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The article examines the concept of threats and risks of using nuclear technologies in the space 
sphere. In particular, it has been stated that the presence of a nuclear arsenal can act as a deterrent, 
forcing potential aggressors to reevaluate their actions. At the same time, the countries that do not 
possess nuclear weapons but are under threat of armed aggression often face limited assistance due to 
the unwillingness of partner states to scale up conflict or be engaged in direct confrontation. The example 
of Israel demonstrates how the presence of a potential nuclear arsenal and the geopolitical importance 
of the region contribute to increased military and political support from the United States and other 
countries. In the case of Ukraine, which renounced nuclear weapons after the signing of the Budapest 
Memorandum, selective military support limited to efforts to avoid direct confrontation with Russia is 
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observed. The article emphasizes the interdependence between a country’s status as a nuclear or non-
nuclear one, the level of international aid, and the threats associated with the use of nuclear technologies 
for military and space purposes. Despite the economic advantages of using nuclear energy sources in 
space activities, the need to activate initiatives aimed at strengthening commitments to the complete 
abandonment of nuclear weapons both on Earth and in space.

Keywords: nuclear energy sources, space activity, space security, non-proliferation of nuclear 
weapons, war, international rules and principles, risk, danger, legal regulation.
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Introduction

On August 06, 1945 at 08:15 local time, in accordance with the ultimatum of the Potsdam 
Declaration of July 26, 1945 and Japan’s refusal to fulfill the terms of this ultimatum, the 
Enola Gay, the American B-29 Superfortress bomber, piloted by Paul Tibbets and bombardier 
Thomas Ferebee, dropped the first atomic bomb called “Malysh” (“Little Boy”) on Hiroshima. 
Consequently, the first atomic bomb in the history of mankind was dropped on the Japanese 
city of Hiroshima (Hiroshima, 2024).

The first article of the UN Charter (United, 1945), which established that ensuring peace 
and international security is the main goal and principle of the creation of this organization, 
was adopted right after this accident. This postulate (in which economic development, access 
to clean and renewable energy, as well as reducing inequality are part of the 17 Sustainable 
Development Goals) is continued in the 2030 Agenda (The 17 Goals, 2015), which was 
supported by all UN Member States in 2015.

Consequently, after the end of the “Cold War” and the long arms race started by the USA 
and the USSR, the world has chosen a path towards disarmament, nuclear proliferation control 
and prohibition of their use in outer space.

But after the successful launch of the lunar probe Chang-e 1 in October 2007 (China’s, 
2009), China has intensified the debate on the use of space nuclear power sources, using the UN 
platform for this purpose (Discussion, 2012: 2). Considering the above, and the importance of 
minimizing the safety risks associated with such power sources both on Earth and in space, the 
United Nations Office for Outer Space Affairs (OOSA) and the International Atomic Energy 
Agency (IAEA) have jointly published Framework for the Safety of Nuclear Power Sources 
in Space (Safety, 2009). The document provides guidance for the international community on 
the safe use of nuclear power sources (NPS) in outer space and contains administrative and 
technical recommendations for countries to safely advance their initiatives regarding these 
sources in outer space.

Currently, the main sources of energy that can be used in spacecraft are chemical, solar 
and nuclear energy. The main types of nuclear energy used for electricity production are 
radioisotopes and nuclear reactors (Discussion, 2012). It is worth noting that requirements for 
nuclear safety and procedures for the use of nuclear technologies or components are established 
for all stages of nuclear programs on design, production, transportation and testing (Voss, 
2020). The only case where nuclear material can be outside of direct physical control and 
security measures is when operating in remote space, on the surface of a planet, or due to an 
emergency when a spacecraft with nuclear technology or components is launched or returned.
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At first glance, it seems that everything is under control and there is a consensus among the 
countries regarding the use of nuclear energy sources and an agreement to prohibit the use of 
nuclear weapons in space. But what has changed in nuclear doctrines in recent years, taking 
into account the numerous military conflicts raging in different parts of the world, including 
in Ukraine?

In this regard, for example, CIA Director Bill Burns stated the following: “There was a 
moment in the fall [autumn] of 2022 when I think there was a genuine risk of potential use 
of tactical nuclear weapons by Russia in Ukraine”, Burns said, but he believed such concerns 
should not be taken too seriously. “I never thought ... we should be unnecessarily intimidated 
by that,” he added (Sabbagh, 2024). Therefore, it is the presence of nuclear weapons in Russia 
and Israel that forms different approaches and reactions of the world to the wars between 
Russia and Ukraine and Israel and Hamas. This means that the US, Europe and even some 
Arab countries are keen to ensure that Israel is never provoked enough to use it, or even use 
any serious conventional weapons against Iran. Therefore, European countries and the USA 
jointly protect Israel’s airspace from Iranian missiles and drones. The Ukrainian sky, on the 
other hand, is protected by the Ukrainians themselves (Applebaum, 2024).

In addition to the above, the worsening of the situation in Russia’s war against Ukraine 
has led to US President Joe Biden lifted the ban on strikes by ATACMS ballistic missiles on 
Russian territory. In response, Russia changed its nuclear doctrine and amended the Basic 
State Policy of the Russian Federation in the Field of Nuclear Deterrence (Putin, 2024). 
Russia, in turn, has changed its nuclear doctrine and amended the Basic State Policy of the 
Russian Federation in the Field of Nuclear Deterrence (Fundamentals, 2024). The category 
of states and military alliances, in respect of which nuclear deterrence is implemented, was 
expanded. The list of military threats that require such actions to neutralize them has been 
supplemented. The doctrine also states that the Russian Federation may use nuclear weapons 
in case of “critical threat” to the sovereignty and territorial integrity of itself and Belarus. The 
“launch of ballistic missiles” on the territory of Russia is among the conditions for the use of 
nuclear weapons by Russia. According to the doctrine, the decision to use nuclear weapons 
must be made by the Kremlin leader himself. The document expresses confidence that “the 
readiness and determination of the Russian Federation to use nuclear weapons will ensure 
nuclear deterrence.”

There is concern that nuclear weapons or materials may be stolen or transferred to terrorist 
organizations, thereby necessitating the consolidation of efforts by a number of countries to 
improve overall nuclear safety and reduce the availability of nuclear materials for weapons.

In connection with the above, there was a need to study the existing risks and possibilities 
of using new nuclear technologies in outer space, as well as the role of legal frameworks in 
policies to contain nuclear proliferation both on Earth and in space.

The concept of threats and risks in the space sphere

Threat is interpreted as: “rude, bold promise to cause some evil, trouble; threats, praise” 
(Threat, 2023); “a variety of contradictions creating danger for the security system, the life 
support of its system-forming elements”; “danger of the transition from possibility to reality” 
(Dictionary, 2008). The authors of theoretical and methodological studies on security theory 
are unanimous in their opinion that threat is a category close in essence to the concept of 
“danger”, but its distinctive feature is more specific form by the level of exposure to the object 
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of action (Romanchik, 2020). That is, the authors believe that first there is a danger, and then 
a specific threat.

But there are also completely opposite opinions. For example, O. Arefieva and T. Kuzenko 
understands threat as “a set of conditions, processes, factors preventing the implementation 
of national economic interests or creating danger for the latter and economic activity actors” 
(Arefʼeva & Kuzenko, 2005: 30). That is, the author puts a threat at the beginning, after which 
danger arises.

Besides, the terms “risk” and “threat” are often equated. Thus, V. Lipkan defines threat 
as the risk that began to materialize on an undesirable option, or a adverse scenario beyond 
the notion of normal uncertainty in business conditions known in advance (Lipkan, 2006). 
O. Liashenko suggests that “threat” and “risk” reflect some current events, while “danger” 
indicates probable, that is, such events that may not happen (Lyashenko, 2015). At the same 
time, L. Kalinichenko emphasizes that risk and threat are forms of danger, which reduce 
the level of security only by their presence (Kalinichenko, 2014). We agree with the latter 
statement, as both risk and threat are factors preventing objects or entities from being safe.

Recognizing the critical importance of space assets and services in the face of evolving 
geopolitical dynamics and increased threats, a number of countries, including the US and 
the EU, have strategically identified space as a priority area of protection and action. For 
example, on March 24, 2022, the EU approved the Strategic Compass of the European Union 
(A Strategic, 2022), which sets out proactive measures to ensure the security of its space assets 
and mitigate potential threats.

As for modern risks and threats in the space sphere, the authors include the following: 
cyber-attacks (Van Camp & Peeters, 2021; European, 2023) the use of radio-electronic 
warfare, covering electronic and electromagnetic interference with the ability to disrupt or 
disable communication between ground bases and space means (Pinker & Smith, 1999; 
Reis, 2024); growing amount of space debris or micrometeorites (Polkowska, 2020); anti-
satellite weapons on ground or space platforms (Way, 2019), the use of uncontrolled nuclear 
technologies (Henriquet, 2023; Cesari, 2024) and so-called “hybrid threats” (Reis, 2024).

It should be noted that on January 10, 2023, the EU and NATO signed the Joint Declaration 
on EU-NATO Cooperation (Joint, 2023), in which countering hybrid and cyber threats is 
defined as a priority for their cooperation at the current stage, along with issues of stability and 
space protection.

Regulatory framework and evolution  
of space nuclear security threats

Since the Treaty on the Non-Proliferation of Nuclear Weapons (NPT) entered into force in 
1970 Treaty on the Non-Proliferation (Treaty, 1968), the countries of the world were divided 
into those that are official owners of nuclear weapons and others. At the current stage, there 
are a total of five official owners: Great Britain, China, the Russian Federation, the USA and 
France. Most of the countries have voluntarily agreed to renounce the possession of nuclear 
weapons in accordance with the NPT. Such countries that have international recognition and 
are members of the UN (193 full members and two observers) are now 186 out of 195. A 
number of countries – India, Pakistan, Israel and North Korea – are the owners of limited 
arsenals of nuclear weapons outside the NPT (India, Pakistan and Israel did not join the Treaty; 
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the DPRK was a member of it as a non-nuclear state, but withdrew from the Treaty in 2003). 
Several countries are not parties to the NPT, but are de facto non-nuclear (Izhak, 2022).

A global regime of nuclear non-proliferation is impossible without the obligations of official 
nuclear states towards non-nuclear ones. The text of the NPT does not contain obligations of 
nuclear countries regarding the specific conditions for the use of nuclear weapons. However, 
it lays down the very philosophy of the non-proliferation regime. Article VI of the Treaty 
states that “each of the Parties to the Treaty undertakes to pursue negotiations in good faith on 
effective measures relating to cessation of the nuclear arms race at an early date and to nuclear 
disarmament, and on a treaty on general and complete disarmament under strict and effective 
international control” (Treaty, 1968).

Activities related to the use of nuclear energy sources in outer space are carried out in 
accordance with international law, including, in particular, the Charter of the United Nations 
and the Treaty on Principles Governing the Activities of States in the Exploration and Use of 
Outer Space, including the Moon and other Celestial Bodies. But the only official international 
policy for the use of SBS for space energy is the UN Resolution 47/68 “Principles relevant to 
the Use of Nuclear Power Sources in Outer Space,” which states that “in order to minimize 
the quantity of radioactive material in space and the risks involved, the use of nuclear power 
sources in outer space shall be restricted to those space missions which cannot be operated by 
non-nuclear energy sources in a reasonable way” (Principles, 1992). Besides, this document 
allows the use of nuclear energy sources (radioisotope/reactor).

Further, the Resolution specifies that “nuclear reactors may be operate: 1) on interplanetary 
missions; 2) in sufficiently high orbits; 3) in low-Earth orbits if they are stored in sufficiently 
high orbits after the operational part of their mission” (Article 2a) (Principles, 1992).

However, geopolitical conditions have significantly changed since the signing of the NPT. 
Nowadays, the Global Non-Proliferation Regime faces two key threats: 

1.	 China is actively expanding its nuclear arsenal and increasing its technological level. 
The State avoids participation in arms control negotiations and has just recently 
started using satellites for missile warning and tracking.

2.	 Changes in China’s nuclear doctrine and Russia’s actions, which also includes the 
potential placement of nuclear weapons in space, create additional risks for strategic 
stability.

Given these challenges, existing deterrence mechanisms need to be modernized to meet 
new threats and provide an effective response to possible scenarios of limited nuclear use.

Thus, according to the Treaty on the Prohibition of Nuclear Weapons (NPT) (Treaty, 
2017), which entered into force in 2021, its participants are non-nuclear countries. They 
have not withdrawn from the NPT, but by participating in the new treaty they declared that 
the commitment to universal renunciation of nuclear weapons should be more specific than 
the text of Article VI of the NPT (Izhak, 2022). This initiative is quite relevant, because as 
the Russia’s war against Ukraine has indicated, the countries with a nuclear arsenal can act 
in a position of force towards the countries without it, disregarding international rules and 
principles enshrined in the Treaty on the Non-Proliferation of Nuclear Weapons. This poses 
serious risks to global security and calls into question the effectiveness of the existing nuclear 
deterrence system. Therefore, initiatives aimed at strengthening commitments to the complete 
abandonment of nuclear weapons are important steps towards strengthening the international 
legal order and ensuring equality in the security sphere. 
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If we talk about the economic benefit of using nuclear energy sources in space activities, 
the use, in particular, of highly enriched uranium (HEU), will allow to minimize the mass of 
power systems in spacecraft. This reduces the cost of launching and transporting cargo, which 
is a key factor in reducing the overall cost of missions. For the exploration of the Moon, Mars 
and other planets, a reliable energy supply is essential for establishing long-term bases and 
infrastructure. Nuclear technologies can guarantee a stable and uninterrupted power supply in 
environments where solar energy is limited.

In addition, access to nuclear energy sources may become an impetus for innovation 
in spacecraft design and new technology development, which contributes to strengthening 
scientific and technical potential of the country. Thanks to the high energy intensity of nuclear 
sources, countries can significantly reduce the costs of long-term missions, because the need 
for refueling or servicing of spacecraft is reduced.

Conclusion

Having summarized the material, we can claim that:
1.	 Lack of objectivity in the identification of the category “critical threat” causes an 

unprecedented situation, in which a “nuclear country”, in particular, the well-known 
aggressor – Russia – gets the opportunity to use nuclear weapons without hindrance, 
contrary to all established general nuclear security rules;

2.	 Russia’s potential use of nuclear weapons as a weapon of war in Ukraine should 
be considered as a critical threat to the collective security and stability from the 
standpoint of the EU and NATO, in particular the protection of outer space, which 
requires an immediate reaction from these organizations in the form of proactive 
actions – joint protection of air space of Ukraine; 

3.	 Currently, it is extremely urgent to put on the agenda the issue of updating the 
official obligations of nuclear states in relation to non-nuclear ones in the aspect of 
providing the latter with security guarantees and support in case of actualization of 
nuclear threats. Moreover, China’s practice of avoiding participation in arms control 
negotiations should be brought under control in the form of economic sanctions.

Thus, the use of nuclear technologies in space has significant advantages, but their 
importance is leveled by the awareness of risks and threats to the international legal order and 
ensuring equality in the field of security. As long as the world is not united, and each element 
of its structure will allow disregard for norms and principles enshrined in the UN Charter, 
there is no point in developing and implementing authorization rules for the use of nuclear 
technologies in space. Strict regulation of the specified legal relations should be an inviolable 
postulate, confirmation of the relevance of which we already have in today’s conditions.
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