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Annexes and source register

Advanced Munitions Outlook 2026, version 5.0 — companion volume. Annexes A to G 
carry the supporting detail for the paper, referenced inline from it. The source register that 
follows numbers every source in citation order, so a superscript anywhere in the paper 
resolves directly to an entry here.

A  Annex A — Insensitive munitions: adoption in 
detail

Supporting detail for Section 2.4 and Figure 2, so the crossover model can be checked against 
the instruments themselves.

T H E  C L A U S E S  T H A T  D E C I D E  M A R K E T  E F F E C T

NATION THE CLAUSE THAT MATTERS

United Kingdom New acquisitions should be procured to comply; project teams should remain proactive in reviewing 

in-service munitions for improvement opportunities. The test is reasonableness and tolerability rather 

than absolute compliance, and no implementation date is stated. Version 2.0 of February 2026 

restructured the code without adding either14, 15

Canada Applies to all ammunition and explosives used by the department and the armed forces — the widest 

scope of any instrument reviewed — but exempted stock predating 2004 scheduled for replacement 

before 2020. That exemption has lapsed, making Canada the one country whose instrument now 

nominally reaches its fielded inventory16

United States Statutory direction to ensure, so far as practicable, that munitions under development or procurement 

remain safe when subjected to unplanned stimuli, supported by joint-service programmes and formal 

hazard-test standards. Exemptions cover current-inventory small arms without high-explosive fill, and 

cartridge- and propellant-actuated devices13

Italy, Norway, 

Australia

Italy grades three levels and is the only instrument reviewed making a specific test — heavy fragment 

impact — compulsory. Norway requires all procurement to demonstrate compliance with the NATO 

standard, with an operational-necessity exemption at the highest hazard division. Australia makes 

assessment mandatory within the safety case, so far as reasonably practicable, on new acquisitions 

only13

E U R O P E A N  N A T U R E S  N O W  I N  P R O D U C T I O N  O N  I N S E N S I T I V E  F I L L S

NATURE COUNTRY FILL ROUTE STATUS

LU211-M and successor France Melt-cast, non-TNT base 

explosive

Classified under the national scheme in 

1999; mass production at La Chapelle Saint-

Ursin82, 83, 87

DM121 Germany Cast-cured polymer-bonded, 

filled at Sorgues in France

Series production from late 201686

Vulcano 155 and 127 Italy Polymer-bonded Second-best reaction category across the 

test set; in production88

ROWANEX-filled United Cast-cured Demonstrated 2006 in 105mm, 4.5-inch and 
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NATURE COUNTRY FILL ROUTE STATUS

demonstrators Kingdom 155mm; survived 60,000 g across more than 

a hundred rounds; not taken to series90

M795 with insensitive 

fill

United States Melt-pour Approved July 2010; predominantly but not 

exclusively adopted — the Marine Corps 

retained the TNT version and the Army 

called TNT the primary fill in November 

2024124, 125

B  Annex B — The range ladder: supporting data

Supporting detail for Section 1 and Figure 1, covering the items not carried in the table at 
1.1.

ITEM FIGURE BASIS

M107 legacy shell 14.6 km at charge 7 on the older cannon; 18.1 km at charge 8 on 

the standard cannon. The shape limits it, so a longer barrel adds 

little

130 — sourced

M795 extended-

range development 

version

Specified at 26.5–28.5 km on 39 calibres and 34–36 on 52. Never 

fielded

130 — sourced

Rheinmetall 

extended-range 

charge

About +60 m/s over the standard charge at 21 °C; 950 m/s with a 

conventional shell on 52 calibres and 1,013 with a velocity-

enhanced one; +7,000 to +7,500 m of range; temperature-

independent propellant tested from −46 °C to +63 °C; stated to 

cost the barrel the same as a mid-zone charge rather than a top 

charge

5 — sourced, manufacturer-

published

Modular charge 

system

810 m/s mean muzzle velocity on five modules in a 39-calibre gun 

against 945 on six in a 52-calibre gun; up to 54 km with extended-

range shells; qualified across −46 °C to +63 °C; over 1.5 million 

modules produced

4 — sourced. The five-versus-six 

module explanation is derived6

Boeing / Nammo 

ramjet

Record for the longest indirect-fire test of a ramjet-powered 

artillery projectile, October 2023, from a 58-calibre development 

gun. No range figure appears in the primary release. The next 

phase adds a precision guidance section

25 — sourced. The widely repeated 

150 km is projected and carried by 

trade press

Tiberius Sceptre 

pricing

$52,000 a round at a thousand-round batch, explicitly excluding 

payload, fuel and fuze; $40,000–42,000 projected in volume. 

Separately the company publishes a cost per target destroyed of 

about $175,000–$206,000, against comparisons it draws at 

$720,000 for a guided round and $840,000 for conventional high 

explosive

117, 118 — sourced, company-stated. 

The two figures measure different 

things and must not be compared 

with each other

Payload fraction M795: 46.7 kg round carrying 10.8 kg of fill, about 23%. Guided 

Excalibur: 48 kg carrying 5.4 kg, about 11% — roughly half the 

payload fraction surrendered for two to three times the range

28, 29 — the first pair sourced, the 

second secondary; the comparison is 

derived

Guided-round unit 

cost

Published figures for the American guided round range from 

$68,000 to $258,777 depending on year and source; the highest is 

29 — secondary. Not a basis for a 

cost ratio without a primary budget 
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ITEM FIGURE BASIS

a procurement average across 7,474 rounds in one year document

C  Annex C — The chemistry, and how the costs 
were worked out

Written for a reader evaluating Sections 2 and 3 without a background in energetic materials, 
and showing the arithmetic behind every estimated figure so it can be argued with. It contains 
no formulations, ratios, synthesis routes or process parameters.

T H E  T W O  E N E R G E T I C  P R O D U C T S  I N  A  R O U N D

The fill is the high explosive inside the projectile body. The traditional Western route is melt-
pour: a carrier explosive is melted, other solids are mixed into it, and the mixture is poured 
into the body and allowed to set. TNT was the carrier for a century because it melts at a 
convenient temperature. The alternatives are cast-curing, where the explosive is held in a 
polymer that sets chemically, and pressing, where it is compacted into the body as a solid.

The charge is the propellant outside the projectile, in the gun chamber, that accelerates it. In 
a modern modular system it is a set of interchangeable combustible units — more units, more 
velocity, more range. Conventional charges are built on nitrocellulose. A composite charge 
would hold a nitramine explosive in a polymer binder instead.

W H Y  T H E  B I N D E R  Q U E S T I O N  D E C I D E S  T H E  E C O N O M I C S

Two kinds of binder are used. An inert binder holds the mixture together and contributes 
nothing energetic; it is an ordinary industrial polymer. An energetic binder such as GAP 
contributes energy as well, which is why it appears in every theoretical case for composite 
charges — published work calculates force constants up to about 1,487 joules per gramme at 
combustion temperatures conventional chemistry cannot reach at that energy97. The 
commercial difference between the two is very large, and it is the reason the inert route is the 
realistic first step.

ITEM FIGURE HOW IT WAS ARRIVED AT

Inert polymer binder, 

bulk grade

$5–10 per 

kilogramme

Derived. The world market is reported at $150–270m a year across three studies, 

on a volume of roughly 30–40 kt. $216m against 30–40 kt gives $5.4–7.2/kg. Cross-

check: a specialty polymer typically sells at four to seven times its monomer, and 

butadiene traded at $0.76–1.58/kg in August 2026, giving $3–11/kg. The two 

methods agree110, 111

Energetic azide binder $300–1,500 per 

kilogramme

Estimated. Its precursor is a commodity at $1.70–1.90/kg112, so the cost is entirely 

in processing. Production runs at tonne scale in licensed energetic plant against 

ten-thousand-tonne scale for the inert binder; standard scale economics give a 

factor of ten to thirty on fixed cost alone, before the hazard-rated plant premium. 

This supports the working assumption that it is an order of magnitude or more 

above the inert binder, and it is the reason no fielded propellant uses one

Energetics plant capital 

intensity

About €140,000 

per annual 

tonne

Derived from a sourced pair. €350m at Aschau to raise propellant powder 

output by about 2,500 tonnes a year116. Roughly ten times the intensity of the 

polymer plants that feed it — which is the single most useful ratio in this annex for 

anyone sizing a proposition
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ITEM FIGURE HOW IT WAS ARRIVED AT

Ammonia per tonne of 

energetic output

0.5–0.8 tonnes Derived. Ammonium nitrate carries 0.35 t of nitrogen per tonne, all from 

ammonia, giving 0.43 t of ammonia per tonne; nitric acid takes about 0.27. An 

operation running two to three tonnes of nitric acid per tonne of product therefore 

needs 0.5–0.8 t of ammonia per tonne

European ammonia 

cost disadvantage

$230–250 per 

tonne

Derived. Ammonia takes 33–36 units of gas per tonne. European gas averaged 

$10.40 per unit in 2024 against $2–4 in the United States; a $7 gap across 33–36 

units gives $231–252114

Small ammonia plant, 

20–50 kt/yr

$35–110m Derived. Published capital intensity for small ammonia plants is $1,700–2,250 per 

annual tonne, close to world-scale intensity rather than punitively above it115

D  Annex D — Charge modules and combustible 
cases

Supporting detail for Section 4.6, and for the six-module mechanism behind the ranges in 
Section 1.

A modular charge system replaces bagged charges with interchangeable combustible units, so 
range is set by how many are loaded. The same projectile therefore reaches materially 
different ranges on different charge families: the published figures are 810 metres per second 
mean muzzle velocity on five modules in a 39-calibre gun against 945 on six in a 52-calibre 
gun, with up to 54 kilometres available on extended-range shells4. The commercial 
consequence is exact. A buyer can hold a fully qualified extended-range projectile and still be 
range-limited by the charge family it was sold, and that is not a projectile defect. Projectile 
and charge must be quoted as a matched pair or the range claim is unsupportable.

Why platform design is now setting propellant demand. Every new self-propelled gun in the 
current record is designed around a six-module load, and BAE's re-barrelled M109 would 
migrate a large part of the Western 39-calibre fleet into the same regime23, 24. Charge demand 
is therefore being set by platform decisions taken now rather than by round consumption — 
and Europe's largest single announced charge-module addition is about six per cent of what 
the floor implies at six modules a round.

SUPPLIER POSITION STATUS

Nitrochemie Aschau 

(Rheinmetall)

Powder, combustible components and charge assembly on one site. 

Baseline 1,700 tonnes of powder and 300,000 modules a year, rising to 

over 4,200 tonnes and over 1.7 million modules at full rate; €350m 

within a €500m site programme and €650m group-wide; workforce 

from 800 to about 1,400

Foundation laid July 2026; 

gradual production from 2027, 

full capacity 20283, 116 — 

sourced

VEGA (Poland) Next-generation combustible cases for NATO modular charges, 

developed with the national armament technology institute. Existing 

line in 60–120mm mortar containers. Claims an operating band of −50 

°C to +70 °C, over ten years of storage stability, smokeless 

combustion with minimal barrel residue and a positive energy 

contribution

Announced July 2026; 

commercial entry stated for 

2027; no capacity published; all 

claims company-stated ahead of 

first showing40, 41 — low-to-

medium confidence

Base-bleed motors A separately scarce category, because base bleed bolts on as an 

interchangeable module rather than being integral to the body20. One 

80, 81 — medium confidence; 

contracted rather than 
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SUPPLIER POSITION STATUS

US supplier was awarded $24m in August 2026, with contracted 

output rising from about 336 tonnes a year to 1,400 and nothing 

produced before summer 2027, under an exclusive arrangement with a 

prime

demonstrated

E  Annex E — Process technology: the installed 
base

Supporting detail for Section 4.5. The argument rests on machines that exist and can be 
named.

SITE INSTALLATION CONFIDENCE

McAlester Army 

Ammunition Plant, 

Oklahoma

A 55-gallon-class acoustic mixer serving a 5.5-acre multi-purpose loading 

facility for near-net-shape polymer-bonded loading; about $4m through Army 

contracting; final installation announced May 2024. A smaller predecessor 

unit is credited by the vendor with over $20m of savings

High on the 

installation; vendor 

savings claims are 

marketing34, 35

US Navy energetics 

centre, Maryland

A smaller acoustic mixer replacing conventional vertical mixing on a warhead 

filling line; about $1m of annual saving on one line for a two-and-a-half-year 

payback, a reduced footprint, and nothing mechanical in contact with the 

explosive

Medium-high38

BAE Systems Glascoed, 

Wales

Bench-scale acoustic mixers for polymer-bonded explosive; BAE claims 

roughly a twenty per cent increase in explosive power, reduced mixing time 

and reduced waste, with production scale-up stated as the intent

Medium-high — 

pilot rather than 

production36

STV Group, Polička, 

Czechia

Single-spindle screw-extrusion filling machine on solid explosive, launched 

August 2023, extended from 122mm to 81mm, 120mm and 155mm; 56,000–

150,000 pieces a year depending on calibre; a second unit intended

High32

Three qualifications apply. The documented ladder runs from bench units through about 36 
kilogrammes to about 400 kilogrammes a batch, and it is a British ladder as well as an 
American one — but the British rung is a pilot, and a pilot is not production. Adoption is 
tracked by NATO's munitions safety centre, which has run repeated technical meetings on the 
safety implications, so a national safety authority will have views39. And the vendors do not 
publish: acoustic mixing, screw extrusion and nitrocellulose plant construction are each 
supplied by very few firms, none of which discloses an order book. No new production-scale 
acoustic mixing installation was announced anywhere in 2026. The proxies that do work are 
planning and environmental permits, which name a process before the plant is built; 
recruitment for named process-engineering skills; and the vendors' own installation 
announcements, which lag but do appear. Direct enquiry closes the remainder and is the 
cheapest market intelligence available in this sector.
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F  Annex F — The standing judgements of Outlook 
01

Outlook 01 of July 2026 remains the standing baseline, and its thirty-million-round floor is the 
denominator used throughout this paper. Its seven judgements are carried forward with the 
position at the end of August 2026.

JUDGEMENT POSITION

KJ1 European rearmament is structural, not 

a spike tied to Ukraine

Confirmed, high. The NATO Ankara declaration and its €70bn pledge with a 

2027 equivalence clause1

KJ2 The binding constraint has moved from 

shell bodies to explosives and to filling 

and assembly

Confirmed and corrected. The constraint is real but sits at the charge rather 

than at filling — see 4.1. A Spanish permit authorising 22,500 tonnes a year of 

inert components, and stating that explosive charge is never produced or loaded 

on the site, remains the cleanest illustration of the split55. Explosives is not one 

lane: propellant, nitramines and charge assembly are not equally constrained197

KJ3 Europe's TNT and nitramine base is 

critically narrow through at least 2028–

29

Confirmed and now quantified. NATO-accessible TNT supports 0.9–1.5m 

rounds a year today and 2.8–4.5m by 2029 if all five projects land198

KJ4 The bottleneck finding is robust to the 

reserve assumption

Confirmed, and sharpened. The $469m Texas plant makes shell bodies, and 

its failure is attributed to flow-forming process capability against the steel 

specification rather than to conversion64, 182, 183. The stage arithmetic at 4.1 

locates the bottleneck at the charge

KJ5 Precursor dependencies are an unpriced 

single point of failure

Confirmed, raised. And extended a level upstream at 3.3 — hexamine, 

formaldehyde and toluene were missing from the map

KJ6 A second wave of private and public–

private capacity is highly likely to be 

required

Confirmed, high. Flat capital spending against rising order books2; over eighty 

per cent rejected on the first European energetics call44; government guidance 

stating venture capital is expected to carry the majority9

KJ7 Demand survives a ceasefire Confirmed at the contracted layer. The uncontracted coalition layer is 

exposed to member-state electoral politics on a six-to-eighteen-month cycle, 

independently of the war's status

G  Annex G — Assumptions and confidence register

Every load-bearing assumption, what it rests on, and what happens to the argument if it fails.

ASSUMPTION BASIS IF IT FAILS

The thirty-million-round floor 

and its derived rates remain 

the right denominators

Sourced to Outlook 01 and carried 

forward unchanged

Every share in Figure 4 moves proportionally. The 

ranking between stages survives, because all five use 

the same denominator family — filling would still be 

the thinnest

Insensitive share tracks new 

build rather than retrofit

Sourced: no compliance deadline in any 

of nine instruments; only Canada and the 

UK reach fielded stock, both softly12, 13, 14, 

16

The crossover arrives sooner and steeper, and the 

recommendation to specify a plant for both routes 

becomes more valuable rather than less. The 

argument does not invert
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ASSUMPTION BASIS IF IT FAILS

Artillery is self-sufficient to 

about forty kilometres and 

needs help beyond it

Sourced on the reconnaissance reach and 

the target-density evidence101, 102; the 

boundary itself is derived

The extended-range market is larger than assessed 

and Section 1's recommendation weakens. The 

corollary on conventional natures is unaffected — it 

does not depend on the boundary

No qualified composite or 

energetic-binder charge 

exists anywhere

Sourced as an absence across the 

national programme record, and 

consistent with twenty years of published 

research reaching demonstration but not 

qualification94, 95, 96, 98

If a national tender or a producer announcement 

appears, the opening is being taken by someone else 

and the window is shorter than assessed. Indicator 3 

watches for it

Bulk polymer binder costs 

$5–10 per kilogramme and 

the exposure is structural 

rather than financial

Derived by two independent methods that 

agree, from sourced market value, volume 

and feedstock price110, 111

If the qualified grade proves far more expensive or 

supply-constrained than assessed, the composite 

case weakens on cost as well as on qualification. 

Indicator 8 watches for a third qualified source

Europe can secure ammonia 

at defence scale cheaply

Derived from sourced capacity, gas-cost 

and capital-intensity figures, with the 

arithmetic shown at Annex C113, 114, 115

If European capacity closes faster than forecast, the 

offtake route narrows and the modular-plant route 

becomes the only one — which raises the capital 

requirement to $35–110m and no further

The charge is the narrowest 

European stage, and filling is 

not

Derived from a site census of 136 plants 

worldwide and 42 in Europe, ten with 

published capacities, set against the 

floor's derived rates197, 198. The tonnage-to-

rounds conversions use 6–11 kg of fill and 

about 9 kg of propellant a round

The conversion factors are the soft point: a heavier 

average fill or a lower average charge zone moves 

the shares by tens of per cent. The ranking survives 

either way, because propellant and modules are 

short by a factor of two to ten while filling is short by 

a factor well under two

The forty-two European 

filling sites without 

published figures average 

meaningful throughput

Estimated. Ten of forty-two publish 

capacity; the remainder are assumed to 

average enough to bring the stage to 3–

3.8m rounds a year

If the unpublished thirty-two are mostly small or 

mostly committed to other calibres, filling returns to 

being a genuine constraint and the first position at 

6.1 changes back. Direct enquiry closes this, and it is 

the single most valuable piece of primary research 

available on this question

The joint European 

qualification programme 

lands as written

Sourced on funding, participation and 

objective; timeline and legal mechanism 

unpublished43

The addressable market reverts to one country at a 

time and the cost-of-proof measures at 5.3 become 

the only route. Assessed as a realistic possibility at 

low confidence

Source register

Every source cited in the paper, numbered in citation order so a superscript in the text 
resolves directly to an entry here. Where a claim rests on a relay rather than on the issuing 
authority, or on a single secondary outlet, that is stated in the paper at the point the claim is 
made rather than buried in this list.

1 NATO — The Ankara Summit Declaration, 8 July 2026. 

https://www.nato.int/en/about-us/official-texts-and-resources/official-

texts/2026/07/08/the-ankara-summit-declaration

111 BusinessAnalytiq — Butadiene price index, August 2026. 

https://businessanalytiq.com/procurementanalytics/index/butadiene-price-

index/

2 Rheinmetall AG — Half-yearly financial report H1 2026, 6 August 2026. 

https://www.rheinmetall.com/en/media/news-watch/news/2026/08/2026-

08-06-rheinmetall-news-half-yearly-financial-report-h1

112 AlchemPro — Global epichlorohydrin market: pricing trends and demand 

outlook, 2025. https://www.alchempro.com/industry-article/10715/global-

epichlorohydrin-market-pricing-trends-and-demand-outlook
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3 Rheinmetall AG — Foundation-laying ceremony, Aschau powder plant, 23 

July 2026. 

https://www.rheinmetall.com/en/media/news-watch/news/2026/07/2026-

07-23-rheinmetall-foundation-laying-ceremony-aschau-powder-plant

113 CF Industries — Billingham ammonia plant permanent closure, July 2023. 

https://www.cfindustries.com/newsroom/2023/billingham-ammonia-plant

4 Rheinmetall AG — 155mm Artillery Modular Charge System brochure 

(PDF). https://www.rheinmetall.com/Rheinmetall%20Group/brochure-

download/Weapon-Ammmunition/B284e0920-155mm-artillery-modular-

charge-system.pdf

114 CRU / BC Insight — The future of the European nitrogen industry, January 

2025. https://www.bcinsight.crugroup.com/2025/01/31/the-future-of-the-

european-nitrogen-industry/

5 Rheinmetall AG — Extended range charge for 155mm artillery, brochure 

B323e0522 (PDF). 

https://www.rheinmetall.com/Rheinmetall%20Group/brochure-download/

Weapon-Ammmunition/B323e0522-Extended-range-charge-for-155mm-

artillery.pdf

115 Ammonia Energy Association — The capital intensity of small-scale 

ammonia plants. https://ammoniaenergy.org/articles/the-capital-intensity-

of-small-scale-ammonia-plants/

6 Defense Express — Rheinmetall Ukraine contract with DM72 modular 

charges enabling full 40 km range, 8 July 2026. https://en.defence-

ua.com/weapon_and_tech/rheinmetall_gets_another_ukraine_artillery_cont

ract_this_time_with_dm72_modular_charges_enabling_full_40km_maximu

m_range-19063.html

116 Euro-SD — Rheinmetall powder plant foundation laying at Aschau am Inn, 

July 2026. https://euro-sd.com/2026/07/news/52524/rheinmetall-powder-

plant-foundation-laying-in-aschau-am-inn/

7 Northrop Grumman — Second quarter 2026 results, 29 July 2026. 

https://investor.northropgrumman.com/static-files/eeecbac8-4b29-4887-

81fd-835451a46927

117 EDR Magazine — Sceptre: ramjet-powered 155mm artillery ammunition 

from Tiberius Aerospace, May 2025. https://www.edrmagazine.eu/sceptre-

ramjet-powered-155-mm-artillery-ammo-long-range-and-high-accuracy-

silicon-valley-style-from-tiberius-aerospace

8 Breaking Defense — With the boom for solid rocket motors, a perilous 

crunch in the supply chain. https://breakingdefense.com/2026/01/with-the-

boom-for-solid-rocket-motors-for-missiles-a-perilous-crunch-in-the-supply-

chain/

118 Tiberius Aerospace — Sceptre product and cost-per-effect pages, accessed 

August 2026. https://www.tiberius.com/sceptre

9 GOV.UK — New energetics factories for the UK, guidance, published 20 

November 2025, updated 23 June 2026. https://www.gov.uk/guidance/new-

energetics-factories-for-the-uk

119 Military Times — US Army seeks to manufacture 30,000 155mm area-

effects shells per year (XM1208 C-DAEM), November 2025. 

https://www.militarytimes.com/news/your-military/2025/11/25/us-army-

wants-to-manufacture-30000-155mm-cluster-shells-per-year/

10 GOV.UK — Funding boost for British companies to supercharge UK 

munitions production, 29 July 2026. 

https://www.gov.uk/government/news/funding-boost-for-british-companies-

to-supercharge-uk-munitions-production

120 EDR Magazine — SMArt 155 returns to production. 

https://www.edrmagazine.eu/smart-is-back

11 Contracts Finder — Notice behind the UK energetics factories programme. 

https://www.contractsfinder.service.gov.uk/notice/5fa133e1-15e8-4497-

b32a-b763cc7a644a

121 Army Recognition — BAE Systems MDACS: 155mm artillery as a shield 

against drone and cruise-missile saturation, 2026. 

https://www.armyrecognition.com/news/army-news/2026/bae-systems-

mdacs-signals-return-of-155mm-artillery-as-new-shield-against-drone-and-

cruise-missile-saturation

12 IMEMG (European Insensitive Munitions and Energetic Materials Group) 

— IM policies and regulations. https://imemg.org/im-community/im-

policies-and-regulations/

122 KNDS — 155 KATANA precision-guided munition. 

https://knds.com/en/products/ammunition/155-katana

13 NDIA IMEMTS — Collet, Supporting Munitions Safety: review of IM 

policies across the nations, 2022 (PDF). 

https://ndia.dtic.mil/wp-content/uploads/2022/imem/Tues_Collet4.pdf

123 Wikipedia — M1156 Precision Guidance Kit (secondary; used for delivered 

quantities and accuracy class). 

https://en.wikipedia.org/wiki/M1156_precision_guidance_kit

14 UK Defence Safety Authority — DSA 03.OME Part 1, DCOP 112, OME 

Vulnerability (Insensitive Munitions), version 2.0, February 2026 (PDF). 

https://assets.publishing.service.gov.uk/media/69b1602acdd628b29e34962

3/DSA_03.OME_Part_1-

DCOP112_OME_Vulnerability__Insensitive_Munitions___v2.0_Feb_26_.pdf

124 BAE Systems — IMX-101 approved to replace TNT in US Army artillery, 

July 2010. https://www.baesystems.com/en/article/bae-systems-imx-101-

explosive-approved-to-replace-tnt-in-u-s--army-artillery

15 UK Ministry of Defence — JSP 520 Chapter 11, October 2019 (PDF). 

https://assets.publishing.service.gov.uk/media/5ee89f1686650c03f0a43044

/DSA_03_JSP_520_CHAPTER_11_OCT_19.pdf

125 US Army — Army awards contract for domestic TNT production, 8 

November 2024. 

https://www.army.mil/article/281247/u_s_army_awards_contract_for_dome

stic_tnt_production
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16 Government of Canada — DAOD 3002-2, Insensitive Munitions, issued 30 

July 2004, last amended 5 December 2017. 

https://www.canada.ca/en/department-national-defence/corporate/policies-

standards/defence-administrative-orders-directives/3000-series/3002/3002-

2-insensitive-munitions.html

126 Defense News — Army races to widen the bottlenecks of artillery shell 

production, October 2024. 

https://www.defensenews.com/land/2024/10/14/army-races-to-widen-the-

bottlenecks-of-artillery-shell-production/

17 Balas-Hummers et al. — The Insensitive TNT Replacement Explosive IMX-

101, IMEMTS 2010 (PDF). https://imemg.org/wp-content/uploads/IMEMTS

%202010/papers/Balas-Hummers-10469_The%20Insensitive%20TNT

%20Replacement%20Explosive%20IMX-101_IMEMTS2010-Paper.pdf

127 Forecast International — The energetics bottleneck threatening US 

munitions production, June 2026. 

https://dsm.forecastinternational.com/2026/06/24/the-energetics-

bottleneck-threatening-u-s-munitions-production/

18 Patel — 155mm HE Projectile Qualification Program, IMEMTS 2010 (PDF). 

https://imemg.org/wp-content/uploads/IMEMTS%202010/papers/Patel-

10560_155MM%20HE%20Projectile%20Qualification

%20Program_IMEMTS2010-Paper.pdf

128 10 USC §148 — Joint Energetics Transition Office, established by the 

FY2024 National Defense Authorization Act. 

https://uscode.house.gov/view.xhtml?req=granuleid%3AUSC-prelim-

title10-section148&num=0&edition=prelim

19 NDIA Armaments Forum 2010 — Cumberland, DiStasio and Ervin, M795 

IM qualification (PDF). 

https://ndia.dtic.mil/wp-content/uploads/2010/armament/WednesdayCumb

erlandAnthonyDiStasio_MichaelErvin.pdf

129 General Dynamics OTS — M231 / M232A1 Modular Artillery Charge 

System datasheet, 2025 (PDF). 

https://www.gdots.com/wp-content/uploads/2025/07/400002984-MACS-

M231-M23A1-Propellant-and-Propulsion-2.pdf

20 Nammo — 155mm series, large calibre ammunition product pages. 

https://www.nammo.com/products/ammunition/large-caliber-ammunition/

155-mm-series/

130 Wikipedia — M795 projectile and M107 projectile (secondary; used for 

published maximum ranges by charge and cannon). 

https://en.wikipedia.org/wiki/M795_projectile

21 Leonardo — Vulcano 155 datasheet (PDF). 

https://electronics.leonardo.com/documents/16277707/0/Vulcano+155+

(MM08723)_HQ.pdf

131 Interesting Engineering — China reports the first gun-fired drone 

launched from a 155mm shell, 2025. 

https://interestingengineering.com/military/china-builds-world-first-

artillery-fired-drones

22 EDR Magazine — Eurosatory 2026: Leonardo details progress on Vulcano 

land ammunition. https://www.edrmagazine.eu/eurosatory-2026-leonardo-

details-progresses-on-vulcano-land-ammunition

132 Additive Manufacturing Media — 5-inch US Navy artillery projectile bodies 

produced by robotic wire-arc directed energy deposition instead of forging 

(Big Metal Additive, Denver). 

https://www.additivemanufacturing.media/articles/video-5-diameter-navy-

artillery-rounds-made-through-robot-ded-instead-of-forging

23 EDR Magazine — Eurosatory 2026: BAE Systems details its artillery 

programmes. https://www.edrmagazine.eu/eurosatory-2026-bae-systems-

details-its-artillery-programmes

133 US Army DEVCOM Army Research Laboratory — Science of Additive 

Manufacturing for Next Generation Munitions (SAMM) essential research 

programme. https://arl.devcom.army.mil/what-we-do/samm/

24 MILMAG — Eurosatory 2026: European premiere of the BAE Systems 

M109-52 howitzer. https://milmag.pl/en/eurosatory-2026-european-

premiere-of-the-bae-systems-m109-52-howitzer/

134 Eureka Magazine — How Project TAMPA is transforming the UK Ministry 

of Defence with additive manufacturing. 

https://www.eurekamagazine.co.uk/content/technology/how-project-tampa-

is-transforming-the-uk-ministry-of-defence-with-additive-manufacturing

25 Boeing — Boeing, Nammo Ramjet 155 test sets distance record, 9 October 

2023. https://boeing.mediaroom.com/news-releases-statements?

item=131337

135 3D Printing Industry — UK Defence Science and Technology Laboratory 

plans to print high explosives, using material extrusion with resonant 

acoustic mixing. https://3dprintingindustry.com/news/uk-defence-agency-

plans-to-3d-print-high-explosives-169082/

26 RUSI — Special Report 359, Preliminary Lessons in Conventional 

Warfighting from Russia's Invasion of Ukraine: February–July 2022 (PDF). 

https://static.rusi.org/359-SR-Ukraine-Preliminary-Lessons-Feb-July-2022-

web-final.pdf

136 NSWC Indian Head — Energetics Manufacturing Technology Center, 

additive manufacturing for propellants project sheet (PDF). 

https://www.navsea.navy.mil/Portals/103/Documents/NSWC_Indian_Head/

EMTC/EMTC_Energetics_Projects_5_Additive.pdf

27 Johnston, I A — Understanding and Predicting Gun Barrel Erosion, DSTO-

TR-1757, Defence Science and Technology Organisation, 2005 (DTIC 

ADA440938). https://apps.dtic.mil/sti/pdfs/ADA440938.pdf

137 US Department of Defense — DoD Instruction 5000.93, Use of Additive 

Manufacturing in the Department of Defense (PDF). https://static.e-

publishing.af.mil/production/1/saf_aq/publication/dodi5000.93_dafi63-

149/dodi5000.93_dafi63-149.pdf

28 GlobalSecurity.org — M795 155mm projectile. 

https://www.globalsecurity.org/military/systems/munitions/m795.htm

138 Eurenco — Eurenco and Day & Zimmermann awarded a $966.7m five-year 

US Army contract for 155mm modular artillery charge system combustible 

cases, 17 October 2023. https://eurenco.com/eurenco-and-day-

zimmermann-announce-the-award-of-966m-five-year-us-army-contract-for-

155mm-macs/
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29 Wikipedia — M982 Excalibur (secondary source; used only for the payload-

fraction comparison, and flagged as such). 

https://en.wikipedia.org/wiki/M982_Excalibur

139 Defence Industry Europe — General Dynamics and Firehawk Aerospace 

partner to expand 155mm base-bleed motor production capacity. 

https://defence-industry.eu/general-dynamics-and-firehawk-aerospace-

partner-to-expand-155mm-base-bleed-motor-production-capacity/

30 US Army — Yuma Proving Ground tests the Next Generation Rocket 

Assisted Projectile. 

https://www.army.mil/article/290478/u_s_army_yuma_proving_ground_test

s_next_generation_rocket_assisted_projectile

140 US Patent 7,578,238 — Base bleed boat-tail converter replacing a 

standard projectile base (threaded base interface art). 

https://patents.google.com/patent/US7578238B1/en

31 Army Recognition — US to produce 180,000 155mm artillery shells 

annually in Poland (austempered ductile iron route), 16 February 2026. 

https://www.armyrecognition.com/news/army-news/2026/u-s-to-produce-

180-000-155mm-artillery-shells-annually-in-poland

141 Chemring Group — Chemring Nobel expansion and second-facility 

feasibility study, 10 October 2024. 

https://www.chemring.com/media/press-releases/2024/10-10-2024

32 STV Group — The launch of a new line for filling artillery shells, August 

2023. https://www.stvgroup.cz/en/news/the-launch-of-a-new-line-for-filling-

not-only-artillery-shells-is-the-beginning-of-a-new-era-for-stv-group

142 Northrop Grumman — Long-term HMX supply agreement with Chemring 

Nobel of Norway. 

https://news.northropgrumman.com/armaments/northrop-grumman-

secures-long-term-supply-agreement-with-norways-chemring-nobel

33 Konštrukta-Industry / KOTA — SA-14 screw extrusion filling machine. 

https://kotaind.sk/sa-14-screw-extrusion-filling

143 EDR Magazine — BAE Systems Ordnance Systems Inc: more and improved 

ammunition and energetics for the US and its allies (Holston and Radford). 

https://www.edrmagazine.eu/bae-systems-ordnance-systems-inc-more-and-

improved-ammunition-and-energetics-for-the-us-and-its-allies

34 Resodyn Acoustic Mixers — Final installation of the RAM 55 H at 

McAlester Army Ammunition Plant, 16 May 2024. 

https://resodyn.com/2024/05/16/the-mcalester-army-ammunition-plant-

mcaap-in-mcalester-oklahoma-has-announced-the-final-installation-of-a-

revolutionary-new-ram-55-h-mixing-system/

144 Fraunhofer ICT — Energetic materials: synthesis and processing to pilot 

scale. https://www.ict.fraunhofer.de/en/research/em.html

35 US Army — ACC-RI fulfils mixers requirement for the new McAlester Army 

Ammunition Plant facility. 

https://www.army.mil/article/282521/acc_ri_fulfills_mixers_requirement_fo

r_new_mcalester_army_ammunition_plant_facility

145 Purdue University — Purdue Energetics Research Center programme on 

continuous-flow manufacturing and acoustic mixing, 2025. 

https://www.purdue.edu/newsroom/2025/Q3/purdue-energetics-research-

center-aims-to-modernize-manufacturing-of-energetic-materials/

36 BAE Systems — New mixing technology achieves more explosive power. 

https://www.baesystems.com/en/article/new-mixing-technology-achieves-

more-explosive-power

146 TURDEF — MKE begins serial production of RDX, HMX and CMX at the 

Kırıkkale energetic materials facility. https://turdef.com/article/mke-inc-

started-the-serial-production-of-rdx-hmx-and-cmx

37 Cranfield University — Explosives Formulations Facility, Centre for 

Defence Chemistry. https://www.cranfield.ac.uk/facilities/explosives-

formulations-facility

147 Samyang Fine Chemical — glycidyl azide polymer product page. 

https://syfc.co.kr/en/gap/

38 NSWC Indian Head — Energetics Manufacturing Technology Center, 

resonant acoustic mixing project sheet (PDF). 

https://www.navsea.navy.mil/Portals/103/Documents/NSWC_Indian_Head/

EMTC/EMTC_Energetics_Projects_1_RAM.pdf

148 MarketsandMarkets — HTPB market: Evonik and Total Cray Valley as the 

leading producers. https://www.marketsandmarketsblog.com/htpb-market-

growth-analysis-evonik-and-total-cray-valley-are-the-leading-players.html

39 NATO MSIAC — Resonant acoustic mixing applied to energetic material 

(L-245). https://www.msiac.nato.int/publication/l-245-resonant-acoustic-

mixing-applied-to-energetic-material/

149 Danish Defence Intelligence Service assessment, reported February 2025 

— Russian capability timelines following a reduction in fighting in Ukraine. 

https://militarnyi.com/en/news/local-war-in-six-months-and-russian-

aggression-against-the-eu-in-five-danish-intelligence-forecast/

40 MILMAG — Polish company VEGA develops next-generation MACS 

combustible cases for 155mm NATO modular artillery charges, 1 July 

2026. https://milmag.pl/en/polish-company-vega-develops-next-generation-

macs-combustible-cases-for-155mm-nato-modular-artillery-charges/

150 International Centre for Defence and Security — Signals from the north: 

what Nordic and Baltic intelligence assessments reveal about Russia. 

https://icds.ee/en/signals-from-the-north-what-nordic-and-baltic-

intelligence-assessments-reveal-about-russia/

41 Targi Kielce — MSPO 2026: VEGA advances technologies for next-

generation ammunition, 28 July 2026. https://www.targikielce.pl/en/about-

us/news/mspo-2026-vega-a-polish-manufacturer-advances-technologies-for-

next-generation-ammunition,81627

151 ERR News — Nineteen highlights from the Estonian Foreign Intelligence 

Service report 2026. https://news.err.ee/1609935941/19-highlights-from-

estonia-s-foreign-intelligence-service-report-2026

42 Defence Industry Europe — BAE Systems develops new explosives and 

propellants to boost the UK munitions supply chain, 21 April 2025. 

152 UK House of Commons Defence Committee — Ready for War?, 4 February 

2024. 
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https://defence-industry.eu/bae-systems-develops-new-explosives-and-

propellants-to-boost-uk-munitions-supply-chain/

https://publications.parliament.uk/pa/cm5804/cmselect/cmdfence/26/

report.html

43 European Defence Agency — EDA to coordinate ammunition qualification 

tests, 30 March 2026. 

https://eda.europa.eu/news-and-events/news/2026/03/30/eda-to-coordinate-

ammunition-qualification-tests

153 Breaking Defense — NATO identifies $145bn in munitions and air-defence 

requirements, March 2026. https://breakingdefense.com/2026/03/nato-

sees-145b-in-munitions-needs-as-members-all-hit-2-percent-gdp-for-first-

time/

44 European Commission — First EDIP call closes and receives a high 

number of proposals, 17 June 2026. https://defence-industry-

space.ec.europa.eu/first-edip-call-closes-and-receives-high-number-

proposals-2026-06-17_en

154 European Parliamentary Research Service — EU ammunition production 

capacity, At a Glance, 2025 (PDF). 

https://www.europarl.europa.eu/RegData/etudes/ATAG/2025/779178/EPRS

_ATA(2025)779178_EN.pdf

45 Ministry of Defence of Ukraine — One billion for explosives, low-cost 

missiles, and agreements with Airbus and Saab: key takeaways from 

Brave1 Advantage. https://mod.gov.ua/en/news/one-billion-for-explosives-

low-cost-missiles-and-agreements-with-airbus-and-saab-key-takeaways-

from-brave1-advantage

155 Defence Industry Europe — NSPA signs €1.1bn 155mm artillery 

ammunition contracts under the Ammunition Support Partnership, 23 

January 2024. https://defence-industry.eu/nspa-signs-eur-1-1-billion-

contracts-with-knds-and-junghans-defence-for-artillery-ammunition/

46 BRAVETECH EU — EU and Ukraine joint defence-technology programme. 

https://eu.brave1.tech/

156 Rheinmetall — Framework contract for 155mm artillery ammunition, 20 

June 2024. 

https://www.rheinmetall.com/en/media/news-watch/news/2024/06/2024-

06-20-rheinmetall-receives-framework-contract-for-155mm-ammunition

47 Ministry of Defence of Ukraine via GlobalSecurity — Brave1 launches new 

grants for defence technology projects, 13 July 2026. 

https://www.globalsecurity.org/wmd/library/news/ukraine/2026/07/ukraine

-260713-ukraine-mod02.htm

157 Calibre Defence — Sweden turns to Hanwha for Archer artillery charges 

as the ammunition shortage bites, 15 October 2025. 

https://www.calibredefence.co.uk/sweden-taps-hanwha-for-archer-artillery-

charges-as-ammo-shortage-bites/

48 Chemring Group PLC — Interim results for the six months to 30 April 2026 

(PDF), 2 June 2026. https://www.chemring.com/~/media/Files/C/Chemring-

V3/press-releases/interim-results-2026.pdf

158 Finnish Ministry of Defence via GlobalSecurity — Nordic technical 

arrangement on harmonised ammunition certification with mutual 

recognition, 6 March 2025. 

https://www.globalsecurity.org/military/library/news/2025/03/mil-250306-

finmod01.htm

49 News in English (Norway) — Opponents blast plans for an explosives plant 

in a forest along the Oslo Fjord, 25 July 2026. 

https://www.newsinenglish.no/2026/07/25/opponents-blast-plans-for-

explosives-plant-in-a-forest-along-the-oslo-fjord/

159 Gleiss Lutz — EDIP Regulation (EU) 2025/2643 takes force: priority 

orders, reserve capacity and the FAST fund. 

https://www.gleisslutz.com/en/know-how/edip-takes-force-new-rules-arms-

industry-and-its-supply-chain

50 Government of Canada — Investment of C$1.4 billion into domestic 

ammunition production, 18 March 2026. 

https://www.canada.ca/en/department-national-defence/news/2026/03/

minister-mcguinty-announces-investment-of-1-4-billion-into-domestic-

ammunition-production.html

160 Breaking Defense — Poland invests in the production of 155mm 

ammunition (PLN 2.4bn recapitalisation of PGZ subsidiaries), July 2025. 

https://breakingdefense.com/2025/07/poland-invests-in-the-production-of-

155-mm-ammunition/

51 US Army — Army and industry partner open new artillery assembly 

facility, Kansas Army Ammunition Plant, April 2026. 

https://www.army.mil/article/291708/us_army_industry_partner_open_new

_artillery_assembly_facility

161 Estonian Centre for Defence Investment — Defence Investments 2025–

2029. https://www.kaitseinvesteeringud.ee/en/organisation/defence-

investments-2025-2029/

52 MSM Group — Contract to build the most advanced ammunition loading 

facility in North America (Iowa Future Artillery Complex), 18 August 2025. 

https://www.msm.sk/en/contract-to-build-the-most-advanced-ammunition-

loading-facility-in-north-america/

162 Defence Industry Europe — Nordic countries sign a strategic ammunition 

partnership agreement with Nammo. https://defence-industry.eu/nordic-

countries-sign-strategic-ammunition-partnership-agreement-with-nammo/

53 Czechoslovak Group — H1 2026 results, 7 August 2026. 

https://www.globenewswire.com/news-release/2026/08/07/3340917/0/en/

csg-h1-2026-results-continued-strong-growth-across-core-markets-

position-developed-in-advanced-technologies-leadership-team-

strengthened-for-global-scale.html

163 DefenseScoop — Army battalions facing reconnaissance and security gaps; 

service wants new drone to close them (battalion reconnaissance UAS 

requirement: greater than 40 km range, more than five hours endurance), 

4 May 2026. https://defensescoop.com/2026/05/04/army-battalions-facing-

reconnaissance-security-gaps-service-wants-new-drone-close-them/

54 Defense Express — UK aimed for a sixteen-fold output boost in 155mm 

shells but BAE's new plant is six months behind schedule. 

https://en.defence-ua.com/industries/uk_aimed_for_16_output_boost_in_15

5mm_shells_for_ukraine_but_baes_new_plant_is_already_six_months_behin

164 Militarnyi — The kill zone of modern warfare: size and structure, control 

and means of destruction (grey zone 0.5-2 km spring 2024 to 5-7 km April 

2025; FPV strike 25-30 km; fibre-optic 20 km with 30 and 40 km spools in 

development). https://militarnyi.com/en/articles/the-kill-zone-of-modern-
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d_schedule-17528.html warfare-size-and-structure-control-and-means-of-destruction-survival-and-

shifting-the-lines/

55 Infodefensa — Rheinmetall receives environmental authorisation for the 

Navalmoral de la Mata ammunition plant expansion, 4 May 2026. 

https://www.infodefensa.com/texto-diario/mostrar/5867911/rheinmetall-

recibe-luz-verde-ambiental-ampliacion-fabrica-municion-navalmoral-mata-

rozara-600-empleados

165 Aeronaut — Best Ukrainian reconnaissance UAVs (Spectator-M1 30-35 km; 

Furia and Leleka ~50 km; Shark 60-80 km; PD-2 85 km; Raybird-3 to 220 

km). https://aeronaut.media/articles-en/en-best-ukrainian-uavs-part-1/

56 Defense News — Swedish and Polish firms invest in TNT plants to quench 

Europe's ammo thirst, 14 April 2026. 

https://www.defensenews.com/global/europe/2026/04/14/swedish-polish-

firms-invest-in-tnt-plants-to-quench-europes-ammo-thirst/

166 UK Defence Journal — British Army fields 10,000 drones in six months 

(British effort concentrated in the 20 km band while Ukrainian forces aim 

for 70-100 km), 27 June 2026. https://ukdefencejournal.org.uk/british-

army-fields-10000-drones-in-six-months/

57 Army Technology — Sweden Ballistics (SWEBAL) Nora TNT plant. 

https://www.army-technology.com/news/sweden-ballistic-nora-tnt-plant/

167 ArmyInform — Fifty kilometres under surveillance: how Ukrainian 

reconnaissance wings are turning the enemy rear into a continuous kill 

zone (42nd Mechanised Brigade reconnaissance wing), 2 June 2026. 

https://armyinform.com.ua/en/2026/06/02/50-kilometers-under-

surveillance-how-ukrainian-reconnaissance-wings-are-turning-the-enemy-

rear-into-a-continuous-kill-zone/

58 Evonik — Evonik expands global production of hydroxyl-terminated 

polybutadienes, February 2026. https://www.evonik.com/en/news/press-

releases/2026/02/evonik-expands-global-production-of-hydroxyl-

terminated-polybutadienes.html

168 NATO STANAG 4582 - stability test for nitrocellulose-based propellants by 

heat flow calorimetry; ten years of storage at 25 degrees C certified from 

34.8 days at 70 degrees C, 10.6 at 80, 3.43 at 90. 

https://standards.globalspec.com/std/1016888/stanag-4582

59 USDA — World Agricultural Supply and Demand Estimates, August 2026 

(PDF). https://www.usda.gov/oce/commodity/wasde/wasde0826.pdf

169 NAVSEAINST 8020.5C - Navy qualification and final (type) qualification 

procedures for explosives; accelerated ageing protocol bounded at 60 

degrees C to eight months or 70 degrees C to six, with the ambient leg 

running until final qualification rather than gating it. 

https://archive.org/stream/DTIC_ADA509544/DTIC_ADA509544_djvu.txt

60 South China Morning Post — Could China strangle Europe's weapons 

output with cotton? 

https://www.scmp.com/economy/global-economy/article/3266505/could-

china-strangle-europes-weapons-output-cotton

170 Energetic Materials Technical Working Group - AOP-7 paper, 2024: ageing 

programmes may submit partial results, with completion required before 

service approval rather than before type qualification. 

https://imemg.org/wp-content/uploads/2024/05/24006_Paper-EMTWG-

AOP-7-_-2-14-2024.pdf

61 D&M Holding Company — acquisition of EKOCHEM 94 s.r.o. of Pardubice, 

completed 3 June 2026. https://www.dmholding.com/press-releases/dm-

holding-company-acquires-czech-based-ekochem-94-s-r-o/

171 UK Ministry of Defence - DSA 03.OME Part 1 DCOP 107, Explosive 

Materials Qualification: no fixed timeline is set; evidence should be gained 

as early as reasonably practicable, and in some instances it may not be 

possible to qualify prior to bringing a store into use. Paragraphs 16 and 17 

permit reliance on another national authority's qualification. 

https://assets.publishing.service.gov.uk/media/689f11302e8cc8ec5b3572e

e/DSA_03.OME_Part_1_DCOP_107_-_Explosive_Materials_Qualification.pdf

62 ChemAnalyst — Nitric acid pricing data, Q2 2026. 

https://www.chemanalyst.com/Pricing-data/nitric-acid-1142

172 NATO AOP-39 Edition 3, paragraph 5.4.2 - acceptable evidence for 

insensitive munitions assessment includes read-across from similar 

designs, modelling and analysis, and component-level testing, with full-

scale test as the fallback. https://imemg.org/wp-content/uploads/AOP-

39E(3).pdf

63 ChemAnalyst — Ammonia pricing data, Q2 2026. 

https://www.chemanalyst.com/Pricing-data/ammonia-37

173 US Army - Army researchers extend missile system shelf life (average shelf 

life extended from 7.9 to 22.6 years on surveillance and component test 

data), 2015. 

https://www.army.mil/article/156942/army_researchers_extend_missile_sys

tem_shelf_life

64 Breaking Defense — Army well short of 155mm ammo production goal, 

Texas facility in the spotlight, July 2026. 

https://breakingdefense.com/2026/07/army-well-short-of-155mm-ammo-

production-goal-texas-facility-in-the-spotlight/

174 NATO MSIAC - Data loggers providing insight into actual field conditions: 

assumed thermal environments exceed reality, and conservatism has led to 

the destruction of stock that could have been used safely for longer. 

https://www.msiac.nato.int/data-loggers-providing-insight-into-actual-field-

conditions/

65 Military Times — US Army seeks 8,000 new short-range missiles per year, 175 Balas and Hummers - The insensitive TNT replacement explosive IMX-101, 
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26 August 2026. 

https://www.militarytimes.com/news/your-army/2026/08/26/us-army-seeks-

8000-new-short-range-missiles-per-year/

IMEMTS 2010: 23 candidate formulations evaluated in 2009, material 

qualification January 2010, safety confirmation March 2010, technical data 

package June 2010, production transition the following year; ageing matrix 

run inside that window. https://imemg.org/wp-content/uploads/IMEMTS

%202010/papers/Balas-Hummers-10469_The%20Insensitive%20TNT

%20Replacement%20Explosive%20IMX-101_IMEMTS2010-Paper.pdf

66 US Department of War — Department invests $191m to expand and 

enhance the solid rocket motor industrial base, 15 May 2026. 

https://www.war.gov/News/Releases/Release/Article/4493730/department-

of-war-invests-191m-to-expand-and-enhance-the-solid-rocket-motor-ind/

176 Tennessee Encyclopedia - Holston Ordnance Works: construction began 

1942 and the plant was fully operational by mid-1943, becoming the 

largest high-explosives producer in the world by 1944. 

https://tennesseeencyclopedia.net/entries/holston-ordnance-works/

67 Ursa Major — Ursa Major to go public, 25 August 2026. 

https://ursamajor.com/media/press-release/ursa-major-to-go-public/

177 National Audit Office - Ministry of Defence: the rapid procurement of 

capability to support operations (urgent operational requirements; two-

thirds of 312 requirements delivered on time, 96 per cent of deployed 

items rated effective or better). https://www.nao.org.uk/reports/ministry-

of-defence-the-rapid-procurement-of-capability-to-support-operations/

68 PR Newswire — Mach Industries acquires Exquadrum Inc, 19 May 2026. 

https://www.prnewswire.com/news-releases/mach-industries-acquires-

exquadrum-inc-to-advance-defense-and-space-systems-capabilities-

302776341.html

178 Davey, Wilgeroth and Burn (BAE Systems Land UK, Glascoed) - Processing 

energetic materials with resonant acoustic mixing, IMEMTS: laboratory-

scale RAM processing of a nitrocellulose-free nitramine composite gun 

propellant in a thermoplastic binder, funded by UK MOD, with scale-up 

and mix-in-case processing set out as the intent. https://imemg.org/wp-

content/uploads/2019/11/22259_-Paper_Processing-EM-with-

RAM_RDavey.pdf

69 PR Newswire — X-Bow Systems announces final closing of over $105 

million Series B funding. https://www.prnewswire.com/news-releases/x-

bow-systems-announces-final-closing-of-over-105-million-series-b-funding-

to-deliver-state-of-the-art-defense-technologies-at-speed-and-scale-

302452380.html

179 Eurenco Bofors - Improved performance of LOVA propellants with 

maintained production safety, IMEMTS 2024: a nitramine-based low-

vulnerability family with part of the inert binder replaced by more 

energetic components, about 20 per cent higher specific energy than the 

in-production grade, demonstrated from laboratory to industrial scale 

above 100 kg. 

https://imemg.org/wp-content/uploads/2024/05/24024_Paper-Improved-

performance-of-LOVA-propellants-with-maintained-production-

safety_2024-03-21.pdf

70 Council of the European Union — Simplification: Council and Parliament 

strike a deal to boost EU defence industry and readiness, 10 June 2026. 

https://www.consilium.europa.eu/en/press/press-releases/2026/06/10/

simplification-council-and-parliament-strike-deal-to-boost-eu-defence-

industry-and-readiness/

180 Fraunhofer ICT - Propellants research: plastic-bonded gun propellants 

using thermoplastic elastomer binders including energetic thermoplastic 

elastomers, with reduced erosivity and temperature-independent 

combustion cited as the objectives. 

https://www.ict.fraunhofer.de/en/research/em/treib.html

71 Defence Industry Europe — CSG and Dezamet sign a €100 million-plus 

155mm ammunition components deal. https://defence-industry.eu/csg-and-

dezamet-sign-e100-million-plus-155-mm-ammunition-components-deal-to-

support-polands-expanding-artillery-production/

181 Breaking Defense - The UK sets up a $1.35bn RCH 155 artillery order (72 

systems on a 52-calibre gun), May 2026. 

https://breakingdefense.com/2026/05/all-guns-blazing-the-uk-sets-up-1-35-

billion-rch-155-artillery-order/

72 Diehl Defence — EST Energetics becomes part of Diehl Defence, legal 

transfer 1 July 2026. 

https://new.diehl.com/defence/en/press-media/news/est-energetics-

becomes-part-of-diehl-defence

182 US Department of Defense Inspector General, reported July 2026 - 

projectile metal part production is the limiting factor on the 155mm ramp; 

output about 36,000 a month in March 2026 against a 100,000 goal. 

https://breakingdefense.com/2026/07/army-well-short-of-155mm-ammo-

production-goal-texas-facility-in-the-spotlight/

73 US Army — McAlester Army Ammunition Plant breaks ground for a new 

demilitarisation facility, March 2026. 

https://www.army.mil/article/291304/mcalester_army_ammunition_plant_b

reaks_ground_for_new_demilitarization_facility

183 ProPublica - investigation into the General Dynamics artillery factory at 

Mesquite, Texas: the Army did not require the flow-forming process to be 

demonstrated end to end before award; the machinery had never produced 

the current shell in its specified steel; flow-forming cracked the steel; two 

of three lines halted from August 2025. 

https://www.propublica.org/article/general-dynamics-artillery-factory-

failed

74 Eurenco — company news: Bergerac nitrocellulose restart; ZVS joint 

venture for a new MACS charge facility, March 2026. 

https://eurenco.com/our-news/

184 Additive Manufacturing Media - five-inch naval gun projectile bodies 

produced by robotic wire directed-energy deposition in place of forging, 

with the copper driving band deposited during the build; described as 
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production-ready. 

https://www.additivemanufacturing.media/articles/video-5-diameter-navy-

artillery-rounds-made-through-robot-ded-instead-of-forging

75 MILMAG — Historic deal at Eurosatory 2026: Poland builds strategic 

independence for 155mm ammunition (Mesko–Eurenco modular charge 

joint venture). https://milmag.pl/en/historic-deal-at-eurosatory-2026-

poland-builds-strategic-independence-for-155-mm-ammunition/

185 Eurenco - a new 155mm modular charge qualified in under eighteen 

months, produced at Bergerac and Karlskoga using additive manufacture 

of energetic material and robotised lines. 

https://eurenco.com/modularchargeeurenco/

76 US Federal Register — Arms sales notification, Norway M795 case, 28 

August 2026. 

https://www.federalregister.gov/documents/2026/08/28/2026-17565/arms-

sales-notification

186 Breaking Defense - Hanwha plans to build a US facility to manufacture 

155mm modular charges, December 2025. 

https://breakingdefense.com/2025/12/hanwha-plans-to-build-us-facility-to-

manufacture-modular-155mm-howitzer-charges/

77 Defence Industry Europe — Nammo signs deal with Repkon to supply an 

ammunition filling line for a new facility in Denmark. https://defence-

industry.eu/nammo-signs-deal-with-repkon-to-supply-ammunition-filling-

line-for-new-facility-in-denmark/

187 NATO MSIAC - technical meeting on the impact of resonant acoustic 

mixing on munitions safety and suitability for service. 

https://www.msiac.nato.int/workshop/technical-meeting-impact-of-

resonant-acoustic-mixing-ram-on-munitions-safety-and

78 Regjeringen.no — Billion-kroner agreement to multiply Norwegian artillery 

shell production (Nammo Raufoss). 

https://www.regjeringen.no/en/aktuelt/milliardavtale-vil-mangedoble-

produksjonen-av-norske-artillerigranater/id3048309

188 US Army sources sought W15QKN-23-X-0W2K - 155mm artillery base-

bleed and rocket-motor capacity: 10,000 cast-cure base-bleed grains and 

2,500 rocket-motor grains a month, qualified within 24 months. 

https://www.highergov.com/contract-opportunity/155mm-artillery-base-

bleed-and-rocket-motor-capaci-w15qkn-23-x-0w2k-r-6c87c/

79 Interesting Engineering — US Army RDX/HMX centre of excellence at 

Blue Grass Army Depot. https://interestingengineering.com/military/us-

army-explosives-blue-grass-depot

189 Rheinmetall - US patent 11,035,655 B2: obturator integral to the driving 

band, filed 2019, granted 2021. 

https://patents.google.com/patent/US11035655B2/en

80 Defence Industry Europe — General Dynamics and Firehawk Aerospace 

partner to expand 155mm base-bleed motor production capacity, 6 May 

2026. https://defence-industry.eu/general-dynamics-and-firehawk-

aerospace-partner-to-expand-155mm-base-bleed-motor-production-

capacity/

190 UK Ministry of Defence - Small and Medium-sized Enterprise Action Plan, 

21 July 2026: direct SME spend from GBP1.24bn in 2024/25 to GBP1.48bn 

in 2026/27 and GBP2bn in 2027/28; about three-quarters of total SME 

spend still flows through prime supply chains. 

https://www.gov.uk/government/publications/mod-small-and-medium-sized-

enterprise-sme-action-plan/ministry-of-defences-small-and-medium-sized-

enterprise-sme-action-plan

81 The Defense Post — Firehawk propellant production award, Lawton, 

Oklahoma, 28 August 2026. 

https://thedefensepost.com/2026/08/28/firehawk-propellant-production/

191 UK Defence Journal - MOD launches the Defence Office for Small Business 

Growth with thirty pathfinder SMEs, 27 January 2026; UK Defence 

Innovation launched 1 July 2025 with a ring-fenced GBP400m. 

https://ukdefencejournal.org.uk/mod-launches-new-office-to-boost-defence-

work-for-smes/

82 Eurenco / Mesnil et al. — The LU211-M insensitive 155mm HE shell, 

IMEMTS 2006 (PDF). https://imemg.org/wp-content/uploads/IMEMTS

%202006_Mesnil_paper_post.pdf

192 Defence Industry Europe - UK to access Ukraine's battlefield data under 

an artificial intelligence defence partnership signed in Kyiv, August 2026, 

with three UK small firms in pilot roles. https://defence-industry.eu/uk-set-

to-access-ukraines-battlefield-ai-data-under-pact-to-accelerate-defence-

technology-and-protect-critical-infrastructure/

83 Eurenco / Weckerle et al. — A step further for the XF explosive family 

dedicated to insensitive munitions, IMEMTS 2010 (PDF). 

https://imemg.org/wp-content/uploads/IMEMTS%202010/papers/Weckerle-

10430%20-%20A%20Step%20Further%20for%20the%20XF%20Explosive

%20Family%20Dedicated%20to%20Insensitive

%20Munitions_IMEMTS2010-Paper.pdf

193 Militarnyi - How much do domestically produced 155mm shells cost: 

Ukrainian Armor quotes EUR2,500 for an M107-pattern round, EUR3,000 

for a modern L15-pattern round and EUR5,500 for a long-range base-bleed 

round, January 2026. https://militarnyi.com/en/news/how-much-do-

domestically-produced-155-mm-shells-cost-ukrainian-armor-reveals-the-

prices/

84 Eurenco / Guengant et al. — Cast-PBX shell filling: the bi-component semi-

continuous process, IMEMTS 2006 (PDF). 

https://imemg.org/wp-content/uploads/IMEMTS

%202006_Guengant_paper5B.pdf

194 RFE/RL - investigation into the Czech ammunition initiative: M107 offered 

at EUR3,200 against a EUR2,500 manufacturer price, February 2024. 

https://www.rferl.org/a/schemes-investigation-czech-ammo-ukraine/334065

41.html

85 Science and Technology of Energetic Materials, Vol. 70 — French cast-PBX 

development and the POGS filling facility at Sorgues (PDF). 

https://www.jes.or.jp/mag/stem/Vol.70/documents/Vol.70,No.6,p.135-

139.pdf

195 Josef Meissner GmbH - fully automated nitrocellulose plant commissioned 

in Brazil at 48 tonnes a day; nitration plant process portfolio. 

https://www.josefmeissner.com/en/news/128-fully-automated-

nitrocellulose-plant-commissioned-in-brazil
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86 Army Recognition — Eurenco's cast-PBX explosive charge selected for 

Rheinmetall's new DM121 artillery ammunition, 2016. 

https://www.armyrecognition.com/archives/archives-land-defense/land-

defense-2016/eurenco-s-cast-pbx-explosive-charge-selected-for-

rheinmetall-new-dm121-artillery-ammunition

196 D&M Holding Company - acquisition of EKOCHEM 94 s.r.o. of Pardubice, 

Czechia, 3 June 2026. https://www.dmholding.com/press-releases/dm-

holding-company-acquires-czech-based-ekochem-94-s-r-o/

87 EDR Magazine — Increasing effectiveness and range: the new LU 220 

155mm HE munition by Nexter Arrowtech. 

https://www.edrmagazine.eu/increasing-effectiveness-and-range-the-new-

lu-220-he-155-mm-munition-by-nexter-arrowtech

197 VSR Trading - Global LAP and Fill Plant Census, August 2026: 136 sites 

worldwide, of which 42 in Europe and the United Kingdom hold a 155mm 

or 152mm filling capability. Internal compilation from open sources.

88 Leonardo / IMEMG — Vulcano insensitive-munitions test report, 2019 

(PDF). https://imemg.org/wp-content/uploads/2019/11/22266-paper-

Vulcano-IM-test-23-09-2019.pdf

198 The War Zone - Shell game: the worldwide TNT shortage. NATO-accessible 

TNT of about 10,000 tonnes a year today against a path to roughly 25,000-

30,000 tonnes by 2028-29, all of it pre-sold. 

https://www.twz.com/land/shell-game-the-worldwide-tnt-shortage

89 Baker et al. — Large-calibre projectile fill adherence and setback 

response, IMEMTS 2019 (PDF). 

https://imemg.org/wp-content/uploads/2019/11/22191-paper-Baker-O209-

LargeCaliberProjectileFillAdherence.pdf

199 National Defense Industrial Association - artillery propellant and charge 

supplier briefing, 2024: nitrocellulose, nitroglycerine and nitroguanidine 

identified as single points of failure in the Western charge chain, with 

nitroguanidine sole-sourced from AlzChem in Germany. 

https://ndia.dtic.mil/wp-content/uploads/2024/mes/Armer_Dougherty.pdf

90 Fung / BAE Systems — ROWANEX cast-cured fills in 105mm, 4.5-inch and 

155mm projectiles, IMEMTS 2006 poster (PDF). https://imemg.org/wp-

content/uploads/imemts2006_Fung_Poster.pdf

200 Johnston - Understanding and predicting gun barrel erosion, DSTO: 

Kimura's nitrogen-rich-binder nitramine low-vulnerability propellant 

measured about 40 per cent less erosive than triple-base despite a flame 

temperature 176 K higher; 155mm barrel wear life of about 2,700 effective 

full charges on triple-base against about 30,000 on single-base. 

https://apps.dtic.mil/sti/pdfs/ADA440938.pdf

91 Wilkinson, P. J. — Composite gun propellant based on a nitramine in a 

thermoplastic elastomer binder, processed by resonant acoustic mixing. 

PhD thesis, Cranfield University, 2019. 

https://dspace.lib.cranfield.ac.uk/server/api/core/bitstreams/252d06d1-

1134-439f-a84d-ddc7a8e5524b/content

201 European Defence Agency - EDA to coordinate ammunition qualification 

tests: EUR50m under the European defence industry programme, all 

member states, beginning with 155mm, so that ammunition tested in one 

member state need not be retested in the others, 30 March 2026. 

https://eda.europa.eu/news-and-events/news/2026/03/30/eda-to-coordinate-

ammunition-qualification-tests

92 Cranfield University — Centre for Defence Chemistry, and the UK 

Government Centre of Excellence in Energetic Materials. 

https://www.cranfield.ac.uk/centres/centre-for-defence-chemistry

202 Raytheon / NSPA - COMLOG GmbH (MBDA Deutschland and Raytheon 

joint venture, Schrobenhausen) awarded a contract worth up to $5.6bn for 

up to 1,000 Patriot GEM-T interceptors for Germany, the Netherlands, 

Romania and Spain, 3 January 2024; the first contract awarded under the 

European Sky Shield Initiative. https://raytheon.mediaroom.com/2024-01-

03-NSPA-awards-COMLOG-a-contract-for-Patriot-missiles

93 Fraunhofer ICT — Gun propellants: energetic thermoplastic elastomer and 

temperature-independent formulations. 

https://www.ict.fraunhofer.de/en/comp/em/treib.html

203 Calibre Defence - Bayern-Chemie breaks ground at Aschau am Inn on a 

facility for about 1,000 GEM-T rocket motors ordered through NSPA; 

investment in the mid double-digit millions of euros; six buildings, 6,500 

square metres, completion targeted end-2026. 

https://www.calibredefence.co.uk/patriot-returns-bayern-chemie-breaks-

ground-on-new-rocket-engine-facility/

94 Eurenco Bofors — Improved performance of LOVA propellants with 

maintained production safety, IMEMTS 2024 (PDF). https://imemg.org/wp-

content/uploads/2024/05/24024_Paper-Improved-performance-of-LOVA-

propellants-with-maintained-production-safety_2024-03-21.pdf

204 Defence Industry Europe - MBDA builds a new production facility at 

Schrobenhausen for GEM-T and Brimstone; expansion complete by 2028; 

up to 1,000 GEM-T, several thousand Brimstone and 2,600 PARM; 

workforce up about 25 per cent to more than 1,700. https://defence-

industry.eu/germany-mbda-builds-new-production-facility-for-gem-t-and-

brimstone-missiles/

95 Damse, Singh and Naik — High energy propellants for advanced gun 

ammunition based on RDX, GAP and TAGN compositions, Propellants, 

Explosives, Pyrotechnics 32(2), 2007. 

https://onlinelibrary.wiley.com/doi/abs/10.1002/prep.200700007

205 Defense Express - Diehl Defence to produce up to 2,000 IRIS-T missiles a 

year across the family, from 800 to 1,000 planned for 2025, with about 

EUR1bn announced in August 2025 for capacity expansion. 

https://en.defence-ua.com/weapon_and_tech/diehl_defence_to_produce_up_

to_2000_iris_t_missiles_annually_as_demand_from_ukraine_grows-

17260.html
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96 Defence Science Journal (DRDO) — LOVA gun propellant evaluated in 

120mm ammunition (PDF). 

https://publications.drdo.gov.in/ojs/index.php/dsj/article/download/

2224/1184

206 Breaking Defense - MBDA plans EUR5bn of investment over five years as 

demand soars: 2025 revenue EUR5.8bn, order intake EUR13.2bn, backlog 

EUR44.4bn, output to grow about 40 per cent in 2026. 

https://breakingdefense.com/2026/03/mbda-plans-5-8b-investment-in-

missile-production-as-demand-soars/

97 Defence Science Journal (DRDO) — Futuristic gun propulsion: azide-binder 

force constants and combustion-gas properties (PDF). 

https://publicationsdrdo.in/index.php/dsj/article/download/2279/1236

207 Naval News - MBDA accelerates Aster production: lead time cut by more 

than half between 2022 and 2026, first accelerated batch delivered July 

2025, about 1,000 Aster interceptors committed by France, Italy and the 

United Kingdom. https://www.navalnews.com/naval-news/2025/08/mbda-

accelerates-production-of-aster-missiles-and-delivers-first-batch-since-

effort-began/

98 Łukasiewicz Institute of Industrial Organic Chemistry — Central European 

Journal of Energetic Materials, Polish gun propellant capability, 2022 

(PDF). 

https://wydawnictwa.ipo.lukasiewicz.gov.pl/wp-content/uploads/2022/09/

CEJEM-1256v0.pdf

208 Militaer Aktuell - MBDA UK and PGZ to build a CAMM-ER final assembly 

plant at Zielonka near Warsaw under Poland's Narew programme: more 

than 1,000 missiles by 2039, programme value about EUR23.3bn. 

https://militaeraktuell.at/en/mbda-pgz-build-factory-for-camm-er-anti-

aircraft-missiles-in-poland/

99 US Army Research Laboratory — Assessment of nitramine-modified JA2 

gun propellant, ADA283644 (PDF). 

https://apps.dtic.mil/sti/tr/pdf/ADA283644.pdf

209 Rheinmetall - Rheinmetall and Lockheed Martin plan to produce ATACMS 

in Europe, 7 July 2026: the first ATACMS production facility outside the 

United States, at Unterluess, with rocket motors and guided-missile 

components from 2027. https://www.rheinmetall.com/en/media/news-

watch/news/2026/07/2026-07-07-rheinmetall-and-lockheed-martin-plan-to-

produce-atacms

100 GlobalSecurity.org — M900 105mm APFSDS, type-classified 1989. 

https://www.globalsecurity.org/military/systems/munitions/m900.htm

210 Defence Industry Europe - Rheinmetall adds explosives and rocket 

capacity against an EUR80.4bn backlog: Unterluess rocket-motor plant 

ready about Q1 2027, rocket plant at Burgos, Aschau propellant line to 

4,500 tonnes a year of triple-base powder from Q3 2027, RDX plant at 

Varpalota ready 2027. https://defence-industry.eu/rheinmetall-accelerates-

f-35-and-missile-production-adds-explosives-and-rocket-capacity-to-

support-e80-4-billion-backlog/

101 RUSI — Tactical Developments During the Third Year of the Russo-

Ukrainian War, February 2025 (PDF). https://static.rusi.org/tactical-

developments-third-year-russo-ukrainian-war-february-2205.pdf

211 Rheinmetall - triple-digit-million-euro contract for an explosives factory at 

Varpalota, Hungary, a joint venture with N7 Holding, with Rheinmetall as 

the primary purchaser of its output and Rheinmetall Denel Munition 

providing the process technology. 

https://www.rheinmetall.com/en/media/news-watch/news/2023/jan-mar/

2023-01-04_rheinmetall-wins-triple-digit-million-euro-contract-for-

explosives-factory-in-varpalota-hungary

102 RUSI — Emergent Approaches to Combined Arms Manoeuvre in Ukraine, 

October 2025. 

https://www.rusi.org/explore-our-research/publications/insights-papers/

emergent-approaches-combined-arms-manoeuvre-ukraine

212 Chemring Group - Annual Report and Accounts 2025: Chemring Nobel 

expansion gross cost revised to GBP180m with a GBP90m Norwegian 

government grant, live production from early 2027, expected to add about 

GBP100m of revenue a year from 2028; offtake agreements comprising a 

twelve-year framework with Diehl Defence (initial order about EUR231m 

of MCX for 155mm munitions, deliveries over five years), a ten-year HMX 

agreement with Nammo (about GBP23m) and a three-year HMX 

agreement with Saab (about GBP36m, deliveries 2028-2030). 

https://www.chemring.com/~/media/Files/C/Chemring-V3/docs/chemring-

annual-report-and-accounts-2025-v1.pdf

103 Militarnyi — Ukraine forming new artillery brigades for its corps, October 

2025. https://militarnyi.com/en/news/ukraine-forming-new-artillery-

brigades-for-corps/

213 Northrop Grumman - fifteen-year supply agreement with Chemring Nobel 

of Norway for HMX for tactical missile warhead production at Rocket 

Center, West Virginia, May 2024; value undisclosed. 

https://news.northropgrumman.com/armaments/northrop-grumman-

secures-long-term-supply-agreement-with-norways-chemring-nobel

104 HENSOLDT — COBRA counter-battery radar, published performance. 

https://www.hensoldt.net/products/cobra-counter-battery-radar

214 Menon Economics for the Norwegian government - economic effects of 

Chemring Nobel's industrial expansion: alongside the doubling at Saetre 

by 2027, a new plant on the Hurum peninsula with capacity more than six 

times the current Saetre level, operational around 2030, with about 
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EUR66m of EU ASAP funding; employment rising from about 200 in 2024 

to about 720 by 2030. 

https://www.regjeringen.no/contentassets/57886256213c4beeb780b7b20d

e7b94b/menon-rapport-ringvirkninger-av-chemring-nobels-

naringsekspansjon.pdf

105 Euro-SD — Deep strike: over-the-horizon targeting and effectors, July 

2024. https://euro-sd.com/2024/07/articles/39284/deep-strike-over-the-

horizon-targeting-and-effectors/

215 Eurenco - strategic partnership with Thales to 2030: Eurenco supplies 

powders and compositions for guided and unguided munition propulsion, 

and Thales supplies TNT and RDX to Eurenco. 

https://eurenco.com/eurenco-and-thales-sign-a-strategic-partnership-

agreement-to-2030/

106 Armada International — GPS compromise and its effects on artillery 

battlefield effectiveness, April 2025. 

https://www.armadainternational.com/2025/04/gps-compromise-effects-

artillery-battlefield-effectiveness-foc/

216 Militarnyi - Fire Point to launch solid rocket propellant production at 

Vojens, Denmark, first phase 2026 and main phase 2027, producing fuel, 

casings and assembled motors; Denmark suspended more than twenty 

laws to accelerate the site. https://militarnyi.com/en/news/fire-point-to-

launch-rocket-fuel-production-in-denmark-in-2026/

107 New Geopolitics Research Network — The artillery: new warfare, new 

role, July 2025. https://www.newgeopolitics.org/2025/07/23/the-artillery-

new-warfare-new-role/

217 Estonian World - Frankenburg Technologies raises EUR40m for its Mark 1 

miniature surface-to-air missile and plans two European mass-production 

sites at more than 100 missiles a day each. 

https://estonianworld.com/security/an-estonian-startup-to-mass-produce-

interceptor-missiles/

108 Evonik — Evonik to increase production capacities for hydroxyl-terminated 

polybutadienes, January 2024. https://www.evonik.com/en/news/press-

releases/2024/01/evonik-to-increase-production-capacities-for-hydroxyl-

terminated.html

218 Springer, Journal of Thermal Analysis and Calorimetry - base-bleed grains 

for 155mm artillery projectiles use ammonium perchlorate in a hydroxyl-

terminated polybutadiene binder, the same composite architecture as a 

solid rocket motor. https://link.springer.com/article/10.1007/s10973-019-

08317-2

109 DSIAC — Historical overview of HTPB, the military's preferred solid 

propellant binder for half a century. 

https://dsiac.dtic.mil/articles/historical-overview-of-htpb-the-militarys-

preferred-solid-propellant-binder-for-a-half-century

219 Science and Technology Facilities Council - Roxel (Safran/MBDA), 

Kidderminster: cast and extruded double-base and elastomer-modified cast 

double-base propellants alongside composite propellants, with 

nitroglycerine paste produced on site. 

https://www.ukspacefacilities.stfc.ac.uk/Pages/Roxel-(Safran-MBDA),-

Kidderminster---Roxel-propulsion-hardware-and-manufacturing-facilities---

Typical-propellant-charges.aspx

110 Fact.MR — Hydroxyl-terminated polybutadiene market report, 2026. 

https://www.factmr.com/report/hydroxyl-terminated-polybutadiene-htpb-

market
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