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FROM TREATY OF ALMELO 
TO ATOM AUSSTIEG

DIRK BANNINK 
LAKA FOUNDATION

URENCO 1970-2020On March 4, 1970, the Treaty of Almelo was signed ‒ an 
agreement between the Netherlands, the United Kingdom and 
West Germany on setting up a company with the aim of enriching 
uranium: Urenco. 

The origin of uranium enrichment is military and until then 
enrichment was primarily the monopoly of the United States and 
Soviet nuclear-weapon states. Now, 50 years later, Urenco is a 
major player on the world market. But those 50 years did not 
go smoothly and even now the company is under pressure: not 
only because of the slowdown in the growth of nuclear energy, 
resulting in large overcapacity in the enrichment market and 
a shrinking order portfolio, but also due to the German Atom 
Ausstieg and the decline

of nuclear energy in Urenco’s traditional market: Western Europe 

This paper describes the development of uranium enrichment and 
the turbulent history of Urenco. It further analyzes current issues 
regarding Urenco and its uncertain future. 
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The Laka Foundation is the nu-
clear energy documentation and 
research center, based in Amster-
dam, the Netherlands. Laka has 
been documenting, analyzing and 
commenting on (the development 
of) nuclear energy for forty years. 
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Content:

This report is published under the Cre-
ative Commons License. Anyone may 
download and distribute this report. All 
rights remain with the Laka Foundation. It 
is not permitted to 
use (parts of) this 
report for commer-
cial purposes.

Laka does not charge any fees for 
downloading and using this and many 
other publications. In order to be able 
to continue to write publications like 
this, Laka depends on donations. You 
can make a donation to (IBAN) NL-
54TRIO0390902179 in the name of the 
Stichting Laka. (BIC: TRIONL2U)

The project ‘50 Years of Treaty of Almelo’ was made possible financially by amongst others: 

This is the English edition of the original report 
in Dutch: Urenco 1970-2020; Van Verdrag van 
Almelo tot Atom Ausstieg, published in March 
2020. This English edition, first published as Nu-
clear Monitor 889, includes a more detailed dis-
cussion of the A.Q. Khan network (with thanks 
to David Lowry for his help with this section). 
Special thanks to Jan Schaake and Jim Green.

The report is part of the ‘50 Years Treaty of 
Almelo’ project ‒ a collaboration between Vedan 
Foundation, Enschede for Peace (NL), AKU 
Gronau, AKU Schüttorf, BBU (BRD), Close 
Capenhurst Campaign (UK) and the Laka Foun-
dation. 

The Treaty of Almelo was signed on 4 March 
1970 ‒ an agreement between the Netherlands, 
the United Kingdom and West Germany on 
setting up a company with the aim of enriching 
uranium: Urenco. 

Dedicated to Christina Burchert.
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CHAPTER 1: 

THE TREATY OF ALMELO
On March 4, 1970, the Treaty of Almelo is signed by West Germany, the United Kingdom and the 
Netherlands in the Dutch city Almelo. With this, a company is set up that will make uranium sui-
table for use in nuclear power stations by means of centrifuges, and a company that will produce 
and further develop these centrifuges.

1.1- Pre-signing
A declaration of principles was already drawn up 
between the three countries at the end of November 
1968 on international cooperation in the enrichment of 
uranium.1 On 11 March 1969 British, Dutch and West 
German ministers reached an agreement in London 
“on the basis of the favorable preliminary technical 
investigation” a joint uranium enrichment company: 
URanium ENrichment COmpany; Urenco.

The three countries each agree to build their own pilot 
enrichment plant: the British opt for the Capenhurst 
site where gas diffusion enrichment is already being 
applied and the German pilot plant will be built in the 
Netherlands for political reasons. Already a day after 
the agreement in London (on March 12, 1969) a piece 
of land was purchased in Almelo for the Dutch (and 
German) pilot plant. The Dutch partner in Urenco, Ultra 
Centrifuge Nederland NV (UCN), was established on 
November 4, 1969.2 

Uranit was founded in West Germany on 6 August 1969 
and will become the German partner in Urenco. In the 
UK, the UK Atomic Energy Agency ‒ which is respon-
sible for both the civilian and military nuclear program 
‒ will act as a partner until British Nuclear Fuel Limited 
(BNFL), its 100% subsidiary, is founded in 1971.

1	 “London, Bonn en Den Haag gaan samenwerken bij pro-
duktie verrijkt uranium” (“London, Bonn and The Hague to 
collaborate on production enriched uranium”), Leeuwarder 
Courant, November 26, 1968

2	 De geschiedenis van het Nederlandse Centrifuge Project” 
(“The History of the Dutch Centrifuge Project”), J. Kistema-
ker, 1991

1.2- Signing and entry into force
The signing of the Convention takes place on 4 March 
1970 in Almelo by the Foreign Ministers of the Nether-
lands (Joseph Luns), of the United Kingdom (Lord 
Chalfont) and of West Germany (Walter Scheel). Two 
companies were founded by signing the Treaty of Al-
melo: Urenco Ltd and Centec GmbH. Urenco Ltd, (with 
UCN, BNFL and Uranit shareholders as one-third each) 
acts as a marketing company representing the inte-
rests of the various enrichment plants and Centec (with 
the same proportion as BNFL, UCN and the German 
Gesellschaft für Nuklearverfahrestechnik mbh (GnV)) 
coordinates technological developments (R&D).

The United Kingdom ratifies the Convention on 26 
March 1971; the Netherlands does this on 18 June 1971 
and due to the ratification of West Germany on 19 July 
1971 the Convention will automatically enter into force 
on that date. 

The Treaty includes the provision that, after it has been 
in force for 10 years, any contracting party, with a notice 
period of one year, can terminate the Treaty in writing 
(Art. XV). The “contracting parties” may also decide 
together to terminate the Convention (Art. XVI). Ter-
mination by one of the signatories would, according to 
the prevailing opinion, mean the end of the Treaty and 
thus the end of the attempts to curb the spread of secret 
ultracentrifuge enrichment technology. Threatening 
with cancellation therefore becomes a means of forcing 
decisions.3

1.3- Protest
Five days after the signing of the Treaty, a small 
demonstration is held in Almelo with about 50 people 
participating. On Pentecost, 16‒18 May, there are 
2500 people at the traditional annual tent camp of the 
Algemene Nederlands Jeugd Verbond (General Dutch 
Youth Association)4 coincidentally that year in Almelo, 
where one of the spearheads is the demonstration 
against the “UC project” under the motto: “No A-bomb 
via Almelo”.5

3	 See for example the Brazil affair in Chapter 7
4	 The ANVJ was a communist political youth organization, 

founded in 1945, with the aim of establishing one socialist 
youth movement. From an organizational point of view, the 
ANJV was independent, but politically it was affiliated with 
the Communist Party of the Netherlands. Within the ANVJ 
(and CPN) much attention was paid to West German “re-
vanchism and atomic armament”.

5	 Jongeren manifestatie in Almelo” (“Youth manifestation in 
Almelo”) in: De Waarheid, 19 May 1970, p1

Fltr Walter Scheel, Joseph Luns and Roelof Nelissen (Dutch 
minister of Economic Affairs) signing the Treaty of Almelo
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CHAPTER 2: 

The origin and history of Urenco is closely linked to decades of research into uranium enrichment 
technology; and especially the development of ultracentrifuge technology. In this chapter we briefly 
describe that developmental history in what will eventually become the three Urenco countries: the 
Netherlands, Great Britain and West Germany.

2.1- Manhattan-project
In 1919, shortly after the existence of isotopes was 
experimentally confirmed, British scientists Lindeman 
and Aston suggested using centrifuges for the separa-
tion of isotopes. A number of tests with primitive cen-
trifuges followed, but without success. After the Ame-
rican scientist Beams decided to isolate the centrifuge 
rotor in a thermal vacuum, isotopes of chlorine were 
successfully separated. In the Manhattan project1, 
centrifuge was initially preferred as an enrichment 
technology, but in December 1943, after a number of 
centrifuges had exploded, they switched to gas diffusi-
on technology.2

2.2- Smyth-rapport
In the Smyth report3 published in July 1945, Henry 
DeWolf Smyth described the two ways in which the 
Manhattan project obtained the material for the nu-
clear bomb: the production of plutonium by the bom-
bardment of uranium-238 in a nuclear reactor and the 
enrichment of uranium by means of gas diffusion and 

gas centrifuge. For 
scientists who had not 
been involved in the 
Manhattan project, this 
was an ‘eye opener’. 

Several countries 
started enrichment 
research based on 
this report, sometimes 
focused on diffusion 
and sometimes on 
gas centrifuges. Here 
we briefly summarize 
developments in the 
three Urenco coun-
tries.

1	 The secret project, led by the United States, with the help 
of Canada and the United Kingdom that was to lead to the 
development of the atomic bomb during the Second World 
War

2	 R. Scott Kemp: “Gas Centrifuge Theory and Development”: 
A Review of U.S. Programs, Science and Global Security, 
2009, 17: 1, 1-19, DOI: 10.1080 / 08929880802335816

3	 Officially titled: “Atomic Energy for Military Purposes: The 
Official Report on the Development of the Atomic Bomb 
Under the Auspices of the United States Government, 1940-
1945)” http://www.atomicarchive.com/Docs/SmythReport/
index .shtml

2.3- The Netherlands4

In 1947, the recently established FOM (Fundamen-
tal Research on Matter) began the development of 
an electromagnetic mass separator in the Zeeman 
laboratory of the Municipal University of Amsterdam. 
This makes it possible to separate small amounts of 
isotopes. Already in November 1953, a small amount 
(10 milligrams) of uranium was enriched to 8%. In De-
cember 1954, Jaap Kistemaker started research into 
the development of uranium enrichment centrifuges in 
December 1954, after ‒ he says ‒ ‘accidentally’ atten-
ding a colloquium in Hamburg on the latest develop-
ments in the field of ultracentrifuge (about separating 
argon isotopes).

On March 10, 1961, the Dutch government, like the 
United States, the United Kingdom and West Ger-

4	 Unless stated otherwise, the source for this part is: J. Kiste-
maker: “De geschiedenis van het Nederlandse Ultracentrifu-
ge Project. Hoe een nieuwe industrie ontstond” (“The history 
of the Dutch Ultracentrifuge Project. How a new industry 
came about”), FOM Institute for Atomic and Molecular Phys-
ics, 1991

THE HISTORY OF URANIUM ENRICHMENT 
IN URENCO COUNTRIES

Dutch newspaper De Waarheid, 21 oktober 1960
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many, declared all work on the ultracentrifuge project 
“state secret.” As a result, FOM stopped doing this: 
they did not want to conduct a secret investigation. 
FOM was also of the opinion that it became less fun-
damental research and more applied research. Mean-
while, the centrifuge investigation was under fire from 
the (at that time still large) Dutch Communist party 
CPN and its daily newspaper De Waarheid. Kistema-
ker was accused of having worked for the German 
Cellastic during the war and still collaborating with 
German (former) Nazis on research into the German 
A-bomb “desired by the German revanchists”.5

The centrifuge investigation continued, but during the 
first half of the 1960s there was much doubt about 
progress and feasibility. Eventually in 1968 a test 
set-up of 70 ‘tollen’ (centrifuges) was put into use in 
Duivendrecht; due to lack of money, half the planned 
number. A few weeks later, most likely on December 
17, 1968, all 70 centrifuges imploded in one go due 
to a gas breach. This accident was kept secret by the 
Netherlands during the negotiations with West Ger-
many and the United Kingdom on the establishment 
of Urenco.

2.4- (West-) Duitsland
In (West) Germany, research into uranium enrich-
ment began in and actually before the Second World 
War mainly at the universities of Hamburg and Kiel. 
The chemist Groth had already developed a proto-
type centrifuge (together with Harteck and Beyerle) 
in Hamburg in the spring of 1941, which was further 
developed together with an arms company. Already in 
early 1943 it had succeeded in producing 100 grams 
of up to 7% enriched uranium.6

After the end of the Second World War, a number of 
restrictions were imposed on West Germany: much 
“natural science” research was prohibited and applied 
nuclear physics was at the top of that list. The Allied 
Kontrollrat (29 April 29 1946) introduced a complete 
ban on “Angewandte Atom-physik”. After the founding 
of the Federal Republic, this prohibition was taken 
over in Gesetz 22 of the Alliierten Hohen Kommission 
of 2 March 1950.7

As a result of the negotiations on the sovereignty of 
the Federal Republic, and due to the accession to 
NATO and the WEU (the Western European Union), 
the Paris Agreements were signed on 23 October 23 
1954 and included in West German legislation in May 

5	 CPN: Kistemaker en de Duitse A-bom (CPN: Kistemaker 
and the German A-bomb), November 1960

6	 Bernd-A Rusinek; Urananreicherung in Nordrhein-West-fa-
len” (“Uraniumenrichment in North Rhine-Westphalia”), 2012 
p4: http://www.rusinek.eu/wp-content/uploads/2012/02/
Urananreicherung-in-Nordrhein-Westfalen-D%C3%BCssel-
dorfer-Bewerbungsvortrag.pdf

7	 Paul Laufs; Reaktorsicherheit für Leistungskernkraftwerke 
1: Die Entwicklung im politischen und technischen Umfeld 
der Bundesrepublik Deutschland” (Reactor safety for power 
nuclear power plants 1: The development in the political 
and technical environment of the Federal Republic of Ger-
many”); Springer Verlag, 2013 p32

1955.8 It prohibited the production of biological, che-
mical and nuclear weapons (Annex II), but also the 
possession of more than 2.1% enriched uranium.9

In practice, the handling of that prohibition in the 
different occupation zones in which Germany was 
subdivided developed very differently. In the British 
zone there was a very remarkable “interpretation” of 
the ban: as early as 1946, Beyerle was instructed to 
complete two uranium enrichment centrifuges that he 

had started during the 
war.10 Groth’s rese-
arch also continued 
virtually uninterrupted 
after the end of the 
Second World War; 
he was briefly inter-
viewed in England, 
but was then allowed 
to continue his rese-
arch, from 1950 at 
the University of Bonn 
and from 1955 again 
with Beyerle. 

Parallel to this, 
German research 
took place in Russia, 
where a number of 
scientists (including 
Steenbeck and the 
Austrian Zippe) as 
prisoners of war 
made great progress 
with centrifuge deve-

lopment. They developed a centrifuge that was more 
powerful but at the same time much smaller than 
the one that Groth developed in Bonn. From 1957 
the Soviet Union invested in centrifuges for uranium 
enrichment, although the enormous gas diffusion 
enrichment plants remained in operation for decades. 
When the scientists returned to Germany in the late 
1950s, research into the Zippe centrifuge continued in 
collaboration with industry in Germany. After the deci-
sion to declare centrifuge technology secret in 1961, 
the government decided to transfer the investigation 
to the Gesellschaft für Kernverfahrenstechnik, which 
later became one of the partners in Uranit, founded in 
1969.11

2.5-United Kingdom
The United Kingdom was at the start of isotope se-
paration by centrifuges: after all, it was the British 
scientists Lindeman and Aston who already suggested 
it in 1919. The internment in Great Britain of, among 
others, Hartbeck, who had done centrifuge research 

8	 See among others: Stephan Geier; “Schwellenmacht: 
Bonns heimliche Atomdiplomatie von Adenauer bis Schmidt” 
(“Threshold power: Bonn’s secret Nuclear diplomacy from 
Adenauer bis Schmidt”), 2013 p17-21

9	 Annex II at: http://www.fransamaltingvongeusau.com/docu-
ments/dl2/h2/2.2.5.pdf

10	 Stephan Geier; “Schwellenmacht. Bonns heimliche Atomdi-
plomatie von Adenauer bis Schmid”; 2013

11	 Bernd-A Rusinek; “Urananreicherung in Nordrhein Westfa-
len”, 2012 p4

Zippe-type gascentrifuge
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with Groth in Hamburg during the war, 
made people well aware of the scientific de-
velopment of uranium enrichment by  cen-
trifuges. The development of centrifuges, 
inter alia, through research in the German 
occupation zone, offered the British a first 
opportunity to become more independent 
of cooperation with the US. After all, the 
United Kingdom was also involved in the 
Manhattan project, and as a result uranium 
enrichment focused primarily on gas diffu-
sion: as early as 1946 the construction of 
an enrichment plant based on that diffusion 
technology was commissioned. 

In 1950, a military site in Capenhurst was 
chosen as the location and in 1953 the pro-
duction of first low enriched uranium star-
ted, and a year later already high enriched 
uranium was produced. Capacity increased 
considerably to 1,600 kg of highly enriched 
uranium in 1959. At the end of 1961, the 
company switched to the production of low 
enriched uranium for nuclear power plants and the gas 
diffusion plant was closed and dismantled in 1982.12 

In addition to enrichment research through gas dif-
fusion, British research into uranium enrichment by 
centrifuges was intensified from the 1960s. By 1966, 
centrifuge development had reached the point “where 
an efficient design had evolved” and started testing 

12	 Britain’s Nuclear Weapons, http://nuclearweaponarchive.
org/Uk/UKFacility.html visited 19-01-2010

De enorme gasdiffusie fabrieken in Capenhurst                  (foto jaren‘70:  BNFL)

with a series of centrifuges. After two years, the centri-
fugation process proved to be viable and more econo-
mical than diffusion. The development of diffusion was 
then stopped and all British enrichment studies were 
concentrated on further improvement of the centrifuga-
tion process.13

13	 Urenco UK Centrifuge Enrichtment Plant Capenhurst, Cor-
porate Brochure undated (1977)
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CHAPTER 3: 

URENCO: COMPANY, CONTRACTS & OUTLOOK
The main activity of the Urenco Enrichment Company is enriching uranium for energy companies 
to make uranium suitable for use in nuclear power plants. That enrichment is expressed in en-
richment work or SWU (Separative Work Units); 1 SWU is equivalent to 1 kg of separation labor. 
An enrichment installation with a capacity of 1,000 tons of SWU per year can enrich uranium for 
around eight 1000 MW nuclear power plants annually. Urenco provides enrichment work at the 
four enrichment plants: Eunice (US), Capenhurst (UK), Gronau (D) and Almelo (NL).

3.1- Company structure
As we saw in Chapter 1, two companies were es-
tablished with the signing of the Treaty of Almelo in 
1970: Urenco Ltd and Centec GmbH. Urenco Ltd was 
a marketing company ‒ the joint sales organization of 
UCN, Uranit and BNFL ‒ that represented the inte-
rests of the various enrichment plants. Centec coordi-
nated technological developments (R&D).

A major reorganization followed in August 1993 whe-
reby Urenco Ltd became a holding company of Uren-
co NL, Urenco Deutschland, Urenco UK and later 
also Urenco USA. Centec ends its existence and 
merges with the holding company. With this reorga-
nization, Urenco Ltd becomes more than just a sales 
organization; it becomes the owner of the three (later 
four) enrichment plants. And the countries of the 
Almelo Treaty: the Netherlands (via UCN), Germany 
(RWE and E.On via Uranit), United Kingdom (via 
BNFL) then become the owner of Urenco Ltd. Until 
1993, the individual Urenco enrichment plants were 
more or less “national” plants with Urenco Ltd as a 
joint sales organization. After the reorganization, the 
enrichment factories became part of the international 
consortium that the Contracting Parties own: with the 
result that the enrichment factory in Almelo became 
equally shared by the Netherlands, Germany and the 
UK, like those in Gronau and Capenhurst (and later 
Eunice).

Further legal restructuring is carried out in 2003, 
after which Urenco Ltd consists of two parts: Uren-
co Enrichment Company (UEC ‒ which focuses on 
enrichment) and Enrichment Technology Company 
(ETC ‒ which focuses on the manufacture of enrich-
ment installations).1

The shares of Urenco Ltd are, as stated, one-third in 
the hands of the Dutch State through the Ultra Cen-
trifuge Nederland NV2 based in Groningen; one-third 
owned by the UK government through Enrichment 
Investment Limited3 and one-third owned by Uranit 
UK Ltd,4 in turn 100% subsidiary of Uranit GmbH 
based in Jülich. Uranit is in turn owned by the Ger-
man energy companies E.On (50%) and RWE (50%). 

Urenco Enrichment Company has four enrichment 
plants: Capenhurst (UK), Gronau (Germany), Almelo 

1	 When we write Urenco, we mean, unless otherwise stated, 
Urenco Enrichment Company

2	 www.ultracentrifuge.nl
3	 https://beta.companieshouse.gov.uk/company/04223635
4	 https://beta.companieshouse.gov.uk/company/02845667

(the Netherlands) and Eunice, New Mexico (USA). 
A total of 1,500 people work in the four enrichment 
facilities.5

3.2- Enrichment Technology Company
ETC (Enrichment Technology Company Ltd.) could be 
seen as the “successor” of Centec. ETC was establis-
hed in October 2003 and in 2006 ETC became a joint 
venture between the French Areva (nowadays Orano) 
and Urenco Ltd (or actually 50% Orano, 22% Uren-
co Ltd and 28% Urenco Deutschland). This was laid 
down in the July 2005 Treaty of Cardiff6 on cooperation 
in the field of centrifuge technology between the three 
Urenco countries and France. ETC has the exclusive 
responsibility to develop, produce, supply and install 
gas centrifuges on behalf of Urenco.

In principle, all centrifuge enrichment plants that work 
with ETC technology in Europe and the United States 
are so-called black boxes; that is, the technology in 
the factories is not available to the enrichment com-
panies that operate the factories. In practice, there 
are a few ‘grey’ areas where the ETC has shared a 
limited amount of compartmentalized classified infor-
mation with the nuclear regulatory authorities that want 
assurance that the plants are safe.7 ETC has plants in 
Almelo, Capenhurst and Jülich.

The stagnation in the capacity of the Urenco enrich-
ment plants naturally also has consequences for ETC. 
Mass redundancies were announced in October 2012: 
about twothirds of ETC jobs worldwide were lost: 
1,400 out of 2000. For the Almelo plant, this means 
a loss of 240 out of a total of 800 jobs.8 The price of 
enrichment work is currently too low to add or even 
replace production capacity.9

5	 Urenco, Annual Report and Accounts 2018, p80
6	 http://fissilematerials.org/library/urenco05.pdf
7	 “Would Urenco’s Sale Pose a Proliferation Risk?” Hibbs, 

Rengifo, October 21, 2013; https://carnegieendowment.
org/2013/10/21/would-URENCO-s-sale-pose-proliferati-
on-risk/gqto

8	 “Enrichment Technology Company in Almelo ontslaat een 
derde van personeel” (“Enrichment Technology Com-
pany in Almelo dismisses a third of its staff”) RTV Oost, 2 
oktober 2013: https://www.rtvoost.nl/nieuws/172266/En-
richment-Technology-Company-in-Almelo-ontslaat-een-der-
de-van-personeel

9	 SWU-mergence: Reawakening of the Enrichment Market, in 
presentation Jonathan Hinze, President UxC, LLC, on NEI 
IUFS, 29 October 2019 p12
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Current company structure Urenco Ltd.

3.3- Reason for founding Urenco
The origin and history of Urenco is closely linked 
to the research and development of ultracentrifuge 
technology, now the most used method for uranium 
enrichment. During the 1960s and 1970s, there were 
high growth expectations of nuclear energy for energy 
production, with a consequent need for uranium en-
richment capacity. 

The history of Urenco is also closely linked to the 
desire of Western Europe to be independent of the US 
with regard to nuclear reactors and enriched uranium. 
The US did not authorize the reprocessing of nuclear 
fuel with US-enriched uranium; and that was almost 
everything at the time. However, Germany, the United 
Kingdom and France wanted to reprocess used nucle-
ar fuel in order to remove the plutonium. Officially, they 
wanted to use plutonium in fast breeder reactors, such 
as Kalkar in Germany or Phenix in France. Breeder re-
actors were considered necessary because a shortage 
of uranium was expected, mainly due to the (appa-
rently unrealistic) expected growth in (nuclear) energy 
consumption. By enriching the required uranium 
themselves, Western European countries were able to 
reprocess the spent fuel and thus develop their own 
industrial plutonium infrastructure. The two nuclear 
weapon options also remained open through an own 
enrichment industry, which could, after all, be obtained 
either by highly enriched uranium or by reprocessed 
plutonium.

3.4- Growth of Urenco
But by the time Urenco opened its first commercial 
enrichment plants, Capenhurst on 15 September 
1977 and Almelo on 25 October 1977, it was clear 
that far fewer nuclear power plants would be built than 
was expected years earlier.10 Instead of a shortage 
of enriched uranium, demand was then only half of 
global production capacity. Owing to the overcapacity 
and the large stocks of enriched uranium resulting in 
the low prices that the US and Russia demanded for 
enrichment work, it took until 1983 for Urenco to make 
a profit.11 The money needed for research, develop-
ment, construction and operation of uranium enrich-
ment, centrifuges and enrichment plants have been 
largely paid for by the three governments involved. 
Nevertheless, Urenco succeeds in conquering a place 
in a market that is already plagued by overcapacity 
and since the mid-80s, the company makes a profit 
every year.12 The growth of Urenco (from newcomer to 
global player) in those decades is due to two factors: 
enriching with ultracentrifuge technology is much 
cheaper due to the much lower energy consumption: 
“However, because Urenco has been able to offer 

10	 Urenco Centec News 4, November 1977
11	 UCN Report on the year 1983, p13
12	 Except in 2016: https://www.laka.org/nieuws/2017/half-mil-

jard-verlies-urenco-te-veel-capaciteit-en-te-weinig-kerncen-
trales-6559
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shortage of enriched uranium that is not covered by 
international treaties and can therefore be used for its 
military program. The purchase of Urenco would be 
one of the options to get that “unobligated uranium”. 
(See chapters on tritium and HALEU)

3.6- Decline in earning capacity
If the period up to 2010 was Urenco’s golden period, 
the following years should be seen as a turning point. 
Japan, Urenco’s largest customer outside of Europe 
and the US, largely fell away after the nuclear disaster 
in Fukushima, but ‒ more importantly ‒ the expected 
“comeback” of nuclear energy did not take place. And 
that was not without consequences.

3.6.1- Shrinking production
In the meantime, the overcapacity on the enrichment 
market (see Annex II: The history of the enrichment 
market) is so great ‒ largely due to the absence of the 
widely announced “nuclear renaissance” ‒ that the 
company became concerned. The price of an enrich-
ment unit (SWU) reaches a historic low (see graphic 
on SWU-price18), and a different business strategy is 
being investigated, the Dutch Minister of Finance said 
in January 2017: “The global demand for enriched 
uranium and hence the potential earning capacity for 
Urenco has fallen. ... Urenco is currently developing 
a new strategy in which the decline in the demand for 

18	 http://uraniumequities.com/uranium-price/

Start-up costs

The Netherlands invested 1.2 billion guilders 
(€530 million) in Urenco from 1970 to 1983.1 
This amount roughly corresponds to the Ger-
man government’s ‘contribution to Urenco in the 
period 1970‒1992: 1.16 billion DM (€558 milli-
on).2

The financial contributions of the countries in 
the development of uranium enrichment in the 
period prior to 1970 are more difficult to trace, 
but it will be a total of several hundred million 
guilders for the Netherlands.3 Slightly more pre-
cise figures are available for West Germany, but 
still incomplete: DM 30 million was spent from 
1958 to 1967, DM 104 million in the following 
three years (1968‒1970).4

1	 Kansen op aanzienlijke nucleaire ontwikkeling” (“Op-
portunities for significant nuclear development”), Dag-
blad Tubantia 20 January 1984

2	 http://dip21.bundestag.de/dip21/btd/18/019/1801910.
pdf

3	 See, among others, Nota Langman “Kosten kernener-
gie en kern-physica 1955-1969” (“Nuclear Energy and 
Nuclear Physics Costs 1955-1969”) in which uranium 
enrichment costs have been placed withïn the RCN, 
FOM and NIOF research institutes: https://kernener-
gieinnederland.nl/files/19720330-nota.pdf

4	 “Geschichte der Kernenergie in der Bundesrepublik 
Deutschland” (“History of Nuclear Energy in the Fede-
ral Republic of Germany”), Wolfgang D. Müller, 1990 
p527 / 8

competitive prices, its market share grew”, the Dutch 
Minister of Economic Affairs explains in 1987.13 In 
addition, the large enrichment plants in Russia and 
the US were from the Second World War or just after 
and in the 1980s, therefore, they were old and in need 
of replacement. But especially Urenco grew due to 
failures in the US. There, the policy was aimed at laser 
enrichment replacing the old diffusion plants. But the 
failure of that technology ‒ along with the failure to 
realize replacement centrifuge enrichment capacity14 
‒ caused the US market share to fall dramatically and 
eventually evaporate completely. Urenco was able to 
take over that market almost entirely. The big compe-
titor, the Russian Tenex, had much less access to the 
western market.

3.5- Privatization	
Four years after the Dutch State had become 100% 
owner of UCN,15 the Dutch government announced in 
May 2013 that it wanted to sell its shares.16 The main 
reason given by the then Finance Minister Dijssel-
bloem is that the United Kingdom wants to privatize its 
shares, The German share is already owned by com-
panies, so it makes no sense to hold a minority share.

Three years later, in November 2016, it is clear that 
the sales plans are stuck and have actually failed. 
The British government and the German shareholders 
also apparently abandoned the intention. The stum-
bling block seems be “safeguarding public interests”: 
the shareholders do want to sell but because of the 
sensitivity of the enrichment technology they also want 
to keep commitments from buyers and control over a 
number of aspects.17 

It could be that the sale of Urenco will be high on the 
agenda again in the coming years, and then with a 
surprising buyer: the United States. The US govern-
ment could be interested in Urenco because, in the 
absence of its own enrichment plant, it could get a 

13	 Answers Minister De Korte (15 April 1987) to questions by 
Lankhorst, House of Representatives, 1986‒1987 session

14	 See ANNEX II on the history of the enrichment market
15	 See Chapter 4 about the Urenco plant at Almelo
16	 “Voorgenomen verkoop aandelen Urenco” (“Intended sale 

of Urenco shares”), Letter from the Minister of Finance, 23 
May 2013

17	 “Minister over verkoop Urenco: Duitse aandeelhouders 
liggen dwars” (“Minister about sale of Urenco: German 
shareholders are blocking”), Laka Foundation, November 1, 
2016

Picket-line in front of Dutch parliament during debate selling 
Dutch Urenco-share, The Hague, November 5, 2013
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enriched uranium plays an important role.”19

Table I: 
Urenco: capacity and production 1976-2018 (in 
tSWU/y) 20

Year Licensed 
capacity

Production
NL UK G USA Total

1976 75 40 20 60
1980 460 220 190 410
1985 1.500 780 480 50 1.310
1990 2.600 1.100 800 400 2.300
2000 4.800 1.500 1.800 1.200 4.500
2012 19.400 5.500 5.000 4.200 2.200 16.900
2015 26.700 5.400 4.900 4.100 4.600 19.000
2018 26.700 5.200 4.600 3.900 4.900 18.600

It is clear that Urenco has adapted to the changing 
market: enrichment capacity and production have 
decreased in recent years, even with the commissio-
ning of a fourth enrichment plant in the US. And actual 
production is much less than the permitted maximum 
capacity: planned and licensed new capacity has not 
been built. Taking into account the bulk of the capaci-
ty increase ‒ Almelo in 201121, Gronau in 200522 and 
Eunice 201523 ‒ was licensed in the years the ‘nucle-
ar renaissance’ was predicted, the canceling of new 
production capacity is only logical since the nuclear 
revival never materialized.

3.6.2- Contracts and order book
Urenco has a worldwide market share of around 

19	 Debate on state participations, list of questions and ans-
wers, 18 January 2017; https://zoek.officielebekendmakin-
gen.nl/kst-28165-262.html

20	 Figures from the relevant annual reports
21	 https://www.laka.org/docu/catalogus/publica-

tie/1.01.8.36/16_beschikking-voor-het-wijzigen-van-de-ura-
niumverrij

22	 https://www.tib.eu/de/suchen/id/tema%3ATE-
MA20050504385/Urenco-Deutschland-GmbH-Genehmi-
gung-zum-Ausbau/

23	 https://www.world-nuclear-news.org/RS-Urenco-gets-US-re-
gulatory-approval-to-expand-Eunice-plant-31031502.html

32% and is therefore the second 
largest uranium enricher: after 
the Russian Tenex, which has 
a market share of around 40%. 
These two companies therefore 
hold more than 70% of the world 
market. Orano (France) and 
CNNC (China) have 13% and 12% 
market share respectively. The 
remaining 3% are test installations 
in other countries.24 

Urenco only discloses customer 
names in exceptional cases; nor 
is a list published in, for example, 
the Annual Report with companies 
(or nuclear power plants) for which 
Urenco is enriching uranium. In 
the last published Annual Report 

(for 2018), only “50 customers in 19 countries” are 
mentioned. That was different in the past: the Annual 
Report for 1985, for example, contained an over-
view with “Long Term Enrichment Customers.”25 But 
ever since then, less and less customer information 
has been made public. As a result, a self-compiled 
overview of countries where enriched uranium from 
Urenco is used is the highest attainable. In this case it 
was helped considerably by a presentation in 2016 in 
South Africa by Urenco’s Marketing and Sales ma-
nager about Urenco’s “’pivotal role in the nuclear fuel 
cycle”’.26

With that information we come to the following coun-
tries: Belgium, Brazil, China, Germany, Finland, 
France, Japan,27 the Netherlands, Ukraine, Slovenia, 
Spain, Taiwan, Czech Republic, United Kingdom, Uni-
ted Arab Emirates, United States, South Africa, South 
Korea, Sweden, Switzerland. But those are 20 coun-
tries and not 19. The reason may be that enrichment 
for the latest contract (signed in 2016 with the Ukrai-
nian Energoatom)28 is not yet taking place.

Enrichment contracts are generally concluded for 10 
years or longer. The order book is €10.6 billion and 
“extends to the first half of the 2030s”.29 The Annual 
Report for 2010 reports an order book “in excess of 
€21 billion of future sales.”30 A clear decrease and 
again an indication that nuclear energy is in the dol-
drums and with it the enrichment industry. Although 
Urenco’s market share has risen slightly in that period 
(see above), this indicates more of a shift in market 

24	 SWU-mergence: Reawakening of the Enrichment Market, 
presentation by Jonathan Hinze, President UxC, LLC, on 
NEI IUFS, October 29, 2019 Urenco 1986, Urenco. July 
1986, p4

25	 Urenco 1986; Urenco November 1986, p4
26	 “The Nuclear Fuel Cycle and Urenco’s pivotal role in this 

Cycle”; Michael Bryant, Manager, Marketing and Sales, 
March 2016. http://www.nuclearafrica.co.za/presentations/
conference2016/Michael%20Bryant%20-%20Nuclear%20
Africa%202016.pdf

27	 “Focus on our customers”, Cascade, Spring 2007, p17
28	 http://www.energoatom.com.ua/en/print_page/publication/

press_center-19/company-20/urenco_and_energoatom_
sign_contract_on_supply_of_enriched_uranium-3246

29	 Urenco Annual Report and Accounts 2019, p6
30	 Urenco Annual Report and Accounts 2010, p3

(SWU Price 1995-2019
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share within the group of existing producers than of 
market growth.

Table II: 
Development of Installed Nuclear Capacity
Year Number of reators Total capacity MW
1960 15 1087
1970 84 17.656
1980 245 133.037
1990 416 318.253
2000 435 349.999
2010 441 375.277
2020 * 447* 395.626**

*    These are figures from the IAEA, which also includes the 
24 Japanese reactors that have been out of operation for 
almost 9 years, but for which no decision has yet been 
made as to what will happen to them. In reality, therefore, 
there are more than 20 fewer nuclear plants in operation as 
listed here

**  The capacity is from the end of 2019 (the latest figures on 
the IAEA webpage) https://pris.iaea.org/PRIS/home.aspx 
(as of 8 Feb. 2020) and includes the 24 Japanese nuclear 
power plants.

3.6.3- Urenco market share 
Urenco’s market share grew from 7% in 198531 19% in 
200432, 29% in 201133 to 32% now.34 Clearly visible is a 
flattening in the growth figures and it can be expected 
that the market share will fall rather than rise in the 
coming years. There are a number of reasons for this: 
the traditional market of Urenco (Western Europe ‒ 
minus France ‒ and North America) is stagnating, nu-
clear power stations are being built very slowly while 
many nuclear power stations will be closed.

The growth market for nuclear energy is located in the 
Far East and especially in China, with its own enrich-
ment industry. If, in addition, nuclear power stations 
are to be built, they will be built almost exclusively by 
the Russian Rosatom, with which enrichment con-
tracts will automatically go to the Russian Tenex. And 
finally: the US will in any case set up its own enrich-
ment industry, necessary to produce enriched uranium 
that can be used for military purposes.

Tabel III:
SWU production (in tonnes of SWU per year)35

Land/Bedrijf 1978 1998 2019
VS (zonder Urenco US) 27.300 19.400 -
Rusland (Sovjet Unie) 20.000 20.000 23.600
Frankrijk (Eurodif) 600 10.800 7.500
Urenco 400 3.900 18.600
China 400 800 7.100
Rest 0.600
Totaal 48.700 55.800 57.400

31	 Report for the year 1985, Ultra-Centrifuge Nederland NV, 
1986 p8

32	 2004 Annual report and Accounts, Urenco, 2005
33	 2011 Annual report and Accounts, Urenco, 2012
34	 SWU-mergence: Reawakening of the Enrichment Market, 

presentation by Jonathan Hinze, President UxC, LLC, on 
NEI IUFS, October 29, 2019 p12

35	 for sources see Annex II

3.7- Trading in enriched uranium
Urenco always attaches great importance to making it 
clear that it does not own the uranium it enriches: the 
uranium is and remains the property of the customer; 
Urenco only provides a service: enrichment work. 
However, that does not mean that Urenco itself does 
not have uranium; it even probably possesses enri-
ched uranium. The depleted uranium, which arises 
from enrichment, becomes the property of Urenco. 
Convenient for the customer, who, because of this-
arrangement, has no responsibility for the safe and 
long-term storage of this waste product. That depleted 
uranium can be re-enriched again and sometimes that 
happens; in its own enrichment plants or at a compe-
titor such as Tenex in Russia. What happens next with 
that uranium is opaque, but the only possibility is that 
Urenco itself also trades in (enriched) uranium.

Urenco actually never reveals which of the four facto-
ries is used for which customer; that depends on the 
capacity. There also appears to be a constant flow of 
uranium transports between the various enrichment 
plants; very broad permits make that possible. Such 
permits, from which detailed transport flows cannot be 
distilled, also ensure little transparency in this area. 
Transport overviews have occasionally been published 
by the German parliament and the state of Nordrhein 
Westfalen,36 but such lists have not (yet) been made 
public for Almelo, Capenhurst and Eunice. 

3.8- Stable isotopes37

In the new business strategy announced in 2017 “in 
which the decline in the demand for enriched uranium 
plays an important role”, the stable isotopes depart-
ment could play an important role. Centrifuges are 
used in this department to purify certain non-radioacti-
ve (stable) isotopes. 

In addition to industrial applications, these stable isoto-
pes mainly serve as a raw material for the production 
of shortlived radioisotopes that are used in imaging 
technology in medical diagnostics and in cancer the-
rapies. These short-lived isotopes can then be pro-
duced in nuclear reactors, but also, and increasingly, 
in cyclotrons and other particle accelerators; without 
nuclear fission, uranium  and highly radioactive waste. 

The raw material required for the production of me-
dical isotopes are specific stable isotopes. Many 
elements are naturally present as a mixture of one or 
more isotopes. For example, natural molybdenum, 
like natural uranium, contains various isotopes. One 
particular isotope thereof serves as a raw material for 
the production of a certain type of medical isotope. To 
get it as pure as possible, it must be enriched. This 
enrichment can be done in all kinds of ways such as 
distillation and diffusion, but also with ultracentrifuge. 

That is what happens in Almelo too, because they 
have technology for enrichment. Urenco started en-

36	 See ao https://kleineanfragen.de/nordrhein-westfa-
len/17/6334-atomtransporte-durch-nrw-im-jahr-2018

37	 Based on: “Verrijking van grondstof voor medische isotopen 
bij Urenco” (“Enrichment of raw materials for medical isoto-
pes at Urenco”), factsheet Laka, November 2012; Urenco 
Stable Isotopes corporate brochure, June 2011; personal 
communication Laka and Urenco, September 2013
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riching stable isotopes in 1990 in Almelo as a research 
and development activity. In the years that followed, 
the product portfolio grew steadily to more than 30 

isotopes of 10 ele-
ments for all kinds 
of medical and 
industrial applica-
tions. Urenco Sta-
ble Isotopes has 
been operating as 
an autonomous 
business unit wit-
hin Urenco since 
the mid-1990s. 
The production 
of these types of 
isotopes takes 
place in separate 
installations. The-
refore, radioactive 
contamination 
cannot occur; it 
is a completely 
separate part.

There is nothing 
wrong with this 
production, but it 
does not have to 
be connected in 
any way to Uren-

co or to the nuclear industry in general. Although this 
business unit seems to be growing fast, Urenco does 
not want to make any statements about the turnover 
of it or its percentage within total business turnover. 

The Stable Isotopes department is undoubtedly one 
of Urenco’s responses to the decline in “global de-
mand for enriched uranium and thereby the potential 
earning capacity of Urenco”, as noted by the Dutch 
government.38 But in addition, production for medical 
purposes is played out in the media as justification for 
the nuclear industry.39

3.9- Sponsoring; buying consent
What immediately stands out on the websites of the 
various Urenco enrichment plants is the attention to 
the local community. That is called “Supporting our 
local communities”. Urenco invests extensively, but 

38	 https://www.rijksoverheid.nl/documenten/kamerstuk-
ken/2017/01/18/bijlage-antwoorden-op-kamervra-
gen-over-jaarverslag-beheer-staatsdeelnemingen-2015

39	 See for example: “Urenco Almelo gaat 200.000 patiënten 
per jaar helpen” (“Urenco Almelo is going to help 200,000 
patients a year”), Tubantia, 3 February 2018

relatively small amounts, in organizations in the area: 
from billiards clubs, sports clubs, local media, animal 
ambulances to New Year’s concerts. A commendable 
aim? Perhaps. And certainly important for the local 
grocer who has to convince the neighbors to buy fruit 
and vegetables at his / her store. But Urenco does not 
have customers like that in the local community at all. 
And so this is about something else: buying consent; 
building goodwill and smothering critical voices, by 
creating a financial dependence. 

To which problems this can lead becomes clear in 
2013 when the public library in Almelo cancels an 
exhibition about Urenco and the major demonstration 
‘35 years later’ at the last minute.40 Reason: the library 
is sponsored by Urenco and the director therefore 
thinks it is “a matter of decency and based on our part-
nership not reasonable to cooperate”. There is brief 
commotion in the local media,41 but that quickly ebbs 
away. However, the impression remains that if you 
do not want to jeopardize your financial contribution, 
one should not accommodate criticism about Urenco. 
Buying consent.

40	 “Bibliotheek Almelo pleegt zelfcensuur” (“Almelo Library 
commits self-censorship”), Tubantia, 12 February 2013

41	 See for example De Roskam 15 February 2013 and Tuban-
tia 14 February 2013

Add Urenco, in: Twentevisie, September 
2003: Sometimes we’re close, some-
times we’re far away (hospitals and 
airplanes)

       Poster: Public library cancels critical Urenco exhibition 2013
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CHAPTER 4: 

THE URENCO ENRICHMENT PLANTS
The Urenco Enrichment Company has enrichment facilities on two continents in four countries: 
from the outset in Capenhurst (United Kingdom) and Almelo (Netherlands); from 1985 in Gronau in 
Germany and from 2010 in Eunice, in the United States. Below are the details of the different loca-
tions. The policy regarding depleted uranium, which varies from location to location, is described in 
chapter 5.

4.1- Urenco NL:  Almelo
For the Dutch location of the enrichment plant, Almelo 
is preferred to a site between Gulpen and Maastricht, 
officially due to the particularly firm and vibrationfree 
surface. But the site is also owned by one of the sha-
reholders of UCN: Philips. The site in Almelo is alrea-
dy purchased on 12 March 1969, one day after the 
signing of the agreement-in-principle between West 
Germany, the United Kingdom and the Netherlands. 
The construction of the centrifuging plant begins on 26 
June that year and UCN, Ultra Centrifuge Nederland, 
is set up on 4 November. UCN is a collaboration bet-
ween industry and the Dutch state, but that will change 
quite quickly. 

When the treaty was signed in Almelo on 4 March 
1970, the site a few kilometers away was already 
under development. Already in November 1970, SP1, 
the first Separation Plant, with a capacity of 25 tSWU 
/ y was put into operation and the German pilot plant 
SP2, which is also located in Almelo, with a capacity of 
5 tSWU / y, followed in October 1972.

At the beginning of the 1970s it was already clear that 
the Dutch centrifuges considered to be superior1 were 
not satisfactory and the evaluation committee of Cen-
tec (responsible for the development and construction 
of the centrifuges) therefore wrote off the Dutch design 
in 1973. Almelo continues with the German G2 design, 
according to German specifications.2

In the meantime, uranium enrichment and especially 
cooperation with Germany are under considerable 

1	 UCN director Boogaardt in interview with Tubantia, 7 July 
1970

2	 “Jaap Kistemaker en uraniumverrijking in Nederland 1945-
1962” (“Jaap Kistemaker and uranium enrichment in the 
Netherlands 1945-1962”), Abel Streefland, 2017 p263

pressure from publications from mainly the Commu-
nist Party of the Netherlands (CPN): it would give the 
German revanchists the opportunity to build an atomic 
bomb.3 This claim, not at all out of thin air as it turns 
out,4 is swept away as cold war rhetoric. But a number 
of other “affairs” in the late 1970s are causing huge 
the opposition (also within parliament) against UCN 
and the future of the plant is under pressure.

In 1974, nuclear fuel that was enriched in Almelo was 
loaded at the Dodewaard nuclear power plant: it was 
the first contractual delivery of enriched uranium5 and 
on 25 October 1977 the first commercial department, 
the SP3, was officially commissioned.6 

At the time UCN receives the license for expansion to 
1000 tSWU / y (SP4) on 8 February 1978, this is on 
the eve of the largest demonstration ever at any Uren-
co plant. The demonstration on March 4 that year with 
the central slogan “No expansion of the UCN” attracts 
45,000 to 50,000 people.7 An important reason for the 
large participation is the planned delivery of enriched 
uranium to the military dictatorship in Brazil. At the end 
of the 1970s and in the 1980s, UCN Almelo continued 
to attract negative media attention, among other things 
due to Khan’s nuclear espionage and the enrichment 
of South African-stolen uranium from occupied Nami-
bia,8 but the company gradually disappears out of the 
spotlight.

Because the industry announced in 1976 that it had 
lost faith in the centrifuge factory and no longer wan-
ted to invest, the costs of capacity expansion were en-
tirely borne by the Dutch State. As a result, the share 
of industry is falling from 45 to 1.1%. In October 2009, 
the Dutch State buys the last 1.1% of the shares for an 
amount of 17 million euros.9

3	 “De Ultracentrifuge 1937-1970 Hitlers bom voor Strauss?” 
(“The Ultracentrifuge 1937-1970 Hitler’s bomb for 
Strauss?”), Wim Klinkenberg, 1971

4	 See, for example, “Bonn und die Bombe, Deutsche Atom-
waffenpolitik von Adenauer bis Brandt”, Matthias Küntzel, 
1992

5	 “Nederlandse splijtstofelementen in kerncentrale Dode-
waard” (“Dutch nuclear fuel elements in the Dodewaard 
nuclear power plant”), Atoomenergie en haar toepassingen, 
October 1974 p209

6	 Urenco Centec News, n4, November 1977
7	 https://www.stopkernenergie.nl/content/grootse-demonstra-

tie-tegen-uitbreiding-ucn
8	 See Chapter 7: A.Q. Khan and other scandals
9	 Deelnemingenbeleid Rijksoverheid (Participation policy 

State government), Letter from the Minister of Finance 12 
October 2009, Lower House Meeting year 2009-2010, 28 
165 nr 103

UCN Almelo under construction, 1976                      (foto: Anefo)
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Table III: 
Shareholders Ultra Centrifuge Nederland (in %)

Jaar Industrie Nederlandse Staat
1970 45 * 55
1978 1,1 98,9
2009 - 100 

*    industry 45%: RSV, VMFStork each 7,5%; Philips, Shell, 
DSM each 10%

Although Urenco as a whole is expanding and the 
capacity of the Almelo plant is also increasing consi-
derably, that does not mean that the Almelo branch is 
going strong.10 One week after the Chernobyl nucle-
ar disaster, an enormous extension permit is being 
applied for, but the nuclear energy market is collapsing 
due to that nuclear disaster. Although the 3500 tSWU / 
y license was issued in March 1987, UCN announced 
at the beginning of 1988 that it would not extend. What 
follows are years of uncertainty about permits: the 
Council of State nullifies a number of licences and the 
government is issuing a number of temporarily permits 
to grant continuation of production.

After the very delayed opening of SP5 in March 2000 
(bringing the capacity to 2500 tSWU / y), UCN will 
only be granted another permit for 3500 tSWU / y11 
in October 2005 and another increase in capacity to 
4500 tSWU /y will be licensed in 2007. Just before the 
Fukushima nuclear disaster, UCN is applying for a per-
mit for 6200 tSWU / y. Although that permit is granted 
on 28 October 28 2011, once again the expansion will 
fall far behind schedule: in 2018, production was 5200 
tSWU / y; 300 tons less than in 2012. 

4.1.1- Aeronamic
The company Aeronamic is a collaboration between 
UCN and the University of Twente.12 It was created in 
1988 as a spin-off of Urenco, called Urenco Aerospace 
and applied the Urenco knowledge of high-speed 
machines for aviation purposes. Aeronamic became 
independent in 2005 and is currently an “internatio-
nally leading player in the aviation industry.”13 A major 
customer is the defense industry for the production of 
the F-35 fighter jets.

4.2- Urenco UK: Capenhurst
As a result of the partly military character of the British 
enrichment industry, Capenhurst remained for a long 
time a shared property with two owners: British Nucle-
ar Fuel Ltd (who worked for the British military sector 
and was also the British shareholder of Urenco) and 
Urenco Ltd. Uranium has been enriched in Capenhurst 

10	 For the following overview, use was made of https://
kernenergieinnederland.nl/faceted_search/results/taxo-
nomy%3A162%2C17

11	 https://kernenergieinnederland.nl/files/20051012-urenco.pdf
12	 Company website, visited 18/02/2020: https://www.aerona-

mic.com/
13	 High-tech Almelo; website, visited 18-02-2020 https://ont-

dekhightech.nl/bedrijf/aeronamic/

since 1953,14 but from 1968 on the emphasis shifts 
more and more from the development of diffusion to 
that of centrifuges.15 

In 1972, a centrifuge test installation with an enrich-
ment capacity of 14 tSWU / y was commissioned in 
one of the existing gas diffusion halls.16

The first commercial centrifuge facility in Capenhurst, 
the E21, came into operation in 1976 and was officially 
commissioned on September 15, 197717; it was the 
first in the world to commercially enrich uranium by 
means of centrifuges. With the commission of the E22 
in 1982, capacity was expanded and with the E23 in 
1997.18 The E23 is by far the most important com-
ponent and produces approximately 80% of the total 
capacity in Capenhurst.19 

The Capenhurst A3 production part opened in 1984 
was built for military purposes (submarine fuel; the 
contract for construction came from the Royal Navy)20 
but never produced highly enriched uranium; but it 
did produce uranium that was enriched more than 5% 
for export to the US to be enriched further to highly 
enriched uranium or to be exchanged with the US for 
highly enriched uranium for military purposes.21

According to the Treaty of Almelo, it is possible for 
the UK, as a nuclear-weapon state, to further enrich 

14	 Britain’s Nuclear Weapons, http://nuclearweaponarchive.
org/Uk/UKFacility.html visited 19-01-2020

15	 “Urenco UK Centrifuge Enrichtment Plant Capenhurst”, 
company brochure undated (1977)

16	 “Geschichte der Kernenergie in der Bundesrepublik Deut-
schland” (“History ofNuclear Energy in the Federal Republic 
of Germany”), Wolfgang D. Müller, 1990 p528

17	 Urenco Centec News 4, November 1977
18	 “Profile of World Uranium Enrichment Programs-2009”, 

M.D.Laughter, ORNL, April 2009: https://fas.org/nuke/guide/
enrich.pdf

19	 https://urenco.com/global-operations/urenco-uk
20	 “Navy approves plant for submarine fuel”, Financial Times, 

30 June 1982
21	 “Germany and Euratom slow down enhanced centrifuge 

safeguards”, Nuclear Fuel, Vol.22, No.9, 5 May 1997, p12

Protesting the capenhurst enrichment plant, April 1987                      
(foto: Close Capenhurst Campaign)
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uranium enriched in a Urenco installation for use in nu-
clear weapons.22 However, the British government has 
stated that if it does ‒ it will only do so with enriched 
uranium from the ‘British’ Urenco plant in Capenhurst 
and not with uranium enriched at Almelo or Gronau.23 
Or as the Dutch then PvdA MP Relus ter Beek reacted 
when there was some concern about of the English 
plans: “The technique of the centrifuge method is 
owned by each of the countries and they may therefo-
re use it for their own military purposes.”24

The years 1991/92 are economically disastrous for 
Capenhurst. At the beginning of 1991, the Ministry of 
Defense terminates the contract with the BNFL plant, 
which costs 400 jobs25 and a year later another 550 
jobs disappear “because of the collapse of the world 
market since the end of the Cold war.”26 Since 2012 
Urenco UK ‒ the British subsidiary of Urenco Ltd ‒ is 
the only permit holder of the site. According to the la-
test figures,27 Capenhurst has an enrichment capacity 
of 4,600 tSWU / y.

In Capenhurst, the Urenco Tails Management Facility 
was put into operation in 2019 to convert depleted ura-
nium hexafluoride into a more stable solid oxide form 
(more about this in Chapter 5 on depleted uranium).

In addition, the Urenco site in Capenhurst will see 
the storage of dismantled nuclear reactors (RPVs: 
Reactor Pressure Vessels) from nuclear submarines, 
the British Ministry of Defense (MOD) announced in 
July 2016.28 CNS (Capenhurst Nuclear Services ‒ a 
Urenco subsidiary and renamed Urenco Nuclear Ste-
wardship at the end of 201729) will be responsible for 
storing the RPVs until there is a [geological] disposal 
facility. The establishment of such a disposal facility 
will, as in many other countries, take some time in 
Great Britain.

4.3- Urenco Deutschland: Gronau
Whether it was the result of restrictions on the pro-
duction of nuclear fuel on German territory after the 
Second World War or the ongoing negotiations on 
West-German accession to the Non-Proliferation 
Treaty,30 in any case the three countries decided the 
German enrichment plant to be built on Dutch territory: 

22	 Article VI, paragraph 2 according to the Treaty of Almelo, 
Mr. EP.M.W. Domsdorf, 1976, p29

23	 Until the restructuring of Urenco in 1993, the various en-
richment plants were much more “owned” by the country 
concerned. See chapter 3: Company structure

24	 “Milieudefensie verontrust over levering uranium” (“Friends 
of the Earth worried about the delivery of uranium”), Volks-
krant, August 18, 1982

25	 “MOD cancels enrichment contract”, Atom 412, April 1991
26	 “BNFL to cut 550 uranium plant jobs”, Financial Times, May 

21, 1992
27	 Urenco Annual Report and Accounts 2018
28	 press release MOD, 7 July 2016: https://www.gov.uk/

government/news/mod-selects-nuclear-storage-site-as-sub-
marine-dismantling-project-progresses

29	 https://urenco.com/news/urenco-nuclear-stewardship/
capenhurst-nuclear-services-rebranded-to-urenco-nucle-
ar-stewardship-reflect

30	 Various authors, such as Jaap Kistemaker in his “Geschie-
denis van het Nedelandse centrifuge project”, and also 
lawyer Domsdorf in his analysis “Vedrga van Almelo” (Treaty

namely on the Urenco site in Almelo. In September 
1971, the Dutch Ministry of Economic Affairs issued 
the Nuclear Energy Act license for the construction of 
the SP2: Separation Plant 2. In July 1974, the license 
for the construction of the joint German-Dutch 200 
tSWU / y enrichment plant, the SP3, followed.

In 1978 the governments of the three Urenco coun-
tries agreed to build an enrichment plant in Germany, 
based on (of course secret) agreements in the Joint 
Committee from 1974 and 1977. The agreement 
would be that if the total Urenco installed capacity 
reached 2,000 tSWU / y the construction of an enrich-

ment plant in West Germany would be possible. The 
Dutch parliament had in fact agreed in June 197831 to 
expand capacity of Urenco Almelo, on the assumption 
that it would prevent the construction of a West Ger-
man plant.

Founded in August 1969, Uranit applied in March 1978 
for the first permit for the construction of the enrich-
ment plant in Gronau, 40 km from Almelo.

In 1985 the first part of the enrichment plant with a 
capacity of 40 tSWU / y went into operation and in 
1989 400 tSWU/y was reached and an extension per-
mit up to 1,000 tSWU / y was also issued. Following 

of Almelo) emphasize that the reason were the NPT negotiati-
ons

31	 See, inter alia, the press statement from the National 
Energy Committee and the Brazil Committee of 30 June 
1978: http://kernenergieinnederland.nl/files/19780630-lek.
pdf

Protest against construction of enrichtment facility at Gronau,  
September 1982                                                        (foto: Tubantia)

Open air storage UF6 containers, Gronau                  (foto: Urenco) 
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a license for capacity expansion to 1,800 tSWU / y in 
1997, Urenco Gronau received the current license for 
an enrichment capacity of 4,500 tSWU / y in February 
2005.32 At the same time, an amendment was made 
to the maximum percentage uranium can be enriched: 
6% uranium 235, which was 5% since the commissio-
ning in 1985.33

4.3.1- Urenco en de Atom Ausstieg
Urenco’s enrichment plant has been kept outside the 
German Atom Ausstieg (nuclear power phase-out), just 
like the nuclear fuel elements production plant in Lin-
gen. On 27 February 2018, the fractions of Bündnis 90 
/ Die Grünen and Die Linke in the German Bundestag 
submitted a bill34 to include the nuclear facilities in Gro-
nau and Lingen into the Ausstieg. The Atom Ausstieg 
only concerns nuclear power stations, the last of which 
(also in Lingen) must be closed in 2022. The bill did 
not make it: it was voted down in March 2019.35 But 
the call for a consistent and comprehensive Ausstieg 
only grew and in December 2019 it was announced 
that Environment Minister Schulze is working on a ban 
on exports of nuclear fuel elements from Lingen to 
‘grenznahe’ nuclear power stations. This would con-
cern nuclear power plants that are more than 30 years 
old and less than 150 km from the German border.36 

Such a prohibition is mainly aimed at the reactors Ti-
hange in Belgium and Fessenheim in France; nuclear 
power plants that have serious doubts about safety. 
But with a ban on nuclear fuel elements, an export ban 
for enriched uranium for the same category nuclear 
power plants seems only a logical next step. In total, 
such a ban would affect more than 10 nuclear reac-
tors, including the one in Borssele.37 

For many years now, Urenco Gronau is the Urenco 
plant where most protests take place. Since the end of 
1986 (!) so called “Sonntagspaziergang” takes place 

32	 https://www.tib.eu/de/suchen/id/tema%3ATE-
MA20050504385/Urenco-Deutschland-GmbH-Genehmi-
gung-zum-Ausbau/

33	 https://www.atommuellreport.de/daten/uaa-gronau.html
34	 http://dip21.bundestag.de/dip21/btd/19/009/1900964.pdf
35	 https://www.bundestag.de/dokumente/textarchiv/2019/

kw11-de-fukushima-595194
36	 “Schulze will umstrittene Brennelemente-Exporte ver-

bieten” (“Schulze wants ban controversial fuel element 
exports”), SZ, December 5, 2019; https://www.sueddeut-
sche.de/politik/atom-berlin-schulze-will-umstrittene-bren-
nelemente-exporte-verbieten-dpa.urn-newsml-dpa-
com-20090101-191205-99-12045

37	 https://sofa-ms.de/?p=1648

on the first Sunday of every month; the 400th pro-
test-walk was on 5 January 2020.38

4.4- Urenco US: Eunice
In the spring of 2010, the Urenco enrichment plant in 
Eunice, in the US state of New Mexico, was put into 
operation. The National Enrichment Facility is owned 
by Urenco’s daughter Louisiana Enrichment Services 
(LES). The “Establishment, Construction and Operati-
on of a Uranium Enrichment Installation in the United 
States” was made possible by the Treaty of Washing-
ton signed in July 1992 and the use of “Gas Centrifuge 
Technology in the United States of America” by the 

Treaty of Paris. LES had already applied for a permit 
in 1989 for an enrichment plant in Homer, in the state 
of Louisiana, which should have been operational in 
1996. But due to strong local opposition ‒ organized in 
Citizens Against Nuclear Trash ‒ there came no permit 
and for a special reason: CANT reasoned that the 
choice of location, Homer, was based on “environmen-
tal racism”. Of all the hundreds of potential locations 
that LES looked at for its plant, Homer was the one 
with the highest percentage of African Americans and 
with the lowest incomes on average. And that argu-
ment from CANT was taken up by the nuclear regula-
tor, the Nuclear Regulatory Commission (NRC), which 
refused the permit.39 The first time that environmental 
justice had a determining role.

But the US market, with 100 nuclear power plants, 
the world’s largest market, continued to lure, and after 
a second failed attempt in 2002 in Hartsville, Ten-
nessee,40 LES made another attempt in the state of 
New Mexico. In 2006, Urenco received a permit for an 
enrichment plant with a production of 5,700 tSWU / y41 
five miles (8 km) outside of Eunice. The first uranium 
was enriched in June 201042 and in March 2015 Uren-
co USA received a permit for a maximum capacity of 

38	 ScharfLinks, January 3, 2020: http://www.scharf-links.
de/42.0.html?&tx_ttnewselkott_news==72154&tx_ttnewsel-
kobackPidRS=56&cHash=88dc323564

39	 “Homer, Louisiana, nuclear nonsense”; Earthjustice: https://
earthjustice.org/features/homer-louisiana-nuclear-nonsense

40	 https://www.wise-uranium.org/eples.html#UTILENR
41	 “Louisiana Energy Services Gas Centrifuge Facility The His-

tory of Licensing”; NRC https://www.nrc.gov/docs/ML1707/
ML17076A061.pdf

42	 “Urenco USA starts enrichment”, Nuclear Engineering Inter-
national; 29 June 2010
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10,000 tSWU / y,43 with which it could be the largest 
Urenco enrichment plant. But here too the actual pro-
duction is a lot less: by the end of 2018 they had not 
even achieved the production of the old permit: 4,900 
tSWU / y.44

In February 2019, Urenco USA announced that it 
wants to produce HALEU.45 HALEU (High Assay Low 

43	 https://www.world-nuclear-news.org/RS-Urenco-gets-US-re-
gulatory-approval-to-expand-Eunice-plant-31031502.html

44	 Urenco Annual Report and Accounts 2018, p9
45	 “Urenco USA Inc. announces next-step HALEU activities“, 

TREATIES URENCO LTD
Treaty of Almelo1

Signed 4 March 1970; entry into force 19 July 1971

Agreement between the Troika states (Germany, the Netherlands and the United Kingdom) for the de-
velopment and operation of the gas centrifuge process for the production of enriched uranium. It must 
primarily deal with non-proliferation issues: to prevent other than then existing nuclear weapons states 
to use this this technology to produce nuclear weapons. The Treaty also regulates the supervision by the 
three governments in the Joint Committee, and at the same time stipulates that all documents will remain 
secret, without public access 

Treaty of Washington2

Signed 24 July 1992; entry into force 1 Feb 1995

Agreement between the Troika states (Germany, the Netherlands and the United Kingdom) and the US 
government. The treaty allows the transfer of classified (secret) information to the US ‒ necessary for 
Urenco to open a uranium enrichment plant in the US. The treaty stipulates that the conditions that are 
agreed in the Treaty of Almelo also apply to the US. 

Treaty of Cardiff3

Signed 12 July 2005; entry into force 1 July 2006

Agreement between the Troika states and the French government: the treaty allows the creation of Enrich-
ment Technology Company; the 50/50 joint venture with Areva (now Orano): ETC will develop and build 
centrifuges. Urenco and Orano agree to ensure that they remain competitors in the field of enrichment. 

Treaty of Paris4

Signed 24 Jan. 2011; entry into force 31 Jan. 2012

Agreement between the Troika states, the French government and the US government that allows the 
transfer of ETC technology in the US. This treaty is explicitly not about the Urenco enrichment plant in 
Eunice, which is from Urenco, but about any new enrichment facilities to be built in the US that can be 
equipped with technology developed by ETC and therefore essentially from Urenco.

1	 https://www.laka.org/docu/catalogue/publication/1.01.8.30/33_verdrag-van-almelo
2	 https://www.laka.org/docu/catalogue/publication/1.01.8.30/31_treaty-of-washington-agreement-between-the-three
3	 http://fissilematerials.org/library/urenco05.pdf
4	 https://zoek.officielebekendmakingen.nl/trb-2011-83.html

Enriched Uranium) is 19.75% enriched uranium. The 
plant is allowed, according to its permit, to enrich to a 
maximum of 5%, but so far produced LEU at levels of 
approximately 4.5%. But the facility can be converted 
to enrich up to 19.75%.46 That percentage is still called 
“low-enriched” uranium. (See chapter 6: HALEU)

5 February 2019; https://urenco.com/news/articles/uren-
co-usa-inc-announces-next-step-haleu-activities

46	 “White Paper on High Assay Low Enriched Uranium”, 
Jeffrey S. Merrifield, Febr. 2018; https://static.clearpath.
org/2019/01/advanced-fuels.pdf
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CHAPTER 5: 

DEPLETED URANIUM: STORAGE AND DUMPING IN RUSSIA
The nuclear energy chain produces huge amounts of radioactive waste. Often there is only atten-
tion for the highly radioactive waste from a nuclear power plant, but with every step in the cycle 
waste streams are released. This starts with the mining of uranium, where large quantities of 
uranium ore are left behind and in which 90% of the radioactive radon gas is present, with all its 
consequences for the local population. Even with enrichment, the vast majority (85%) remains 
behind as waste: depleted uranium (DU). There are differences between Urenco plants about what 
happens with DU, but dumping of large quantities in Russian Siberia is always one of the options.

5.1- DU; origin & quantities
For one 1,000 MW power plant (the Dutch Borssele 
nuclear power plant is about half), about 29 tons of 
UO2 (uranium dioxide) are needed per year. That is 
38 tons of enriched UF6 and to get that, 306 tons of 
natural UF6 is needed (and about 120 tSWU). For 
306 tonnes of natural UF6, it is necessary to extract 

approximately 108,482 tons of uranium ore from the 
ground. Depleted uranium (DU) is the residual pro-
duct ‒ waste ‒ from enrichment. Every kilo of enriched 
uranium (with an enrichment rate of 3.6%) yields more 
than 7 kilos of depleted uranium. To enable enrichment 
through gas centrifuges, the uranium must be conver-
ted to uranium hexafluoride or UF6. UF6 is gaseous at 
a relatively low temperature (56° C). Huge amounts of 
depleted uranium have arisen as a result of 70 years 
of uranium enrichment; the vast majority in the chemi-
cal form of uranium hexafluoride.

Theoretically, it is possible to extract even more fissi-
onable uranium (U-235) from the depleted uranium, 
which contains on average still 0.2‒0.3% U-235. This 
re-enrichment depends on a number of economic fac-
tors: the price of “fresh” natural uranium, the price of 
enrichment and, nowadays, an excess of enrichment 
capacity (overcapacity). Re-enrichment is not effective 
in reducing the volume of depleted uranium, but it can 
be used (and is also used) to move those volumes: 
e.g. from Western Europe to Siberia.

The depleted UF6 is stored in containers awaiting a 
decision on what to do with it. At present, around two 
million tonnes of depleted UF6 are stored on factory 

sites worldwide, of which 800,000 tonnes (about 41%) 
in Russia1 and 700,000 tonnes in the US.2

A well-known civilian application of depleted uranium 
is its use as a counterweight in, for example, aircraft 
or ships. In the military industry, depleted uranium is 
mainly used in anti-tank munitions and in the armor 
of tanks and other armored vehicles. The US Army in 
particular has used large quantities of depleted ura-
nium, with disastrous consequences for people and 
the environment.3 Russia also uses part of its huge 
supplies in military systems; recently also in new type 
of anti-tank ammunition: the Svinets-2.4

5.2- Uranium hexafluoride
Uranium hexafluoride is a highly toxic radioactive 
substance that becomes gaseous at a low temperatu-
re, 56 degrees Celsius, and can then easily spread in 
the air. It is also a substance that attracts water. When 
UF6 and water (e.g. in the air) come together, two dif-
ferent toxic substances are formed: hydrogen fluoride 
(HF) and uranyl fluoride (UO2F2). Hydrogen fluoride 
burns the eyes, mucous membranes and respiratory 
organs and can cause pulmonary edema. Even with 
short-term exposure (10 minutes) to a concentration of 
800 mg / m3, this can result in death. Hydrogen fluo-
ride is gaseous and spreads in the air. Uranyl fluoride 
is radioactive. It is also very toxic; it is corrosive and 
harmful by inhalation, ingestion or skin absorption. In-
gestion or inhalation can be fatal. Effects of exposure 
can be delayed.5

5.3- Deconversie in Urenco’s TMF
The conversion of uranium to uranium hexafluoride 

1	 Rosatom, via Bellona, 11-2019 «Росатом» 
воросовововововов опасных материалов (https://bellona.
ru/2019/11/14/rosatom-vpervye-dal-konkretnye-obyasneniy-
avvoza-v-rossiyu-opasnyh-materialov /

2	 https://web.evs.anl.gov/uranium/mgmtuses/overview/mgm-
tover5.cfm

3	 “Vragen en antwoorden over verarmd uranium” (“Questions 
and answers about depleted uranium”), Laka Foundation: 
https://www.laka.org/info/publicaties/vu/2003-vu-vragen.html

4	 “Russia Is Arming Its Tanks with a Controversial New” Bullet 
“, December 24, 2018; https://nationalinterest.org/blog/buzz/
russia-arming-its-tanks-controversial-new-bullet-39682

5	 “Rampbestrijdingsplan voor URENCO Nederland B.V” 
(“Disaster relief plan for URENCO Nederland B.V”), Veilig-
heidsregio Twente. https://www.vrtwente.nl/media/36667/
rampenbestrijdingsplan-urenco.pdf

Uranium mine Namibia                                 (photo: Fleur Scheele)
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is called conversion. There are only a few factories 
worldwide that perform conversion. To store depleted 
uranium for a long time, it is necessary to convert the 
uranium hexafluoride back to a (chemically!) stable 
substance: uranium oxide or U3O8. This is called 
deconversion and is now happening, for Urenco’s Eu-
ropean enrichment factories, in Pierrelatte in the south 
of France. But that will change because in June 2019 
the Tails Management Facility (TMF) was officially 
opened in Capenhurst. The TMF was supposed to go 
into operation for £400 million in 2015, but that beca-
me around £1 billion6 and due to start-up problems, 
the TMF was not yet in use at the official opening: 
“operations are planned to start in 2020,” Urenco 
stated.7

The nominal deconversion capacity of the TMF is 
14,000 tonnes per year, but that can be expanded.8 
One tonne of UF6 becomes about 0.8 tonnes of U3O8 
after deconversion. When the depleted UF6 transports 
from Almelo and Gronau will go to Capenhurst instead 
of Pierrelatte, is not yet known in the case of Almelo 
but for Gronau this is certainly not earlier than 2024.9

5.4- Storage of depleted uranium
Once the UF6 has been converted to U3O8, re-enrich-
ment is no longer feasible, but other civilian or military 
applications remain possible. The U3O8 converted from 
Capenhurst (and now Pierrelatte) from Almelo and 
Gronau should be transported back to the Netherlands 
and Germany where it should then be stored. But what 
happens with it varies across Urenco countries.

5.4.1- Storage of DU in the Netherlands
Urenco has a permit to store 65,000 tons of natural 

6	 “Cost of nuclear facility near Ellesmere Port spirals to almost 
£ 1bn,” 25 May 2019, https://www.cheshire-live.co.uk/news/
chester-cheshire-news/cost-nuclear-facility-near- ellesme-
re-16328444

7	 “Tails Management Facility”, website Urenco, visited 18 
Feb 2020: https://www.urenco.com/global-operations/uren-
co-chemplants

8	 “Completing the TMF”, Nuclear Engineering International, 
23 October 2019; https://www.neimagazine.com/features/
featurecompleting-the-tmf-7470598/

9	 “Hintergrundinfos zur Uranmülllagerung in Gronau” (“Back-
ground information Uraniumstorage at Gronau”), SOFA 
Münster

https://sofa-ms.de/wp-content/uploads/2019/12/Hinterg-
rund-Uranm%C3%BClllagerung-Gronau-2019-Nov.pdf

and depleted uranium and 2,750 tons of enriched 
uranium UF6 at the Almelo site.10 That is, according 
to Urenco, the amount that is required for continuous 
operations. From 2004, the Dutch depleted U3O8 that 
comes back from Pierrelatte after deconversion11 is 
stored at the Covra in Zeeland, the Central Storage 
for Radioactive Waste in the Netherlands. Before that 
it was stored as UF6 in the open air on its own Almelo 
site12 and in the period 1995‒2009 more than 50,000 
tons were exported to Russia. In the meantime, two 
special storage halls (Depleted uranium Storage 
Building; VOG-I and II) have been erected in Zeeland, 
in which the waste is stored until it is disposed of in 
the ‒ as yet unknown ‒ permanent disposal facility. 
According to the latest information, the Covra contains 
16,020 cubic meters (m3) of depleted uranium and an 
average of 1,000 m3 is added annually.13 That is 4,577 
containers with a volume of 3.5 m3. The total weight 
of U3O8 is then almost 49,000 tons; slightly more than 
10 tons on average per container.14 Urenco pays a 
fixed price for the storage of depleted uranium at the 
Covra.

All depleted uranium must be stored in the final dispo-
sal facility; foreseen in the Netherlands in 2130. For 
permanent storage the depleted uranium is ‘reconditi-
oned’ and repacked in the equally large Konrad Type 
II container.15 Covra expects that in 2130 9060 Konrad 
Type II containers with depleted uranium will go to the 
final storage.16 That is over 90,000 tons of depleted 
uranium, half of which is already present at the Covra.

5.4.2- Storage of DU in Great Britain
The Urenco plant in Capenhurst stores the depleted 
uranium in the form of UF6 on its own site and has a 
permit for the construction of a hall for the storage of 
U3O8 for the next 100 years.17 

From Capenhurst about 20,000 tons18 of depleted 
uranium were exported to Russia in the period be-
tween 1995 and 2009 “to limit the quantities of tail 
stocks stored at Capenhurst”19 and again from 2016 
on exports large quantities of depleted uranium to 

10	 https://www.laka.org/docu/catalogue/publicati-
on/1.01.8.36/16_beschikking-voor-het-wijzigen-van-de-ura-
niumverrij

11	 Jaarrapport 2004 (“Annual report 2004”), Covra, 2005 p13
12	 “Management of depleted uranium”, OECD / NEA, 2001 

https://www.oecd-nea.org/ndd/pubs/2001/3035-manage-
ment-depleted-uranium.pdf

13	 Jaarrapport 2018 (“Annual Report 2018”), Covra, 2019 p94
14	 Email exchange with Covra, 5 February 2020
15	 Telephone conversation Covra, 27 February 2020
16	 “Opera Safety Case”, Covra, December 20, 2017 p34: 

https://www.rijksoverheid.nl/binaries/rijksoverheid/documen-
ten/rapporten/2018/01/29/opera-safety-case/opera-safe-
ty-case. pdf

17	 “Completing the TMF”, Nuclear Engineering International, 
23 October 2019; https://www.neimagazine.com/features/
featurecompleting-the-tmf-7470598/

18	 Calculation by Laka Foundation, a total of more than 
100,000 tonnes, Germany 27,000, the Netherlands 54,000 
tonnes

19	 “Urenco (Capenhurst) Ltd’s strategy for its nuclear licensed 
site,” HM Nuclear Installations Inspectorate, November 
2004, p13

Artist impression of VOG-II                                             (Covra)
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Russia.20 Exactly how much depleted UF6 is stored on 
the Capenhurst site is unknown. An estimate is 90,000 
tonnes, part of which is also from the gas diffusion en-
richment plant.21 The local Close Capenhurst Coalition 
appealed to the Freedom of Information Act in 2016 
and asked the regulator (ONR) about such details. The 
answer was amazing: figuring out that information and 
whitening business-sensitive information would cost 
between £600 and £900.22 To be paid by the Coalition.

5.4.3- Storage of DU in Germany
Gronau has a permit for the storage of a total of 
36,000 tonnes of UF6 (both natural, depleted and en-
riched) in the open air on site and sends the depleted 
UF6, just like Almelo, to Pierrelatte for deconversion. 
Since 2014 there is on the Gronau site a special sto-
rage hall (capacity 58,000 tonnes) in which the U3O8 
coming back from France can be stored until there is a 
final disposal possibility.23 The remarkable fact is that 
the storage facility is still not being used and, accor-
ding to the ministry, is not going to be used before 
2024.24 Where all UF6 and U3O8 from Gronau is, is 
unclear: a large part has been ‘exchanged’ in a slur-
red deal with Capenhurst. In the period 1995‒2009, a 
total of 27,300 tonnes of depleted UF6 were dumped in 
Russia25 and another 6,000 tonnes were transported 
to Russia in 2019 alone. Urenco Germany announces 
that transports to the deconversion facility in Capen-
hurst will not take place until the U3O8 storage hall 
in Gronau has been put into use26 which may take a 
while. 

5.5- Dumping DU in Russia
In October 2019, questions in German parliament27 
revealed that Urenco was again exporting depleted 
uranium to Russia. Officially for re-enrichment, but 
due to the enormous Russian stocks of depleted UF6, 
there are serious doubts as to whether re-enrichment 
actually takes place. However, even if the depleted 
uranium is re-enriched ‒ according to the contract to 
natural level, that is 0.7% ‒ only a small part (10‒20%, 
depending on the amount of U-235 that was still pre-

20	 WDR Westpol report, 10 November 2019: https://www1.wdr.
de/mediathek/video/sendungen/westpol/video-westpol-612.
html

21	 https://mariannewildart.wordpress.com/2017/10/01/putting-
a-hex-on-you/

22	 “Depleted Uranium Hexafluoride at Capenhurst”, Office for 
Nuclear Regulation, 18 August 2016: http://www.onr.org.uk/
foi/2016/201604254.htm

23	 Atommüllreport, https://www.atommuellreport.de/daten/
uaa-gronau.html

24	 Bundesumweltminiteries (Ministry of Environment”), 
September 2019, via: https://www.bi-luechow-dannen-
berg.de/2019/10/24/neue-uranmuellexporte-von-gro-
nau-nach-russland-unverantwortlich/

25	 “Hintergrundinfos zur Uranmülllagerung in Gronau” (“Back-
ground information Uraniumstorage at Gronau”), SOFA 
Münster https://sofa-ms.de/wp-content/uploads/2019/12/
Hintergrund-Uranm%C3%BClllagerung-Gronau-2019-Nov.
pdf

26	 Deutscher Bundestag ‒ 19. Wahl period ‒ 117. Sitzung; 
answer to question 24 from Die Linke: http://dip21.bun-
destag.de/dip21/btp/19/19117.pdf#page=65

27	 idem, page 64

sent) comes back to Urenco , the rest (80‒90%) of the 
waste remains in Russia. For Urenco, as we conclu-
ded earlier, a handy and inexpensive way to get rid of 
huge amounts of radioactive waste.

5.5.1- New contract
According to the contract signed in 2018, 6,000 tonnes 
of depleted UF6 can initially be transported to Russia 
in the 2019‒2020 period for re-enrichment. But ac-
cording to an addition to the contract, another 6,000 
tons from the three Urenco plants can be exported to 
Russia in the years 2019‒2022.28 At the end of 2019, 
6,000 tons were transported from Gronau to Russia 
via the port in Amsterdam: ten transports of 600 tons 
each. Which would have already met the first part of 
the contract.

Urenco denies that depleted uranium from Almelo 
also goes to Russia, but since there are many trans-
ports between the different Urenco enrichment plants, 
under opaque permits, it is unclear, but not impossible, 
that depleted uranium from Almelo will eventually via 
Capenhurst or Gronau, end up in Russia. But even 
when it does not include Almelo’s uranium, it is all 
uranium from Urenco and the Netherlands owns and 
is responsible for one-third of that waste, regardless of 
its location.

Urenco Netherlands did in fact receive a transport per-
mit in 201929 for the transport of depleted uranium to 
the Russian nuclear fuel element factory PJSC “MSZ” 
in Elektrostal. The required export license has not yet 
been issued for this (as of 31 Jan. 2020). This deple-
ted uranium should be used there for the production of 
fuel. It is a strange contract, because given the huge 
stocks of the material that Russia itself has, the price 
and conditions for the purchase of depleted uranium 
from the Almelo plant must be very advantageous for 
Russia.

5.5.2- 100,000 tonnes to Russia earlier
It is not the first time that Urenco is transporting 

28	 idem
29	 ANVS-2019/4681: https://www.rvo.nl/sites/default/

files/2019/06/ANVS-2019-4681.pdf

Train with depletd uranioum leaving site Urenco Gronau.                                                  
(photo: Jan Schaake, 19-11-2020)
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depleted uranium to Russia for re-enrichment: a 
contract was concluded with the Russian company 
Tenex in June 1995 to produce “uranium with the 
natural concentration of fissile isotopes” in the Rus-
sian enrichment plants.30 That Urenco statement was 
false: answers from parliamentary questions in 2008 
showed that also 4.5% enriched uranium came back 
from Russia.31 In June 2009, Tenex announced that it 
would not extend the contract due to economic infeasi-
bility.32 Economic reasons are, however, only half of 
the story, meanwhile the resistance in Western Europe 
‒ just like in Russia ‒ had grown so much 
that every transport provoked more pro-
test. In total, around 100,000 tonnes of 
depleted UF6 were transported to Russia 
during that period (1996‒2009).33

Of those 100,000 tons, more than 
half came from Almelo: in the period 
1996‒2007 it was already 53,683 tons. 
In the same period, 10,282 tonnes went 
to Pierrelatte for conversion to U3O8.34 
“According to Urenco, economic reasons 
determine which option is preferred by 
Urenco,” according to Dutch minister in 
November 2007.35 Well, that is obvious: 
without the export of huge amounts to 
Russia, the amount of depleted uranium 
stored at the Covra would have been 
already more than twice as much as 
currently stored. Instead of stored in the 
special facilities VOG III and IV, it now 
lies in Siberia and the Urals. The Council 
of State agreed with Urenco and found 
that it was a raw material and not radio-
active waste.36

Following the resumption of transports to Russia in 
2019, a number of parliamentary debates have taken 
place in the Dutch parliament. In Germany it is really a 
“hot topic” but not in Great Britain.

With these transports to Russia, the Dutch govern-
ment is happy to hide behind the argument that 
international organizations determine whether this is 

30	 Urenco general announcement 64, 16 June 1995: https://
kernenergieinnederland.nl/files/19950616-urenco.pdf

31	 Tweede Kamer der Staten Generaal, Vergaderjaar 2007-
2008 (House of Representatives of the States General, 
Meeting year 2007-2008), 1107: Questions from Poppe (SP) 
December 11, 2007

32	 “Rosatom says uranium tail contracts, will not be renewed”, 
Bellona 31 May 2009: https://bellona.org/news/nuclear-is-
sues/radioactive-waste-and-spent-nuclear-fuel/2009-05-ro-
satom -says-uranium-tail-contracts-will-not-be-renewed-ci-
ting-economic-infeasibility

33	 https://bellona.org/news/nuclear-issues/radioactive-waste-
and-spent-nuclear-fuel/2009-09-industry-figures-show-that-
only-10-percent-of-uranium-tails -sent-to-russia-are-repatria-
ted

34	 Minister Cramer (VROM) replies to Poppe (SP) questions, 
23 January 2008: https://zoek.officielebekendmakingen.nl/
ah-tk-20072008-1107.html#IDAWEUYB

35	 Minister Cramer (VROM) replies to questions Poppe (SP), 
27 November 2007: https://zoek.officielebekendmakingen.
nl/ah-tk-20072008-755.html#IDAYKCFB

36	 https://www.raadvanstate.nl/@29763/200704127-1/

permitted and that the Netherlands only deals with 
transport safety. The supervisor appointed by the 
Almelo Convention, the Joint Committee, would also 
not be responsible and therefore could not prohibit it. 
But in the Treaty of Almelo the duties of that committee 
are described fairly extensively in Article II, paragraph 
5, and one of them (d iii) is: “the export outside the 
territories of the Contracting Parties of equipment or 
materials developed, produced or processed under the 
collaboration described in Article I of this Agreement”. 
This certainly includes the export of depleted uranium 

to Russia. And as a member of 
that Commission, the Nether-
lands (like Great Britain and 
Germany) has a veto over 
the entire doings of Urenco, 
because decisions are taken 
unanimously.

5.5.3- Protest against dum-
ping nuclear waste
From the moment it was 
announced in October (2019) 
that depleted UF6 was being 
transported from Gronau to 
Siberia, the protest was huge. 
Especially in Germany, but 
also in Russia and even in 
the Netherlands. During the 
last transport in 2019, which 
departed from Gronau on De-
cember 9, there were demon-
strations in 10 places along 
the route in Germany and also 
in the Netherlands in Hengelo 

and Amsterdam,37 while in the municipal councils of 
Enschede, Amsterdam and Venlo critical questions 
were asked. From the port of Amsterdam the radio-
active waste goes by ship to St. Petersburg in Russia 
and then by train to Novouralsk. During transport in 
December, demonstrations were also held in various 
places along the route in Russia. A petition against the 
import of radioactive waste signed by 70,000 Russi-
ans38 was offered to the German Environment Ministry 
on January 23, 2020.39

According to environmental groups, this is for Urenco 
a cheap way to get rid of its waste or it is at least a 
convenient way to move large quantities of depleted 
uranium and to transfer the responsibility for storage 
somewhere else. And the ‘management’ of  waste 
streams is clearly the motive for Urenco UK, the con-
tract is used “to limit the quantities or tail stocks stored 
at Capenhurst”.40 This practice has nothing to do with 
noble matters such as re-enrichment or recycling, but 
is simple meant to export (or move) radioactive waste. 
And that is just a matter of money and not wanting to 
take responsibility for the radioactive waste.

37	 https://sofa-ms.de/?p=1641
38	 https://act.greenpeace.org/page/50805/action/1
39	 https://sofa-ms.de/?p=1672
40	 “Urenco (Capenhurst) Ltd’s strategy for its nuclear licensed 

site,” HM Nuclear Installations Inspectorate, November 
2004, p13

Stop importion  radioactive waste! Ecode-
fense! Poster Ecodefense, 2019
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5.6- Final storage
No matter what happens to the depleted uranium and 
wherever it is stored, eventually there will come a 
time when the large quantities must be permanently 
stored in a final storage facility. However, a facility for 
long-term (permanent) storage of depleted uranium 
does not exist anywhere. In the Netherlands a final 
storage facility is not expected until 2120, in Germany 
and Great Britain somewhere in the middle of this 
century; Russia is developing plans for final storage, 
but the conversion from UF6 to U3O8 is expected to last 
until 2080.41 Such final storage offers unprecedented 

41	 “Rosatom issues a public response to Bellona’s concern”, 
Bellona, November 13, 2019; https://bellona.org/news/
nuclear-issues/2019-11-rosatom-issues-a-public-respon-

challenges, also for depleted uranium, and not just 
because of the huge volume. Depleted uranium has 
the unusual property of becoming more dangerous 
over time: after 50,000 years the radioactivity starts to 
increase, it reaches its maximum activity after about 
two million years and remains at that level for a billion 
years.42 This radioactive waste alone is therefore a 
major challenge for the future.

se-to-bellonas-concerns-over-depleted-uranium-imports
42	 http://www.wise-uranium.org/rup.html#UF6DEP
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CHAPTER 6: 

URENCO: HALEU, TRITIUM AND THE BOMB
Uranium enrichment is one of the ways to the atomic bomb. It is not for nothing that the non-proliferation 
policy is aimed at having as few countries as possible possess enrichment technology. Therefor the Interna-
tional Atomic Energy Agency has set up a “fuel bank”, where countries can get their enriched uranium so 
that future enrichment can be limited to a few countries. And so it becomes increasingly clear that nuclear 
energy is a technology that has military aspects. And uranium enrichment too.

6.1- Tritium and American nuclear weap-
ons 
In May 2017, it is announced that Urenco has conclu-
ded a contract for the supply of low enriched urani-
um (LEU) to the American TVA. TVA is the owner of 
nuclear power plants that are commissioned by the 
US Department of Defense to produce ‒ with special-
ly developed fuel rods ‒  tritium for the US nuclear 
weapons program. Although uncertainty remains as to 
whether Urenco enriched uranium is actually used in 
those nuclear power stations, the fact is that Urenco 
has agreed to supply LEU even if it is used to produce 
tritium for nuclear weapons. In a 2014 report from the 
US GAO “Interagency Review Needed to Update U.S. 
Position on Enriched Uranium That Can Be Used for 
Tritium Production”, it is stated that the Urenco Joint 
Commission agreed to deliver enriched uranium, while 
the possible production of 
tritium in those reactors was 
known.1

Radioactive tritium arises 
from nuclear fission and has 
a half-life of approximately 12 
years. The American nuclear 
weapons program is in need 
of tritium because the tritium 
in the nuclear weapons must 
be regularly replaced. The 
problem for the USA at the 
moment is that it (since 2013 
and for the first time since 
WWII) no longer has its own 
uranium enrichment facility 
and is therefore forced to pur-
chase enriched uranium from 
foreign producers. The US 
does assess tritium production 
in civilian reactors as military 
production and therefore the 
US-policy for the production 
of tritium is based on “Uno-
bligated LEU”. This means 
that uranium used for tritium 
production cannot be covered 
by treaties that limit its use to 
peaceful use. That has been the policy of the Ame-
rican government for decades, precisely to separate 
the peaceful and military use as clearly as possible. 
That is the problem for the US right now: America 

1	 General Accounting Office, GAO-15-123, October 2014: 
https://www.gao.gov/assets/670/666505.pdf

no longer has its own uranium enrichment capacity, 
and depends on the commercial market for LEU. And 
commercial LEU from outside the US ‒ and also LEU 
enriched at the Urenco plant in the US itself ‒ always 
falls under agreements with obligations, such as those 
in the Washington Treaty. For the US government it 
is crystal clear: the production of tritium for nuclear 
weapons in civil nuclear power plants is military.

According to the American General Accounting Office, 
Urenco and the owner-states (the Netherlands, United 
Kingdom and Germany) see that very differently. They 
think that the low enriched uranium is mainly used 
for the production of electricity and that the tritium is 
only a “by-product”. Literally: “According to UREN-
CO’s legal memorandum, it was further discussed that  
URENCO LES’s LEU will be used by TVA principally 
to produce electricity and that, if used in TVA’s triti-

um producing reactor, the 
resulting tritium produced in 
that reactor is a by-product 
material and not a special 
nuclear material.”

That is highly debatable 
when it comes to contrac-
tually mandatory delivery 
with specially developed fuel 
rods.

In the meantime, it seems 
that the US government 
has been able to push back 
the need to use uranium 
enriched by Urenco consi-
derably, because a stock of 
enriched uranium has been 
found somewhere. But the 
fact remains that the Urenco 
countries did not mind coo-
perating with the American 
nuclear weapons program.

Another possibility for the US 
to no longer be dependent 
on “obligated” uranium is to 
set up its own enrichment 
industry (which has once 
again been initiated) or to 

buy Urenco in its entirety (see Chapter 3.5: Privatizati-
on). And that is now being thought out loud.2  

2	 “Controversy continues to swirl around uranium enrichment 
contract,” Physics Today, January 1, 2020 p22; https://phys-
icstoday.scitation.org/doi/10.1063/PT.3.4385

Perpetual secrecy

Following the decision of the Joint Commit-
tee, and the position of the Dutch cabinet re-
presented thereon, on the supply of tritium, the 
Laka Foundation tried to disclose documents 
from the Joint Committee. However, the Court 
of Amsterdam judges that the international 
Treaty of Almelo, which regulates secrecy, is 
more important than any national legislation.1 
Where secret documents are normally evalu-
ated after a few years as to whether secrecy 
is still useful, such as minutes of the Council 
of Ministers on Srebrenica, it follows from the 
judgment of the court that all documents from 
the Netherlands concerning the supervision 
of Urenco since the establishment of the Tre-
aty of Almelo in 1970 will remain secret into 
eternity, with no prospect of public access

1	 Laka Foundation, May 3, 2019: https://www.laka.org/
nieuws/2019/rechtbank-amsterdam- gemengde-com-
missie-mag-alles-over-urenco-geheim-houden-10628
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6.2- HALEU and militairy applications
From the foregoing it seems clear that Urenco is not 
so keen on the widely professed separation between 
civilian and military use of nuclear energy. 

In February 2019, Urenco announces that it will enrich 
uranium in its American enrichment plant to 19.75%. 
That is the maximum enrichment rate to fall into the 
lowenriched uranium category. The Dutch site in Al-
melo has a permit to enrich uranium up to 6%. Nucle-
ar power stations use uranium with a percentage of 
approximately 3.5‒5% fissile uranium-235. According 
to Urenco3, the higher enrichment rate of 19.75% is 
necessary for use in research reactors, but also for the 
development of new reactor types and for the produc-
tion of medical isotopes. Because this is only half the 
story, Urenco’s intention raises a lot of eyebrows.

The other half of the story is military: according to 
members of the Science, Space and Technology 
subcommittees of the US congress, the HALEU (High 
Assay Low Enriched Uranium) program is “a program 
that will ultimately be greater benefit to defense appli-
cations”.4

And one wonders why in October 2019 the Depart-
ment of Energy and not the Department of Defense 
made $115 million available to the Centrus company 
to set up a test plant to produce HALEU. Because 
Centrus is owned and operated by a US entity and will 
use enrichment centrifuge technology developed in 
the US, the Department of Energy emphasizes that it 
is the only company that can enrich uranium for use in 
the US military sector. As explained above, US policy 
prohibits the military use of uranium that falls under 
international non-proliferation treaties: “obligated ura-
nium”. The policy is that for military applications only 
uranium is used that is enriched in American factories 
with American technology, and therefore not covered 
by international treaties: “unobligated uranium”.

But Urenco also wants to get involved in the producti-
on of HALEU and has no objection whatsoever to the 
military use of uranium enriched by them. So it ap-
pears again. That is because the new civilian reactor 
types that would require the HALEU are certainly not 
available in the “timeframe” for HALEU production in 
the Centrus program; the only (civil) advanced reactor 
type that fits into that timetable, the NuScale design, 
does not need HALEU!5

The US Department of Defense does need HALEU 
because it wants nuclear mini-reactors for remote mili-
tary bases and for example reactors in military subma-
rines and aircraft carriers. Up to 19.75% (20% popu-
larly) enriched uranium falls under the category of low 
enriched uranium, above 20% it is called highly enri-
ched and from about 85% it is called “weapons-grade”. 
The latter is somewhat misleading, because even 
lower enriched uranium ‒ in theory even 20% or less 

3	 “Urenco USA Inc. announces next-step HALEU activities“, 
5 February 2019; https://urenco.com/news/articles/uren-
co-usa-inc-announces-next-step-haleu-activities

4	 “Controversy continues to swirl around uranium enrichment 
contract,” Physics Today, January 1, 2020 p22; https://phys-
icstoday.scitation.org/doi/10.1063/PT.3.4385

5	 Same as Physics Today

‒ can be used for a nuclear weapons, you only need 
more of it.

A higher enrichment rate is therefore controversial: the 
danger of further enrichment up to a percentage that 
is usable in nuclear weapons is high. The number of 
SWU is very large for the first 4‒5 percent enrichment, 
but is then virtually nil for higher enrichment. In other 
words, it is fairly effortless and quickly realizable to 
get from 20% to 80% enriched uranium. (See image 
“Uranium Enrichment and Uses”) 

The Urenco enrichment plant in Almelo may enrich 
uranium to 10% U-235, but must request permissi-
on from the nuclear regulator if the enrichment rate 
exceeds 6%. By way of comparison, according to the 
(now canceled) nuclear agreement,6 Iran can enrich 

6	 “What’s in the Iran nuclear deal?” CNN, 2 April 2015; https://
edition.cnn.com/2015/04/02/politics/iran-nuclear-deal-main-
points-of-agreement/index.html

 U-battery  

Urenco has been developing a mini-reactor since 
2008: the U-battery, with the U from Urenco. The pro-
ject was started in collaboration with the Technical 
University in Delft (NL) and the Dalton Nuclear Insti-
tute of the University of Manchester (UK). Urenco has 
entered into a partnership with a number of compa-
nies in the U-Battery consortium.1 The U-battery uses 
so-called Triso fuel, which consists of higher-enriched 
low-enriched uranium (or HALEU). It is therefore 
remarkable that uranium enricher Urenco is desig-
ning a reactor for which enriched uranium is neces-
sary that it cannot itself enrich. But that one day will 
undoubtedly be the main reason for the call to be al-
lowed to enrich higher. In this way you create foolish 
facts that you can put pressure on politicians with.

Mini reactors (SMRs: Small Modular Reactors) are 
the new hope of the nuclear industry. According to the 
U-Battery2 prospectus there is a lot of interest in it; es-
pecially in Canada, where it would be used to sup-
ply power to remote areas where it is not profitable 
to draw power cables. Power in remote areas is the 
most important selling point, but research shows that 
they are mainly developed to extract oil, tar sands and 
gas from hard-to-reach locations. The Akademik Lo-
monosov, the Russian floating nuclear reactor, is in-
tended, for example, to be able to explore and exploit 
fossil fuels at the North Pole. The U-Battery that Uren-
co is developing in collaboration with Canada could 
allow the extraction of tar sands in inhospitable areas. 
And there are more examples. It therefore appears 
that the mini-nuclear reactors currently being develo-
ped are only going to aggravate the climate crisis.3 

1	 https://www.u-battery.com/
2	 https://www.u-battery.com/_/uploads/U-Battery_Prospec-

tus_2019.pdf
3	 https://reneweconomy.com.au/the-advanced-nuclear-po-

wer-sector-is-fuellingclimate-change-and-wmds-40205/
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uranium to only 3.67% and must ‘dilute’ HALEU stocks 
to that percentage. 

Unlike the American congress, the Netherlands be-
lieves that the military application of HALEU is not an 
obstacle on the basis of the Treaty of Almelo (jointly) 
responsible for Urenco. Physics Today: “The Urenco 
partner states have said their 1995 agreement with 
the US does not prohibit the company from providing 
HALEU for military reactors or LEU for tritium produc-
tion”.

It remains remarkable that Urenco thinks it is fine to be 
part of the American nuclear weapons program, while 
the US itself really does wants to uphold the separati-
on between ‘civil’ and ‘military’ use of nuclear techno-
logy and materials. And even more the Dutch govern-
ment agrees with Urenco’s military ambitions, because 
otherwise the Netherlands would have used its veto 
in the Joint Committee. Or is this being pre-sorted by 
the respective authorities for the suggested upcoming 
sale of Urenco to the US, so that this nuclear weapon 
state will be able to use enriched uranium for military 
purposes without any problems?

6.3- Nuclear energy necessity for nuclear 
weapons program
The separation between military and civilian use of 
nuclear energy has always been artificial. For exam-
ple, it is quite possible to make nuclear weapons from 
plutonium from nuclear reactor fuel7 and uranium 
enrichment has undeniable military potential.

7	 “Reactor-grade plutonium and nuclear weapons: ending the 
debate,” Gregory S. Jones. In: The Nonproliferation Review, 
Volume 26, 2019, Issue 1-2 p61; https://doi.org/10.1080/107
36700.2019.1603497

In recent years, something else has become clear: 
the official nuclear weapon states (US, UK, Russia, 
France and China ‒ together accounting for more than 
60% of the number of nuclear power reactors, 255 out 
of 415) have a major interest in maintaining the civil 
nuclear program. And there is less and less disguised 
talk about it.8

Without a “robust” civilian nuclear industry and associ-
ated nuclear infrastructure, nuclear weapons programs 
would not be sustainable due to high costs, risks and 
the need for trained personnel.

• In all nuclear-weapon states, the military appara-
tus uses the civilian nuclear industry through hidden 
subsidies for human resources, research funds and 
investment in dual-use nuclear infrastructure.

• The modernization of nuclear arsenals in Nuclear 
Weapon States encourages the development of new 
small modular reactors (Small Modular Reactors)

• Although reportedly intended for civilian use, small 
reactors are mainly used for military purposes, in par-
ticular for the propulsion of nuclear submarines, which 
have become the most important part of the nuclear 
weapons doctrines of the major nuclear powers.

• If submarine nuclear propulsion units can be used 
with HALEU (enrichment level of 5‒20%) instead of 
HEU (enrichment level of more than 20%), the civilian 
nuclear industry can produce relatively inexpensive 
and uncomplicated nuclear fuel for nuclear submari-
nes.

8	 See: “Interdependencies between civil and military nuclear 
infrastructures”: World Nuclear Industry Status Report 2018; 
https://www.worldnuclearreport.org/The-World-Nuclear-Indu-
stry-Status-Report-2018-HTML#lien18
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A. Q. Khan lecturing

CHAPTER 7:

A.Q. KHAN AND OTHER SCANDALS
The Urenco plant at Almelo has been ‒ certainly for the first 15 years ‒ at the center of attention: 
it seemed as if one scandal had not yet finished before the next appeared. In Germany that was 
much less during that period, but the discussion has been flaring up considerably in the past 10 
years. In Great Britain it is relatively quiet around Urenco Capenhurst, but that was also different in 
the past. The fact that there are fewer scandals does not mean that everything is now much better. 

7.1- Theft of enrichment technology
Because enrichment technology is a proliferation-sen-
sitive technology that gives countries the opportunity 
to develop nuclear weapons, the policy is aimed at 
preventing the spread of that technology. In the past 
this has not been possible and with digitization it has 
become a lot more difficult ‒ a cubic meter of docu-
ments fits on a simple USB stick. 

7.1.1- Abdul Qadeer Khan1

After the broadcast on German channel ZDF on 
29 March 1979, of a documentary about Dutch en-
richment technology that had ended up in Pakistan 
through espionage, Dutch politics also became intere-
sted and parliamentary questions were asked. On May 
3, the Minister of Economic Affairs downplayed the 
affair: “It is not correct that knowledge about enrich-
ment technology was obtained directly from Urenco 
Nederland by Pakistan.” Through a broadcast by Wal-
ter Cronkite on the American news channel CBS, the 
spy also got a name: Abdul Qadeer Khan.2 In February 

1980, the Dutch government had to come back to 
previous statements, it is “likely that Pakistan through 
Khan is in possession of sensitive knowledge in the 

1	 Unless otherwise indicated, this part is based on: http://
www.kernenergieinnederland.nl/faceted_search/results/
khan

2	 ‘Pakistan kreeg kerntechnologie uit Nederland’(‘Pakistan got 
nuclear technology from the Netherlands’); Volkskrant (NL), 
June 13, 1979

field of enrichment technology” and that Pakistan has 
“gained considerable time” in setting up a trial enrich-
ment plant.

It gradually became clear to everyone that A.Q. Khan 
stole secret blueprints of modern ultra-centrifuges at 
the Urenco plant in Almelo and took them to Pakistan. 
Although the Netherlands should have been aware 
of the theft for years, the government remained in the 
denial phase for a long time.

7.1.1.1 Concealing espionage from partners
It was not until 16 June 1979 that the Netherlands first 
officially notified Britain and West Germany of Khan 
and the theft of classified information. That happened 
in the secret Joint Committee only after almost every 
newspaper reported about the theft. The Urenco part-
ners were certainly not happy with the late notification. 
For example, Norman Lamont, UK undersecretary of 
state for energy, could not hide his irritation. After a 
question from Labor Member Tam Dalyell, during a de-
bate in the UK Parliament on 18 December 1979, he 
replied: “The Hon. Member asked, quite rightly, “Why 

was the United Kingdom not informed?” It 
is a question that we have been asking the 
Netherlands authorities. To date, we have 
received no satisfactory explanation.”3 

According to Khan’s’ colleague and whist-
leblower Dutchman Frits Veerman, he 
‒ Veerman ‒ had informed colleagues (in 
personal conversations and sometimes 
covertly) from 1974 onwards of his sus-
picions after seeing secret blueprints of 
centrifuges at Khan’s home.4 But if that was 
not enough, everything should have been 
clear in December 1975 when Khan did not 
return to the Netherlands from his vacation 
in Pakistan. 

From the very beginning of the Urenco coo-
peration, the prevention of proliferation was 
mentioned as one of the main arguments 
and there are “rules [are] designed to ensu-

re that access to sensitive information is tightly con-
trolled”.5 But even in the regular meetings of Urenco’s 

3	 Quotes from the debate on December 18, 1979 in the UK 
Parliament from: https://api.parliament.uk/historic-hansard/
commons/1979/dec/18/joint-centrifuge-project-almelo

4	 Veerman writes extensively about his suspicions in the book 
Atoom spionage’ (‘Atom Espionage’), Centerboek, 1988 
written by him and Jacques Ros

5	 British Secretary of State for Energy Lamont in the debate in 



29

Joint Commission, the Netherlands apparently did not 
mention that secrets had been leaked to Pakistan. It 
was not until 16 June 1979 that Britain and West Ger-
many were informed of this important non-proliferation 
breach by a Dutch report in the Joint Committee.

According to the British state secretary in the Decem-
ber 1979 debate, people from “fourth countries” should 
be able to access confidential information “only with 
the express agreement of the joint committee.” And 
the British minister left no doubt that such permission 
was not requested by the Netherlands. “No such clea-
rance was sought in the case of Dr. Khan, nor was his 
departure to Pakistan notified to the joint committee 
in 1975.” And the minister went on to state that “Nor, 
as required by the Treaty of Almelo, was the apparent 
breach of security reported to the joint committee until 
long after it occurred.”

That even the Joint Committee was not informed does 
makes clear the intention of the Netherlands. The 
government wanted to keep the whole affair secret at 
all costs and not only to the general public, but also 
to the governments of the partner countries. Because 
everything that is discussed in the Joint Commission 
is secret and remains secret anyway; the parliament 
has no possibility to steer the policy and has no control 
over it. A serious democratic deficit that has not been 
corrected up to now.6

The question is to what extent the concealment of 
the Khan affair for the Urenco partners has made it 
possible that British and West German companies 
could continue to supply Pakistan. For example, some 
20 high-frequency inverters were ordered in December 
1977 by Pakistan from the British company Emerson 
Industrial Control and were shipped in August 1978. 
The inverters have to control the high-speed rotations 
of the centrifuges. Employees of Emerson assumed 
the inverters would be used for uranium enrichment, 
but thought that “[T] he Pakistani would never know 
how to operate such sophisticated equipment, and 
that the inverters would all sit in their packing cases 
until they rusted away.” That turned out not to be the 
case. Unrest arose over a larger follow-up order and, 
probably after a tip from an employee of the company, 
Labour asked for on inquiry in British parliament; even-
tually an investigation followed, exports to Pakistan 
were frozen and export conditions were tightened.7 

The refusal of the Netherlands to inform the Urenco 
partners as soon as possible about Khan’s nuclear 
espionage was the second time the Netherlands had 
kept important matters secret from its partners: pre-
viously in 1969, during the negotiations for the esta-
blishment of Urenco, the Netherlands had kept secret 
from German and British partners that a number of 
centrifuges had imploded.8

Many years later, in 2005, in a broadcast of the Dutch 

the British parliament, 18 December 1979
6	 See: Perpetual secrecy, box chapter 6
7	 “Deception. Pakistan, the United States, and the Secret 

Trade in Nuclear Weapons”, Adrian Levy & Catherine Scott-
Clark, 2007; page 54

8	 J. Kistemaker: “The history of the Dutch Ultracentrifuge 
Project. How a new industry was born”, FOM Institute for 
Atomic and Molecular Physics, 1991

radio program Argos, Ruud Lubbers, in 1975 Minister 
of Economic Affairs, revealed that the Netherlands had 
“let go” Khan twice after pressure from the American 
intelligence agency CIA.9 The same CIA, which later 
described Khan as “at least as dangerous as Osama 
bin Laden”.10

7.1.1.2 The Khan network
After graduating in metal science from Delft university, 
Khan became an employee of the Dutch company 
FDO in 1972. FDO, based in Amsterdam, did research 
for Urenco on certain parts of centrifuge technology. 
Khan also worked in Almelo, where he copied the 
then very advanced Dutch M4 centrifuge-technology. 
In 1975, Khan did not return to the Netherlands from 
a holiday in Pakistan. After he was initially sentenced 
in absentia to four years in prison by the Amsterdam 
District Court in 1983, he was acquitted on appeal in 
March 1985 for a formal error: it was unclear whether 
he had received the summons. 

In January 2009, a Dutch study friend of Khan, Henk 
Slebos, was sentenced to 18 months in prison for the 
illegal export of proliferation-sensitive technology to 
Pakistan.11 Slebos is just one of the many “associa-
tes” of Khan: in Deception, a list of “Principle Charac-
ters” in the Khan network has been included as an 
attachment, including a list of 11 European contacts, 
the majority of whom have been convicted of smug-
gling.12 From the beginning of this century it became 
increasingly clear that Khan was the hub in a network 
that sold nuclear enrichment technology to other coun-
tries. The centrifuges found in Iran and Libya where 
based on the 4M copied by Khan and therefore have a 
“Dutch fingerprint.”

Khan, meanwhile, became a national hero in Pakistan; 
the “Father of the Atomic Bomb”. In 2004 he admitted 
selling nuclear technology to North Korea, Libya and 
Iran between 1986 and 1993. In a revealing article by 
proliferation experts Albright and Hinderstein13 they 
mention that Khan offered his ‘assistance’ to Egypt, 
Syria, Iraq, Saudi Arabia and Al Qaida in addition to 
the three countries mentioned above. Furthermore, 
they argue, the fact that Khan visited 18 countries 
between 1997 and 2003 has fueled further speculation 
about his potential clientele.

In addition to the nuclear arms race between India and 
Pakistan and the nuclear weapons program of North 
Korea, Iran’s nuclear program, which in recent years 
has regularly led to tensions and armed actions, can 
also be traced back to Urenco Almelo. It is almost 
impossible to overestimate the importance of the lax 
attitude of both Urenco and the successive Dutch 

9	 Argos, VPRO, broadcast August 19, 2005: https://www.vpro.
nl/lees/nieuws-vpro/2015/atoomspion-khan-.htm

10	 George Tenet director of CIA in “CIA Says Pakistanis Gift 
Iran Nuclear Aid”, New York Times, November 24, 2004

11	 More about Slebos in “Project Butter factory”, Frank 
Slijper, 2007: https://www.laka.org/docu/catalogus/publica-
tie/4.02.7.10/06_project-butter-factory

12	 Deception, pp. 454-458
13	 “Unraveling the A.Q. Khan and Future Proliferation Net-

works”, David Albright and Corey Hinderstein, The Washing-
ton Quarterly, Spring 2005
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governments in enabling Khan to take off with the 
crown jewels. And the consequences of the techno-
logy stolen from Urenco in Almelo in the early 1970s 
have largely determined the global proliferation agen-
da of recent decades. Up to the present day.

7.1.2- Urenco technology in Iraq
Khan is not the only one who stole Urenco technology, 
others did so too, but undoubtedly with less impact. 
Between 1985 and 1990, secret blueprints with speci-
fications of the then most modern ultracentrifuge, the 
TC11, were stolen by former employees of the com-
pany MAN. The company was at that time the main 
shareholder of the German Urenco partner Uranit.14 
The highly secret blueprints were copied at Uranit’s 
office by Stemmler and Schaab and sold to Iraq.15 The 
International Atomic Energy Agency discovered the 
advanced carbon-fiber reinforced TC11 ultracentrifu-
ges in Iraq, after a top Iraqi official with some sensitive 
documents had fled to Jordan.16

7.2- Enriched uranium to Brazil17

In June 1975 Urenco partner West Germany signed a 
huge contract with Brazil for the supply of a complete 
nuclear energy cycle consisting of enrichment, nuclear 
power stations and reprocessing plants. Brazil had not 
signed the Non-Proliferation Treaty (which is intended 
to prevent the proliferation of nuclear weapons) and 
was also a military dictatorship. At the same time, Ger-
many sold nuclear technology to arch-enemy Argen-
tina. The regime in Brazil was not secretive about its 
nuclear intentions: it had a nuclear weapons program, 
but that nuclear weapons would be developed for 
“peaceful purposes.”

In March 1976, the Netherlands agreed in the Uren-
co Joint Commission to supply enriched uranium to 
Brazil. This contract made it necessary to considerably 
expand the enrichment capacity of the plant in Alme-
lo. Brazil is Urenco’s first major export customer. The 
discussion within the Social Democrats led Cabinet 
Den Uyl ‒ where the smallest coalition partner PPR is 
threatening with a cabinet crisis ‒ focuses on Brazil’s 
nuclear safeguards.

But the German and British partners are not in favor 
of a revision of the already-agreed safeguards by the 
International Atomic Energy Agency (IAEA) and Brazil 
also refuses to cooperate on strict security conditions 
which are perceived discriminatory. What follows are 
a few years of ambiguity, blackmail and mystery. For 
example, both West Germany and the United Kingdom 

14	 “A.Q.Khan, Urenco and the proliferation of nuclear weapons 
technology”, commissioned by Greenpeace, 2004 p26

15	 “Report says centrifuge know-how may have been transfer-
red to Iraq,” Nuclear Fuel, October 29, 1990 p10

16	 “Iraq bought ‒ and still has ‒ design for advanced Urenco 
gas centrifuge”, Nucleonics Week Extra, January 22, 1996

17	 Unless stated otherwise, use for this part has been made of: 
“Uraniumverrijking in Nederland, Protest en Beleid 1969-
1981” (“Uranium enrichment in the Netherlands, Protest and 
Policy 1969-1981”); RU Groningen, Thesis Contemporary 
History, P. G.M. Ettes, March 1986. https://www.laka.org/
docu/catalogus/publicatie/1.01.8.30/39_uraniumverrij-
king-in-nederland-protest-en-beleid

threaten not to renew the Treaty of Almelo in 1981 (a 
possibility laid down in the Treaty) and West Germany 
makes it clear that if a (positive) decision about expan-
sion of the Almelo plant is not made rapidly, the Ger-
mans are forced to build an enrichment factory on their 
own territory. At the end of 1977 the new Christian 
Democrats-Liberals cabinet agreed to the expansion 
of the Urenco plant in Almelo and thus to the supply of 
enriched uranium to Brazil.

The largest anti-nuclear energy demonstration in 
Dutch history takes place in March 1978. With the cen-
tral slogan “No expansion of UCN” (the name under 
which Urenco Almelo is known in that period) around 
45,000 to 50,000 people demonstrate in Almelo, es-
pecially against the supply of enriched uranium to the 
military dictatorship of Brazil. Out of disappointment 
that the massive  opposition did not lead to concrete 
results, the first direct actions against Urenco took 
place later that year by BAN: Break the Nuclear Chain 
Netherlands.

A few months later, at the end of June 1978, the Dutch 
Parliament approved the supply of enriched uranium 
to Brazil. Urenco Almelo had already started work on 
expansion in May. In December 1978, the government 
also agreed to the construction of the Urenco plant in 
Gronau, Germany.

In April 1981 it was announced that not Almelo but 
Capenhurst would enrich the uranium for Brazil staring 
in the beginning of 1982.18 But due to financial pro-
blems and the great delay in the Brazilian nuclear pro-
gram the contract was not nearly as large as originally 
discussed.19 In 1985 the military dictatorship came to 

18	 “Eerst een kerncentrale, dan een kernbom” (“First a nuclear 
reactor, then a nuclear bomb”), Milieudefensie, October 
1983 p7

19	 “Brazilië wil meer uranium van Urenco”, (“Brazil wants more 

A nuclear weapon for the Brazilian dictatorship?
Poster Brazilië Komitee, for the March 1978 demonstration
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an end but Brazil did not sign the Non-Proliferation 
Treaty until September 1998. A new enrichment con-
tract was being discussed at the end of the 1980s and 
Brazil is still one of the Urenco customers to this day.

Germany ultimately sold a nuclear reactor, but not an 
enrichment plant or a reprocessing plant.

7.3- Enrichment of uranium from occu-
pied Namibia
At the start of commercial enrichment in the factories 
in Almelo and Capenhurst (Autumn 1977) it became 
clear that in Capenhurst and Almelo uranium from 
Namibia is being enriched. With this, Urenco violates 
Decree Nr. 1 of the Namibia Council of the United 
Nations. That decree prohibits the exploitation, trade, 
transport, processing and use of raw materials from 
this country which is occupied by South Africa.

The Dutch involvement in uranium trading from Na-
mibia is of an indirect nature; The Netherlands itself 
does not purchase uranium from Namibia or South 
Africa. Dutch involvement is crucial, however, becau-
se the Netherlands is an equal partner in Urenco and 
the enrichment of Namibian uranium is taking place at 
the enrichment plants in Capenhurst and Almelo. The 
contractual involvement of Urenco Almelo raises an 
interesting point. While the British and West Germans 
do not recognize the legal authority of the UN Council 
for Namibia, the Dutch government does. It recogni-
zes both the 1971 ruling of the International Court of 
Justice that the South African government in Namibia 
is illegal and the legal basis of Decree No. 1 of 1974 
by the UN Council for Namibia.20

7.3.1- Namibian uranium and the UN 
process21

In 1978, the Dutch Anti-Apartheid move-
ment brought the matter to the attention 
and reproached the Dutch government for 
taking no action whatsoever to give practi-
cal substance to the position it adopted; not 
via transport restrictions, not via (the Joint 
Committee of) Urenco and not via Euratom 
(which also has the right to determine the 
“geographical origin” of the goods to be 
supplied). At a UN hearing on the case, the 
Netherlands stated that it did not see it as its 
task to “implement” the decree. The Nether-
lands defended itself with the statement that 
it cannot know where the uranium originated 
from: Urenco is not the owner of the urani-
um and only enriches it. The UN then calls 
this “healing”, because of course it is possi-
ble to make demands on customers about 
the origin of uranium. In May 1985, the UN 
announced a trial against Urenco and the 

uranium from Urenco”), Twentsche Courant, March 14, 1989
20	 de Beer D. (1988) “The Netherlands and Namibia: the Po-

litical Campaign to End Dutch Involvement in the Namibian 
Uranium Trade.” In: Cooper A.D. (eds) Allies in Apartheid. 
Palgrave Macmillan, London

21	 Unless stated otherwise, this part uses: http://www.kern-
energieinnederland.nl/faceted_search/results/namibie

Dutch state, which it is hoped can still start “before the 
end of the year”.

On 14 July 1987, the summons of the UN Council for 
Namibia is finally published and on September 1 that 
year, during the first session, the trial is immediately 
adjourned to December 1 to give the defendants time 
to prepare their defense. On December 1 it is subse-
quently further adjourned to 3 May 1988. The essence 
of the (written) defense of the Dutch State is that it 
cannot be demonstrated that the uranium at Urenco 
Almelo originates from Namibia and that therefore the 
Netherlands cannot be accused of unlawful processing 
raw materials from occupied Namibia. At the hearing 
on 6 June 1989, the Namibia Council’s reply is that 
the Dutch State can derive from agreements where 
the uranium comes from and that a bank that receives 
stolen money cannot defend itself with the argument 
that the money doesn’t show it has been stolen.

But that is it: at the beginning of 1990, South Africa 
withdrew from Namibia, which became independent 
on 21 March 1990. The trial is stopped without judg-
ment.

7.3.2- Namibian uranium in Great Britain 
The contract for the supply of Namibian uranium to 
Great Britain is concluded with UKAEA22 in 1968 (i.e. 
before the establishment of Urenco) and is taken 
over by this Urenco partner after the establishment of 
BNFL23 in 1971. Most of the uranium from the Nami-
bian Rössing mine goes to Great Britain, but also to a 
number of other Urenco customers. The Labor Party 
promised to cancel the 1968 contract, but when the 
party after winning the 1974 general elections came 
back to that promise, protest increased sharply.24 

Between 1977 and 1985 half 
of the uranium for the Bri-
tish civilian nuclear program 
came from the Rössing mine 
in Namibia. In addition, all 
the uranium for the British 
military program came from 
Namibia and South Africa.25 
A campaign was being set up 
by Anti-Apartheid organizati-
ons, students, environmental 
movements together with 
trade unions to stop the im-
port of uranium from Namibia. 
This collaboration CANUC 
(the Campaign Against the 
Namibian Uranium Contracts) 
ensured a constant flow of 
information and the campaign 
focused to a large extent on 
the processing of the uranium 

22	 The United Kingdom Atomic Energy Authority is the state 
organization that is responsible for both the civilian and 
military nuclear programs at that time

23	 British Nuclear Fuels Limited, full subsidiary of UKAEA
24	 “Namibia: A contract to kill. The Story of Stolen Uranium and 

the British Nuclear Program”, CANUC, 1986
25	 “Blockade Namibian Uranium, BNFL Springfields November 

14th” (1986), flyer: see https://www.aamarchives.org/archi-
ve/history/namibia/nam22-blockade-namibian-uranium.html



32

in Capenhurst.

In addition to the boycotts of workers on ships carrying 
uranium from Namibia in the port of Liverpool, one of 
the highlights of the protest is the National Day of Acti-
on on 14 March 1981, when demonstrations are taking 
place on 30 locations, including Capenhurst.26

7.4- And today’s scandals?
It seems as if scandals are something of “the past”; 
as if there are no more scandalous things happening 
around Urenco. But scandals do not occur automati-
cally. If not many people find something that is outra-
geous, there will be no public scandal. And that has 
been the case in the Netherlands (and the UK) for a 
long time.

In Germany it is different. This is where scandal after 
scandal concerning Urenco Gronau has arisen in the 
past couple of years. There were numerous topics 

26	 “Forward to freedom. The history of the British Anti-Apart-
heid Movement 1959-1994 “: https://www.aamarchives.org/

about which the media reported critically, triggering 
discussion in parliament; in short, scandals. About 
the involvement in the American nuclear weapons 
program, the supply of enriched uranium for the fuel 
for the ‘crack reactors’ in Tihange and Doel and even 
about the parliamentary debate on the Ausstieg van 
Lingen and Gronau where strange things happened 
with official documents and speakers.27 But especially 
the scandal of dumping depleted uranium in Russia.

What became a scandal nowhere is the contract for 
the supply of enriched uranium to the United Arab 
Emirates.28 And that is strange. A dictatorship, a 
country where homosexuality is punishable, where a 
non-Jewish declaration is requested, in a region where 
nuclear technology and nuclear ambitions raise a lot of 
eyebrows.

27	 “Atomausstieg mit einer Ausnahme” (“Nuclear phase out 
with exceptions’), die tageszeitung, March 21, 2019: https://
taz.de/Urananreicherung-in-Gronau/!5579430/

28	 https://www.laka.org/nieuws/2014/geen-israelische-vi-
tesse-voetballer-maar-wel-verrijkt-uranium-uit-neder-
land-naar-verenigde-arabische-emiraten-2297
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ANNEX I: 

ENRICHMENT; FEED, PRODUCT AND TAILS
Enrichment means increasing the concentration of a 
particular isotope of interest in an element. Although 
not limited to uranium, the term is usually used to en-
rich the U-235 isotope in uranium.

Natural uranium consists for the most part of the 
isotope U-238, while the fissile isotope U-235 makes 
up only 0.72% of all uranium atoms (or 0.711% of the 
mass). To maintain a nuclear chain reaction, the fissio-
nable U-235 percentage must be increased to approxi-
mately 3‒5%. The process of increasing the U-235 
fraction in uranium is called uranium enrichment.

Commercial enrichment technology is now almost 
exclusively based on gas centrifuges. In these centri-
fuges, a gaseous uranium compound (uranium hexaf-
luoride ‒ UF6 ‒ which is also gaseous at relatively low 
temperatures) is exposed to strong centrifugal forces, 
separating the lighter (U-235) from the heavier isoto-
pes (U-238). Because the enrichment obtained in a 
single centrifuge is not sufficient, many centrifuges are 
linked to each other in so-called cascades. These cas-
cades are again used in parallel formations to achieve 
the desired degree of enrichment.

The labor required for enrichment is measured in 
SWU: Separative Work Units. 1 SWU is equivalent to 
1 kg of separation labor. Capacity of an enrichment 
installation is stated in tonnes (1000 kg) of SWU per 
year (tSWU / y). Enriching from 0.7 to 4‒5% U-235 
requires more SWU than from 5% to 100%.

A nuclear power plant with a capacity of 1,000 MW 
requires approximately 25 tonnes of 3.5% enriched 
uranium annually. The production of this enriched ura-
nium from natural uranium requires around 120 tSWU. 
An enrichment installation with a capacity of 1,000 
tSWU / y can therefore enrich the uranium annually for 
around eight nuclear power plants.

Uranium with a U-235 content to be increased (“feed”) 
is loaded in centrifuges. Enrichment results in two 
streams: a stream with a percentage of U-235 higher 
than the natural 0.72% (enriched uranium or ‘product’) 
and a stream with a percentage of U-235 lower than 
0.72% (depleted uranium or ‘tails’). The depleted ura-
nium represents more than 85% of the mass output of 
the enrichment plant, in other words: the production of 
1 kilo of enriched uranium yields ‒ as a by-product or 
waste ‒ more than 7 kilos of depleted uranium!

Theoretically, it is possible to extract even more fissi-
onable uranium from the depleted uranium, which on 
average still contains 0.2-0.3% U-235. The usefulness 
of this “re-enrichment” depends on a number of eco-
nomic factors: the price of “fresh” natural uranium, the 
price of a SWU and, nowadays, an excess of enrich-
ment capacity (overcapacity). Re-enrichment is not 
effective to reduce the volume of depleted uranium, 
but can be used (and is used) to move those volumes: 
e.g. from Western Europe to Siberia (see Chapter 6: 
Export of depleted uranium to Russia). 
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ANNEX II: 

HISTORY OF URANIUM ENRICHMENT AND MARKET
In the beginning all uranium enrichment took place for 
the production of nuclear weapons. Within the Man-
hattan project, enrichment was one of the two routes 
to the atomic bomb: the other was obtaining plutonium 
by reprocessing. At the time, research into urani-
um enrichment was mainly based on ultracentrifuge 
technology to separate uranium isotopes, but after a 
number of centrifuges had exploded, they switched to 
gas diffusion technology in December 1943.1

1950s: military enrichment capacity
In the 1950s, the US expanded its enrichment ca-
pacity built during the Second World War with three 
enormous diffusion installations with a total capacity 
of 17,000 tSWU / y.2 The British also built diffusion 
installations for their nuclear weapons programs and 
in 1953 opened a factory in Capenhurst with a small 
capacity (400 tSWU / y).3  Also the Soviet Union 
started a large military uranium enrichment program. 
Tenex was established in 1953 for the export of enri-
ched uranium (initially exclusively to countries within 
the Soviet bloc).4 China also started producing highly 
enriched uranium for the nuclear weapons program 
in two enrichment plants (Lanzhou and Heping) in the 
late 1950s, both through gas diffusion.5  

When the various European Communities were set up 
in the mid-1950s, France proposed that the European 
Community started its own enrichment project: which 
would have to be within Euratom: the European Com-
munity’s partnership and lobby organization for atomic 

1	 “Gas Centrifuge Theory and Development: A Review of U.S. 
Programs “, R. Scott Kemp in Science and Global Security, 
2009 17: 1, 1-19, DOI: 10.1080 / 08929880802335816

2	 “The nature of the uranium enrichment industry & Its 
Implications for Australia”, Ed Kaptein, submission to 
Select Committee on Uranium Resources, Parliament for 
South-Australia, March 1980

3	 idem Ed Kaptein, p1
4	 https://tbcarchives.org/wp-content/uploads/TENEX_50_

EN.pdf, visited 10 January 2020
5	 “China’s Uranium Enrichment Capacity: Rapid Expansion 

to Meet Commercial Needs”; Hui Zhang, Belfer Center for 
Science and International Affairs, 2015 p13

energy. But the US responded to those plans with an 
offer that Europe “could not refuse”: cheap, subsidized 
by the American government, uranium, enriched by 
the major American diffusion plants. By accepting the 
American offer, the discussion and implementation of 
enrichment technology in Western Europe was post-
poned considerably.6 France in 1960 started its own 
national enrichment industry with the construction of 
the (military) enrichment plant in Pierrelatte, which 
began to produce in 1964.7

Breaking the US monopoly
From a virtual monopoly on uranium enrichment ‒ out-
side the Soviet bloc ‒ in the 1950s and 1960s, the US 
share of the world market fell during the 1970s to less 
than 60% at the end of 1982.8

France was the first country to break the US monopoly 
and signed an agreement in March 1971 for the supply 
of enriched uranium with Russian Tenex.9 In 1975 al-
ready 8.8% of enriched uranium in the Euro-910 came 
from the Soviet Union.11 In the following 10 years, the 
position of the US as the dominant world supplier was 
quickly eroded for two reasons:12

‒ In the first place, the US was increasingly seen as 
an unreliable supplier of enriched uranium; because 
the order book was larger than the production capaci-
ty, no new orders were concluded between 1974 and 
1978.

‒ Secondly, US policy to prevent even more countries 
from possessing nuclear weapons evolved to the 
Nuclear Non-Proliferation Act of 1978, imposing more 
restrictions on foreign buyers of enriched uranium.

These factors increased the interest of countries to 
develop their own enrichment facilities.

1970s: Multinational cooperation
The Urenco company was founded by the Federal 
Republic of Germany, the United Kingdom and the 
Netherlands in the early 1970s and started building 
their own enrichment capacity. The first commercial 

6	 “Enrichment clubs come on stream”, Financial Times, July 
19, 1979

7	 “Uranium Enrichment and Nuclear Weapon Proliferation”; 
Krass, Boskma, Elzen, Smit; SIPRI, 1983 p28: https://www.
laka.org/docu/catalogus/publicatie/6.03.0.50/08_uranium

8	 “Uranium Enrichment: Investment Options for the Long 
Term”, United States Congress; October 1983, p15

9	 De Tijd, NL, March 16, 1971
10	 Euro-9 = Federal Republic of Germany, France, Italy, the 

Netherlands, Belgium, Luxembourg, Ireland, UK and Den-
mark

11	 “Supply of the community countries with enriched uranium”, 
Eurostat BP 1907, August 1976

12	 “Uranium Enrichment: Investment Options for the Long 
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delivery of enriched uranium by Urenco took place 
in September 1975. Although these deliveries were 
relatively small and came from pilot plants, Urenco 
did gain in importance.13 In 1977 the first commercial 
factories were officially put into operation: on 15 Sep-
tember in Capenhurst and on 25 October in Almelo,14 
while in August 1985 production started at the German 
Gronau plant.15

Eurodif was established by France in 1973 as a joint 
venture with four participating partners: Belgium, Italy, 
Spain and Sweden (in 1975 Iran would take over 
Sweden’s 10% share). However, unlike Urenco, the 
partners did not have access to the technology, only ‒ 
and only to a certain extent ‒ to the product.16 Eurodif 
opted for gas diffusion technology and in 1979 pro-
duction started in Tricastin, France. Capacity quick-
ly expanded to 10,800 tSWU / y in the mid-1980s, 
making Eurodif one of the world’s largest producers of 
enriched uranium.17

Small number of producers
In 1976, only five countries had uranium enrichment 
facilities larger than a pilot plant. These were the five 
official nuclear weapon states: the US, the United 
Kingdom, France, Soviet Union and China. All their 
existing factories were initially built for military purpo-
ses. Of the five, only the US and Russia had sufficient 
capacity to also enrich for export.18 That changed with 
the arrival of Urenco and Eurodif.

Years ‘10: end of US position and of diffusion tech-
nology
Currently, the situation is more or less the same as 50 
years ago: a small number of producers dominate the 
enrichment market. But important changes have taken 
place with regard to those producers and the techno-
logy. Instead of being a market leader, the US actually 
no longer has its own enrichment capacity. In 2013, 
the last diffusion enrichment plant (the Paducah  Gas 
Diffusion Plant)19 closed while the American Centri-
fuge Plant, which was intended to replace Paducah, 
suffered enormous delays and failed. The government 
stopped financing at the end of 2015.20

Urenco opened a new enrichment plant in the US in 
2010 in Eunice,21 but it appears that the lack of an 

13	 Nuclear Engineering International, November 1976, p52-54
14	 Urenco Centec News, n4, November 1977
15	 atomwirtschaft, January 1986
16	 https://world-nuclear.org/information-library/Nuclear-Fu-

el-Cycle/Conversion-Enrichment-and- Fabrication / Urani-
um-Enrichment.aspx

17	 http://www.areva.com/EN /operations-800/eurodif-producti-
on-natural-uranium-enrichment.html

18	 “Enrichment Supply and Technology Outside The United 
States”, SA Levin & S. Blumkin, Union Carbide Corporation, 
Nuclear Division, January 1977

19	 https://www.centrusenergy.com/news/centrus-subsi-
diary-completes-return-of-paducah-gaseous-diffusi-
on-plant-to-doe/

20	 http://fissilematerials.org/blog/2016/02/american_centrifu-
ge_plant.html

21	 Building and operating URENCO USA”, http://www.urenco.
com/page/33/URENCO-USA.aspx

American enrichment capacity with American tech-
nology has serious consequences in some areas. 
There are attempts to rebuild the American enrichment 
industry. Last year, the Department of Energy (DoE) 
announced that it would make US $115 million availa-
ble to the company Centrus.22

In June 2012, a year before the closure of the Pa-
ducah diffusion plant, the diffusion plant in Tricastin, 
France,23 closed: after 70 years the curtains fell defini-
tively to the application of gas diffusion technology for 
the enrichment of uranium.24 The French state-owned 
nuclear company Aréva (now renamed Orano) procee-
ded with this closure when the capacity of the replace-
ment centrifuge factory Georges Besse II reached 
1,500 tSWU / y.25

Cost advantage of centrifuge technology
One of the main reasons for the rapid rise of centrifuge 
enrichment is the cost factor: and especially the hig-
hpower consumption of diffusion compared to centri-
fuge enrichment. The diffusion technology consumes 
around 2,500 kWh per SWU, while modern centrifuge 
plants only need around 50 kWh per SWU.26

An enrichment installation with a capacity of 1,000 
tSWU / y can annually enrich the uranium for around 
eight nuclear power plants of 1000 Mwe to 3.5%.27

Enrichment (over) capacity, price SWU
Due to the continuing optimistic growth scenarios for 
nuclear energy, the enrichment market is in fact strug-
gling with overcapacity. Due to less expansion of the 
planned enrichment capacity (and due to failed pro-
jects ‒ especially in the US), overcapacity has decre-
ased somewhat in the last decade. Urenco Almelo, for 
example, has had a permit for 6,200 tSWU / y since 

22	 http://thequadreport.com/doe-115m-no-bid-u-enrichment-
contract-causes-sparks/

23	 “Eurodifs Uranium Enrichment Plant Ceases Production 
Permanently”, http://ndreport.com/eurodifs-uranium-enrich-
ment-plant-ceases-production-permanently/

24	 Russia soon had centrifuge technology at its disposal, but 
the huge diffusion plants remained in use for decades: in the 
1970s / 80s, all production switched to centrifuge techno-
logy; China switched to centrifuge enrichment at the start of 
this century

25	 http://www.world-nuclear.org/info/Country-Profiles/Coun-
tries-AF/France/

26	 http://www.world-nuclear.org/info/Nuclear-Fuel-Cycle/Con-
version-Enrichment-and-Fabrication/Uranium-Enrichment/

27	 Company brochure Urenco US,

http://docplayer.net/54984667-Introducing-urenco-usa-here-we-
provide-information-about-our-company-what-we-do-where-
we-operate-and-how -we-do-business.html
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2011, but the actual production capacity is 5,200 tSWU 
/ y. And Urenco USA may expand to 10,000 tSWU / y, 
but remains stuck at 4,900 for the time being. The glo-
bal enrichment capacity expected in 2013 for the year 
2020 was still around 80,000 tSWU / y.28

Long-term global overcapacity has consequences for 
the price of enrichment, which is currently historically 
low.

SWU productione (in ton SWU per jaar): 
Land/Bedrijf 1978 1998 *1 2019 *2

VS (zonder Urenco US) 27.300 19.400 -
Rusland (Sovjet Unie) 20.000 20.000 23.600 *3

Frankrijk (Eurodif) 600 10.800 7.500
Urenco 400 3.900 18.600
China 400 800 7.100
Rest 0.600
Totaal 48.700 55.800 57.400

* 1 Figures 1978 and 1998: https://www.wiseinternational.org/
nuclear-monitor/499-500/uranium-enrichment-no-capaci-
ty-growth-20-years (France adjusted, Laka 2020)

* 2 SWU-mergence: Reawakening of the Enrichment Market, 
presentation by Jonathan Hinze, President UxC, LLC, on NEI 
IUFS, October 29, 2019

* 3 In a presentation also at the NEI IUFS, Kirk Schnoebelen, 
President Urenco USA, the capacity of Russia is estimated 
at 28,000 tSWU / y

In its latest Annual Report29 Urenco writes about the 
low SWU price: “[C] urrent price levels would not 
support reinvestment in our enrichment facilities”, 
although they foresee an increase in price. Also the 
Dutch government, as a shareholder of Urenco, is not 
at ease: “The global demand for enriched uranium and 

28	 “Uranium mining and (in) transparency: Urenco’s role 
in the nuclear fuel chain”, Peter Diehl, Dirk Bannink, 
May 2014: https://www.laka.org/docu/catalogus/publica-
tie/1.01.8.30/56_urencos

29	 Urenco Annual Report and Accounts 2018, p6

therefore the potential earning capacity for Urenco has 
fallen.”30

Laser enrichment
For more than 40 years, laser enrichment has been 
called a promising technique and the next step in iso-
tope separation. Science News wrote in the mid-1970s 
that “plants producing enriched uranium by laser could 
be in operation by the early 1980s.”31

Despite much research, especially from the Nuclear 
Weapon States, there appears to be little progress. 
But the promise remained; also according to Urenco. 
The Dutch paper Twentsche Courant, for example, re-
ports in 199032 that it will be decided in 1993 in which 
Urenco country the Urenco trial laser enrichment plant 
will be built. Almelo is said to be a promising contender 
because Urenco commissioned ‘experiments in this 
area’ at the nearby University of Twente.

The US started research into Atomic Vapor Laser 
Isotope Separation (AVLIS) in the 1970s as a replace-
ment for diffusion enrichment plants. Expectations 
were high: in Science magazine,33 AVLIS was descri-
bed as “a clear winner”. But after more than $2 billion 
was spent on research and development, the AVLIS 
development was stopped.34 In 1996, the US purcha-
sed the rights to further develop the SILEX process 
and to use it commercially.35 The SILEX process (Se-

30	 https://www.rijksoverheid.nl/documenten/kamerstuk-
ken/2017/01/18/bijlage- antwoorden-op-kamervra-
gen-over-jaarverslag-beheer-staatsdeelnemingen-2015, 
answer to questions 57 and 58

31	 “Laser uranium separation: A leap forward”, Science News, 
14 February 1976

32	 “In 1993 beslissing over fabriek voor verrijking van uranium 
door lasers” (“In 1993 decision about the uranium laser 
enrichment plant”), Twentsche Courant, 28 May 1990

33	 Science, vol 228 p1408, June 21, 1985
34	 “US Laser project abandoned after 26 years and US $ 2 

billion”, WISE News Communiquee, June 18, 1999
35	 “Profile of World Uranium Enrichment Programs — 2009”; 

https://info.ornl.gov/sites/publications/files/Pub15166.pdf

                  SWU-price 1995-2019
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paration of Isotopes by Laser Excitation) was develo-
ped in Australia in the 1990s. In 2006, a collaboration 
between SILEX and the American technology and 
electronics company General Electric came into exi-
stence, and a few years later the Canadian company 
Cameco (the largest uranium mining company in the 
world listed on the stock exchange) joined. Apart from 
technological developments, the economic outlook 
for new enrichment capacity remained (and remains) 

poor, so General Electric left the cooperation in early 
2019.36

Forty years after the first commercial laser enrichment 
plants were planned, commercial laser enrichment still 
does not exist.

36	 https://world-nuclear-news.org/Articles/Silex-and-Came-
co-agree-terms-for-GLE-acquisition, 7 February 2019
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VAN VERDRAG VAN ALMELO 
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URENCO 1970-2020On March 4, 1970, the Treaty of Almelo was signed ‒ an 
agreement between the Netherlands, the United Kingdom and 
West Germany on setting up a company with the aim of enriching 
uranium: Urenco. 

The origin of uranium enrichment is military and until then 
enrichment was primarily the monopoly of the United States and 
Soviet nuclear-weapon states. Now, 50 years later, Urenco is a 
major player on the world market. But those 50 years did not 
go smoothly and even now the company is under pressure: not 
only because of the slowdown in the growth of nuclear energy, 
resulting in large overcapacity in the enrichment market and 
a shrinking order portfolio, but also due to the German Atom 
Ausstieg and the decline

of nuclear energy in Urenco’s traditional market: Western Europe 

This paper describes the development of uranium enrichment and 
the turbulent history of Urenco. It further analyzes current issues 
regarding Urenco and its uncertain future. 


