological advancements and changes in how space systems are designed.[endnoteRef:24]  [22:  US Department of Energy Office of Energy Research and NASA, Satellite Power System: Concept Development and Evaluation Program, DOE/ER-0023 (Washington, DC, October 1978).]  [23: National Security Space Office, Space-Based Solar Power as an Opportunity for Strategic Security, 9–10.]  [24:  John C. Mankins, SPS-Alpha: The First Practical Solar Power Satellite via Arbitrarily Large Phased Array, NASA Innovative Advanced Concepts Program, September 15, 2012, 9.] 

While Glaser, Mankins, and others devoted serious thought to SBSP for decades, no efforts were made to develop and field physical SBSP systems until quite recently. The large capital costs and risks associated with deploying a new technology prevented commercial ventures from pursuing SBSP without the US government serving as the anchor customer. In the 2007 NSSO report, the authors advocated for “an efficient, secure, and safe aerospace transportation system,” suggesting national efforts to reduce “the cost and time to space by 50%” would be necessary for SBSP to become a reality.[endnoteRef:25] As already discussed, SpaceX Falcon 9, Falcon Heavy, and Starship are fulfilling the need for low-cost, reliable spacelift. Today, many entrepreneurs believe that scientific advancements and economic trends have made SBSP a viable and competitive source of energy. In their view, the technologies required to make SBSP a reality (efficient solar panels, wireless microwave or laser beaming, low-cost launch, autonomous robotics, ground-based receivers and converters) have already been developed, and all that remains are legal, logistical, and environmental hurdles.  [25:  National Security Space Office, Space-Based Solar Power as an Opportunity for Strategic Security, 16.] 

The prospects for SBSP are better than ever, but for commercial industry to lead the charge in developing and deploying SBSP, it must be competitive with terrestrial alternatives. In 2024, NASA’s office of Technology, Policy, and Strategy published an updated feasibility study for SBSP, setting out to answer whether SBSP could be economically competitive with other alternative energy sources and what role NASA should play in the development of SBSP.[endnoteRef:26] The study considered two different designs: an Innovative Heliostat Swarm and a Mature Planar Array concept. While the two concepts were estimated to be comparable to other low-carbon energy sources in terms of climate impact, the costs per kWh of electricity were much higher. In each case, the lifecycle costs were estimated and projected over a half-century, including technological development, launch to LEO, transfer to GEO, operations and maintenance, and disposal. For the two concepts considered, the lifecycle costs were estimated to be 12-80 times higher than terrestrial renewable energy sources.[endnoteRef:27] The high costs were driven largely by the cost of launch to LEO and the cost of transfer to GEO. The authors note that in-situ resource utilization such as NASA-funded work to produce solar cells on the Moon using lunar regolith could make SBSP more economically viable.[endnoteRef:28] Overall, NASA’s feasibility study determined that a combination of improvements would be required to reach economic parity with terrestrial sources, including launch costs below $500/kg, electric propulsion orbital transfer from LEO to GEO, extended hardware lifetimes, cheaper servicer and debris removal vehicles, and efficient manufacturing at scale.[endnoteRef:29] Proponents of SBSP like Mankins argue that the 2024 NASA report is overly pessimistic in its cost estimates, especially those of space launch, LEO-GEO transfer, and the useful lifetime of the hardware in GEO.[endnoteRef:30] Regardless, it is clear that economic viability of SBSP is contingent on several factors aligning.  [26:  Erica Rodgers, Ellen Gertsen, Jordan Sotudeh, Carie Mullins, Amanda Hernandez, Hanh Nguyen Le, Phil Smith, and Nikolai Joseph, Space-Based Solar Power, NASA Office of Technology, Policy, and Strategy, January 11, 2024, i.]  [27:  Ibid., vii.]  [28:  Ibid., 32.]  [29:  Ibid., ix.]  [30:  Jeff Foust, NASA report offers pessimistic take on space-based solar power, SpaceNews, January 19, 2024. https://spacenews.com/nasa-report-offers-pessimistic-take-on-space-based-solar-power/.] 

Design Choices and Trade-offs
Modern SBSP designs differ in three fundamental ways: orbital altitude, solar energy capture method, and power beaming medium. The design choices in these three aspects of SBSP impact the scale, economics, technology readiness, and potential use-case of a fielded system. Deploying SBSP in Geostationary Earth Orbit (GEO), about 36,000 km above the Earth’s surface, is suited for a single mega-structure capable of providing continuous Giga-Watt-scale power to a location on Earth. Such a position is stationary relative to a point on the ground, simplifying the design of receiving rectifying antennas known as “rectennas” and minimizing the need for steering the wireless power beam. The long distance that the beam must travel causes more beam diffusion than lower altitudes, necessitating a larger transmission antenna and receiving rectenna. Additionally, the cost of launching the system to GEO is greater than lower orbits. Low Earth Orbit (LEO) is a range of altitudes from 160-2,000 km above the surface. SBSP at LEO is appropriate for smaller scale technology demonstrations. The lower altitude decreases launch costs and improves beam focus while necessitating a smaller transmission antenna. LEO satellites move relative to locations on the ground and spend a portion of their orbit in shadow, so a single satellite would be unable to provide uninterrupted power to a location on Earth. For such a use-case, a constellation of satellites would be required. Furthermore, highly sophisticated beam steering and switching is required to keep the beams pointed at the target on the ground as the satellites follow their ground tracks. Large-scale LEO constellations like SpaceX’s StarLink have already demonstrated similar beam steering capabilities to those needed for SBSP in LEO, such as satellite-satellite laser link mesh networks.[endnoteRef:31]  [31:  Michael Kan, “Starlink’s Laser System Is Beaming 42 Million GB of Data Per Day,” PC Magazine, January 30, 2024, https://www.pcmag.com/news/starlinks-laser-system-is-beaming-42-million-gb-of-data-per-day.] 

Solar energy capture methods include planar photovoltaics (PV), concentrated PV, and solar dynamic power. Modern designs almost exclusively recommend concentrated PV, in which reflectors focus sunlight onto smaller, high efficiency solar cells, resulting in lower weight and size than planar systems. Solar dynamic systems concentrate solar energy on a heat engine but are complex, requiring working fluids and moving parts which make them less suitable for use on orbit. 
The contribution of anthropogenic carbon emissions toward global climate change has spurred significant investment in alternative energy sources. Solar energy, in particular, has benefitted from massive investments of capital and scientific effort over the past few decades, championed by industry and environmentalists alike as a promising power source to transition away from fossil fuels. Today, standard commercial PV solar panels have efficiencies of about 20%, with more exotic technologies achieving 35-41% efficiencies in laboratory settings.[endnoteRef:32] The high-performance multi-junction gallium arsenide PV cells used in the Roll-Out Solar Array on the International Space Station have an efficiency of 30.7%.[endnoteRef:33] Thanks to economies of scale, a new utility-scale project using modern high-efficiency solar panels can generate electricity at a cost ranging from $38-$78 per MWh, which is less expensive than constructing a natural gas power plant.[endnoteRef:34] In addition to the advances in PV systems themselves, the unique location where sunlight is collected with SBSP is of importance. Placing solar panels in space has three advantages over terrestrial solar power: the energy received by the panels is unaffected by weather, does not experience night (at GEO), and is not impacted by atmospheric attenuation. A solar panel in orbit experiences virtually uninterrupted sunlight at about 30% greater intensity than one on a clear day near the equator on Earth’s surface.[endnoteRef:35] As a result of these three factors, solar panels in space receive as much as 30-40 times the energy flux in a given week than the same area located in a favorable place on the ground.[endnoteRef:36]  [32:  Center for Sustainable Systems, University of Michigan, “Photovoltaic Energy Factsheet,” Pub. No. CSS07-08, 2025, https://css.umich.edu/sites/default/files/2025-09/CSS07-08.pdf.]  [33:  Sasha V. Weston et al., State-of-the-Art Small Spacecraft Technology, NASA/TP—20250000142 (Washington, DC: National Aeronautics and Space Administration, February 2025), https://www.nasa.gov/wp-content/uploads/2025/02/soa-2024.pdf.]  [34:  Benjamin Storrow, “Wind and Solar Energy Are Cheaper Than Electricity from Fossil-Fuel Plants,” Scientific American, June 17, 2025, https://www.scientificamerican.com/article/wind-and-solar-energy-are-cheaper-than-electricity-from-fossil-fuel-plants/.]  [35:  Daniel Wood, “Space-Based Solar Power,” US Department of Energy, March 6, 2014, https://www.energy.gov/articles/space-based-solar-power.]  [36:  National Security Space Office, Space-Based Solar Power as an Opportunity for Strategic Security, 29.] 

Two types of electromagnetic radiation are appropriate for power beaming from the solar power satellite to ground stations: microwaves in the frequency range of 2.45 – 5.8 GHz or lasers in the visible/near-infrared range at wavelengths near 1,000 nm. Microwave transmitters require very large (>1 km) apertures to minimize divergence of the beam and are suitable for the mega-scale designs in GEO. Microwaves have excellent transmittance through the atmosphere and are unaffected by clouds or precipitation. The microwave beam is also steerable using retro-reflective beam forming which requires no moving parts to redirect the beam to a target. Laser power transmission enables much smaller transmitter apertures, but suffers from atmospheric attenuation, especially through cloud cover. 
Current Projects in Industry, Academia, and Government
	Several companies are exploring SBSP in earnest. For example, Mankins Space Technology seeks to produce a hyper-modular GEO-based platform akin to SPS-alpha that will use microwave transmission to provide two Giga-Watts of power to a ground-based rectenna area of 10-30 km2. UK-based company Space Solar also advocates for a GEO-based system but initially plans to field LEO systems as a proof-of-concept. Space Solar specifically identifies the market for electricity in polar regions as a potential use-case where customers are willing to pay higher prices for reliable electricity. Of particular relevance to this study, Aetherflux has acquired defense contracts in developing LEO-based SBSP with laser transmitters for smaller-scale use in forward deployed locations. 
Other companies seek to improve the economic prospects of SBSP by taking advantage of resources on the Moon. Lunar regolith contains a significant amount of silicon and aluminum—the primary elements used in solar panels.[endnoteRef:37] Solar panels manufactured on the Moon would require a small fraction of the fuel and launch costs to reach Earth-GEO as those produced on Earth. Swiss company Astrostrom GMBH seeks to capitalize on this opportunity, promising an 80% reduction in mass launched from Earth to deploy SBSP in GEO.[endnoteRef:38] [37:  Joshua Kittle, Michael Duff, John Engesser, Lunar Resource Harvesting and Manufacturing: Rich Content for the Chemistry Classroom, Journal of Chemical Education, February 3, 2021. https://pubs.acs.org/doi/10.1021/acs.jchemed.0c01381.]  [38:  Astrostrom, The Astrostrom approach to SBSP, https://astrostrom.ch/the-astrostrom-approach-to-sbsp/.] 

	The leading academic institution in SBSP research in the US is Caltech’s Space Solar Power Project, an interdisciplinary team focused on improved PV, ultralight structures, and wireless power transfer technologies. In 2023, the group deployed the Space Solar Power Demonstrator (SSPD-1), which demonstrated a scalable, modular spacecraft architecture and packaging scheme, a performance assessment of 32 different types of PV cells on-orbit, and the first ever demonstration of wireless power transmission from orbit to a target on Earth.[endnoteRef:39] Outside the US, an open access journal called Space Solar Power and Wireless Transmission was established in 2024 with the goal of filling the need in the academic literature for a journal focused on space solar power science. Beijing-based KeAi Publishing owns the journal and the editorial board is made up of researchers from universities across the PRC, Japan, Korea, US, Singapore, and the UK. [39:  Robert Perkins, “Space Solar Power Project Ends First In-Space Mission with Successes and Lessons,” Caltech, January 16, 2024, https://www.caltech.edu/about/news/space-solar-power-project-ends-first-in-space-mission-with-successes-and-lessons.] 

	Governmental development of SBSP-related technologies continues, mainly through the Air Force Research Laboratory’s Space Solar Power Incremental Demonstrations and Research (SSPIDR) project. The goal of the project is to rapidly demonstrate SBSP technology via a series of integrated demos and technology development and maturation efforts.[endnoteRef:40] In Fiscal Year 2025, the project focused on development of the Arachne satellite which will demonstrate the full SBSP concept from solar energy collection, conversion, beaming, and receiving microwave energy on the ground by rectennas.[endnoteRef:41] If successful, these efforts will represent a significant leap forward in the maturity of SBSP. Arachne was scheduled to launch into orbit in early 2025, but the demonstration satellite has experienced delays in deployment and a new launch timeline has not been announced. [40:  Air Force Research Laboratory Space Vehicles Directorate, Space Power Beaming: Space Solar Power Incremental Demonstrations and Research Project (SSPIDR), 2022, AFRL-2022-0606. https://www.afrl.af.mil/Portals/90/Documents/RV/AFRL_SSPIDR_FS_0922.pdf?.]  [41:  Air Force Research Laboratory Space Vehicles Directorate, Arachne: Space Solar Power Incremental Demonstrations and Research Project (SSPIDR), 2021, AFRL-2021-2538, https://www.afrl.af.mil/Portals/90/Documents/RV/Arachne%20Factsheet_AFRL-2021-2538.pdf.] 











Chapter 3: ACE From Space

If I determine the enemy's disposition of forces while I have no perceptible form, I can concentrate my forces while the enemy is fragmented. The pinnacle of military deployment approaches the formless: if it is formless, then even the deepest spy cannot discern it nor the wise make plans against it.
-- Sun Tzu, The Art of War

The True Cost of Powering ACE
Agile Combat Employment is considered essential for the USAF to operate effectively in contested environments like those in the South China Sea during an anticipated conflict with the PRC. Compared to traditional large, centralized operating locations, dispersion of forces to a network of smaller sites increases survivability against peer adversaries with pervasive Intelligence, Surveillance, and Reconnaissance (ISR) capabilities and long-range fires. This dispersion presents significant challenges to adversaries who must find and strike many targets across a wide area in order to have the same effect as a single strike against a more concentrated force. 
To make ACE a reality, the Air Force must train Airmen to be adaptable, flexible, multi-capable, and ready to operate independent of contact with higher headquarters.[endnoteRef:42] A central requirement of ACE is operating for extended periods with limited logistics and sustainment support. For this reason, the Air Force seeks to minimize the base operating support (BOS) footprint of ACE locations, making them light, lean, and agile.  [42:  Department of the Air Force, Air Force Doctrine Note 1-21: Agile Combat Employment (Washington, DC: Department of the Air Force, August 23, 2022), 1–2.] 

The USAF needs abundant, flexible power to enable ACE operations. Typical solutions to power ACE forward operating locations include connecting to existing electrical grids, using diesel generators, and/or relying on terrestrial solar power. Connecting to local grids is often impossible in austere forward-deployed locations. Diesel generators are highly reliable but require a large logistics tail to provide enough fuel for a Forward Operating Location (FOL). Moving so much equipment and fuel is undesirable for highly dispersed ACE locations, and it would expose transport convoys and aircraft to extreme risk. Fuel convoys are so commonly targeted that in 2009, a Deloitte report to the DoD recommended that aggressive fuel conservation was the best short-term way to save US lives in the conflicts in Iraq and Afghanistan.[endnoteRef:43] The compounding absurdity of transporting fuel to be used in remote locations was summarized best by USAF CMSgt Brent Kenney: “We buy fuel, to fly fuel, to transport fuel, to burn fuel.”[endnoteRef:44] CMSgt Kenney won the 2022 Air Force Association Spark Tank competition with “Project Arcwater,” which combines photovoltaic solar fabric and environmental water harvesting for FOLs. This combination can reduce the volume of equipment and fuel needed for electricity and water generation by 60% and reduce the weight by 78%.[endnoteRef:45]  [43:  Helman, Christopher, For U.S. Military, More Oil Means More Death, Forbes, November 12, 2009.]  [44:  Hadley, Greg, Spark Tank Finalists: ACE-ing Logistics When it Comes to Water, Power, Air and Space Forces Magazine, March 1, 2022. ]  [45:  Hadley, Greg, Spark Tank 2022: Plan to Save Water, Fuel Crowned Winner, Air and Space Forces Magazine, March 5, 2022.  ] 

SBSP using laser-power transmission has the potential to reduce the BOS footprint even farther. A recent proposed technology demonstration determined that a satellite at 424 km can use a 1,064 nm laser to deliver 1 kW of power to a receiving station approximately 10 meters in diameter, with smaller form factors possible by increasing the aperture size of optical systems on the emitting satellite, lowering the altitude of the satellite, or decreasing the wavelength of the laser.[endnoteRef:46] Other necessary ground equipment includes a safety and monitoring system with a wider, low-power beam that monitors the transmission path for intruding objects such as aircraft or birds and enables the high-intensity beam to be cut off instantly. Additionally, the ground station must include a pilot signal emitter that enables the two-way handshake with the transmitting satellite. This footprint is considerably smaller than that needed for a microwave rectenna receiver, which would be on the order of several km2. Laser power transmission from LEO also enables the simultaneous powering of many FOLs around the globe from the proliferated constellation.  [46:  Xinbin Hou, Lu Zhou, Shiwei Dong, Dele Shi, Enjie Zhang, Guangda Chen, Huaiqing Zhang, The high power electricity generation and WPT demonstration mission – Proposed first step to develop space solar power, Space Solar Power and Wireless Transmission, 2025, 73-80. ] 

Important Questions to Consider for ACE from Space
	In evaluating the utility of SBSP for ACE operations, two questions must be considered. Firstly, does beaming microwave or laser energy from space directly to a FOL defeat the purpose of ACE by revealing the location of dispersed forces? Secondly, how resilient and survivable would SBSP systems be in large-scale combat operations? Each of these questions merit careful reflection and in-depth investigation. 
	To be useful in powering ACE, SBSP must provide power without revealing the location of forward-deployed forces. For example, the PRC may be able to use optical or infrared sensors to detect and trace the laser transmission beam from the satellite to the ground receiving station. The USAF would prefer not to “buddy lase” its own bases from space for PLA’s precision-guided munitions. Similarly, ground station electromagnetic emissions, laser safety protocols, or  no-fly zones could be used by the adversary to find and target FOLs. Thorough signature management must be utilized to mitigate this risk.
	The PRC and Russia have both demonstrated significant kinetic and non-kinetic ASAT capabilities including directed energy weapons, direct-ascent missiles, co-orbital systems, and possibly even a Russian space-based nuclear ASAT weapon.[endnoteRef:47] With such weapons, adversaries can hold US space assets at risk. Kinetic strikes can produce large amounts of fast-moving debris that can have a cascading effect, destroying other satellites in orbit. When considering using SBSP in a LSCO conflict, the USAF and USSF must analyze the survivability and resilience of the SBSP system, as well as their ability to deter and punish such attacks. Similar to the ACE concept, a proliferated constellation in LEO like the one proposed has inherent resilience because it relies on many small, less expensive satellites rather than a single exquisite system. Hyper-modular designs like SPS-Alpha are also able to continue providing power in the event of an attack. Fielded systems supporting ACE should be designed to degrade gracefully under attack through a networked energy web architecture or proliferated constellation.[endnoteRef:48]  [47:  USSF Space Threat Fact Sheet, December 2025, https://www.spaceforce.mil/About-Us/Fact-Sheets/Fact-Sheet-Display/Article/4297159/space-threat-fact-sheet/.]  [48:  Paul Calhoun, Energy Web Dominance: A Proposal for a Fourth Offset Strategy, Aether: A Journal of Strategic Airpower and Spacepower, 2024. ] 

SBSP and ACE: A Symbiotic Partnership
As described in Chapter 2, SBSP’s economic viability is in question, making it a risky investment for commercial enterprises. The USAF has demonstrated a willingness to pay a premium price for flexible, reliable power delivered to remote locations. The NSSO’s 2007 report found that the DoD was spending about $1/kWh at forward deployed locations.[endnoteRef:49] A 2019 report from the Nuclear Energy Institute estimated that diesel generators generate electricity at a cost between $0.15/kWh and $0.60/kWh, without accounting for the added danger and cost of delivering fuel in a contested combat zone.[endnoteRef:50] Because the technology is less mature than microwave transmission systems, it is difficult to estimate the cost per kWh of laser-transmitted SBSP from LEO. If prices can approach those already paid by the USAF for electricity at forward locations, the advantages would likely make SBSP the best choice to power ACE. In this way, USAF can serve as a niche customer and “angel investor” for SBSP technology development while economies of scale and technological improvements drive prices farther down.  [49:  National Security Space Office, Space-Based Solar Power as an Opportunity for Strategic Security (Washington, DC: NSSO, 2007).]  [50:  Nuclear Energy Institute, Cost Competitiveness of Micro-Reactors for Remote Markets, April 15, 2019. ] 

The PRC views SBSP as a critical component of both national security and long-term dominance of the energy sector.[endnoteRef:51] Accordingly, Chinese research into SBSP has grown rapidly and the PRC has ambitious plans to develop and field SBSP systems in the coming decades. SBSP represents one of several emerging energy technologies that could bring strategic advantage to the nation that leads in its development. The USAF’s ACE concept is a uniquely well-suited opportunity to keep pace with the PRC in SBSP while providing energy-on-demand for forward-deployed combat units.  [51:  Namrata Goswami and Peter Garretson, Scramble for the Skies (Lanham: Lexington Books, 2020), ISBN: 978-1-4985-8312-1, 201-205.] 
























Chapter 4: Case Studies
	
It is as significant as moving the Three Gorges Dam to a geostationary orbit 36,000 km above the Earth.
-- Long Lehao on a planned SBSP project, Chinese Academy of Engineering[endnoteRef:52] [52:  Emma Frederickson, “China Is Building a Solar Station in Space That Could Generate Practically Endless Power,” Popular Mechanics, March 12, 2025, https://www.popularmechanics.com/science/energy/a64147503/china-solar-station-space/.] 


Herein, two notional case studies are explored to demonstrate how the US military might use SBSP for ACE. In the first scenario, the PRC employs a large modular SBSP system in GEO orbit utilizing microwave power transmission to support remote operations in the Arctic. In the second, a proliferated LEO constellation uses laser power transmission for dispersed USAF forward operating locations in the South China Sea. Due to the myriad difficulties and assumptions inherent to predicting the future, many of the details in these scenarios will be wrong. Nevertheless, the thought experiment is a useful exercise in anticipating the strengths and limitations of SBSP in support of ACE operations. 
Arctic Scenario: A Cautionary Tale
	Global climate change is shrinking the minimum extent of Arctic sea ice at a rate of 12.2% per decade.[endnoteRef:53] The European Space Agency estimates that the Arctic Sea may be free from summer ice by 2050.[endnoteRef:54] PRC leaders understand the military and economic importance of the Arctic region and have been working for decades to operate in the far north as a ‘near-Arctic state.’ The PRC seeks to position itself for success as the Earth warms and Arctic trade routes become increasingly navigable and lucrative.[endnoteRef:55] The PRC has used security and economic cooperation agreements with Russia to facilitate its Arctic activities, including regular bilateral military exercises, air and sea patrols, and aviation overflights.[endnoteRef:56]  [53:  NASA, Arctic Sea Ice Minimum Extent – Earth Indicator, https://science.nasa.gov/earth/explore/earth-indicators/arctic-sea-ice-minimum-extent/.]  [54:  European Space Agency. (2017, May 9). Simulations suggest ice-free Arctic summers by 2050. [Press release]. Climate Change Initiative.]  [55:  Pezard, Stephanie, and Abbie Tingstad. Is the Polar Silk Road at an Impasse? Santa Monica, CA: RAND Corporation, February 6, 2025. ]  [56:  Boulègue, Mathieu. Sino-Russian Cooperation in the Arctic. Washington, DC: Center for European Policy Analysis, July 8, 2025. ] 

In the 2020s and 2030s, the PRC and Russia continue to cement their partnership to offset the Arctic influence of the US and NATO. The Russian territory’s proximity to Arctic maritime trade corridors (including owning 53% of the Arctic coastline)[endnoteRef:57] and the PRC’s economic might and technological prowess lead to multiple bilateral agreements and infrastructure collaborations. By 2042, the PRC and Russia unveil their most ambitious Arctic project to-date: a combined Sino-Russian Arctic naval base powered by SBSP. The project brings Russia and the PRC closer together than ever before, with Russia benefiting in economics and prestige and the PRC gaining a foothold in the Arctic. [57:  The Economist. (2021, June 14). Who controls the Arctic? The Economist Explains.] 

	 The PRC builds a microwave-transmission SBSP system in GEO using low-cost reusable rockets for spacelift to LEO, electric propulsion transfer to GEO, and taking advantage of on-orbit robotic manufacturing. The 50 MW system beams power continuously to a 1.5 km2 rectenna near the Ugolny Airport in the Russian Far East. The sudden influx of abundant power to the region enables Ugolny Airport to expand to a major military and economic hub complete with a naval port capable of hosting the People’s Liberation Army Navy (PLAN) Arctic fleet. China establishes a permanent presence at the base, providing easy access to the Bering Strait, an increasingly important chokepoint along the northern trade routes connecting Asia and Europe. The rapid development of the base catches the US by surprise, enabling the PRC to assert its will and establish control of the Bering strait with a strong and persistent naval and aerial presence in the region.
Ugolny Airport was chosen because of its proximity to the Arctic, historical use as a military airfield, and its relatively low latitude of 64.7°N compared to other Arctic bases. Because of the geometry of the altitude of the GEO satellite and the curvature of the Earth, there is a functional limit to the line of sight at high latitudes. The absolute limit is 81° and the functional limit for sensing and communications is approximately 75°.[endnoteRef:58] For microwave power-beaming from a GEO satellite, the oblique angle at high latitudes increases receiver noise due to atmospheric refraction, Earth’s thermal emission, line-of-sight obstructions and other factors.[endnoteRef:59] Thus, The PRC viewed the less extreme latitude of Ugolny as ideal for this initial project.  [58:  Karen L. Jones and Lina M. Cashin. Space-Enabled Capabilities for Connecting and Collaborating in the Arctic, Center for Space Policy and Strategy, October 2024. ]  [59:  Tomas Soler, David W. Eisemann, “Determination of Look Angles to Geostationary Satellites,” NOAA – National Geodetic Survey.] 

The PRC views the GEO SBSP system as a prototype for future systems supporting bases at more extreme latitudes like Tiksi Air Base. Using the phased array microwave transmitters, they conduct tests to determine the efficacy of microwave beaming to higher latitudes, pushing the limit of a GEO SBSP system. In 2045, they develop a SBSP system in a polar Highly Elliptical Orbit (HEO) able to cover any latitude but introducing additional challenges. It needs to be combined with energy storage capabilities like thermal energy storage or high-capacity grid batteries to provide power during times when the satellite is travelling around the other side of the globe. Alternatively, a pair of HEO SBSP satellites could provide 24/7 coverage at polar latitudes. At apogee, the HEO satellite is much further away from the Earth than at GEO, increasing beam spreading and necessitating even larger ground receiving rectennas. Additionally, the HEO satellite is not stationary over a single position on the Earth but instead follows a ground track. This complicates the directional targeting of the microwave beam and delivers inconsistent power density to Earth’s surface, but the phased array transmitter is able to track the ground receiving station without moving parts. 
South China Sea Scenario: Resilience and Deterrence
	In 2035, the PRC has significantly built up its military presence on the Spratly Islands and PLAN continues grey-zone operations, harassing Philippines fishing vessels in the contested waters. The PRC’s economic and political influence among southeast Asian nations has increased as US influence has waned, with the Philippines being the only remaining strong US partner in the region. In preparation for an invasion of Taiwan, the PLA seeks to degrade PACAF’s capabilities to respond by firing large volumes of standoff munitions at US airfields and command and control centers in conjunction with space, cyber, and EW effects against communication nodes. 
The US armed forces recognize the extreme challenge of LSCO against the PLA in the South China Sea. The region is characterized by tiny, dispersed island chains and reefs separated by large swaths of ocean. The US strategy for defending the South China Sea uses a two-part force. The first is a resilient blunting layer capable of surviving a first attack wave by the PLA, returning fire, and preventing immediate seizure of territory. The second is a concentrated follow-on force stationed farther away that can push into the theater and punish PLA attackers.[endnoteRef:60] In this scenario, the blunting layer force is spread out among various operating locations on islands in the Philippines to complicate targeting for the PLA.  [60:  Brands, Hal, and Zack Cooper. Dilemmas of Deterrence. Washington, DC: Center for Strategic and International Studies, March 2024. ] 

During a surprise attack by the PLA, the dispersed forces on the Philippines would be difficult to resupply and their communications are contested due to EMS jamming and cyber-attacks. The SBSP constellation developed by the USSF over the past decade provides cohesive power and datalink to a limited number of these forward operating locations. Thanks to the high-density power provided by laser transmission and advancements in optical laser transmission efficiency, the ground-based receiving stations have a relatively small, 5 meter-diameter form-factor. These receiving arrays are highly transportable, reliable, and replaceable, enabling flexibility for the USAF as they deploy and move forces among dispersed bases. The two-way handshake laser transmission enables encrypted data and power transfer between the satellite and ground station. The satellite can relay communications data to others in the constellation, ensuring the FOL maintains connectivity with the rest of the force. Laser transmission is often interrupted by inclement weather, especially during the monsoon season of June to October, but compact, high-density batteries adapted from the electric vehicle industry provide sufficient power to mitigate interruptions and keep the FOLs mission-capable without the need for large, noisy, and fuel-hungry generators.
The quick action of the US Department of War to invest in SBSP technologies allows the US to be the first nation to develop and field SBSP. The proliferated constellation in LEO prevents the PRC from taking direct action against the SBSP system without endangering all other LEO satellites and drawing condemnation from the rest of the world. The improved ability of the USAF to operate out of multiple dispersed locations creates a dilemma for PLA planners and is an effective deterrent against Chinese ambitions to seize Taiwan. 














Chapter 5: Conclusions and Recommendations

Energy is the only universal currency. One of its many forms must be transformed into another in order for stars to shine, planets to rotate, living things to grow, and civilizations to evolve.
--Vaclav Smil[endnoteRef:61]		 [61:  Vaclav Smil, Energies: An Illustrated Guide to the Biosphere and Civilization (Cambridge, MA: MIT Press, 2017).] 

The preceding analysis has examined the feasibility and operational utility of SBSP in support of ACE, considering both technological developments and the demands of large-scale combat operations in contested environments. While SBSP remains an emerging capability with unresolved technical and economic challenges, its potential to fundamentally alter how the Air Force generates and sustains combat power is significant. The following conclusions synthesize the key findings of this study and assess the role SBSP may play in enabling distributed operations in future conflict.
1. SBSP is a unique enabler for ACE. SBSP is a promising technology that can bring reliable, flexible energy to austere USAF operating locations. Recent feasibility studies suggest SBSP will have difficulty competing with terrestrial energy sources in terms of cost per kWh of electricity, but this metric should not be the sole consideration for contested environments where persistent, on-demand power is far from guaranteed. The improved survivability, smaller logistics tail, and operational flexibility provided by SBSP justify the investment. 
2. A Proliferated LEO architecture aligns best with the ACE philosophy. Just as ACE disperses forces, SBSP in LEO disperses energy infrastructure. ACE from Space is about powering distributed forces from distributed space assets, improving the resilience of the entire system, enabling multiple ACE locations to be powered simultaneously, degrading gracefully under attack, and presenting a dilemma to adversaries. 
3. SBSP introduces new operational risks. This study identified two major concerns in using SBSP for defense purposes: signature exposure from power beaming to forward operating locations and susceptibility to ASAT threats. To maintain operational relevance, SBSP should be developed with these vulnerabilities in mind, integrating signature management, deception, redundancy, and defensive space capabilities. As the US increases its reliance on space for operations, adversaries will be more inclined to target critical space assets. The US Space Force (USSF) must continue to strengthen deterrence against attacks in space through a combination of resilient architectures, enhanced defensive measures, and credible offensive capabilities. Without such deterrence, the very systems that enable distributed operations risk becoming critical points of failure.
4. The PRC views SBSP as an avenue for energy dominance. If the US fails to capitalize on this opportunity and SBSP proves economically competitive with other energy sources, the US risks enabling Chinese power projection in the Arctic or other austere environments and even ceding energy dominance on Earth as well as in space. 
Whether it revolutionizes the energy sector or not, SBSP will have strategic impact. In an era of conflict defined by dispersion, contested logistics, ubiquitous surveillance, and great power competition, the ability of a nation to project military power may increasingly depend on the ability to project electrical power. SBSP can bring energy to the right place at the right time in a way terrestrial energy sources cannot. 
Recommendations
If SBSP is to transition from a promising concept to an operational capability, deliberate action is required to guide its development, integration, and protection. The following recommendations identify specific actions for key stakeholders to accelerate SBSP adoption, mitigate associated risks, and ensure its effective employment in support of ACE.
1. Treat SBSP as a strategic capability, not a cost-saving energy program. While commercial interests prioritize pushing the cost per kWh down as much as possible, the Department of War (DoW) should recognize the unique operational advantage of ubiquitous power beamed to ground locations on-demand. The Chief of Space Operations should advocate for sustained investment in SBSP development and the USSF should act as the lead service providing space-based energy to the warfighter.
2. The USAF should act as the anchor customer to pace the PRC in SBSP development. AFRL should expand and expedite operational prototypes like SSPIDR, while forging partnerships with commercial firms to help share risk and accelerate timelines to develop and deploy the capability. These efforts can fill a critical operational need while keeping pace with Chinese SBSP technology development. 
3. DoW should prioritize LEO-based laser transmission systems for near-term use. While exquisite GEO systems are more appropriate for large-scale commercial energy projects, the unique operational needs of ACE align with the smaller ground footprint, improved flexibility, and enhanced mobility of laser power beaming from a proliferated LEO constellation. 
4. Develop doctrine in parallel with space systems. As the technology is developed and fielded, the USAF should incorporate SBSP into the ACE operational concept, treating energy as a maneuver element akin to forces, fires, and information. In the SBSP/ACE context, energy is no longer tied to fixed infrastructure or pre-positioned fuel, but becomes something that planners can project, redirect, mass, and prioritize in real-time. Air Force Major Commands, particularly Pacific Air Forces, should integrate SBSP capabilities into ACE exercises and operational planning to evaluate their effectiveness in contested environments and refine tactics, techniques, and procedures for their employment. These efforts should include maximizing the number of locations supportable by SBSP, operating in inclement weather, mitigating signatures, and managing day/night energy demands.
5. Monitor and counter adversary SBSP development. The PRC has made it clear that it views SBSP as a strategic imperative. The US intelligence community should monitor PRC progress toward SBSP deployment. As illustrated by the Arctic case study, US leaders should plan for the PRC to use SBSP to power remote bases, extend their presence in the Arctic and other remote locations, and reduce their own logistics vulnerabilities. 
Areas for Further Research
	This study has briefly summarized the state-of-the-science in SBSP development and advocated for the USAF to lead the way in fielding the technology to power ACE operations. Combining SBSP with ACE provides fertile ground for further research into the technical, operational, and legal aspects of the ACE from Space concept. The following research areas are of particular importance. 
1.  Power beam control, efficiency, and atmospheric effects. Further research is needed to refine laser beam control through variable atmospheric conditions. Research aimed at improving efficiency, minimizing energy losses, and providing reliable, uninterrupted power when switching satellites would be most beneficial.
2. Signature Management and Operational Security. The detectability of laser-SBSP systems and their associated ground infrastructure warrants further analysis. Future work should estimate electromagnetic, optical, and infrared signatures for SBSP systems of various scales and should investigate signature mitigation measures and deception techniques to reduce risk to forward operating locations.
3. Policy, Legal, and Liability Frameworks. The legal and policy implications of SBSP are understudied, particularly regarding liability for mishaps, damage to civilian systems, and norms governing power beaming in space. Further research should examine international agreements, indemnification mechanisms, and regulatory systems necessary for widespread adoption of SBSP. 
SBSP represents more than a novel energy solution; it offers a pathway to fundamentally reshape how the joint force generates, distributes, and employs combat power in contested environments. While significant technical and operational challenges remain, the convergence of declining launch costs, advances in solar and transmission technologies, and the growing demands of distributed warfare suggest that SBSP is approaching viability, especially for an application as critical as national defense. If pursued deliberately, SBSP has the potential to reduce logistical vulnerabilities, enhance operational flexibility, and provide a decisive advantage in future conflict. In an era defined by contested access and persistent competition, the ability to project power may increasingly depend on the ability to project energy—and SBSP offers a means to do both.
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