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Abstract: Technology transfer from the military to the civilian sector represents a key mech-
anism of technological progress that transforms military innovations into civilian products
and services, generating significant economic value and contributing to solving societal chal-
lenges. This article analyzes the scope, nature, and economic significance of dual-use tech-
nology transfer in a global context, with a special focus on the period of intensive technolog-
ical changes from 2019 to 2023. The research employs a mixed methodological approach that
combines quantitative analysis of dual-use patents from USPTO, EPO, and WIPO databases
with qualitative analysis of institutional frameworks and financial indicators of companies
active in military technology transfer. Patent data were analyzed through the lens of sectoral
distribution, geographical patterns, and temporal trends, applying statistical methods to iden-
tify key success factors. Results show exponential growth in transfer in the analyzed period,
with the ICT sector dominating at approximately 35% of total transfers, followed by the
medical sector (approximately 26%) which showed the greatest acceleration during the
COVID-19 pandemic. The identified economic value of transfer reached 48.3 billion euros
globally in 2023, with geographical concentration in the USA, EU, and growing participation
of China. Transport and logistics show the most dynamic growth, indicating emergent trans-
fer areas related to autonomous systems. The article is intended for policymakers in innova- §
tion and defense, executives in military and civilian industry, academic researchers dealing $
with technology transfer, as well as investors interested in dual-use technologies. The findings
have practical implications for designing institutional frameworks, optimizing transfer mech- »
anisms, and identifying future investment priorities in the context of growing technological E
competition.
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Technology transfer from the military to | abounds with examples of revolutionary ci- =
the civilian sector represents one of the | vilian technologies that trace their roots to Tl
most significant, yet often insufficiently rec- | military research and development — from g
ognised mechanisms of technological prog- | the internet and GPS systems to microwave &
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ovens and the aviation industry (Cheung,
2022; Schmid, 2018). This phenomenon,
known as spin-off or dual-use technology
transfer, not only transforms the way people
live and work but also represents a key ele-
ment of national innovation systems and
competitiveness in the global knowledge
economy (Acosta et al., 2020; Briones-Pe-
flalver et al., 2020). Recent theoretical work
has gone further and argued that the dual-
use character of contemporary technologies
is not an incidental property but a structural
feature of innovation under conditions of
strategic competition, which fundamentally
changes the prospects for international co-
operation around emerging technologies
(Vaynman & Volpe, 2023).

The contemporary geopolitical context
makes this topic particularly relevant. Global
military expenditures reached a record level
in 2023 (SIPRI, 2024), continuing a multi-
year upward trajectory. These massive in-
vestments in military technology create sig-
nificant potential for civilian applications,
but simultaneously raise questions about the
efficiency and mechanisms of transfer. The
most rigorous contemporary economettic
evidence comes from Moretti, Steinwendet,
and Van Reenen (2025), who, drawing on
industry-country level data from OECD
countries and firm level data from France,
demonstrate that government-financed de-
fence R&D produces a measurable crowd-
ing-in effect — a 10% increase in govern-
ment-financed R&D generates a 5-6% ad-
ditional increase in privately funded R&D
— together with substantial international
spillovers across sectors and countries. The
crowding-in pattern is corroborated by Pal-
lante, Russo, and Roventini (2023), who, ex-
ploiting US state-level panel data over 1968—
2017, estimate that a 1% increase in military
R&D obligations stimulates between 0.11%
and 0.14% additional privately financed
R&D over a four- to five-year horizon, with
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parallel positive effects on high-tech engi-
neering employment.

The theoretical framework for under-
standing this phenomenon has evolved sig-
nificantly from early linear models of tech-
nology transfer toward integrative concur-
rent-design approaches. The shift from the
traditional linear model to an interactive
model where civilian and military sectors
collaborate from the outset in developing
dual-use technologies is becoming increas-
ingly pronounced (Schmid, 2018). This new
approach is particularly visible in the field of
artificial intelligence and cyber technologies,
where the boundary between military and ci-
vilian application is becoming increasingly
blurred (Gilli & Gilli, 2019; Schmid, Riebe,
& Reuter, 2022). Parallel to this trend, an in-
crease in civilian-origin military technology
has been documented, where innovations
from commercial digital ecosystems increas-
ingly find application in military systems
(Cheung, 2022). The reverse direction, often
described as spin-in, is itself empirically
structured: Acosta et al. (2020), analysing
106,181 patent applications and 241,571 for-
ward citations by the world's largest defence
firms, find that military technological capa-
bility and firm size jointly explain the pro-
duction of mixed (dual-application) patents,
while spin-in flows depend more on techno-
logical capability and geographic location
than on firm size alone.

The economic significance of military
technology transfer far exceeds direct finan-
cial indicators. Newer econometric research
quantifies these effects: every euro invested
in military R&D projects generates addi-
tional value in the civilian sector through
spillover effects over a multi-year horizon
(Moretti, Steinwender, & Van Reenen,
2025). Indirect effects through the develop-
ment of human capital and knowledge may
be even more significant than direct finan-
cial transfers (Pallante et al., 2023). How-

ever, the transfer process is neither



automatic nor simple. Institutional, cultural,
and regulatory barriers often limit the poten-
tial for successful transfer. Schmid (2018), in
his analysis of patent data assigned to de-
fence-servicing organisations, found that the
rate of diffusion does not differ significantly
between civilian and military technologies
and that the overall technological experience
of the patent assignee is a positive predictor
of the diffusion of military technologies.
The effect of the prevailing intellectual
property rights regime is, however, ambiva-
lent and depends on the inclusion of US pa-
tents in the sample (Schmid, 2018).
Knowledge-management models developed
in the Spanish defence industry confirm that
strategic alliances and absorptive capacity
within firms condition both the speed and
the scope of transfer, and that performance
gains from technology transfer are mediated
by deliberate innovation-management struc-
tures rather than by R&D intensity alone
(Briones-Pefialver et al., 2020).

The geographical dimension of technol-
ogy transfer shows interesting regional vari-
ations. While the USA has traditionally
dominated thanks to institutions such as
DARPA, new powers are rapidly catching
up to American leadership. The Chinese
Military-Civil Fusion strategy represents a
systematic approach to sector integration
that fuses security, economic and social de-
velopment strategies into an integrated na-
tional strategic system (Cheung, 2022).
However, the empirical evidence consoli-
dated by Gilli and Gilli (2019) in Interna-
tional Security suggests that an increase in
the complexity of military technology has
made the imitation and replication of state-
of-the-art weapon systems harder, so much
so as to offset the diffusing effects of glob-
alisation and advances in communications.
On the European side, the institutionalisa-
tion of the European Defence Fund has fur-
ther reframed defence R&D as a market-
driven instrument of industrial policy, with
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explicit ambitions to engineer dual-use spill-
overs as part of a wider sociotechnical imag-
inary of EU security (Martins, 2021).

The COVID-19 pandemic represented a
unique test for technology transfer systems.
A shortening of the average transfer time
from years to months for critical medical
and communication technologies has been
documented (US Department of Defense,
2022). The systemic acceleration of tele-
health deployment within the United States
Military Health System, where telehealth vis-
its rose from a small minority of encounters
to a dominant modality at the peak of the
pandemic, illustrates how military health in-
frastructures absorbed and amplified civilian
digital-care innovation in a matter of
months (Gilder, Banaag, Madsen, & Koeh-
Imoos, 2023). Sectoral analyses reveal signif-
icant differences in transfer patterns. In the
ICT sector, which dominates with over 35%
of all transfers, internet protocols represent
a paradigmatic example of successful trans-
fer (Schmid, 2018). In the medical sector,
long-term effects of military investments on
pharmaceutical innovations are well docu-
mented across the post-2017 literature,
while contemporary patent-based research
analyses the transfer of traumatological
technologies from war zones (Cheung,
2022; Biff1 et al., 2023). In particular, the cy-
cle that runs from battlefield haemostatic
agents to civilian emergency medicine has
become a textbook example of how proto-
cols developed under Tactical Combat Cas-
ualty Care arrangements are now systemati-
cally integrated into pre-hospital trauma
management for civilian populations (Xiao
et al., 2022).

Institutional frameworks play a critical
role in facilitating transfer. National frame-
works  differ markedly across  the
OECD/BRICS perimeter; the US frame-
work rests on a combination of DARPA-
style mission agencies, university intermedi-
ation, and defence industrial-base incentives



(US Department of Defense, 2022; US Gov-
ernment Accountability Office, 2023). The
Chinese Military-Civil Fusion model repre-
sents an alternative integration architecture
(Cheung, 2022). Regulatory aspects repre-
sent both an opportunity and an obstacle to
transfer; export-control regimes such as the
Wassenaar Arrangement and contemporary
controls on dual-use technologies (US Con-
gressional Research Service, 2023) create a
complex regulatory landscape that compa-
nies must navigate, with additional discipli-
nary effects shaped by the dual-use decep-
tion dynamics analysed by Vaynman and
Volpe (2023).

Despite the rich literature, significant
gaps in understanding remain. Most studies
focus on individual cases without compre-
hensive cross-sectoral analysis, quantifica-
tion of economic value remains a methodo-
logical challenge (Moretti, Steinwender, &
Van Reenen, 2025), and rapid technological
changes require continuous reevaluation of
existing models. This article aims to contrib-
ute to filling these gaps through a compre-
hensive analysis of military technology
transfer to the civilian sector in the period
2019-2023. The original contribution of this
article consists in the integration of patent
data from three primary databases (USPTO,
EPO, WIPO) with the most recent (2018—
2025) post-2017 SCOPUS literature on mil-
itary R&D spillovers, applied specifically to
the dual-use transfer wave that accompanied
the COVID-19 pandemic and the renewed
period of geopolitical competition. This in-
tegrative empirical mapping has not previ-
ously been jointly demonstrated for the
2019-2023 window in a single study.

RESEARCH METHODOLOGY

Research on technology transfer from
the military to the civilian sector required the
development of a systematic methodologi-
cal approach capable of quantifying the
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scope and nature of this phenomenon. The
study adopts a predominantly quantitative
approach with elements of qualitative docu-
ment analysis, which enables measurement
of technology transfer trends while under-
standing the context in which transfer oc-
curs. This approach proved particularly suit-
able for analysing patent data and financial
indicators that form the basis of the results.
The methodological logic of dual-use patent
identification follows the contemporary pa-
tent-based diffusion approach articulated by
Schmid (2018) and refined by Acosta et al.
(2020).

The temporal framework of analysis
covered the period from 2019 to 2023, with
a focus on the latest trends in dual-use tech-
nology transfer. This five-year perspective
enabled the identification of clear patterns
with a sufficient amount of data for statisti-
cal analysis. The choice of 2019 as the start-
ing point enabled tracking of the impact of
the COVID-19 pandemic on the accelera-
tion of medical and communication technol-
ogy transfers, while 2023 represents the
most recent available complete data. For
contextualisation and comparison purposes,
certain analyses also included reference data
from the period 2014-2018. The structural
break around the pandemic year is con-
sistent with the literature documenting ac-
celerated cycles in defence-adjacent health
technologies during 2020-2021 (Gilder et
al., 2023).

The quantitative component of the re-
search was primarily based on analysis of pa-
tent databases, which represent the most
systematic source of information on techno-
logical innovations. The study accessed
three main databases: United States Patent
and Trademark Office (USPTO, 2024), Eu-
ropean  Patent Office through the
PATSTAT database (EPO, 2024), and
World Intellectual Property Organization
(WIPO, 2023). Identification of dual-use pa-
tents required the development of a specific



search protocol combining International Pa-
tent Classification (IPC) codes with key-
words and references to military standards
(MIL-STD, STANAG, DEF-STAN). The
protocol replicates, with adaptations to the
2019-2023 window, the patent-marker logic
deployed in earlier econometric work on
civil-military citation flows (Acosta et al.,
2020).

The process of identifying dual-use pa-
tents proceeded through several phases. The
first phase included searching for patents
containing references to military standards
or originally registered by defence compa-
nies and institutions. This initial search gen-
erated over 12,000 patents. The second
phase focused on identifying civilian appli-
cations through analysis of forward citations
— patents that cite original military patents
but are registered for civilian use. The third
phase included verification of dual-use na-
ture through analysis of patent abstracts and
claims sections, seeking explicit references
to civilian application or commercialisation.
The final sample of 3,408 patents represents
technologies with confirmed dual-use appli-
cation in the period 2019-2023.

Categorisation of patents by sector was
carried out using a combination of IPC clas-
sifications and manual analysis. The ICT
sector included patents from classes GO6
(computing), HO4 (electronic communica-
tions), and parts of HO1 (electronic compo-
nents). The medical sector covered class
AG61 (medical technology) with special focus
on subclasses related to diagnostics, therapy,
and medical devices. The materials sector
was mapped through C classes (chemistry,
metallurgy) and parts of B class related to
advanced manufacturing processes. The en-
ergy sector was identified through G21 (nu-
clear technology), HOIM (batteries and fuel
cells), and FO03 (renewable sources).
Transport and logistics covered B64 (avia-
tion), GO5D (control systems), and relevant
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parts of the GO1 class (navigation and sen-
sofrs).

In addition to patent data, quantitative
analysis included a systematic review of fi-
nancial indicators of technology transfer.
The study used publicly available financial
reports of 127 companies active in the dual-
use sector, focusing on those that explicitly
report revenues from technologies trans-
ferred from the military sector. Data sources
included annual reports (10-K forms for
American companies), investor reports, and
regulatory documents available through the
SEC's EDGAR database and equivalent Eu-
ropean databases. The methodology for ex-
tracting financial data was based on identify-
ing business segments through keywords
and revenue breakdown section analysis, in
line with the firm-level revenue-decomposi-
tion logic used in Spanish defence-industry
studies (Briones-Pefalver et al., 2020).

Time series analysis of patent data ena-
bled identification of growth trends by sec-
tor. The study used simple statistical meth-
ods including calculation of annual growth
rates, moving averages for trend identifica-
tion, and basic regression analysis for pro-
jections. Comparison between sectors was
carried out through normalised growth indi-
ces with 2019 as the base year. For analysing
the economic value of transfer, a methodol-
ogy was developed that combines direct data
on licensing revenues with market value es-
timates of products based on transferred
technologies, building on the spillover-
quantification logic of Moretti, Steinwender,
and Van Reenen (2025) and Pallante, Russo,
and Roventini (2023).

Documentary analysis represented a
supplementary qualitative element of the
methodology. The study analysed govern-
ment strategies for technology transfer,
think-tank reports, industry white papers,
and academic studies. Special focus was on
documents describing institutional frame-
wotks for transfer in different countties,



which enabled contextualisation of quantita-
tive findings. For example, analysis of the
US Department of Defense (2022) technol-
ogy-transfer strategy and the Chinese Mili-
tary-Civil Fusion literature (Cheung, 2022)
enabled understanding of different ap-
proaches and their impact on transfer pat-
terns, while analysis of EU innovation-pol-
icy framing was triangulated against the aca-
demic literature on the European Defence
Fund (Martins, 2021).

Data validation was carried out through
triangulation between different sources. Pa-
tent data were verified through comparison
with industry reports and academic studies.
Financial data were checked through cross-
checking between different sources and
comparison with aggregated industry statis-
tics. Where discrepancies were identified,
the study used more conservative estimates
to maintain credibility of findings. Statistical
data processing included descriptive statis-
tics for all variables, testing of distribution
normality, and basic tests of significance of
differences between sectors and time peri-
ods. Standard statistical packages were used,
which ensures reproducibility of results.

The research faced several methodolog-
ical limitations that affect interpretation of
results. First, identification of dual-use pa-
tents depends on explicit references to mili-
tary application, which means the study may
miss technologies that are implicitly dual-use
but are not so marked — a limitation already
noted in the patent-network literature on Al
diffusion (Schmid, Riebe, & Reuter, 2022).
Second, the time difference between patent-
ing and commercialisation, which can be up
to 10 years, means that the data may not re-
flect the most recent transfers still in devel-
opment. Third, geographical bias toward
Western countries is inherent in the data-
bases used; USPTO and EPO databases nat-
urally contain more patents from the USA
and EU, while Chinese and Russian military
technologies may be underrepresented due
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to different intellectual property protection
systems and transparency levels (Cheung,
2022). Despite these limitations, the applied
methodology enables valid conclusions
about basic trends and patterns in military
technology transfer.

RESEARCH RESULTS

Comprehensive analysis of technology
transfer from the military to the civilian sec-
tor enabled the formation of a detailed pic-
ture of the current state, trends, and per-
spectives of this complex process. Collected
data from multiple sources, including the
World Intellectual Property Organization
(WIPO, 2023), the Stockholm International
Peace Research Institute (SIPRI, 2024), and
national patent databases (USPTO, 2024,
EPO, 2024), enabled the creation of a ro-
bust empirical basis for analysis.

The quantitative dimension of the re-
search began with mapping the total volume
of technology transfer. According to data
from the WIPO Global Innovation Index
(Cornell University, INSEAD, & WIPO,
2023), 3,408 patents were identified that
were originally developed for military needs
and subsequently found application in the
civilian sector in the period 2019—2023. This
tigure represents a significant increase com-
pared to the preceding decade, reflecting
both the maturation of digital technologies
and the intensification of dual-use pro-
grammes documented in the post-2017 pa-
tent literature (Schmid, 2018; Acosta et al.,
2020).

The financial value of these transfers
reached an estimated 48.3 billion euros glob-
ally in 2023. This figure includes direct trans-
fers through licensing (42%), creation of
spin-off companies (31%), and joint devel-
opment projects between military and civil-
ian sectors (27%). To estimate the total eco-
nomic value of military technology transfer,
the study developed a multilayered analytical



framework that combines direct effects (li-
censing revenues, spin-off market values,
contract values) with indirect spillover ef-
fects, human capital effects, and network ex-
ternalities, drawing on the contemporary
spillover-estimation framework of Moretti,
Steinwender, and Van Reenen (2025) and
Pallante, Russo, and Roventini (2023).
Direct transfers were quantified through
aggregation of three components: licensing
revenues extracted from financial reports of
127 companies using text-mining algorithms
to identify relevant segments; market capi-
talisation of identified spin-off companies
founded with military technology, applying
a discount factor of 0.7 to isolate value re-
lated to transferred technology; and value of
joint development projects based on pub-
lished contract values. Indirect spillover ef-
fects were estimated through a technological
proximity approach. A matrix of technolog-
ical connections between sectors was con-
structed using patent citation data, and a
spatial econometric model was then applied.
The spillover effects multiplier was esti-
mated at approximately 1.47, meaning each
euro of direct transfer generates an addi-
tional 0.47 euros through indirect channels
over a five-year period — a magnitude con-
sistent with the international-spillover ef-
fects documented by Moretti, Steinwender,
and Van Reenen (2025) for OECD-wide de-
fence R&D and broadly aligned with the
state-level crowding-in elasticities of 0.11—
0.14 reported by Pallante et al. (2023).
Human capital effects were quantified
through analysis of mobility of engineers
and researchers between military and civilian
sectors. A Mincer-type regression adapted
for knowledge spillovers was applied, where
the interaction term captures synergy be-
tween military and civilian experience. The
estimated salary premium for dual-sector ex-
perience was multiplied by the number of
personnel transfers to estimate the total ef-
fect. Network externalities were modelled
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through a Power Law distribution of adop-
tion. For technologies with strong network
effects (approximately 45% of the sample),
additional value was estimated by integrating
the area under the adoption curve. The final
figure of 48.3 billion euros represents the
sum of all components, with confidence in-
tervals constructed through a bootstrap pro-
cedure with 10,000 iterations. Sensitivity
analysis shows that the figure varies between
approximately 42 and 56 billion euros de-
pending on model specification, with the
median representing a conservative central
estimate.

The sectoral distribution of these trans-
fers shows clear dominance of information
technologies, comprising more than a third
of all identified patents. This dominance is
consistent with the broader empirical pat-
tern documented by Schmid (2018) on the
diffusion of military technology, in which
assignees with deeper technological experi-
ence and digital orientation generate higher
diffusion rates, and with the patent-network
findings of Acosta et al. (2020) for the
world's leading defence firms.

Particularly interesting is the trend of
transfer acceleration during the COVID-19
pandemic. Military technologies for moni-
toring vital functions, originally developed
for monitoring soldiers in the field, were
quickly adapted for telemedicine needs.
Within the Military Health System itself, the
share of telehealth in primary-care encoun-
ters grew by more than an order of magni-
tude between early 2020 and late 2021, with
diffusion patterns that subsequently influ-
enced civilian primary-care delivery (Gilder
et al., 2023). Space disinfection systems us-
ing UV radiation, developed for decontami-
nation after chemical attacks, found wide
application in hospitals and public transport
during the pandemic period, illustrating the
institutional adaptability of US dual-use pro-
grammes described in the US Department



of Defense (2022) technology-transfer strat-
egy.

Time series analysis shows cyclical pat-
terns in technology transfer that correlate
with geopolitical events and economic cy-
cles. The current period 2022—2024, under
the influence of global tensions, shows rec-
ord levels of investment in dual-use technol-
ogies, especially in the field of artificial intel-
ligence and autonomous systems (SIPRI,
2024). The financial-market reading is simi-
lar: the most recent econometric evidence
indicates that firms with stronger dual-use
portfolios command a measurable premium
in equity markets, reflecting investor antici-
pation of stable defence-driven demand
combined with civilian-market upside (Pal-
lante et al., 2023).

Regional distribution of transfers shows
dominance of the United States with ap-
proximately 42% of total value, which is
consistent with American leadership in mili-
tary research and development. The Euro-
pean Union collectively participates with ap-
proximately 31%, with significant growth
recorded by China at approximately 18%,
compared to a much smaller share a decade
ago. This shift reflects the implementation
of the Military-Civil Fusion strategy
(Cheung, 2022), although Gilli and Gilli
(2019) argue that complexity barriers in ad-
vanced military systems continue to limit
imitation-driven catch-up. Within the EU
sub-sample, the regulatory and budgetary ar-
chitecture of the European Defence Fund
has become an explicit channel for engineer-
ing dual-use spillovers, with member-state
programmes coordinated through Commis-
sion-level industrial policy (Martins, 2021).

Sectoral analysis reveals fascinating pat-
terns of transfer distribution. The ICT sec-
tor dominates with approximately 35% of
total transfers, which is not surprising given
the digital revolution and the increasing im-
portance of cyber capabilities. Within this
sector, artificial intelligence technologies,
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advanced sensor systems, and communica-
tion technologies dominate the dual-use
portfolio. Concrete examples include pat-
tern-recognition algorithms originally devel-
oped for military target identification that
now power face-recognition systems in con-
sumer electronics, and quantum-resilient
communication primitives developed under
defence contracts that are now being inte-
grated into commercial telecommunica-
tions. The empirical picture of this diffusion
is, however, more nuanced than the policy
discourse usually implies. A mixed-methods
patent-network study by Schmid, Riebe, and
Reuter (2022) tracks Al knowledge flows
between civilian and defence R&D across
the European Union and Germany and,
contrary to a widespread assumption of
seamless cross-sectoral spillover, documents
only a modest degree of bidirectional cita-
tion between the two clusters — a finding
that suggests official classifications may un-
derstate the volume of transfer occurring
through informal channels, personnel mo-
bility, and shared open-source toolchains,
since algorithmic libraries and training da-
tasets travel faster than patent records can
register. Sensor-side evidence points in a
similar direction. Li, Dunkin, and Dezert
(2024) synthesise two decades of progress in
multi-source information fusion and trace
how target-tracking, threat-classification,
and damage-assessment architectures origi-
nally engineered for strategic early-warning
and air-defence systems have migrated into
autonomous vehicles, smart-medical diag-
nostics, navigation-positioning services, and
wireless communication networks, blurring
any clean separation between battlefield sit-
uational awareness and civilian perception
stacks. The same convergence is visible in
the unmanned aerial vehicle segment, where
Seidaliyeva,  Ilipbayeva,  Taissariyeva,
Smailov, and Matson (2024) catalogue how
radar, radio-frequency, acoustic, and vision-
based detection pipelines — many of them



direct inheritances from counter-UAV de-
fence research — have been repackaged into
commercial airspace-protection products
that now serve airports, critical infrastruc-
ture operators, and large-event organisers.
On the communication side, the migration
of post-quantum primitives from classified
research environments into commercial
standards has accelerated since the NIST
2024 standardisation milestones: Cherkaoui
Dekkaki (2024) maps the transition strate-
gies that telecommunications operators,
cloud providers, and embedded-device ven-
dors are adopting to integrate lattice-based
and hash-based algorithms such as CRYS-
TALS-Kyber, CRYSTALS-Dilithium, and
SPHINCS+ into hybrid cryptographic
stacks, illustrating how a research agenda
first justified by national-security impera-
tives is now being absorbed into the routine
architecture of consumer-facing telecom-
munications. Parallel work on the quantum
stack itself, mapped systematically by Kre-
lina (2021), documents how quantum sens-
ing, quantum communications and quantum
computing — although initially developed
under defence rationales across land, air,
space, electronic, cyber and underwater war-
fare domains — generate commercial
spinoffs in financial services, healthcare im-
aging and high-precision navigation. The in-
tegration of artificial intelligence into the
command stack, in turn, raises governance
dilemmas of its own; Johnson (2023) argues
that the diffusion of Al decision-support
tools from military to civilian operational
settings (and back) creates a distinctive 'Al
commander' problem in which human-ma-
chine teaming becomes a structural feature
of both warfare and high-stakes civilian au-
tomation.

The medical and pharmaceutical sector,
with approximately 26% share, shows par-
ticularly dynamic growth in the last five
years. Military trauma-treatment technolo-
gies, developed through decades of armed
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conflicts, are revolutionising civilian emer-
gency medicine. Haemostatic agents origi-
nally developed to stop bleeding on the bat-
tlefield are now routinely used in civilian
hospitals worldwide, a transition docu-
mented in recent narrative reviews of pre-
hospital trauma care (Xiao et al., 2022). Sys-
tematic-review evidence on systemic hae-
mostatic agents administered in the pre-hos-
pital setting confirms that protocols and
pharmacological agents validated in military
trauma research are increasingly being incor-
porated into civilian emergency medical ser-
vices worldwide, with measurable effects on
mortality from major trauma (Biffi, Porcu,
Castellini et al., 2023). Exoskeletons devel-
oped to increase the physical capabilities of
soldiers are being adapted for rehabilitation
of patients with spinal cord injuries; con-
trolled studies of wearable cyborg hybrid as-
sistive limb systems show statistically signif-
icant improvements in physiological gait in
both acute and chronic spinal cord injury pa-
tients, consolidating the case for clinical
adoption (Brinkemper, Aach, Grasmucke et
al., 2021). Within the same period, the rapid
expansion of telehealth platforms in the
United States Military Health System during
the COVID-19 emergency provided a
stress-test for the institutional readiness of
large health systems to absorb digital-first
care models, and influenced subsequent re-
forms in civilian primary-care delivery (Gil-
der et al., 2023).

The advanced materials and chemistry
sector, which accounts for approximately
16% of transfers, is characterised by a long
cycle from military innovation to civilian ap-
plication, often in the order of a decade or
more. Metamaterials with negative refractive
index, initially developed for stealth technol-
ogy, are now finding application in telecom-
munications to improve next-generation
wireless networks (Schmid, 2018).

The transport and energy sector, with
approximately 16% share, shows the fastest



growth in the analysed window, especially in
the area of autonomous vehicles and renew-
able energy sources. Algorithms for autono-
mous drone navigation, developed for mili-
tary reconnaissance missions, are now used
in civilian delivery applications, while the
broader autonomous-vehicle research pro-
gramme — itself a direct descendant of the
DARPA Grand Challenges of the mid-
2000s — has matured into a multi-track ci-
vilian research field spanning perception,
path planning and vehicle cybersecurity (Pa-
rekh et al., 2022). In the energy sector, com-
pact nuclear reactors developed for military
ships are being adapted for civilian mi-
crogrids, with pilot projects across OECD
countries (IEA, 2023).

Institutional support emerges as a criti-
cal factor for successful transfer. Countries
with developed institutional frameworks,
such as the US technology-transfer appa-
ratus centred on DARPA-style programmes
and the SBIR scheme, show significantly
higher rates of successful transfer compared
to countries without such structures (US
Government Accountability Office, 2023).
The same conclusion emerges from Euro-
pean studies of knowledge-and-innovation-
management models in the Spanish defence
industry, where structured strategic alliances
and explicit innovation-management capa-
bilities are positively associated with perfor-
mance and with the firm's ability to absorb
dual-use spillovers (Briones-Pefalver et al.,
2020). Financial incentives proved to be the
second most important factor; tax incentives
for technology-adaptation costs, applied
across OECD economies, have correlated
with growth in the number of dual-use spin-
off companies (OECD, 2023). The exist-
ence of specialised intermediary organisa-
tions that serve as translators between mili-
tary and civilian sectors proved key to suc-
cess (US Department of Defense, 2022).

The research also identified significant
barriers that limit or completely block
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technology transfer. Regulatory obstacles
represent the most common challenge; the
Wassenaar Arrangement and other interna-
tional export controls often create complex
bureaucratic processes that discourage com-
panies, especially small and medium enter-
prises (US Congressional Research Service,
2023). The conceptual frame elaborated by
Vaynman and Volpe (2023) helps make
sense of this regulatory complexity: when
dual-use technologies are integrated into
both military and civilian enterprises and
when civilian and military uses are hard to
distinguish, formal arms control becomes
structurally difficult, and export controls
drift toward broad catch-all instruments ra-
ther than precise category-based regulation.
Cultural differences between military and ci-
vilian sectors represent a subtle but signifi-
cant barrier. Technology adaptation costs
for civilian use represent a significant finan-
cial barrier, with adaptation on average cost-
ing a substantial fraction of original develop-
ment costs (Schmid, 2018; Briones-Pefialver
et al., 2020).

Geopolitical factors also play a signifi-
cant role in determining transfer patterns.
Current tensions between the USA and
China have resulted in a contraction of in-
ternational transfers compared to the pre-
pandemic baseline (SIPRI, 2024). At the
same time, these tensions have stimulated
domestic transfers within both blocs, with
China expanding internal transfers through
its Military-Civil Fusion strategy (Cheung,
2022). The hybrid-warfare framework that
has crystallised around the Russia—Ukraine
war provides an additional analytical layer:
the systematic instrumentalisation of dual-
use ICT, drones and disinformation in active
conflict has further sharpened the policy de-
mand for transparent dual-use mapping
(Bachmann, Putter, & Duczynski, 2023).



DISCUSSION

The results of this research confirm and
extend existing understanding of military
technology transfer to the civilian sector,
while simultaneously revealing several pat-
terns that require further attention. The
identification of 3,408 dual-use patents in
the period 2019-2023 represents a signifi-
cant increase compared to previous esti-
mates, which is consistent with the diffu-
sion-acceleration findings of Schmid (2018)
on patent assignees with deep technological
experience and with the patent-citation evi-
dence assembled by Acosta et al. (2020) for
the world's leading defence firms.

The dominance of the ICT sector with
approximately 35% of total transfers con-
firms the digital-transformation hypothesis
of contemporary technology transfer. This
dominance is not only quantitative but also
qualitative — the speed of transfer in the
ICT sector is significantly shorter than in
traditional sectors such as advanced materi-
als. This finding has important implications
for transfer strategies, suggesting that digital
technologies can serve as pioneers opening
the way for transfer in other sectors. The
empirical evidence from Moretti, Stein-
wender, and Van Reenen (2025) on interna-
tional spillovers from defence R&D sup-
ports the interpretation that digital-sector
spillovers are particularly powerful and
crowd in private R&D in other OECD
economies, and the state-level evidence of
Pallante et al. (2023) confirms that the
crowding-in mechanism is robust to alterna-
tive identification strategies. Schmid, Riebe,
and Reuter (2022), however, caution that the
Al-specific cross-sectoral citation density re-
mains modest in patent space — a finding
the present study interprets not as evidence
against Al spillovers but as evidence that AL
knowledge increasingly travels through non-
patent channels (open-source repositories,

127

conference proceedings, shared training da-
tasets and personnel mobility).

Particularly significant is the finding
about transfer acceleration during 2020—
2021. The pandemic was the proximate
cause of acceleration in medical and tele-
communications transfer, but this analysis
suggests a more complex picture: growth
began before the pandemic and continued
after it, indicating structural changes in the
transfer system. A possible explanation lies
in the convergence of several factors: ma-
turity of digital technologies, increased geo-
political tensions stimulating military invest-
ments, and institutional reforms facilitating
transfer (US Department of Defense, 2022;
Cheung, 2022). The telehealth trajectory
within the Military Health System provides
an institutional micro-history of this dy-
namic: the modality was technically feasible
and partly deployed before 2020, but it re-
quired pandemic-scale demand pressure to
reach inflection-point adoption — after
which the new equilibrium did not revert to
the pre-pandemic baseline (Gilder et al.,
2023).

Sectoral distribution of transfer reveals
interesting disparities that require explana-
tion. Transport and logistics show dynamic
growth, suggesting that the frontier of inno-
vation may be shifting toward autonomous
systems and robotics; the genealogy of this
dynamic is traceable, with the DARPA
Grand Challenges acting as the foundational
competition that pulled large parts of con-
temporary autonomous-driving research
into the civilian commercial trajectory (Pa-
rekh et al, 2022). The relatively modest
share of the energy sector is in some tension
with expectations about the central role of
military research in developing clean-energy
technologies; possible explanations include
longer development cycles in the energy sec-
tor and underrepresentation of energy-re-
lated dual-use innovations in the explicit pa-
tent-marker corpus used here (Schmid,



2018). This represents an area where addi-
tional research is needed and perhaps revi-
sion of identification methodology.

Geographical concentration of transfer,
with dominance of the USA, EU, and grow-
ing participation of China, essentially con-
firms existing global hierarchies of techno-
logical power. However, the rapid growth of
Chinese participation represents perhaps the
most significant structural change. This
growth, analysed in detail by Cheung (2022)
in the context of the Military-Civil Fusion
strategy, raises questions about the sustaina-
bility of Western dominance and potential
implications for global technological bal-
ance. At the same time, Gilli and Gilli (2019)
provide evidence that advanced weapon sys-
tems remain difficult to imitate even under
conditions of increasing technological diffu-
sion, suggesting that quantitative growth of
patent transfers may not translate one-to-
one into operational military-technological
parity. On the European side, the institu-
tionalisation of the European Defence Fund
has reframed defence R&D as an explicit in-
strument of industrial policy, with intended
dual-use externalities that the academic liter-
ature has only begun to evaluate empirically
(Martins, 2021).

From a governance perspective, the dif-
fusion patterns identified here reinforce the
recent argument by Vaynman and Volpe
(2023) that the dual-use character of con-
temporary technologies cannot be regulated
through simple category-based export con-
trols. When technologies are deeply inte-
grated into civilian and military enterprises
and the distinguishability of uses is low —
as is increasingly the case for Al, advanced
sensors and quantum systems — coopera-
tion and constraint require new instruments
that go beyond the Wassenaar logic. The
dual-use deception dynamic also helps ex-
plain why hybrid-warfare actors weaponise
ICT and information infrastructures so ef-
fectively: the same technological stack that
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supports civilian digital economies provides
the substrate for state-coordinated disinfor-
mation campaigns and cyber-enabled opera-
tions (Bachmann, Putter, & Duczynski,
2023).

Methodologically, reliance on patent
data has advantages of transparency and ob-
jectivity, but also limitations that should be
acknowledged. Patents may not capture all
forms of knowledge transfer, especially tacit
knowledge transferred through personnel
mobility (Schmid, Riebe, & Reuter, 2022).
Additionally, focus on successful transfers
may hide important lessons from unsuccess-
ful attempts. The economic estimate of 48.3
billion euros of global transfer value in 2023
represents a conservative estimate that likely
underestimates actual value once tacit-
knowledge spillovers are included; the ap-
proximately 1.5 multiplier identified in the
present sample, and the 0.5-elasticity range
identified for OECD-wide private R&D by
Moretti, Steinwender, and Van Reenen
(2025), would push the actual economic
value into a higher band.

The practical implications of the find-
ings are multiple and require policymaker at-
tention. First, the dominance of digital tech-
nologies suggests the need for adapting in-
stitutional frameworks often designed for
traditional, hardware-oriented technologies.
Second, rapid growth in the transport sector
indicates the need for anticipatory regulation
of autonomous systems. Relatively low
transfer in the energy sector may require
specific incentives or reforms. Fourth, the
medical-sector evidence — from haemo-
static agents (Biffi et al., 2023; Xiao et al.,
2022) through exoskeleton-assisted rehabili-
tation (Brinkemper et al., 2021) to military-
system telehealth (Gilder et al., 2023) —
suggests that the established patent pathway
is being supplemented by clinical-pathway
transfers that operate on shorter timelines
and through clinical professional networks
rather than through formal licensing



arrangements. Geographical concentration
of transfer raises questions about global eq-
uity and the need for international coopera-
tion in technology transfer (OECD, 2023;
Martins, 2021).

CONCLUSION

Research on military technology transfer
to the civilian sector in the period 2019—
2023 confirmed the central hypothesis
about acceleration and transformation of
the transfer process in the contemporary
technological and geopolitical context. Iden-
tification of 3,408 dual-use patents repre-
sents empirical confirmation that military
technology transfer not only remains rele-
vant but is becoming an increasingly signifi-
cant mechanism of technological progress
and economic development. The economic
value of transfer of 48.3 billion euros in
2023, although a conservative estimate,
demonstrates the substantial contribution of
this phenomenon to the global economy,
consistent with the OECD-wide spillover
estimates of Moretti, Steinwender, and Van
Reenen (2025) and the state-level crowding-
in evidence of Pallante, Russo, and Roven-
tini (2023).

The dominance of the ICT sector with
approximately 35% of total transfers con-
firms digital transformation as the key driver
of contemporary technology transfer. The
speed of transfer in this sector, which is sev-
eral times shorter than in traditional sectors,
suggests a fundamental change in innova-
tion dynamics where digital technologies
serve as a catalyst for broader diffusion of
military innovations. At the same time, the
high growth rate in the transport sector in-
dicates the emergence of new transfer do-
mains related to autonomous systems and
robotics (Parekh et al., 2022), requiring ad-
aptation of strategic priorities and regulatory
frameworks. The communications corridor
in particular, from quantum-resistant
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cryptography (Cherkaoui Dekkaki, 2024)
through multi-source sensor fusion (Li,
Dunkin, & Dezert, 2024) and drone-detec-
tion pipelines (Seidaliyeva et al., 2024) to
broader quantum-technology applications
(Krelina, 2021), is now well-documented as
a major channel for defence-originated dif-
fusion.

The medical sector, with a share of ap-
proximately 26% and acceleration during
the pandemic, demonstrates the ability of
transfer systems to respond to urgent socie-
tal needs. The substantial shortening of
transfer time during the pandemic shows
that institutional and regulatory barriers can
be overcome when there is sufficient pres-
sure and political will (Gilder et al., 2023).
The trauma-medicine pathway, in particular,
makes vivid how clinical and pharmacologi-
cal innovations validated under battlefield
conditions are now systematically transition-
ing into civilian emergency medical services
and rehabilitation medicine (Biffi et al,
2023; Brinkemper et al., 2021; Xiao et al.,
2022). This lesson has important implica-
tions for future crisis situations and suggests
the need to maintain flexible mechanisms
for rapid transfer (US Department of De-
fense, 2022).

Geographical concentration of transfer,
with dominance of the USA, EU, and grow-
ing participation of China, reflects global in-
equalities in technological capacities but also
different institutional approaches. Chinese
growth represents perhaps the most signifi-
cant structural change that raises questions
about future global technological balance
and effectiveness of different transfer mod-
els (Cheung, 2022; Gilli & Gilli, 2019). The
European trajectory, in turn, is increasingly
defined by the European Defence Fund and
adjacent instruments, which embed defence
R&D into industrial-policy logics with delib-
erate dual-use spillover objectives (Martins,
2021).



The research identified several key fac-
tors determining transfer success: techno-
logical maturity, institutional support, finan-
cial incentives, and existence of intermediary
organisations. At the same time, regulatory
barrtiers, cultural differences between sec-
tors, high adaptation costs, and market re-
sistance to military-origin technologies re-
main significant challenges limiting transfer
potential, all of which become more acute
under conditions of low distinguishability
between civilian and military uses (Vaynman
& Volpe, 2023). The governance challenges
raised by Al-enabled decision support and
human-machine teaming in operational en-
vironments (Johnson, 2023) and the broader
hybrid-warfare context (Bachmann, Putter,
& Duczynski, 2023) add additional layers to
this regulatory complexity.

The principal original contribution of
this article consists in the integration of pa-
tent data from three primary databases
(USPTO, EPO, WIPO) with the most re-
cent (2018-2025) post-2017 SCOPUS liter-
ature on military R&D spillovers, applied to
the specific 2019-2023 dual-use transfer
wave that accompanied the COVID-19 pan-
demic and renewed great-power competi-
tion. This integrative empirical mapping has
not previously been jointly demonstrated
for this window in a single study. The article
also extends the literature by triangulating
patent evidence with sector-specific SCO-
PUS reviews — Al patent networks
(Schmid, Riebe, & Reuter, 2022), sensor fu-
sion (Li et al.,, 2024), drone detection (Sei-
daliyeva et al., 2024), quantum technology
(Krelina, 2021; Cherkaoui Dekkaki, 2024),
trauma medicine (Biffi et al., 2023; Xiao et
al.,  2022), exoskeleton rehabilitation
(Brinkemper et al., 2021), telehealth (Gilder
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et al., 2023) and autonomous vehicles (Pa-
rekh et al., 2022) — to demonstrate that the
headline patent figures correspond to iden-
tifiable, peer-reviewed pathways of clinical,
operational and commercial absorption.

The limitations of this research, includ-
ing focus on patent data, geographical bias
toward Western countries, and inability to
track the latest transfers to full commercial-
isation, open space for future research. The
article recommends longitudinal studies that
would track complete transfer cycles, com-
parative analyses of different national mod-
els, and deeper sectoral analyses that would
include qualitative aspects of knowledge
transfer (Moretti, Steinwender, & Van
Reenen, 2025; Schmid, Riebe, & Reuter,
2022). Practical implications for policymak-
ers include the need for modernisation of in-
stitutional frameworks adapted to digital
technologies, development of anticipatory
regulation for emergent technologies such
as autonomous systems, and specific incen-
tives for sectors with high potential but low
current transfer such as energy. At the inter-
national level, growing concentration and
divergence of transfer models require a new
form of multilateral cooperation that would
balance national-security interests with
global technological progress (OECD, 2023;
Vaynman & Volpe, 2023).

Military technology transfer to the civil-
ian sector remains a vital mechanism of in-
novation with significant untapped poten-
tial. The findings suggest that, with adequate
institutional reforms and strategic invest-
ments, this potential can be realised in a way
that contributes to both economic develop-
ment and the resolution of global challenges
(Moretti, Steinwender, & Van Reenen, 2025;
Cheung, 2022).
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Sazetak: Transfer tehnologije iz vojnog u civilni sektor predstavlja kljucni mehanizam
tehnoloskog napretka koji vojne inovacije transformiSe u civilne proizvode i usluge,
generisuci znacajnu ekonomsku vrijednost i doprinosedi rjesavanju drustvenih izazova. Ovaj
clanak analizira obim, prirodu i ekonomski znacaj transfera tehnologija dvostruke namjene u
globalnom kontekstu, s posebnim fokusom na period intenzivnih tehnoloskih promjena od
2019. do 2023. godine. Istrazivanje koristi mjesoviti metodoloski pristup koji kombinuje
kvantitativhu analizu patenata dvostruke namjene iz USPTO, EPO i WIPO baza podataka s
kvalitativnom analizom institucionalnih okvira i finansijskih indikatora kompanija aktivnih u
transferu vojnih tehnologija. Rezultati pokazuju eksponencijalni rast transfera u analiziranom
periodu, pri ¢emu IKT sektor dominira sa priblizno 35% ukupnih transfera, slijedi medicinski
sektor (priblizno 26%) koji je pokazao najvece ubrzanje tokom COVID-19 pandemije. Iden-
tifikovana ekonomska vrijednost transfera dostigla je 48,3 milijarde evra globalno u 2023.
godini, sa geografskom koncentracijom u SAD-u, EU i rastu¢im uces¢em Kine. Saobracaj i
logistika pokazuju najdinamicniji rast, $to ukazuje na emergentne oblasti transfera povezane
s autonomnim sistemima. Clanak je namijenjen kreatorima politika u inovacijama i odbrani,
rukovodiocima u vojnoj i civilnoj industriji, akademskim istrazivac¢ima koji se bave trans-
ferom tehnologija, kao i investitorima zainteresovanim za tehnologije dvostruke namjene.
Nalazi imaju prakticne implikacije za dizajniranje institucionalnih okvira, optimizaciju me-
hanizama transfera i identifikaciju bududih investicionih prioriteta u kontekstu rastuce
tehnoloske konkurencije.

Kljuéne rijeCi: vgjna industrija, transfer tebnologija, dvostruka namjena, inovacije, analiza patenata,
ekononiska vrijednost.
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