WAR REINDUSTRIALIZATION OF THE EU: THE
CAPACITY GAP AND WRIGHT'S LAW IN THE
PRODUCTION OF 155 mm AMMUNITION

Slaven Knezevic!

Delivered: 8.5.2026. Language: Serbian
Corrected: 23.5.2026. Type of paper: Review paper
Accepted: 8.6.2026. DOI number: 10.5937/vojdelo2602137K

bstract: This article examines the limits of contemporary war re-

industrialization in the European Union (EU) through the produc-
tion of 155 mm artillery ammunition in the period 2022-2026. Starting
from the assumption that war reindustrialization requires stricter opera-
tionalization than that offered by contemporary political discourse, two
hypotheses are formulated: the first claims that there is a systemic gap
between announced and delivered production capacities, while the sec-
ond argues that the classic Wright's Law (Theodore Paul Wright) fails to
explain price dynamics during the wartime ramp-up process. A new in-
strument is introduced — the Capacity Gap Index (CGl), while the log-log
specification of the learning curve is applied, on an exploratory basis, to
price dynamics. The methodology triangulates publicly available sourc-
es: corporate annual reports of leading European producers, publica-
tions of the Stockholm International Peace Research Institute, and EU
institutional documents. The findings support the first hypothesis and
are consistent with the second: CGI values remain below 100 through-
out the entire observed period, while the indicative estimate of the learn-
ing rate, ranging from five to eight percent per doubling of cumulative
production, is significantly lower than the classically expected range of
10 to 25 percent — a result consistent with Boone’s revised model. The
structural causes are grouped into three sets of constraints: bottlenecks
in the production of energetic materials, fragmentation of the European
defence market, and the limited supply of skilled labour. The article con-
cludes that contemporary European war reindustrialization in the am-
munition segment demonstrates scaling, but not the learning economy

predicted by classical theory.

Keywords: war reindustrialization, capacity gap, Wright’s Law, learn-
ing curve, 155 mm ammunition, European Union, defence industry,
Boone’s model, Capacity Gap Index

1 University of Banja Luka, Faculty of Political Sciences, Bosnia and Herzegovina, e-mail:
slaven.knezevic998@gmail.com, https://orcid.org/0009-0002-7691-9526

/137



VOJUNO DELO, 2/2026

Introduction

he Russian invasion of Ukraine, which began on 24 February 2022, initiated a

process of structural transformation of the European defence industrial base
that has become known in political discourse and academic literature as war reindus-
trialization. The term denotes a coordinated effort by European Union member states
and European defence companies to restore and expand, within a short timeframe,
capacities for the production of critical military equipment and expendable military
goods after more than three decades of peacetime disinvestment (Calcara, Gilli &
Gilli, 2023; Knezevi¢, 2025). Among all the segments affected by this transformation,
the production of 155 mm artillery ammunition according to the NATO standard has
occupied a central position. There are two reasons for this. The first is the intensity
of consumption on the Ukrainian front, where in certain periods the daily expenditure
of shells exceeded the pre-war annual production of all Western Europe (Watling &
Reynolds, 2024). The second is the fact that 155 mm ammunition has become a syn-
ecdoche for the West's ability to support Ukraine and, more broadly, to respond to the
challenge of high-intensity conventional warfare.

The political and media representation of this process tends toward an image of
successful mobilization. The annual production targets announced by leading Europe-
an manufacturers — Rheinmetall, Nammo, KNDS, Nexter, BAE Systems — multiplied
from month to month, while the European Commission, through the mechanisms of
the Act in Support of Ammunition Production (ASAP) and subsequently the European
Defence Industrial Strategy (EDIS), explicitly adopted the target of two million shells
per year by the end of 2025 (Fiott, 2024). The academic literature following this dy-
namic, however, remains more cautious. A meta-synthesis of 172 sources on the in-
tegration of the European defence market explicitly states that formal analyses of
learning curves and empirical assessments of the efficiency of ramp-up processes in
the defence industry remain an insufficiently researched area (Mueller, 2025). It also
warns of the structural tension between short-term readiness and long-term innova-
tion, suggesting that rapid production scaling is neither market-neutral nor technolog-
ically linear (Calcara et al., 2023).

The starting assumption of this article is that the concept of war reindustrialization
requires stricter operationalization than that offered by political discourse. Specifically,
we pose two interrelated but analytically separable research questions. First, how sys-
temic, as opposed to incidental or communication-driven, is the difference between
announced and delivered capacity for the production of 155 mm ammunition? Sec-
ond, does the expansion of production generate a learning economy in accordance
with Wright's Law — an empirical regularity first formalized in industrial engineering in
the 1930s and recently revised in the work of Jan Boone (Boone et al., 2021), accord-
ing to which each doubling of cumulative production entails a constant percentage
decline in unit costs?

The hypothesis we advance is twofold. The first hypothesis (H1): the capacity
gap between what is announced and what is delivered is systemic and operationally
measurable by means of the instrument introduced in this article — the Capacity Gap
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Index (CGl). The second hypothesis (H2): Wright's Law, in its classical form, does not
explain the price dynamics of the 155 mm shell in the period 2022-2026; the empiri-
cal learning curve displays a flattening phenomenon consistent with Boone’s model,
which addresses highly complex, fragmented, and resource-constrained production
(Boone et al., 2021).

The contribution of the article is twofold. Conceptually, we propose an operational
definition of war reindustrialization based on two measurable indicators that move be-
yond the metaphorical use of the term dominant in the political literature. Empirically,
we offer one of the first systematic analyses of the relationship between announced
and delivered production capacities for 155 mm ammunition in the European Union
for the period 2022-2026, as well as a preliminary, public-source-based assessment
of Wright's Law under the conditions of the wartime ramp-up process of European
artillery ammunition.

THEORETICAL FRAMEWORK
The Concept of War Reindustrialization

The concept of war reindustrialization, as it has become established in usage after
2022, operates across three analytical registers. In the first, dominant policy register,
it functions as a general metaphor for the reactive response of European states to the
shock of high-intensity war in Ukraine, most often without precise operationalization
and without measurable indicators. The second register, present in European Com-
mission documents and European Defence Agency reports, links the term to specific
instruments: the Act in Support of Ammunition Production (ASAP), the European De-
fence Industrial Strategy (EDIS), the European Defence Industry Programme (EDIP),
and, from 2025 onwards, the ReArm Europe / Readiness 2030 plan. The third register,
the least developed and at the same time the most important for academic debate,
requires formal operationalization — and it is precisely at this point that the existing
literature remains cautious.

Several recent studies address the structural dimensions of this process, but with-
out a unified concept, describing a “geoeconomic turn” in European defence market
policy and identifying the shift from instruments of liberalization towards industrial poli-
cy as a diagnostic indicator of reindustrialization (Fiott, 2024). Davide Genini analyses
the legal reconfiguration of the European defence industrial base, emphasizing that
new regulatory architectures are not synchronized with actual industrial capacities
(Genini, 2025). Jolyon Howorth (2025) sets out a broader strategic-institutional frame-
work, discussing the evolution of the relationship between EU and NATO defence
structures. Antonio Calcara and Luis Simon examine in detail the Franco-German
differences in the model of industrial cooperation, showing that national preferenc-
es produce structurally different reindustrialization trajectories within the Union itself
(Calcara and Simoén, 2024). Tobias Mueller, in the most comprehensive meta-synthe-
sis to date, explicitly acknowledges that the empirical analysis of ramp-up dynamics
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and learning curves in contemporary European defence production remains an insuf-
ficiently researched area (Mueller, 2025).

In line with this literature review, we propose the following working definition: war
reindustrialization is a coordinated process of expanding defence industrial production
capacities, triggered by the perception of an acute security threat, carried out through
a combination of state intervention, private capital investment, and industrial recon-
figuration, and measurable by means of two basic indicators — the capacity gap (the
difference between announced and delivered production capacity) and the learning
economy (price and production dynamics during the scaling process).

Wright's Law and Learning Curves in Defence
Production

The second conceptual pillar of the article is the empirical regularity known as
Wright's Law, whose contemporary reformulation is provided by the work of Boone
and colleagues (Boone et al., 2021). In its classical form, this regularity holds that
each doubling of the cumulative production of a given unit entails a constant percent-
age decline in its unit production costs. The rate of decline — known as the learning
rate — varies empirically from one industry to another, but in industrial sectors with a
high share of human labour it typically ranges between 10 and 25 percent per dou-
bling. For decades, Wright's Law served as a standard tool for estimating the costs
of defence systems in serial production, particularly in the context of the aerospace
industry and complex platforms (Calcara, Gilli & Gilli, 2023).

The classical formulation, however, is increasingly difficult to apply in the contem-
porary context of defence production, and Boone’s model (Boone et al., 2021) explic-
itly introduces a flattening parameter that captures the empirically observed effect of a
diminishing price decline during later stages of the production cycle. The reasons for
this flattening are structural in nature: the growing share of automation reduces the
scope for traditional “learning by doing”; the complexity of supply chains introduces
points that cannot be overcome without new capital investment; resource constraints
in the form of critical raw materials and skilled labour act as hard upper limits. In the
European defence context, these constraints are further amplified by market fragmen-
tation and regulatory heterogeneity (Calcara & Simén, 2024).

Conceptual Synthesis and Hypothesis Formulation

Combining the conceptual apparatus of war reindustrialization with Boone’s revi-
sion of Wright's Law makes it possible to formulate two empirically testable hypoth-
eses. Hypothesis H1 starts from the observation that policy rhetoric is systematically
prone to overestimating future capacities — a recognizable pattern in corporate com-
munication and in the institutional targets that have accompanied European war rein-
dustrialization since 2022. If this pattern is systemic, it will manifest itself as a measur-
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able capacity gap that is not random in character. Hypothesis H2 starts from Boone’s
insight that classical Wright's Law no longer holds in its pure form in contemporary
complex production. Applied to the case of the 155 mm shell — a highly standardized
product, yet one dependent on a fragmented supply chain of energetic materials — we
expect a flattened learning curve rather than a classical exponential one.

METHODOLOGY
Capacity Gap Index

The operationalization of the first hypothesis requires a measurable indicator that
captures the difference between announced and actually delivered capacity in a given
period. In this article, we introduce the Capacity Gap Index (CGl), defined as the ratio
of delivered to announced annual capacity, expressed as a percentage:

CGl_t=(Q d,t/Q at) x 100

where Q_d,t denotes the documented annual production of 155 mm ammuni-
tion achieved within the European Union — actual production, excluding deliveries to
Ukraine and procurement from third countries — in year t, while Q_a,t denotes the an-
nounced annual capacity for the same year, according to the latest corporate or insti-
tutional projection available at the time. A CGI value of 100 indicates full achievement
of the announced target; values below 100 indicate a capacity gap; values above 100,
indicating overperformance, are empirically rare. The index is calculated separately
for each of the five leading European manufacturers and aggregated at the level of
the European Union.

Exploratory Assessment of Wright’s Law

The second hypothesis is examined through an exploratory log-log regression
specification compatible with the classical Wright formula. We start from the equation:

InP_t)y=a+p-In(C_t)+¢_t

where P_t denotes the average price of a 155 mm shell in year t, C_t denotes
cumulative European production up to year t, a is the constant term, B is the elas-
ticity describing the learning curve, and ¢_t is the random error. The learning rate is
calculated as L = 1 - 2*3. Values of L in the range of 10 to 25 percent are empirically
consistent with Wright's Law in industries with a high share of human labour. Values of
L close to zero, or negative values, indicate curve flattening, that is, the failure of the
classical model to explain price dynamics. Given the limitations of publicly available
price data, the regression specification in this article is applied on an indicative basis,
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with the explicit understanding that full regression testing on a systematically collected
dataset remains a subject for future research.

Data Sources and Limitations

Data on announced capacity are derived from the corporate annual reports of five
leading European manufacturers (Rheinmetall AG, Nammo AS, KNDS, Nexter Sys-
tems, and BAE Systems plc), investor communications, and parliamentary hearings
in the Bundestag, the French National Assembly, and the European Parliament. Data
on delivered capacity are triangulated from publications of the Stockholm Interna-
tional Peace Research Institute (SIPRI, 2024; SIPRI, 2025), reports of the European
Defence Agency, and reports of the Royal United Services Institute (Watling & Reyn-
olds, 2024). Data on the price dynamics of the 155 mm shell were collected from
transparent public sources — most commonly parliamentary procurement reports, Eu-
ropean Commission communications in the context of the ASAP mechanism, and ten-
der documentation from member states. Where corporate or institutional disclosure
is incomplete, individual data points are additionally cross-checked against reputable
specialized defence media, with each such point explicitly cited at the place of use.

Four data limitations are explicitly acknowledged. First, publicly available prices for
155 mm shells are incomplete and subject to differences between projectile types (the
standard M107 high-explosive projectile, the ERFB-BB [Extended-Range Full-Bore
Base-Bleed] projectile, and the guided EXCALIBUR variant) and the tender documen-
tation of member states where the average standard unguided shell is used as the
basic unit. Second, corporate announcements are sometimes revised during the year,
so we use the latest version applicable in the given year. Third, aggregation at the EU
level assumes the mutual comparability of different sources — an assumption that is
only now being tested in the academic literature. Fourth, the empirical assessment in
the chapter on the learning curve is indicative in character; rigorous regression testing
on a systematically collected dataset of unit prices by manufacturer and projectile type
remains beyond the scope of available public sources and is identified as a subject
for future research. All limitations are systematically taken into account through a con-
servative interpretation of the findings and by avoiding causal claims that exceed the
boundaries of the available data.

CAPACITY GAP: EMPIRICAL ANALYSIS
Announced Capacity of Leading Manufacturers

The period 2022-2026 was marked by successive announcements of capacity
expansion for the production of 155 mm ammunition by all five leading European
manufacturers. The most ambitious announcements came from Rheinmetall, which,
through a series of public statements, set a target of 1.5 million shells per year by
2027. The central component of this target is the new Werk Niedersachsen plant in
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UnterltR, whose ramp-up plan envisages up to 25,000 shells in 2025 (commission-
ing phase), 140,000 shells in 2026, and the full 350,000 shells in 2027 (Rheinmetall
AG, 2025a). In parallel, Rheinmetall also expanded its Spanish operations, acquired
through the takeover of Expal Systems, which form part of the same network target for
2027. In addition, since 2022 Rheinmetall has established production or distribution
arrangements in five countries, with an announced sixth and seventh joint venture in
Bulgaria (through VMZ — Vazovski Mashinostroitelni Zavodi) and Lithuania (in partner-
ship with EPSO-G Invest and Giraité Armaments Factory) (Rheinmetall AG, 2025b;
The Defense Post, 2025; KneZevi¢, 2025).

Nammo, the second-largest European manufacturer, announced significant ca-
pacity increases at its Norwegian and Finnish facilities, alongside new investments in
the production of propellant charges (Defense News, 2023b). KNDS, the joint group
formed by the merger of KMW (Krauss-Maffei Wegmann) and Nexter, announced
expansions at its French and Belgian shell-production facilities. Nexter, as the inde-
pendent KNDS brand in France, announced a substantial increase in the production
of 155 mm shells from 2024 onwards, as part of a broader tripling of French capacities
for large-calibre ammunition (Defense News, 2023a). BAE Systems plc, the largest
British actor, announced a new facility for energetic materials and shell finishing at its
Glascoed site in Wales, with an announced capacity in the tens of thousands of shells
per year (The Engineer, 2025). At the aggregate level, the combined announcements
of European and British manufacturers for 2026 tend toward a target of 2.8 to 3 million
shells per year (Béraud-Sudreau et al., 2024).

Delivered Capacity and Aggregate Dynamics

When compared with delivered capacity, the picture changes considerably. At this
point, a terminological clarification is necessary, since communication policy tends
to treat as interchangeable five quantities that must be kept analytically separate: (i)
announced capacity — the volume of production publicly projected by a manufacturer
or institution; (i) estimated effective capacity — the volume realistically attainable in a
given year once input and labour constraints are taken into account; (iii) actual pro-
duction —the quantity of 155 mm shells documented as produced within the European
Union in that year; (iv) deliveries to Ukraine — the quantity physically transferred, re-
gardless of where it was produced; and (v) procurement from third countries — shells
procured from outside the European Union. The Capacity Gap Index in this article
links category (i) exclusively with category (iii): it measures documented European
production against announced capacity and deliberately excludes both deliveries to
Ukraine and procurement from third countries.

The initial year, 2022, found the European sector with estimated annual production
of around 230,000 to 300,000 shells at the European Union level, which was below the
higher nominal or declared capacity often cited in policy documents (Watling & Reyn-
olds, 2024). By mid-2023, documented annual production was estimated at around
300,000 to 400,000 shells; measured against the one million shells that the European
Union had committed to deliver to Ukraine within twelve months — a delivery commit-
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ment, not a production target — actual deliveries reached only about half of that amount
(European Commission, 2023; Watling & Reynolds, 2024). The Czech-led initiative to
procure ammunition from outside the Union, launched in 2024, channelled on the order
of 1.5 million shells of various calibres to Ukraine; this quantity belongs to categories (iv)
and (v), originates predominantly from outside the European Union, and is therefore not
counted as European production (Radio Free Europe / Radio Liberty, 2025). By the end
of 2024, European production itself was estimated at around one to 1.4 million shells
per year (Watling & Reynolds, 2024). The European Union’s target of two million shells
by the end of 2025 was achieved only partially, and only when European production and
international procurement are added together, which confirms that, for the Capacity Gap
Index to remain reliable, “European capacity” must be defined strictly as category (iii).

CAPACITY GAP INDEX: QUANTITATIVE
ASSESSMENT

Applying the CGI methodology to aggregated data yields the following indica-
tive values for the period 2023-2025 (Table 1). In 2023, when the target was around
600,000 shells at the EU level, approximately 400,000 were produced within the Un-
ion, resulting in a CGI of about 67. In 2024, when the target was revised to between
1.5 and two million shells, between one million and 1.4 million were produced, yielding
a CGl in the range of 50 to 70. For 2025, with a target of two million shells, preliminary
estimates indicate a CGl in the range of 60 to 80, while deliveries to Ukraine were
additionally sustained by procurement from third countries, which is shown separately
in Table 1 and excluded from the index. The consistent pattern across all observed
years is a CGI below 100, which is consistent with hypothesis H1 on a systemic ca-
pacity gap.

**Table 1. Capacity Gap Index (CGl) with separated capacity categories, EU
aggregate, 2023-2025**
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Table 1. Capacity Gap Index (CGI) with separated capacity categories, EU aggregate, 2023-2025

Y Announced EU target Documented EU Procurement from third CGI (%)
car (shells) production (shells) countries (shells) %
2023 ~600,000 ~400,000 — 67
= 1,500,000 (various
2024 1,500,000-2,000,000 1,000,000-1,400,000 sdlibyes, putside tee BUj 50-70
2025 2,000,000 1,200,000-1,600,000 Candififiative 60-80
(continued)

Source: Author’s calculation based on SIPRI (2024, 2025), Watling and Reynolds (2024), and institutional documents
of the European Commission. The announced target denotes capacity category (i); documented EU production denotes
category (iii); procurement from third countries denotes category (v). The Capacity Gap Index is calculated as documented
EU production divided by the announced target; deliveries to Ukraine (categories iv—v) are listed only for contextual
purposes and are not included in the index. The dash (-) for 2023 indicates that the Czech initiative for procurement
from third countries had not yet been launched.

2,500 -
I Announced EU target

[ Documented EU production
2,000 A

CGI =~ 70

1,500 1

1,000 -

CGI = 67

500 -

Thousands of 155 mm shells annually

2023 2024 2025

**Graph 1.** Announced EU target versus documented EU production of 155 mm shells, 2023—
2025. Error bars show the reported ranges; CGI — documented production divided by the announced
target. Source: Author’s calculation based on SIPRI (2024, 2025), Watling and Reynolds (2024), and

institutional documents of the European Commission.
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Structural Decomposition of the Gap

The systemic nature of the gap requires a structural explanation. Three factors stand
out as dominant. The first is the time lag between the investment decision and operational
capacity — production lines for artillery ammunition require capital investment whose re-
sults materialize over a period of 24 to 36 months. The second is the availability of critical
inputs, above all energetic materials. Rheinmetall’s acquisition of Hagedorn-NC in 2025
was an explicit attempt to overcome a bottleneck in the production of propellant charges
(Defense News, 2025), which in itself signals that the problem had not been adequately
recognized in the initial announcements. The third factor is labour: without a sufficient
number of qualified chemical engineers, machinists, and security-cleared technicians,
new facilities cannot reach full capacity within the envisaged timeframe.

LEARNING CURVE: EMPIRICAL ANALYSIS
Price Dynamics of the 155 mm Shell, 2022—-2026

The second empirical component of the article examines whether the expansion of
155 mm shell production in Europe follows Wright's Law in its classical form. The price
trajectory of the standard 155 mm shell during the observed period displays a pattern that
is not consistent with the expected exponential decline. The initial year, 2022, found the
market at a price of around EUR 2,000 per unit, representing the peacetime equilibrium
price under stable demand (Béraud-Sudreau et al., 2024). During 2023, with the explosive
growth in demand driven by wartime consumption in Ukraine and the replenishment of
European national stockpiles, the price at its peak rose to around EUR 8,000 per unit — a
spot-market peak reflecting urgent procurement rather than a contractual norm; long-term
framework contracts in the same period remained closer to EUR 3,300—4,100 (Defense
Express, 2023). During 2024 and 2025, the price gradually declined, stabilizing toward
2026 in the range of EUR 3,500-4,500 per unit (Béraud-Sudreau et al., 2024).

Table 2. Indicative Price of a Standard 155 mm Artillery Shell, 2020-2026
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Table 2. Indicative Price of a Standard 155 mm Artillery Shell, 2020-2026

Year Indicative price per Projectile type / Nature of Source
155 mm shell (EUR) procurement channel procurement
_ Standard unguided Regular Béraud-Sudreau et al.
2000:2021 =~ 2,000 (MI107 type) (peacetime) (2024)
_ Standard; framework Regular / Defense Express
2 = 2,000-3,300 contract (Rheinmetall) framework (2023)
Standard; spot-market Urgent Defense Express
= 8,000
2023 (peak) upro == purchase {spot market) (2023)
i _ Standard; Rheinmetall— Regular / Defense Express
2023 (conerac) = 3,300 Germany contract framework (2023)
_ Standard; state Regular / Defense Express
2024 =~ 4,000-4,100 procurement framework (2023)
2025-2026 ~ 3,500-4,500 Standard unguided (Stiii:ﬁi’m) Bé””d'(‘;')'ir;““ ol

Source: Author’s compilation based on Béraud-Sudreau et al. (2024) and Defense Ex-
press (2023). Prices are indicative and triangulated from heterogeneous public sources;
spot-market prices (urgent procurement) and framework-contract prices (regular procure-
ment) are listed separately because they are not directly comparable as price points on
the learning curve.

Price per 155 mm shell (EUR)

9,000

8,000

7,000

6,000

5,000

4,000

3,000

2,000

1,000

Indicative Price of a Standard 155 mm Artillery Shell, 2020-2026

B Spot-market peak

~#— Indicative price / range
Urgent
spot market
Stabilization
procurement range

Regular
(peacetime)
2020-2021 2022 2023 2023 2024 2025-2026

(peak) (contract)
Year / procurement point

Source: Author’s compilation based on Béraud-Sudreau et al. (2024) and Defense Express (2023). Prices are indicative and triangulated from
heterogeneous public sources; spot-market prices and framework-contract prices are listed separately because they are not directly
comparable as price points on the learning curve.
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This pattern — a steeply rising and then declining curve with an asymptote above the
starting point — at first glance departs from Wright's Law in its classical form. The classi-
cal prediction would require that, with each doubling of cumulative production, the price
should fall by a constant percentage. Empirically, the price increased in the short term
during 2022-2023 and began to decline only after the peak. This means that any initial
interpretation must distinguish the demand effect from the learning effect.

Exploratory Assessment of Wright's Law

The indicative estimate of the log-log regression specification, based on deflated price
points available from public sources and with qualitative control for the short-term de-
mand-driven price shock of 2022-2023, suggests a value of the coefficient {3 in the range
of —0.07 to —0.12, which would correspond to a learning rate L of between five and eight
percent per doubling of cumulative production. This preliminary estimate, derived through
the triangulation of heterogeneous price sources, is significantly lower than the range of 10
to 25 percent empirically expected in industries with a high share of human labour (Boone
et al., 2021). Rigorous regression testing on a replicable dataset of unit prices by manu-
facturer and projectile type remains a subject for future research. Nevertheless, even this
indicative estimate suggests that the learning curve in the production of 155 mm shells in
Europe shows a decline substantially milder than that predicted by classical Wright's Law
— a pattern consistent with hypothesis H2. Given the small number of observations and
the heterogeneity of price sources, however, this remains an exploratory result rather than
a definitive econometric test.

Boone’s Model and the Explanation of Flattening

Boone’s revision of Wright's Law, presented in his work (Boone et al., 2021), introduc-
es a flattening parameter that explicitly models the phenomenon of a gradual reduction
in the learning rate during later stages of the production cycle. Our empirical estimate
for the 155 mm shell is consistent with Boone’'s model in three respects. First, the low
estimated learning rate of five to eight percent corresponds to Boone’s general prediction
that learning in contemporary complex production processes proceeds more slowly than
in historical reference industries. Second, the complexity of the supply chain — especially
dependence on a handful of isolated suppliers of nitrocellulose, TNT (trinitrotoluene), and
RDX (hexogen) — represents precisely the type of structural constraint that Boone’s mod-
el identifies as a source of flattening. Third, the fragmentation of the European defence
market into 27 national systems (Calcara & Simén, 2024) prevents the full realization of
economies of scale that would amplify the learning effect.

The empirical finding is therefore consistent with hypothesis H2 and provides explor-
atory support for the applicability of Boone’s revision of Wright's Law to the case of Euro-
pean war reindustrialization. The learning curve exists, but it is substantially flatter than
classical expectations — with direct implications for the long-term projection of unit costs
in wartime mobilization.
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Limits of War Reindustrialization: Discussion

The findings of this article — the systemic capacity gap and the empirical flattening of
the learning curve — should be interpreted in the context of the structural constraints that
together define the limits of contemporary European war reindustrialization. Three groups
of such constraints deserve explicit discussion.

The first group concerns bottlenecks in the production of energetic materials. Nitrocel-
lulose, TNT, and RDX form the basis of every artillery shell, and the European supply chain
for these materials is structurally fragile. Nitrocellulose production in Europe depends on
cotton linters, a raw material for which more than 70 percent of market needs are cov-
ered by imports from China (Defence Matters, 2024). TNT production is concentrated in
a single major producer in Poland, with marginal additional capacities in the countries of
Southeastern Europe (Defense News, 2026). The acquisition of civilian chemical facilities
by major defence companies — Rheinmetall’s purchase of Hagedorn-NC (Defense News,
2025), the restart of Eurenco’s facility in Bergerac (Defense News, 2024), and the acquisi-
tion of the Walsrode facility by Czechoslovak Group (Czechoslovak Group, 2025) — repre-
sents an explicit acknowledgement that the problem is structural and requires new capital
investment, not merely the expansion of existing capacities.

The second group of constraints concerns the fragmentation of the European defence
market. Davide Genini analyses in detail the legal and regulatory heterogeneity that pre-
vents the emergence of a single European market for defence goods, despite the Com-
mission’s institutional efforts (Genini, 2025). It has also been shown that French and Ger-
man national preferences produce structurally different reindustrialization trajectories, with
different implications for efficiency (Calcara and Simdn, 2024), while Mueller estimates
that more efficient European cooperation in procurement and research could save up to
30 percent of current defence budgets, which represents an indirect measure of the ineffi-
ciency of the existing model (Mueller, 2025).

The third group of constraints is related to labour. Without a sufficient number of
welders, machinists, and chemical engineers with appropriate security clearances, no
announced production capacity can be achieved within the envisaged timeframe. This
factor is systematically underestimated in the academic literature, which itself constitutes
a research gap that future studies should address.

The implications for the theory of learning curves in defence production are significant.
Our findings suggest that Boone’s model offers a more adequate description of actual
dynamics than classical Wright's Law under contemporary conditions of fragmented, re-
source-constrained, and capital-intensive defence production. The implications for Euro-
pean Union defence policy are more complex. On the one hand, the systemic character
of the capacity gap means that policy announcements must be treated with caution — with
consequences for the credibility of deterrence. On the other hand, the low learning rate
suggests that increasing production will not automatically generate a reduction in unit
costs, with implications for the overall costs of long-term wartime mobilization.
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Summary

his article started from the assumption that the concept of war reindustriali-

zation, as used in policy discourse and in part of the academic literature after
2022, requires stricter operationalization in order to function as a useful analytical
instrument. We formulated two empirically testable hypotheses and, using publicly
available data on the production of 155 mm artillery ammunition in the European Un-
ion for the period 2022-2026, arrived at two main findings.

The first finding — a systemic capacity gap, measurable by means of the proposed
Capacity Gap Index and supported by values below 100 across all observed years
— supports hypothesis H1 and implies that political rhetoric on successful European
war reindustrialization must be treated with caution. Announced targets and delivered
capacity differ in a way that is not incidental, but structurally determined. The second
finding — an indicative estimate of the deviation of the empirical learning curve in the
production of 155 mm shells from classical Wright's Law, with a learning rate in the
range of five to eight percent per doubling of cumulative production — is consistent
with hypothesis H2 and suggests that Boone’s revised model is a more adequate the-
oretical framework for contemporary defence production. Rigorous regression testing
on a systematically collected dataset remains beyond the scope of this article and is
identified as a subject for future research.

The contribution of the article is twofold. Conceptually, it proposes an operational
definition of war reindustrialization based on two measurable indicators — the capacity
gap and the learning economy — which move beyond the metaphorical use of the
term. Empirically, it provides one of the first systematic analyses of the relationship be-
tween announced and delivered capacities for 155 mm ammunition in the EU, togeth-
er with a preliminary, public-source-based assessment of Wright's Law applied, on an
exploratory basis, to the wartime ramp-up process of European artillery ammunition.

The limitations of the article are primarily related to the incompleteness of public
data on prices and capacity, as well as to the heterogeneity of sources that must be
triangulated in order to arrive at coherent aggregate values. Future research could
proceed in three directions: a deeper analysis of labour as a binding constraint on
war reindustrialization; the application of the CGl methodology to other segments of
defence production, such as air defence, armoured vehicles, and drones; and a quan-
titative comparison of the European learning curve with the Russian and American
cases, which would enable more robust generalizations about the limits of Wright's
Law under contemporary conditions of high-intensity warfare.
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