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Table 3 Representative reusable rockets of China and the United States (as of Aug. 2026)
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NASA benchmark: launch cost to LEO fell from 54500 USD/kg on Shuttle to 2720 USD/kg on
Falcon 9 — a factor of 20

Abstract: Reusable launch vehicles (RLVs) have become the core variable behind the systemic decline in launch cost that drives
the current commercial-spaceflight boom; on a list-price and maximum-payload basis, cost per kilogram to low Earth orbit has
fallen to roughly one-twentieth of the Space Shuttle era. Taking launch-cost reduction as its main thread, this paper treats the
reusable rocket as a cost-driven system rather than a single technology, and compares the engineering pathways of RLVs in
China and the United States. It asks why two countries that started from fundamentally different institutional bases converged on
liquid, reusable rockets as the dominant technical route, and what organizational, procurement and financial mechanisms—
beyond engineering skill—decide whether technical reflight becomes economical reuse. The aim is to draw lessons for late-
comer catch-up in high-tech industries.

Adopting a historical-comparative and systems-engineering perspective, the study draws on primary and authoritative sources—
NASA cost-accounting studies (Pielke and Byerly, Nature, 2011; Hepplewhite, NASA SP-4221), SpaceX disclosure documents
(Form S-1), Chinese policy texts (Guofa (2014) No. 60, the 2015—2025 civil-space infrastructure plan, the 2024 Government
Work Report) and official mission announcements; media reports serve only as supplementary material and are never the sole
basis for cost or milestone claims. The analysis proceeds in five moves: the value of reuse, the constituent systems of an RLV,
the U. S. path (Shuttle to Falcon 9), the Chinese path (state accumulation, policy opening, private capital, recovery
demonstration), and a two-country comparison followed by an outlook. A five-level maturity ladder—controlled return, complete
recovery, condition assessment and limited refurbishment, reflight of the same hardware, and high-frequency fleet operation—
situates each actor, while the lenses of national innovation systems and late-comer catch-up frame the symmetric institutional
comparison.

Four findings stand out. (1) The Space Shuttle showed that technical reflight is not economical reuse: its full-lifecycle cost
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reached about 1.45 billion USD/flight, a magnitude corroborated by both NASA and GAO cost studies, whereas Falcon 9 has cut
cost about 2720 USD/kg. (2) SpaceX's breakthrough was at once institutional—NASA's shift from "doing" space to "buying"
services through milestone-based COTS procurement—and technological, spanning grid fins, landing legs, deeply throttled and
restartable engines, stainless-steel airframes and catch-tower recovery, rather than a mere recombination of mature technology.
(3) China's reusable-rocket development was driven by external demonstration, market-access liberalization (enacted about a year
before Falcon 9's December-2015 recovery), private-enterprise growth, financial-capital inflow and state-owned technological
accumulation, all within a civil-military fusion and new-system-of-national-missions framework; local governments amplified it
through industrial parks, industrial funds and anchored orders. (4) The two pathways diverge along five symmetric dimensions—
demand maturity, iteration mechanism, stage of progress, industrial organization and civil-military relations—yet converge on
liquid reusable rockets; as a system, an RLV's economic result is decided as much by organization, procurement and mission
demand as by technology.

The vertical-landing and sea-based net-capture recovery schemes differ mainly in propellant reservation, structural dead weight
and recovery-platform support, and neither is superior a priori; the benchmark of competitiveness should be operational—
reflights of the same hardware, turnaround interval between missions and cost per unit payload—rather than the recovery
manoeuvre itself. For China, the next hurdle is to move from recovery success to reflight operation and ultimately to high-
frequency, low-margin fleet service, while the United States advances toward full-vehicle reuse and higher-cadence fleet
operations; cost per kilogram, not the spectacle of a single launch, is the ultimate metric. The comparison offers policy
implications for nurturing commercial spaceflight through the interplay of market mechanisms and the new system of national
missions, and a reference for late-comer catch-up in high-tech industries. A limitation is that several Chinese commercial-rocket
indicators remain undisclosed, so cross-country quantification is necessarily partial; as flight data accumulate, a fuller empirical
comparison will become possible.

Keywords: reusable launch vehicle; commercial spaceflight; vertical recovery; launch cost; liquid oxygen/methane engine;
systems engineering; engineering pathway

Received: 10 Aug. 2026; Accepted: 11 Sep. 2026; Published online: 28 Sep. 2026



