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Abstract
Joint Publication 1 clearly identifies that the joint force must have a long-range strike capability which enables US power projection anytime, anywhere.1 The publication provides significant guidance on how the services should provide that capability, specifying the need for precision, cost-effectiveness, and the ability to prevail against anti-access and area denial (A2AD) technologies.2  The US has long considered stationing weapons in orbit as an alternative means to accomplish the global strike mission, but to date space-based global strike options were not cost-effective when compared to traditional capabilities. The advent of low cost spacelift, advancements in adversary A2AD technology, and the growing expenses associated with fielding stealth bomber technology require a modern cost comparison. This paper compares the issues and expenses associated with conducting these missions, with an emphasis on cost and feasibility. The final section of the paper outlines future technological conditions which could arise which will further support fielding space-based global strike capabilities.
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Chapter 1
Introduction
The bomber will always get through
- Stanley Baldwin’s 1932 Speech to Parliament "A Fear for the Future”3
Global strike capability remains a fundamental necessity for all great power nations. Since the Cold War, US strategic capabilities stood watch over the homeland, freeing conventional military forces to engage in “politics through other means”.4 Specifically, weapons such as the Minuteman III Intercontinental Ballistic Missile (ICBM) remained ready to strike at any time, ensuring adversaries never surprised a distracted US or escalated conflict to a nuclear, chemical, or biological level. Joint planners realized that these strategic assets were also effective for performing long-range conventional strikes; however, using them in this fashion posed concern. Adversaries observing these launches would be unable to determine that these assets were merely conventionally armed, and forced to assume nuclear weapons were inbound. This scenario dictated that conventional ICBMs are not feasible, as they risk unnecessary escalatory action to nuclear conflict.5 In response, nuclear nations avoided this dilemma by separating nuclear global strike assets from conventional military platforms, with one noticeable exception: the bomber fleet. 
Regional conflicts have necessitated strategic bomber fleets assume non-nuclear, tactical mission sets because of mission importance and airpower’s effectiveness against those targets. Since the Cold War, the US, urged by its coalition allies, frequently used stealth aircraft for deep strike missions because these platforms were more survivable against air defenses and their use was considered less escalatory relative to the use of ground forces. The repeated use of these nuclear-capable aircraft, specifically B-2 bombers, shifted international opinion such that these platforms became customarily internationally acceptable means to perform tactical long range strikes. This methodology was recently observed when the US undertook OPERATION MIDNIGHT HAMMER, where B-2 bombers attacked Iranian targets and severely degraded Iran’s nuclear ambitions. The operation was a great success, but required a decade of planning and dozens of aircraft, naval assets, and missiles.6 The endeavor, while worthwhile, endangered the lives of multiple combat pilots, imperiled expensive equipment, and illustrated the expense of executing airborne long range strike. Therefore, investigating the feasibility and cost effectiveness of performing a non-nuclear strike mission similar to MIDNIGHT HAMMER from space should be a critical priority of the War Department. 
A thorough investigation will validate that the US should invest in an orbital bombardment platform. A case study will examine if a notional orbital bombardment system can successfully conduct a mission similar to MIDNIGHT HAMMER. Two criteria will be used to support this claim:
1) Orbital bombardment is feasible.
2) Orbital bombardment is cost effective relative to traditional bombing approaches.
Supporting this claim requires consistent definitions between the two approaches, and so the critical definitions are outlined here for maximum transparency.  Lifecycle cost estimates (to the maximum extent allowable) will include, as applicable, Production, Launch, Maintenance, Sustainment, Operations, and Training costs. Feasibility, assessed with mathematical models, will be defined as “Does the US possess sufficient technology to field an effective weapon system? Additionally, a supporting argument alongside feasibility will be effectiveness, defined as “will physics allow the mission to be performed effectively from orbit”? 
Orbital bombardment feasibility and effectiveness will examine whether orbital technology can accomplish the mission at the required place and time. Supporting data will determine the number of satellites required for the mission, a critical factor in ensuring comparable coverage between the two weapon delivery approaches. Furthermore, an effective orbital platform must service targets in a timeline comparable to existing air platforms. Altogether, this comparative analysis is only the beginning of the conversation, the vast scope of lifestyle costs cannot be completely covered in an unclassified analysis, and this fact must be considered a study limitation. 
Although not tested via case study, declaring an orbital system feasible requires an additional question: will the international community accept an orbital solution to the strategic bombing need? The Outer Space Treaty forbids use of weapons of mass destruction in space, but there is no law preventing the conventional weaponization of space, only national policy.7 Until very recently, and excepting presidential administrations that advocated for space-based missile defenses that never materialized, US policy declared that space will be a sanctuary from war.8 The Biden administration’s announcement to pursue a self-imposed ban on testing anti-satellite weapons illustrates the divide between policy and operational need.9
Furthermore, these policies have failed to deter our adversaries from weaponizing space, the US response is consistently subdued. This apathy was observed in 2021 when the Space Force’s Vice Chief of Space Operations, Gen David Thompson, publically stated that “Russia and China are launching reversible attacks such as electronic warfare jamming, temporarily blinding optics with lasers, and cyber-attacks, on US satellites every single day.”10 Despite this grave proclamation, the US did not publically acknowledge a response to these threats, inviting further escalation due to a lack of consequences. This inaction is in broad contrast to combat in traditional warfighting domains, where crossing national borders leads to swift intercepts with national forces. 
The inaction to non-kinetic spacecraft attacks and the advent of space weaponry requires the US to persuade its allies of the need for this technology. Using the B-2 as the example, US policy must demonstrate how orbital technology is the necessary progression of the global strike mission given adversary A2AD investment. Building trust will require the US to publically acknowledge the existence of this weapon system immediately following orbital placement. This action will partially mitigate international concerns while providing significant deterrence to our adversaries. Additionally, the US could employ international watchdogs such as The International Atomic Energy Agency for independent verification, establishing credibility while providing international legitimacy.

Chapter 2
Acquisition, Operational & Maintenance Costs of the B-2 Bomber
Successful offense brings victory. Successful defense can now only lessen defeat.11
– Curtis Lemay
The B-2 Bomber is an unconventionally designed aircraft uniquely qualified to conduct long-range strikes in all threat environments. The platform was designed for a very specific purpose: to infiltrate the sophisticated air defenses of the Soviet Union and destroy targets deep in their homeland. The B-2s long range and stealth capabilities are critical pieces of the US global strike portfolio since its first flight in July of 1989.
Mitigating Russian technology required a flying wing design, eschewing the standard vertical stabilizers, fuselage or tails observed on traditional bomber platforms and resulting in an extremely low radar cross section.12 This distinctive shape, enhanced by the 33° leading edge angles, promotes the angular diffusion of radar waves rather than directly reflecting them back to the transmitter.13 The virtual absence of protrusions such as a tail fin or visible external jet engines also limits the aircraft’s electromagnetic signature. However, these design tradeoffs make the aircraft significantly more complex to keep in-flight. Computer algorithms are incorporated as part of a quadruple redundant electric flight control system, and continuously adjust the aircraft’s pitch, roll, and yaw beyond the scope of human intervention.14 Even the aircraft’s dark grey underside is covered in anti-reflective paint custom made for survivability and designed to be hard to see with the naked eye as the bomber blends with the sky.15
These invisibility characteristics and near-pristine track record ensure continued employment to this day while elevating the B-2 to one of the greatest capabilities possessed by the US government. Lt Gen (Ret.) David A. Deptula, Dean of the Mitchell Institute for Aerospace Studies, succinctly wrote about the effect of this platform, writing “The value of a high-payload, long-range, survivable aircraft is undeniable.” 16 Furthermore, bomber employment has only gone up in recent years. Gen. Thomas Bussiere, previously the commander of Air Force Global Strike Command, said in a 2025 interview that bomber task forces were dispatched 48 times during the previous 18 months.17
While the B-2 aircraft and its pilots have performed admirably, the aircraft requires immense government expenditure. Aircraft expenses skyrocketed due to the ultramodern stealth technology required to covertly penetrate Russian airspace, resulting in the US government acquiring far fewer aircraft than originally expected. In 1990, the estimated total program cost, assuming a buy of 132 aircraft, was $70.2 billion, with a per-aircraft cost of $532 million.18 (Adjusted to 2025 dollars: $1.318 billion per aircraft for a grand total of $174 billion).19 Ultimately, the B-2 had a total program cost of nearly $45 billion for just 21 aircraft, ensuring that the B-2 is, by a significant margin, the most expensive aircraft ever built.20 This staggering sum forced the US government to considerably scale down their purchases to a mere 21 aircraft, resulting in a 2.14 billion dollar price tag per aircraft.21
The taxpayers are still spending significant treasure for the right to engage global targets with the B-2. Operations and Maintenance costs are wildly more expensive than the average military aircraft, with the Government Accountability Office reporting in 1996 that the B-2 bombers “will be, by far, the most costly bombers to operate on a per aircraft basis”.22 In order to provide a basis of comparison, consider the costs of America’s other heavy bombers: the less stealthy B-1 costs about $9 million to operate annually and its grandparent, the B-52, requires approximately $7 million to operate annually as of 2023.23 The B-2, however, costs over $30 million to operate annually, resulting in a fleet cost of $600 million.24 
Furthering the overall investment, the stealth technology requires additional maintenance expenses, resulting in the B-2 spending significant time in its hangars. The Center for Defense Information called the aircraft “the ultimate hangar queen.”25 Those hangars happen to be incredibly specialized, $5 million per unit, air-conditioned facilities necessary to preserve the B-2’s stealth capability, and must be sufficiently sized to accommodate its 172-foot wingspan.26 These custom built facilities use filtered vents which minimize interior dust and maintain a consistent temperature, ensuring the humidity sensitive paint retains its critical characteristics. Ultimately .each B-2 requires 119 hours of maintenance per flight hour in those comfortable quarters, whereas the B-1 and B-52 necessitate just 60 and 53 hours respectively.27 The stealth bomber also requires nearly a complete overhaul every seven years, which costs on average $60 million and takes the aircraft out of operations for an entire year.28 This process is laborious due to the meticulousness and precision  necessary when replacing the plane’s paint, panels, nuts and bolts down to the frame before rebuilding it anew.29 This expertise ensures the taxpayers remain responsible for about 1,200 Northrop employee salaries until the aircraft’s retirement.30 Altogether, official estimates regarding the operating cost are between $130,000 and $150,000 for every hour of flight, including fuel, crew salaries, and logistical support.31
The machine is a critical piece of the military capability, but remains useless sans the thinking prowess of its cunning operators. Creating top guns is no easy (or inexpensive) feat; the process takes 1.5 to 2 years of formal training program with a cost of nearly $2M per pilot.32 First, prospective pilots who did not procure a private pilot’s license on their own dime must attend Initial Flying Training in Pueblo, Colorado. Next, pilots attend Survival, Evasion, Resistance and Escape training, followed by 12 months of Undergraduate Pilot training. Next, bomber pilots transition to their Formal Training Unit, consisting of 6 months at Dyess AFB, Texas for B-1B pilots, or 12 months at Barksdale Air Force Base for B-52 pilots.33 B-2’s two pilots are frequently the most elite operators selected from these aforementioned bombing platforms, and undergo an additional 6 months of B-2 specific training.34 

Chapter 3
Determining the Characteristics of a Notional Orbital Bombardment Platform
I say we take off and nuke the entire site from orbit. It's the only way to be sure.35
— Ellen Ripley, Aliens, Fox Studios, 1986.
Orbital bombardment is a logical progression of the airpower bombing mission and is capable of providing a greater strategic advantage due to its inherent global strike capability. Bomber platforms will continue to contend with evolving adversary A2AD technologies, requiring significant upgrades to maintain survivability. Conversely, space-based platforms operate beyond these restrictions and are capable of targeting any ground point that the satellite overflies.
The most relevant factor regarding the feasibility of an orbital system is cost. Cost is largely driven by constellation size, which in turn is defined by operational requirements. The response time for an orbital bomber, defined as the time in between strike authorization and weapon impact time, must be divided into two parts. The first is the time necessary for the satellite to position itself over the target, and the second is the length of time required for the weapon to deorbit and strike the target. Both times are subject to rigid laws of orbital mechanics which dictate the art of the possible and define strike availability for a given earthly position. For example, a single satellite in a 500km altitude polar orbit with a realistic strike radius of 1,300 kilometers (illustrated by the two bars, see Figure 1) completes its rotation every 90 minutes, crossing the Earth at the equator 2,600 km west of where it crossed the previous orbit.36  
[image: ]
Figure 1: Downward view of the North Pole showing the 2,600km bands of two successive ground tracks (one shaded, one white.) The following ground tracks will rotate around the Earth, and the satellite can target any region in between the two lines for each orbit.37 

Given the physics above, if the strike timing requirement was to impact the target within 12 hours, the orbital bombing mission could be executed with a single satellite, which is a very feasible undertaking. The actual response time will vary based on the satellite’s location relative to the target when the order is issued, and timing would range from immediately to twelve hours. The predictability of orbital mechanics ensures that operators will know precisely the overflight times and can use that data for joint planning operations. 
Defining the most likely targets, as well as the response timing requirements, is an acquisition necessity, determining force structure and placement. Increasing the satellite constellation size decreases the 12 hour overflight limitation, ensuring more frequent coverage while increasing cost. Specifically, adding a second satellite at a 90 degree offset to the first asset will halve the maximum positioning time to six hours. Minimizing overflight time for a constellation in the Figure 1 example requires eight orbital bands, and placing a single satellite in each band reduces global overflight time to ninety minutes.38 In this way, a notional bomber constellation is scaleable, ensuring combatant commander requirements while not overburdening the US Treasury. 
The second portion of the strike execution timeline is the reentry time for the weapon to deorbit and proceed to the target. Burning additional fuel (additional DV) will decelerate the projectile faster, causing the weapon to deorbit faster and decrease flight time. (see Figure 2) Technologies exist to detect re-entry vehicles, and so mission planners must balance the speed with detection risk when determining how much fuel to place on the satellite. 
[image: ]
Figure 2: Time to deorbit at 500km altitude compared to fuel usage (DV).39

 Koene, Schouten, and Savelsberg discussed the most effective design for an orbital bombardment system in their 2023 work, “Feasibility of Kinetic Orbital Bombardment”. Their mathematics employ complex differential equations but the authors’ conclusions are easily understandable, dictate the feasibility of an orbital bombardment system, and will serve as the basis of our weapon system. First, they defined the weapon, a penetrating tungsten rod corresponding to various projectile lengths (L). Next, they analyzed the weapon’s penetration depth (P) when delivered using different military platforms. The authors compared three ordinance delivery methods using system characteristics derived from typical operational mission profiles. For example, the simulated bomber aircraft profile flew at an altitude of fifteen kilometers (km) with a cruising speed of 1,000 km/hour (hr). The next platform, a suborbital ICBM, employed a burnout velocity of 6,750 meters per second (m/s), and a launch elevation of 30. The final mission deorbit profile, an orbital reentry payload, used 435.49 m/s of delta –V (hereafter abbreviated as (DV), or the change in velocity (V)) and an altitude of 400 km.40 These systems each delivered the simulated bombing payload and the representative results are listed below in Figures 3 and 4 for varying rod lengths up to 6.1m. The projectile’s length defines the range of the results stated in Figure 3. Specifically, regarding the impact velocity, the lower boundary correlates to the shortest rod and the highest boundary corresponds to a longest projectile length. For the impact angle, the opposite is true and the lowest value corresponds to the longest projectile.
[image: ]
Figure 3: Flight parameters for different delivery methods (range of results is directly correlated to projectile length).41
[image: ]
Figure 4: Penetration depth (P) for concrete (left) and steel (right) for varying delivery methods and projectile lengths.42
The data illustrates that the bomber aircraft provided the best penetration performance when targeting concrete, and an ICBM missile in suborbital flight is the most effective delivery method for targeting steel protected bunkers. The results indicated that the material characteristics of concrete are most easily penetrated when warheads are used at velocities below orbital reentry speed (see Figure 5). Conversely, steel did not demonstrate a material weakness at a specific velocity. 
[image: ]
Figure 5: Penetration depth for concrete and steel for a range of impact velocities (v0).43
Given the study conditions, orbital bombardment did not compete well in penetration depth. These results mirror experiments conducted in the 1960s by Sandia National Labs, who determined that even for the hardest materials, maximum penetration is achieved at a velocity of 1 to 1.5 km/s.44 Both Sandia and Koene et al.’s studies concluded that the physics of high velocity impacts naturally constrain penetration depth; the “excess” energy at impact is distributed laterally rather than vertically.45 Stated simply, above 1.5 km/s the rod tip liquefies, and penetration depth does not increase further relative to impact speed.46 Therefore, orbital heights which correspond to extreme impact velocities are not advantageous when penetration is a mission requirement. This is a critical conclusion because it defines that orbital bombardment platforms do not require high orbital altitudes, reducing cost and weapon flight time. Given this fact, orbital bombardment assets should be placed in a low orbit and the notional platform for the case study will assume a height of 500 km. 
Assuming penetration depth is a primary mission requirement, clearly a different approach for orbital bombardment is required. The bomber delivery platform was the most effective delivery vehicle because it could drop the munition at a steeper impact angle. The orbital delivery system employed in the study utilized the traditional reentry profile executing a Hohmann transfer at 15km to deorbit the weapon into the atmosphere.47 The authors’ approach was reasonable because the technique minimizes the DV required for the mission, minimizing the greatest constraint: cost. Unfortunately this method inevitably limits the weapon impact angle (measured with respect to the surface- γ), directly correlating to the limited penetration depth. (see Figure 6)  
[image: ]- 
Figure 6: Effect of Impact Angle on Penetration depth (γ is angle with respect to the surface.) 48
However, if the weapon system carried sufficient fuel to decelerate the weapon to a standstill from its orbital velocity (DV of 7667 m/s) and then vertically descend to the Earth, penetration depth increases. The study analyzed this tactic, determining “for concrete a penetration depth of 32 m is achieved and for steel a penetration depth of 11 m is achieved.”49 Compared to other delivery methods, orbital bombardment becomes a comparable option on concrete protected targets, and becomes the best option for steel targets. The Koene et al. study did not pursue this approach due to the extreme expense required to execute the tactic. The authors calculated that assuming a launch cost of $2500/kg, deploying a 32,919 kg eight meter long projectile requiring a DV of 7,667 m/s would cost approximately 82 million dollars per rod.50 However, rocket design is rapidly advancing, making these figures obsolete. This trend is likely to continue, ensuring orbital bombardment becomes more feasible over time.    
The previous argument suggests that unless a nation is willing to supply significant DV (fuel) to the spacecraft, penetration depth remains a challenge for an orbital bombardment system. However, if the target doesn’t require penetration, the concept becomes far more practicable as demonstrated by laboratory models. A 100-kg tungsten rod falling from an altitude of 460 km and reaching an impact velocity of roughly 3 km/s would have the destructive force of a similar amount of conventional high explosives delivered by bomb or missile.51 This weapon is comparable to a Mk-82 or GBU-12 weapon, which are traditionally used for major targets including artillery, surface-to-air missile sites, antiaircraft artillery sites, and early warning radars.52 
Spacecraft acquisition costs are structured differently from traditional military procurement. Aircraft expenses are relatively consistent throughout platform service life, including operations and maintenance, sustainment, and disposal requirements. Conversely, spacecraft programmatic expenses are frontloaded, with much higher procurement and fielding costs due to the launch expenses, but incur very little expense afterwards. Primarily this is because satellites are difficult to maintain in orbit due to their inaccessibility, shifting many of those expenses to the procurement phase. Procurement costs are also increase due to the high subsystems redundancy due to the inability to access and repair the craft in orbit. As an orbital bombardment squadron has never existed, costs will be estimated using a similarly sized civilian capability. Figure 7 is a NASA JPL example outlining expenses for a modern satellite placed into low earth orbit. [image: ]Figure 7: Spacecraft Unit Costs for a Similarly Sized Mission53
Launch costs constitute the primary expense for space operations and will significantly vary based on mission constraints. For penetration missions, the SpaceX Falcon 9 Heavy rocket is the preferred launch capability, delivering two penetration capable bombardment rods to a relevant orbit. In late 2025, this capability cost approximately $97 million, or roughly $1500/kg.54 However, if a bombing mission executes a stationary target which does not require penetration depth, orbital mission cost is greatly reduced through deorbiting the weapon via Hohmann transfer. Instead of forcing the satellite to come to a complete stop and vertically drop, this tactic changes the warhead’s naturally occurring orbit to a very low altitude (15 km) where the projectile will be captured by the atmosphere and naturally free fall to the surface. This technique reduces DV from 7667 m/s to about 150 m/s (see Figure 8), massively reducing the fuel costs and lift weight.55 Assuming a specific impulse of 300 m/s, (an industry standard value for a solid rocket motor in vacuum), the mass of the required fuel to deorbit is calculated to 1.052m, where m is the mass of the reentry vehicle, a very manageable amount.56 This technique will sacrifice the optimized reentry angle, but retains the weapon’s sheer destructive force. This calculations does not include fuel to maintain the orbit until weapon employment, or additional propellant required to maneuver the satellite into perigee at 15 km above the Earth over the target. Failure to include maneuvering fuel will limit when the strike could occur, as the strike would have to occur when the weapon impact point naturally coincides with the satellite’s orbit.57
[image: ]
Figure 8: DV required for a Hohmann transfer re-entry to 15km58

An orbital bombardment system would operate with an incredibly small personnel footprint relative to the other domains, minimizing operating cost. The system could nominally employ a single individual observing automated day-to-day station keeping maneuvers. During higher states of military readiness, up to two operators would execute the mission. This unit structure would comfortably allow continuous operations, including leave and training, with merely fifteen people. Training would occur on a simulator which replicates the operational software, but is not connected the satellite itself, minimizing simulator design costs. Furthermore, this software would operate on a standard computer, ensuring the overall training cost is a rounding error with respect to the procurement cost of the system. 
The preceding paragraphs partially satisfy the central question, demonstrating that orbital bombardment is an expensive but feasible capability. Nations with sufficient economic means could develop the technology required to put the bombing platforms into orbit and those assets are capable of delivering ordinance to the target on a combat relevant timeline. As rocket technology progresses, decreasing launch cost, the concept grows ever closer to fruition. 
The following case studies will analyze two options for conducting a MIDNIGHT HAMMER like scenario, comparing mission costs. The first examines the cost of the scenario as performed with airpower, and the second uses space assets in its place. These case studies use open source unclassified data, do not consider every aspect of military operations, and these figures should be considered estimates. However the data is sufficient to begin the conversation, and alongside program offices which can provide updated figures, will assist requirements units with updating the joint force structure and maintaining global strike mission capabilities. 
Chapter 4, Case Study 1
 MIDNIGHT HAMMER
“We weren’t just preparing for a strike, we were building an entire ecosystem of deception, redundancy, and stealth, all tailored to neutralize Iran’s most hardened underground nuclear facilities.”
- Air Force Gen. (Ret) Robert Spalding59
MIDNIGHT HAMMER, a US operation which targeted Iranian nuclear sites deep in enemy territory was the culmination of a decade of secret planning and technological expertise.60 The mission, employing six active and one spare B-2 aircraft, was the largest deployment of stealth bombers in US military history and the pilots successfully struck two fortified Iranian nuclear facilities.61 These aircraft evaded Iranian air defenses and dropped six 30,000 pound GPS guided GBU-57 Massive Ordnance Penetrators (MOP). The MOP is a specialized weapon system capable of penetrating 200 feet of concrete before exploding and is an ideal weapon choice for destroying hardened underground facilities.62 
The strike package employed for this mission was an expansive multi-mission team resulting in ten weapons hitting the Fordow site and two weapons striking the Natanz nuclear facility. Thirty-two aerial refueling aircraft spanning the entire globe were needed to keep the fleets aloft, including eight KC-46s and 24 KC-135R/T stratotankers.63  Each B-2 required six or seven midair refueling sessions to maintain the roughly 30 hour sortie, with each refueling lasting approximately 30 minutes and requiring tremendous precision from the pilots.64 The KC- 46A’s state-of-the-art datalink also enabled real-time command and control between the aircraft and political military leadership back home. These aircraft were protected by eight F-22 and eight F-35 fighter aircraft over Iraq and Jordan, which provided escort and suppressed the enemy air defenses, maximizing aircraft survivability.65 EA-18G Growler Electronic Support aircraft and intelligence aircraft such as the MQ-9 were also included in the overall team, bringing the total strike package numbers to approximately 200.66,67 Finally, Israeli forces provided critical support, conducting covert drone operations and cyber interference campaigns designed to disrupt air defense nodes and decrease the risk of detection.68
Altogether, General Spalding summarized the effectiveness of the campaign, declaring “the mission sent a message to every nation developing hardened underground threats; it proves we can reach anywhere, anytime.”69 Clearly this event showcased how long range bomber aircraft can achieve strategic effects essentially anywhere in the world, but the enormity of the mission came at a great cost of American treasure. Using the data above, we can estimate the cost required with achieving this victory for American airpower. The costs were derived from the Government Accountability Office, the paragraphs in Chapter Two and listed in the bibliography, but some data is estimated due to the classified nature of the mission. These estimated figures are bolded in Table 2 for transparency, but the assumptions were conservatively assessed and will be updated should more accurate figures become available. 
	7x B-2 @ 30 hour flight time = 210 hours
	$150,000*210 hours*7= $220 Million USD

	8 F-22
	$33,538*8*7 hours = 1.9 Million

	8 F-35
	$28,455*8*7 hours = 1.6 Million

	EA-18G (Actual # UNK, estimated 4)
	$25,000*4*7 hours = .7 Million

	32 Refueling Aircraft (KC-135R)
	$26,000*32*10 hours = 8.3 Million

	Total Aircraft O&M Cost
	$232.5 Million USD


Table 2: MIDNIGHT HAMMER Operational/Fuel Costs70 
Procurement costs comprise the greatest overall mission expense, and for simplicity will be estimated at three percent of the overall acquisition costs for combat aircraft and material and one percent for non-combat material. This assumption, which will also apply to training costs, is realistic because it considers that the aircraft or pilot can perform 33 MIDNIGHT HAMMER like missions over the course of its lifespan. This data is validated by the Government Accountability Office, which defined an aircraft’s mission capable rate as “the percentage of total time when the aircraft can fly and perform at least one mission.”70 This definition implies that combat aircraft and pilots are active for 33 years; such production would undoubtedly be considered a rousing success. Non-combat material such as the refueling personnel will not endure conditions as rigorous as the combat aircraft, and therefore will have a longer design life, which is reflected in this study.   
	7x B-2 @ 3% (14 pilots)
	$2.14B*7*.03 = $449.4M

	8 F-22 @ 3% (8 pilots)
	$350M*8*.03 = $84M

	8 F-35 @ 3% (8 pilots)
	$115.5M*8*.03 = $27.2M

	4 EA-18G @ 3% (4 pilots)
	$67M*4*.03 = $8.0M

	32 Refueling Aircraft (KC-135R) @ 1% (64 pilots)
	$39.6M*32*.01 = $12.5M

	Total Aircraft Procurement Cost for mission
	$581.1 Million USD

	Total Training Cost –Combat Aircraft
	34 pilots*2M*.03 = $2.0M

	Total Training Cost –Non Combat Aircraft
	64 pilots*2M*.01 = $1.3M

	Total Training Costs 
	$3.3 Million USD

	Grand Total
	581.1 + 3.3 + 232.5 = $816.9 Million USD


Table 3: MIDNIGHT HAMMER Procurement and Training Costs71,72
Summing the operational, procurement, and training expenses, altogether the MIDNIGHT HAMMER mission cost approximately $817 million. This figure does not consider various other expenses such as the increased aircraft security, maintainer and security forces personnel salary, training costs beyond initial flight qualification, or disposal. The aforementioned additions would certainly raise the overall aircraft mission cost and ensure that Space based global strike remains an attractive option. 


Chapter 4, Case Study 2:
MIDNIGHT HAMMER - IN SPACE
“In spite of all that happened at Hamburg, bombing proved a relatively humane method.”73
- Sir Arthur Travers Harris, Marshal, RAF
Chapter three outlined the characteristics of a notional orbital satellite constellation and demonstrated weapon system feasibility. This constellation mirrors strike requirements for the Fordow site as well as the Natanz nuclear facility, ensuring a fair comparison. Expenses analyzed will be procurement cost, operations and maintenance expenses, training costs, and launch fees, forming the comparative basis. 
In order to meet the mission requirement of striking two targets with 12 weapons total near simultaneously, the constellation employs six satellites each carrying two eight meter rods at an altitude of 500km. The satellite would employ previously outlined tactics, decelerating to a standstill from its orbital velocity (DV = Vorbit = 7667 m/s) and vertically deploying its weapons to maximize penetration depth. The Koene, et. al, study described that eight meter projectiles using this technique require a total payload mass of at least 395,148 kg.74 Deploying this constellation would require six SpaceX Falcon 9 Heavy rockets, each capable of delivering two penetration capable bombardment rods to orbit. In late 2025, the cost for this capability is approximately $97 million per rocket.74 The satellite bus, or the portion of the satellite which maintains the payload until deployment, is a fairly minor launch expense. The weight of the bus is essentially negligible compared to the weight of the rods and the deorbit fuel. Additionally, the bus should be inexpensive to build and operate as it serves a very simple purpose, maintaining the warhead at orbital altitude until deployment. A 100kg bus supporting two rods is sufficient to accomplish this mission, and total launch costs for this mission component were calculated assuming launch costs in the year 2025, or $1500/kg.
	8m tungsten rods deployed to 500km
(Deployment fuel included in weight total) 
	$97M* 6 = $582 million USD

	Satellite Bus (100kg) 
	6*100*1500 = .9 million USD

	Total Launch Cost
	$591 million USD


Table 4: MIDNIGHT HAMMER – IN SPACE Launch Costs76 
Launch expenses comprise the preponderance of program costs, but the remaining costs must also be considered. Training and Operational costs will be negligible, as operators would not require specialized simulators or equipment to train on the weapon system and the system would remain on standby until called to service. NASA tools and Chapter 3 data were used to estimate the procurement and operations costs given the simplistic satellite bus requirements. The NASA documentation recommends $49 million for procurement and $12.4 million per year for mission operations, which includes antenna time to command the satellites and contract support to operate them during standby until ready for mission execution.77 These figures are relevant given the comparatively small personnel footprint required to execute the mission as described in Chapter 3. The $294 Million allocated for procurement will fund the satellites, the software development, and systems integration into USSF ground antennas. Subsequent deliveries should reduce unit cost as many of these expenses are associated with system standup. 


	Launch Cost 
	$591 million USD

	Procurement Cost 
	$49 M * 6 = 294 million USD

	O&M Cost
	$12.4 *5 years = 62 million USD

	Training Cost
	Negligible

	Total Program Cost
	947 million USD


Table 5: MIDNIGHT HAMMER – IN SPACE Launch Costs78

Chapter 5
Conclusion
“Break the eggs in the nest” 
– Giulio Douhet79
The case studies demonstrate that at 2025 launch rates, orbital bombardment is roughly 16% more expensive then airpower when used for challenging mission sets. Considering the risks associated with putting pilots into combat, the high likelihood that launch costs will continue to decrease, and the documented feasibility of a space based weapon system, the central question is answered-The US should invest in an orbital bombardment platform. The tactics are written and the technology is within our grasp; all that remains is the national will to begin the project.
The prospects of orbital bombardment will only improve as launch costs decrease, potentially becoming less expensive than traditional bombing capabilities within a few decades due to the advent of the STARSHIP space launch platform. This rocket will revolutionize the character of war by modifying logistics and supply chains, enabling travel to anywhere in the world in an hour or less. This capability can lift up to 136,000kg to orbit and back to any earthbound destination, the moon, and beyond.80 No other nation has anything close to the launch capability of STARSHIP, ensuring the US maintains a spacelift technological advantage for several decades. 
STARSHIP provides significant cost savings compared to currently existing launch options due to the reusability of both the booster and the upper stage. An October 2024 test achieved a significant milestone, as the booster stage returned to the launch site and was retrieved by the launch tower, representing a huge step toward reusable rocket technology. Reusing rockets also reduces launch turnaround times because current spacelift architecture requires building new vehicles from scratch for every launch. Changing this paradigm will maximize space access and allow the US to reconstitute its orbital forces significantly faster. Furthermore, STARSHIP’s lift calculation, already approximately twice the 2025 launch capacity, will likely increase further for a bombardment mission because less fuel is required to travel to a low earth orbit destination instead of a distant space destination such as the moon. This fuel savings will translate to additional lift capacity, ensuring the US has an efficient and robust space access platform necessary to sustain a long term bombing campaign. 
Elon Musk, the founder of SpaceX, set incredibly ambitious targets for the platform,  stating that the cost of a Starship launch could eventually be as low as $10/kg, although a October 2024 test launch cost around $100 million.81 If he is successful, this would result in a total launch cost of $1.5 million for delivering 136,000 kg (150 tons) to orbit, a dramatic fix to the primary issue surrounding employing orbital bombardment systems.82  These claims seem farfetched and outlandish, but have been validated through Citibank’s research division and Bain & Company, a global consultancy firm. A massive lending conglomerate such as Citi and a global consultant group such as Bain would shoulder significant risk to its customers, investors and shareholders should it overinflate these estimates. Therefore, the fact that two independent unbiased organizations provided research validating STARSHIP’s future viability supports that the USSF should start preparing for this capability immediately. Specifically, Citi’s report stated “In Citi’s best-case scenario, launch costs could fall to about $30/kg by 2040, while in a bear-case scenario, costs could be $300/kg if rockets are only reused around 10 times.”83 This data suggests that under the worst case scenario, launch costs will be reduced by 80% by 2040, updating our case study numbers to Table 6 below.     
	Launch Cost (Citi’s bear case scenario-$300/kg)
	$118 million USD

	Procurement Cost 
	$49 M * 6 = 294 million USD

	O&M Cost
	$12.4 *5 years = 62 million USD

	Training Cost
	Negligible

	Total Program Cost
	474 million USD


Table 6: MIDNIGHT HAMMER – IN SPACE Citibank Bear Projection84
Given these numbers, there is no questioning the superiority of an orbital approach for accomplishing a high risk MIDNIGHT HAMMER type mission. Based on this data, the US should act now, building the orbital platforms, ground testing the orbital warhead release mechanisms, and perfecting the guidance mechanisms so that the nation is prepared to swiftly field orbital bombardment technology. Following ground testing, prototyping and operational testing should immediately commence, ensuring combat viability while validating the laboratory mathematics previously discussed. With this technology in hand, the US will have a cost effective and efficient method for full rate deployment once STARSHIP is ready. 
Publically announcing a joint USSF/SpaceX partnership toward STARSHIP will prove to be a symbiotic relationship, spurring SpaceX development by reducing Elon’s risk through producing a guaranteed customer, while reducing timelines for platform use. The certification process to launch national security satellites to orbit is understandingly expansive given the costs and risk associated with launch. USSF backing and financing STARSHIP immediately will streamline processes and further integration, ensuring the US can realize its spacelift advantage sooner and preserve its edge over its strategic competitors for a greater length of time.  
Orbital bombardment is the logical progression of airborne bombardment and a necessary hedge against improving A2AD systems. If orbital bombardment technology is employed as part of a bomber force package, the US will improve global reach, apply additional ordinance to deep adversary targets, enhance survivability, and give combatant commanders flexibility through additional combat options. Ultimately this approach enhances our nation’s coercive power, ensuring a greater deterrence posture while preserving the American way of life.  
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