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Executive summary and key recommendations 

 In the face of  growing geopolitical tensions and the potential expansion of  alli-
ances such as NATO, climate change may not be the highest operational priority for 
the world’s militaries at the moment. For most, the impacts of  climate change – 
drought, sea-level rise and extreme weather – are likely seen as operational obstacles 
that can be overcome by building the overall resiliency and adaptability of  their armies. 

 Military infrastructure may become increasingly vulnerable to climate events 
– particularly if  located in the coastal area – and degradation of  civilian infrastruc-
ture (e.g. energy grids, water systems) may indirectly disrupt military activities. Ac-
cess to critical supply chain inputs, such as raw materials, may also be impeded by 
extreme weather events, which could, in turn, increase violent conflict. By under-
standing the threats, the armed forces will be able to protect their personnel and 
critical national infrastructure. This makes climate change an issue of  national and 
international security – and thus the military concern. 

 Therefore, it is also an important issue for NATO although as the core insti-
tution itself, it is not the main source of  the greenhouse gas emissions, the vast ma-
jority come from the forces of  its member states. In this context, NATO has an-
nounced plans to reduce its greenhouse gas emissions and work towards Net Zero 
by 2050. It means cutting its civilian and military greenhouse gas emissions by at 
least 45% by 2030 and become carbon neutral by 2050 as announced by Secretary-
General Jens Stoltenberg at the Madrid Summit in 2022.  

 The armed forces around the globe are heavy emitters of  greenhouse gases, 
although no one knows exactly how much; estimates range between 1 percent and 
5 percent of  global emissions. During the second half  of  the 20th century, fossil 
fuel consumption by the world’s militaries substantially increased. As warfare has 
become increasingly carbon intensive, military aircraft and other large war ma-
chines continued to consume massive amounts of  gasoline, diesel, and jet fuel. To-
day’s modern armies, air forces, and naval fleets are consuming fossil fuels at un-
precedented rates. Military leaders have recognized the need to reduce carbon emis-
sions and use alternative sources of  energy.  

 Simultaneously, defence forces are largely spared from emissions reporting. 
With no international agreement on accountability, reporting requirements, leader-
ship or will to act, monitoring and cutting military emissions are low priorities. For 
example, among the 27 member states of  the European Union, only 10 militaries 
had noted the need for greenhouse gas mitigation, out of  which only 7 countries 
had set targets (Rajaeifar et al, 2022)1. In this sense, the defence sector must adopt 
green approach, understand the effects of  climate change and the technology that 
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is being developed to adapt and mitigate its effects.  Some military bases are already 
becoming more energy efficient by bringing energy storage and distributed genera-
tion inside the installations, using energy derived from landfill gas and solar power. 
That is important, as military bases with independent renewable power supplies are 
more resilient.  

 At the same time, defence forces operate a range of  capabilities that are very 
difficult to decarbonize because they do not have viable replacements for systems 
like powerful jet and marine engines, and nor do they yet have access to alternative 
fuels for such systems. The other most significant keywords for defence decarboni-
zation are reducing operational energy demand, increasing fuel efficiency and pro-
moting electrification of  the fleet where possible. The focus is on reducing opera-
tional energy demand as the systems like airplanes and ships, not facilities or instal-
lations contribute about two thirds of  the total energy consumption. There are sev-
eral ways to do so, for example, deploying hybrid-electric tactical vehicles, making 
engine improvements on ships so less fuel is consumed and reducing airplane drag 
to improve efficiency.  

 Solving the more difficult technical problems required to shift away from leg-
acy fuels at scale requires long-term thinking in partnership with industries. Such 
partnerships could include collaboration among researchers, key industry players, 
and defence organizations to realize promising technologies like power-to-liquid at 
a meaningful scale. Targeted but significant investment in research on hydrogen 
and battery technologies should also be in the policy mix.  

 The drive to reduce dependence on fossil fuels and the introduction of  re-
newables in the defence sector have opened up new opportunities to promote hy-
drogen technology. Hydrogen can be generated and used at the tactical edge of  the 
battlefield, whereas petroleum fuels have to be extracted, refined, stored and trans-
ported over long distances. Hydrogen fuel cells already power electric vehicles that 
are nearly silent. Some armed forces are looking at the viability of  electrification, 
however, for the army it will not be easy. Among the challenges will be overcoming 
heavy reliance on the commercial sector to develop suitable technology, and the 
complexity of  retrofitting an existing fleet.  

 For many countries, decarbonizing armed forces may be essential step toward 
achieving government targets without relying on expensive offsets. Given new im-
petus, sustainability has become important agenda item for defence forces. Making 
defence sustainable will involve a long journey. It can start with a few steps that in-

1 Rajaeifar, Belcher, Parkinson, Neimark, Weir, Ashworth, Larbi & Heidrich (2022). “Decarbonize the 
military – mandate emissions reporting”. In Nature, volume 611, 3 November 2022.  
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volve planning strategically and taking actions that directly reduce environmental 
impact. Making defence forces more sustainable will inevitably bring change to 
complex organizations with established operating models. Behavioral change is es-
sential to operating more sustainably. 

 Key findings and recommendations 

 In order to become carbon neutral it is necessary to accurately measure 
carbon footprint and create a baseline against which future changes can 
be measured. The assessment needs to establish a baseline from which 
to measure the reductions that is planned to make. The first step in-
volves establishing the starting point and the destination so that govern-
ments can set and track sustainability targets. Setting intermediate short
-term steps – for instance those for 2025 or 2035 – also helps to build 
clarity on the pathway to net-zero emissions. 

 Most defence departments follow regular planning cycles, such as those 
outlined in the U.S. Department of  Defence’s National Defence Strate-
gy (2022)2 or the UK Ministry of  Defence’s Integrated Review (2021)3. 
The planning cycles could help countries identify the need for capability 
upgrades that will assist their operations in tougher future environ-
ments. These cycles could also be used as an opportunity to identify de-
carbonization opportunities. 

 Militaries across the globe must be held accountable. Although national 
net-zero pledges have helped to focus attention in some countries, in-
ternational standards and obligations must be agreed. The United Na-
tions Framework Convention on Climate Change (UNFCCC) is the 
most appropriate forum and must strengthen and reform its reporting 
protocols to include militaries. Reporting and reducing military emis-
sions must be transparent, time-bound and measurable.  

 Militaries must improve their capacity to calculate, manage and reduce 
emissions, and train personnel to do so. Researchers should work with 
the armed forces to exchange knowledge and best practices from the 
civilian sector; help to develop protocols for military-specific emissions, 
and use and procure low-carbon equipment. 

2 U.S. Department of Defence (2022). “National Defence Strategy” sets the Department’s strategic di-
rection and priorities for the Joint Force. The new strategy also include two detailed annexes in the 
form of a 2020 Nuclear Posture Review and a 2022 Missile Defence Review. 
3 The Integrated Review set out the government’s current assessment of the major trends that will 
shape the national security and international environment to 2030. See also UK Ministry of Defence 
“Defence in a competitive age”.  Corporate Report, 30 July 2021.  
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 INTRODUCTION 

 The Intergovernmental Panel on Climate Change (IPCC), the international 
body for providing policymakers with regular climate change related scientific as-
sessments, released the second report of  its sixth assessment (AR 6) in February 
2022. It concluded that the dangers of  climate change are mounting so rapidly that 
they could soon overwhelm the ability of  both nature and humanity to adapt 
(IPCC, 2022)4. The most visible effects of  climate change today are more frequent 
and pronounced heat waves, rising sea levels, sea ice retreat (which appears most 
dramatically in the Arctic as the  region is warming at a rate of  almost four times 
the globe average), and changing precipitation patterns, which cause devastating 
floods and droughts (Fountain, 2020)5. Secondary consequences include the degra-
dation of  water supplies, reduced agricultural productivity and impacts on energy 
infrastructure and generation. Stabilizing global temperatures and limiting the ef-
fects of  climate change require more than just slowing the growth rate of  emis-
sions; they require absolute emissions reduction to net-zero or net-negative levels.  

 Behind the phenomena of  global warming and climate change lies the in-
crease in greenhouse gases in the atmosphere. Greenhouse gas emissions cause 
heat to be trapped by the earth’s atmosphere, and this has been the main driving 
force behind global warming. The main sources of  such emissions are natural sys-
tems and human activities. Natural systems include forest fires, earthquakes, 
oceans, permafrost, wetlands, and mud volcanoes, while human activities are pre-
dominantly related to energy production, industrial activities and those related to 
forestry, and land use (Edenhofer et al., 2014)6.   

 The greenhouse gases widely discussed in literature and defined by the Kyoto 
Protocol are carbon dioxide (CO₂), methane (CH₄), nitrous oxide (N₂O), ozone 
(O₃) and fluorinated gases such as hydrofluorocarbons (HFCs), perfluorocarbons 
(PFCs) and sulphur hexafluoride (SF₆) (UNFCCC, 2008)7. A greenhouse gas is any 

4 The sixth assessment of the IPCC includes three special reports. The first, on the physical science 
basis, was published in August 2021. The second part, “Impacts, Adaptation, and Vulnerability”, 
which deals with the consequencies and necessary adjustments, was published on 28 February 2022. 
The third contribution, “Mitigation of Climate Change”, identifies technical and economic possibilities 
to mitigate climate change and was released on 4 April 2022. 
5 Fountain (2022). “Arctic Warming Is Happening Faster Than Described, Analysis Shows”, The New 
York Times, 11 August 2022. 
6 Edenhofer et al. “Climate change 2014: mitigation of climate change. Contribution of working group 
III to the fifth assessment report of the Intergovernmental Panel on Climate Change”. Accessed 05 
July 2022. 
7 UNFCCC (2008). “Kyoto Protocol reference manual on accounting of emissions and assigned 
amount”. 
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gaseous compound in the atmosphere that is capable of  absorbing infrared radia-
tion, thereby trapping and holding heat in the atmosphere. Anthropogenic CO₂ is 
emitted primarily from fossil fuels combustion. According to the emissions gap re-
port prepared by the United Nations Environmental Program (UNEP)8 in 2019, 
total greenhouse gas emissions in 2018 amounted to 55.3 GtCO₂e, of  which 37.5 
GtCO₂ are attributed to fossil CO₂ emissions from energy production and industri-
al activities. Since 1990, annual anthropogenic emissions increased by 59%.  

 Around half  of  the emissions released remain in the atmosphere. Nature ab-
sorbs the rest, holding it in carbon sinks, such as soil, oceans and vegetation. Under 
the United Nations Framework Convention on Climate Change (UNFCCC) any 
process, activity or mechanism, which removes a greenhouse gas from the atmos-
phere, is referred to as a “sink”. These natural storage solutions slow climate 
change far more effectively than any human technology – carbon storage factories 
store just 40 megatons of  CO₂ annually or 0.003% of  anthropogenic emissions. 
These sinks are very important in keeping the levels of  carbon dioxide in the at-
mosphere at manageable levels. They continually take carbon out of  the atmos-
phere through the process of  photosynthesis. The ocean is another example of  a 
carbon sink, absorbing a large amount of  carbon dioxide from the atmosphere. Still 
scientists believe that carbon sink might hold the key to removing the excess car-
bon, hereby alleviating some of  the pressure of  climate change. Human activities 
influence terrestrial sinks through land use, land-use change and forestry 
(LULUCF) related activities. Consequently, the exchange of  CO₂ (carbon cycle) be-
tween the terrestrial biosphere system and the atmosphere is altered. Mitigation can 
be achieved through activities in the LULUCF sector that increase the removals of  
greenhouse gases (GHGs) from the atmosphere or decrease emissions by halting 
the loss of  carbon stocks (UNFCCC, 2022)9. 

 Climate actions to reduce environmental footprint fall into one of  the two 
broad categories: climate change adaptation and mitigation. Climate change adapta-
tion measures involve adjusting policies and actions because of  observed or ex-
pected changes in climate. Cutting greenhouse gas emissions can slow the pace of  
global warming – this is known as mitigation. Climate change mitigation and adap-
tation efforts have traditionally been approached as separate endeavors. However, 
there are compelling benefits to integrating them, by using solutions that simultane-
ously reduce GHG emissions and enhance climate resilience. As seen in Figure 1, 
the difference between climate change mitigation- and  adaptation strategies is that 
mitigation is aimed at tackling the causes and minimizing the possible impacts of  

8 UNEP (2019) “Emissions gap report”. United Nations Environment Program.  
9 United Nations Climate Change Secretariat (2022). “Land Use, Land-Use Change and Forestry 
(LULUCF).  
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 There are three main climate change mitigation approaches discussed 
throughout literature. First, conventional mitigation efforts employ decarbonization 
technologies and techniques that reduce CO₂ emissions, such as renewable energy, 
fuel switching, efficiency gains, nuclear power, and carbon capture, utilization and 
storage (CCUS). Most of  these technologies are well established and carry a level of  
managed risk (Ricke et al., 2017)10. A second route constitutes a new set of  technol-
ogies and methods that have been recently proposed. These techniques are poten-
tially deployed to capture and sequester CO₂ from the atmosphere and are termed 
negative emissions technologies, also referred to as carbon dioxide removal methods 
(ibid, 2017). The main negative emissions techniques widely discussed in literature 
include bioenergy carbon capture and storage11, direct carbon capture and storage as 
well as soil carbon sequestration12 to name some of  them (Lawrence et al., 2018)13. 
As both mitigation and adaptation address the same cause of  impact, they need to 
work in an integrated manner to successfully achieve their respective aims. 

climate change, whereas adaptation looks at how to reduce the negative effects it 
has and how to take advantage of  any opportunities that arise.  

Figure 1 

Source: City of Calgary, 2013 

10 Ricke, KL et al (2017). “Constraints on global temperature target overshoot”. In Scientific Reports 7: 14743. 
11 Bioenergy with carbon capture and storage is the process of extracting bioenergy from biomass and 
capturing and storing the carbon, thereby removing it from the atmosphere. 
12 Soil carbon sequestration includes various ways of managing lands, especially farmlands so that soils 
absorb and hold more carbon.  
13 Lawrence, MG et al. (2018). “Evaluating climate geoengineering proposals in the context of the Par-
is Agreement temperature goals”. In Nature Communications 9:3734.  
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 Climate change is not principally an environmental concern, it is actually a 
problem that is closely linked to national economic policy, strategic planning, public 
health, infrastructure, and international security. This topic has been discussed at 
the UN Security Council, it features in national security strategy documents, and a 
wide range of  think-tanks and academic publications point to the intersection be-
tween climate change and security. An understanding of  the severe impact on cli-
mate change on natural and human systems as well as the risks and associated vul-
nerabilities is an important starting point in comprehending the current state of  cli-
mate emergency.  

 Climate change is one of  the most important and immediate challenges that 
NATO is facing with in the years to come. Climate hazards multiply climate-driven 
security risks as they threaten critical infrastructure, disrupt energy, financial and 
agricultural centers, and intensify the scarcity of  resources. They also affect military 
operational readiness, degrade military assets and installations, and introduce new 
logistics challenges14. The dominant drive and demand for “climate security” comes 
from a powerful national security and military apparatus, in particular that of  the 
wealthier nations. This means that security is perceived in terms of  the “threats” it 
poses to their military operations and “national security”, an all-encompassing term 
that basically refers to a country’s economic and political power. In this framework, 
climate security examines the perceived direct threats to a nation’s security, such as 
the impact on military operations – for example, the rise in sea level affects military 
bases or extreme heat impedes army operations. It also looks at the indirect threats, 
or the way climate change may exacerbate existing tensions, conflicts and violence 
that could spill into or overwhelm other nations. Therefore, climate-related security 
risks are complex in their pace and geographic scope.  

 Although the most significant recognitions of  the link between security and 
climate change are recent, NATO has a much longer history in broader terms with 
the topic. In order to sketch out an evolution, it is appropriate to recall some salient 
steps in the Alliance history. NATO first addressed environmental challenges with 
the establishment of  the Committee on the Challenges of  Modern Society (CCMS) 
in 1969, which supported studies and fellowships focusing on air and noise pollu-
tion, as well as on hazardous waste management. The 2010 Strategic Concept for the 
Defence and Security of  the Members of  NATO briefly referred to the relationship be-
tween climate and security. As the number of  scientific studies and the understand-
ing of  the far-reaching implications of  climate change grew, NATO’s interest in the 
issue increased (Sikorski and Goodman, 2021)15. Since 2014, members of  NATO 

14 NATO (2021). NATO Climate Change and Security Action Plan”.  
15 Sikorsky; Goodman. “A Climate Security Plan for NATO: Collective Defence for the 21st Century”. 
In Environmental Affairs, spring 2021.  
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have sought to reduce the emissions of  their military forces and infrastructure 
through the Green Defence Framework, which aims to increase NATO’s opera-
tional effectiveness by changing its energy use. This document listed numerous 
proposals to reduce fuel consumption in the armed forces as well as introduce 
“green” standards in NATO facilities (Rühle & Heise, 2021)16. However, although 
the Green Defence Framework aspired to reduce the environmental footprint of  
military operations and improve NATO’s resilience by investing in green technolo-
gies to reduce fuel consumption, energy dependencies and mission footprints, no 
specific targets or commitments were set. 

 However, there is recognition that military forces need to be better prepared 
to tackle the impact of  climate change. As a result, a growing number of  militaries 
now integrate climate change issues into their planning. NATO Heads of  States 
and Government stated at their 2021 Brussels Summit that climate change is “one 
of  the defining challenging of  our times” (NATO, 2021)17. At the following 2022 
Madrid Summit, they decided to include climate change considerations in the Alli-
ance’s three core tasks (NATO, 2022a)18. In addition, the Strategic Concept lays 
down the Alliance’s level of  ambition to “become the leading international organi-
zation when it comes to understanding and adapting to the impact of  climate 
change on security” (NATO, 2022c)19.  

 

16 Rühle (2021). „NATO and the Climate Change Challenge“. In Internationale Politik, Quarterly, 19 Oc-
tober 2021. Heise (2021). „NATO is responding to new challenges posed by climate change“. NATO 
Review, 1 April, 2021.  
17 NATO (2021). “Brussels Summit Communiqué”, 14 June 2021. 
18 NATO (2022a). “Madrid Summit Declaration”, 29 June 2022. 
19 NATO (2022c). “Strategic Concept”, 29 June 2022. 
20  
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 On adaptation, NATO will incorporate climate change considerations into its 
work on resilience, civil preparedness, defence planning, capability delivery, assets 
and installations. A number of  Allies have brought the notion of  climate change as 
a threat multiplier into their national and defence policies. Public national risk as-
sessments highlight and analyze key risks that hold the potential to cause crises that 
go far beyond what can be managed locally or with ordinary day-to-day resources. 
These risk profiles often contain typical climate related incidents, e.g., heatwaves 
and droughts, storms and hurricanes, coastal flooding, and extreme rainfall and can 
form the basis for preparedness training. Allies are reviewing their national crisis 
response plans in order to deal with extreme weather events with regard to energy, 
water and food supply. National exercises test the resilience of  their electricity 
grids, critical energy infrastructure and energy mix.  

 Through NATO’s Climate Change and Security Impact Assessment22, a num-
ber of  climate change adaptation measures were identified, from retrofitting and 
improving the resilience of  infrastructure to altering operational planning and 
training schedules. A general orientation that can serve as a basis for NATO’s adap-
tation efforts is the work of  the Intergovernmental Panel on Climate Change 
(IPCC)23. The IPCC’s scenarios, based on a representative Concentration 
Pathway24, demonstrate a solid scientific and national consensus and thus should 
generally guide political action. NATO needs to assess this consensus in a compre-
hensive manner, including also extreme scenarios and the high dynamics of  climat-
ic change processes with all the risks (Heise, 2021)25. It is also important to address 

21 Kertysova, K. “Perseverance amidst crisis: NATO’s ambitious climate change and security agenda 
after Madrid”. European Leadership Network (ELN), commentary, 18 October 2022.  
22 “NATO Secretary General’s Report: Climate Change & Security impact Assessment”.  June 2022.  
23 All NATO countries are IPCC members. 
24 A Representative Concentration Pathway is a greenhouse gas concentration (not emissions) trajecto-
ry adopted by the IPCC. Four pathways were used for climate modelling and research for the IPCC 
fifth Assessment Report (AR5) in 2014. 
25 Heise (2021). “NATO is responding to new challenges posed by climate change”. NATO Review, 
01 April 2021.  
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the need to adapt its capabilities to the changing climate more prominently in 
NATO’s procurement practices and its partnership with industry.  

 Regarding climate change mitigation, some initial steps are already underway. 
To contribute to the Alliance’s efforts to roll back carbon dioxide (CO₂) emissions 
to prevent the worst possible outcomes, NATO announced the development of  a 
new methodology to measure greenhouse gas emissions from military activities and 
installations (NATO, 2021)26. This methodology will help determine voluntary goals 
for specific Allied countries. It would enable a comparison of  national military emis-
sions, which in turn should help allies formulate targets to reduce emissions volun-
tarily. Many Allies have created action plans to frame their efforts to mitigate the ef-
fects of  climate change. Often, these policy measures define greenhouse gas emis-
sions reduction targets for 2030 and include indicative trajectories and objectives for 
2040 and 2050. Typically, national efforts to mitigate the effects of  climate change 
include benchmarking emissions and the resources used in defence-related activities 
(e.g. fuel consumption, waste production, energy expenditure, use of  ammunition, 
water consumption, chemicals, and accidental emissions, etc.). Furthermore, data on 
energy demand and consumption in the armed forces could inform Allies’ invest-
ment decisions and help define the role of  emerging disruptive technologies, as well 
as innovative energy-efficient and sustainable technologies. 

 In developing the methodology, NATO will draw on the best practice of  Al-
lies, and can leverage expertise from partner nations and other international organ-
izations, including the EU. Although, it is worth mentioning that military emis-
sions are often exempted from countries’ carbon emissions targets. It will be im-
portant that the carbon accounting is rigorous, as it will be scrutinized carefully by 
the NGO community, who would like the alliance to show transparency and ac-
countability in publishing the results annually. Ideally these climate related inputs 
should be part of  NATO’s defence planning process and setting of  capability tar-
gets, which would help ensure that they receive high-level attention in capitals. 
However, research into the UK and EU militaries shows that it is military equip-
ment procurement and other supply chains that count for the majority of  military 
emissions. NATO should focus on demonstrating leadership with respect to creat-
ing more sustainable practices as it carries out its missions and operations, which 
leave a huge carbon footprint. Yet, for too long, efforts to measure the precise car-
bon footprint of  militaries has been stymied by a lack of  data and accountability. 
Increasing transparency on militaries’ GHG emissions could lead to pressure to 
reduce emissions by limiting military activity. Moreover, decreasing reliance on fos-
sil fuels could confer a unique military advantage, both to NATO countries’ mili-
taries and the alliance itself. A Smart Energy project, funded by the NATO Sci-
ence for Peace and Security Program (SPS), attempted to reduce fuel consumption 

26 NATO, (2021). “Brussels Summit Communique”, 14 June 2021.  
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in remote bases or field camps by integrating wind and solar energy, thereby re-
ducing greenhouse gas emissions at the same time27. The project focuses on add-
ing wind and solar energy to power some of  NATO’s remote military bases. 
“Smart grid” technology uses renewable energy to reload batteries being used in 
military operations, and is becoming widespread in exercises.  

 Improving energy efficiency in military operations is also an important pillar 
of  the Alliance’s efforts to mitigate climate change. Since 2011, NATO is conduct-
ing the Smart Energy initiative, which seeks to reduce the logistical burden of  fos-
sil fuels during operations. This initiative was notably tested during the Exercise Ca-
pable Logistician 2019, which consisted of  various scenarios such as power cuts, die-
sel contamination and pollution of  primary water sources. It required the Allied 
military to conduct smart energy responses using technologies, such as the water 
production unit that could save up fuel as well as purify water, and a “smart mi-
crogrid”, which is an interoperable software that powers up diesel generators only 
when needed (NATO, 2019)28. Overall, these exercises not only make Allied mili-
taries more energy efficient, but they also reduce their reliance on fossil fuels in the 
field and enhance interoperability between national armed forces. 

 Climate change-related disasters may also degrade military and civil assets, 
the capabilities and reduce the state’s capacity to confront conventional threats. De-
fence forces, moreover, have long realized the vulnerability of  their energy sup-
plies. As it was referenced in NATO’s 2018 report on critical energy infrastruc-
ture29, “the armed forces are a large consumer of  energy that is a significant vul-
nerability in military capabilities’, making it necessary for measures to increase en-
ergy security and for increased energy resilience”. Currently that vulnerability mani-
fests itself  in the susceptibility of  fossil fuel supplies and supply lines to attack. In 
Afghanistan, American and British troops suffered heavy casualties due to attacks 
on their slow-moving fuel transports (Birnbaum, 2021)30. Increasing aridity makes 
fires on ranges and training areas more likely, which disrupts access and limits mili-
tary mobility. Increased desertification affects the critical water infrastructure of  
military bases and supplies for deployed forces (NATO, 2022)31. Thus, NATO 

27 “Smart Energy  Team comprehensive report: On Nations Need for  Energy in Military Activities, 
Focusing  on a Comparison of the Effectiveness of National Approaches to Reduce Energy Con-
sumption”, 06 May 2015. 
28 “NATO tests smart energy technologies at exercise in Poland”. Press release, 13 June 2019.  
29 NATO (2018). Recommendation on the importance of critical energy infrastructure (CEI) stake-
holder engagement, coordination and understanding of responsibilities in order to improve security, 
https://www.enseccoe.org/data/public/uploads/2018/04/d1_2018.04.23-recommendation-on-the-
importance-of-critical-energy.pdf 
30 Birnbaum. “Militaries are among the world’s biggest emitters. This general wants them to go green”. 
The Washington Post, December 30, 2021, https://www.washingtonpost.com/climate solutions/
interactive/2021/climate-change-military emissions-security/  
31 NATO (2022). “The Secretary General’s Report: Climate Change & Security Impact Assessment”. June 2022.  

https://www.enseccoe.org/data/public/uploads/2018/04/d1_2018.04.23-recommendation-on-the-importance-of-critical-energy.pdf
https://www.enseccoe.org/data/public/uploads/2018/04/d1_2018.04.23-recommendation-on-the-importance-of-critical-energy.pdf
https://www.washingtonpost.com/climate%20solutions/interactive/2021/climate-change-military%20emissions-security/
https://www.washingtonpost.com/climate%20solutions/interactive/2021/climate-change-military%20emissions-security/
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32 McDonald. “Discourses of Climate Security”. In Political Geography 33 (March 2013): 42-51.  
33 NATO press release “NATO co-hosts side event at Munich Security Conference focused on mili-
tary energy transition”. 17 February 2023.  
34 Additive manufacturing is a method of creating a three dimensional object layer-by-layer using a 
computer created design. It is the opposite of subtractive manufacturing processes, where a final de-
sign is cut from a larger block of material. 
35 Shea. “NATO and Climate Change: Better Late Than Never”. Policy Brief, GMF, March 2022.  

must include climate change in its agenda to tackle national civil and military resili-
ence, reinforce situational awareness, and work on adapting military capabilities to 
new climate hazards (McDonald, 2013)32. 

 NATO due to its multinational character, and the constant adaptation of  its 
structure and capabilities, allow it to respond rapidly to a changing security land-
scape, including environmental change. Russia’s invasion of  Ukraine and the subse-
quent global energy crisis, together with the consequencies of  accelerating climate 
change, have created new and more complex security environment. NATO’s armed 
forces must adapt to climate changed future operating environment, increase their 
energy efficiency and introduce cleaner technologies. All these measures will help to 
preserve collective defence, operational effectiveness and a credible deterrence pos-
ture (NATO, 2023)33. 

 Military is one of  the largest institutional users of  fossil fuels in contemporary 
societies. Thus, defence sector is a major contributor to greenhouse gas emissions. 
Contemporary combat operations and the training that prepares the world’s militar-
ies to engage in them, consume huge amount of  fuels. Nevertheless, NATO forces 
can reduce their environmental footprint in many areas, such as transporting sup-
plies by rail and waterways rather than on road.  The US Air Force has long been 
using solar panels on its hangars, and there is no good reason why vehicle fleets 
cannot be electrified, as new vehicles are purchased in the years to come. While 
reaching net-zero emissions by 2050 will be difficult, such programs are essential if  
the worst impact of  climate change are to be avoided in this century (Dalby, 2021)34. 
Battery-operated vehicles and electric-powered robots will certainly play a larger role 
in logistics and rear operations. Drones will reduce the numbers of  aircraft and 
ships that the alliance needs to maintain and deploy. 3D printing (known as well as 
additive manufacturing)35 will also allow for cheaper and more energy-efficient pro-
duction of  many of  the weapon systems and components that NATO armies use 
(Shea, 2022)35. 

 The aim of  this study is to get further insight into climate change impacts on 
the military activities (infrastructure, installations and equipment) and its coping 
techniques. A special attention is paid on the decarbonizing potential of  the de-
fence forces, which is an important task after setting up the military emissions ac-
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counting and reporting system.  The research objectives are to answer the following 
questions: (1) How significant are the climate change concerns for different 
branches of  the military? (2) How viable are the proposed solutions to decarbonize 
the defence sector and what are the main challenges? (3) What is required to map 
the carbon emissions and what data is to be collected to get a better view of  the 
carbon emissions trajectory? 

 The research methodology of  this study uses a synthesis of  literature analysis 
and interviews. In the study, there is a separate chapter where the defence energy 
and climate policies are viewed in depth. The interviews with selected representa-
tives from the governmental agencies (e.g. Ministry of  Defence) were conducted via 
online devices. In order to give an overview of  broader carbon emissions reduction 
methodologies, 2 country studies are included (Denmark and the United Kingdom). 
Case studies will give an overview of  the selected countries climate policies, targets 
set for reducing carbon dioxide reduction as well as the main takeaways from the 
strategic documents and the initiatives in these countries. The online interviews 
were semi-structured with a transcript of  the interview being scribed throughout, 
and responses were later reviewed with the person interviewed. Only non-classified 
information was sought, and included subsequent detailed questioning. 

 The first chapter of  the study will focus on the defence energy and climate 
strategies in some of  the European Union member states and beyond. The sec-
ond chapter will provide an overview of  the greenhouse gas accounting frame-
work in the defence sector. The third chapter will touch upon the country stud-
ies’, highlighting Denmark and the United Kingdom as frontrunners in military 
emissions measuring and accounting. The fourth chapter highlights the decarbon-
izing potential and opportunities for green technologies in the defence sector. 
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 Staying within two degrees Celsius requires global net GHG emissions to fall 
to zero by around 2070. Increasing the level of  ambition to 1.5 degrees Celsius as 
agreed within the Paris Agreement in 201536, brings this date forward to 2050 or 
earlier. In the absence of  credible technologies that would allow large economies to 
achieve sustained net-negative emissions, this applies that every country must de-
carbonize fully over the coming 35 to 55 years. Specifically, the Paris Agreement re-
quires countries to declare their own decarbonization plans in the form of  Nation-
ally Determined Contributions (NDCs). Under the Paris Agreement, the NDCs are 
to be revised and resubmitted every five years, with improvements in each five-year 
cycle. In addition to NDCs, which are now generally designed up to the year 2030, 
the Paris Agreement also calls on countries to produce “long-term low greenhouse 
gas emission development strategies” to the year 2050 (CIRSD, 2021)37. The key 
strategy to limit global warming is to decarbonize the world energy system. The 
rise of  fossil fuels to predominance was not a single, targeted process, rather it oc-
curred over several centuries. Nevertheless, the shift from fossil fuels to low carbon 
and zero-carbon energy sources must now occur in a coordinated way in a matter 
of  half-century.  
 
 In this context, most countries have goals to reach net-zero by 2050 which 
means that all greenhouse gas emissions produced are counterbalanced by an equal 
amount of  emissions that are eliminated. Along with the net-zero ambition of  the 
energy system, the 4Ds (Decarbonization, Decentralization, Digitalization and Democrati-
zation) represent another current paradigm shift that directly affects the future ener-
gy system. However, the idea of  decarbonization and decentralization gives rise to 
significant transformation in the development of  power grids. It can be seen that 
the installed capacity of  renewable plants has increased and that of  fossil fuel 
plants declined. Similarly, decentralization has completely toppled the idea that 
power would always flow from the large centralized power plants to the demand 
centers. Together, this has resulted in seismic changes in the way power networks 

CHAPTER 1 

DECARBONIZATION IN THE DEFENCE SECTOR 

36 Paris Agreement (2015) is a legally binding international treaty on climate change that was adopted 
by 196 Parties at COP21. Its goal is to limit global warming to well below 2, preferably to 1.5 degrees 
Celsius, compared to pre-industrial levels. 
37 Center for International Relations and Sustainable Development (2021). “Implementing the Paris 
Climate Agreement – Achieving Deep Decarbonization in the Next Half-century”. CIRSD.  
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are designed, developed, and operated today and will continue presenting further 
challenges as the net zero energy transition further develops and evolves. 
 
 Historically, energy efficiency has delivered the largest share of  greenhouse 
gas mitigation. A significant part of  this has relied on replacing fossil fuel technolo-
gies with more efficient technologies based on or using fossil fuel directly. The 
recognition of  the scale of  the climate crisis means that full decarbonization of  the 
economy rather than partial reduction of  emissions is now the target. Major chang-
es are underway moving from sources of  heat to sources of  work, most important-
ly via electrification of  end-users previously not served by electricity. At the same 
time, the costs of  renewable energy sources and storage have plummeted and are 
expected to continue to fall further. 
 
 Energy efficiency has been promoted in many jurisdiction as part of  efforts 
to achieve least cost planning, an approach that involves examining all demand-side 
(e.g. energy efficiency, demand response, storage) and supply-side resources (e.g. 
generation) to meet given level of  energy service provision. Next-generation solu-
tions, like digitalization of  energy systems and behaviorally informed policy making 
are opening the door to even further potential for efficiency improvements. New 
digital solutions can limit production and distribution losses and accommodate 
growing shares of  variable and distributed renewable energy while increasing grid 
flexibility. Recent major gains in efficiency have been achieved in lighting, buildings’ 
heating and cooling, and in manufacturing industry. With the penetration of  smart 
grid in manufacturing industry, energy efficient production scheduling is a promis-
ing roadmap toward not only demand-side management, but also energy efficiency 
(Rosenow & Eyre, 2022)38.  
 
 Electrification is widely seen as a key pillar of  full or near full decarboniza-
tion of  different sectors, with the electricity used is based on renewable energy and 
other zero or close to zero carbon sources. This is because the main low-cost zero-
carbon supply technologies, notably wind and solar photovoltaics, produce electric-
ity, and therefore electrification increases the share of  total energy use for which 
they can compete. All projections show further reduction in the cost of  renewable 
electricity generation and substantial increase in renewable electricity generation ca-
pacity in coming years globally. Assuming that it is possible to decarbonize the elec-
tricity grid fast enough, electrification of  end-users of  energy offers a major solu-
tion got GHG reduction. The electrification of  the building and transport sector as 
a pathway to get net-zero in these two sectors is easier to achieve from technologi-

38 Rosenow & Eyre. “Reinventing energy efficiency for net zero”. In Energy Research & Social Sci-
ence, Volume 90, August 2022, 102602.  
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cal point of  view. However, it is much harder to electrify the industry sector. Signif-
icantly more technological R&D is needed to electrify substantial portion of  manu-
facturing sector. Around 75% of  total final energy use in industry is fossil fuels. In-
dustry accounts for over 25% of  world’s total GHG emissions. It should be noted 
that other solutions such as energy efficiency, material and product demand reduc-
tion, CCUS (carbon capture, utilization and storage), and game-changing/emerging 
technologies need to be all considered along with electrification in order to achieve 
net-zero industry sector (Global Efficiency Intelligence, 2022)39. 
 
 Another important part of  this puzzle is fuel switching, which means replac-
ing inefficient fuels with cleaner and economical alternatives, such as substituting 
coal or kerosene for natural gas. Complimented by modern equipment upgrades, 
fuel switching is a simple approach to reducing energy consumption and costs for 
end-users, while also curbing carbon emissions. With significant potential to miti-
gate emissions and decarbonize energy supply chains, electrification is an important 
strategy to reach net zero goals. 
 
 The European Green Deal sets out an action plan to reach net zero GHG 
emissions by 205040 that is accompanied by the EU’s European Climate Law re-
quiring action across all sectors in economy (setting a legally binding target of  net-
zero GHG emissions by 2050)41. It includes the target of  reducing net-GHG emis-
sions by at least 55% by 2030, compared with levels in 1990. This requires member 
states to have plans to reduce national net-carbon emissions, including those made 
by defence ministries, defence industries and armed forces. It is logical that defence 
sector, which is itself  responsible for high proportions of  the GHG emissions 
from Member States should play an important role in achieving the European 
Green Deal target of  net zero by 2050. In 2021, the EU published a huge package 
of  new proposals to reduce emissions to a level of  55 percent compared to 1990 
levels. In this so-called “Fit for 55” package, specific attention is paid to reducing 
emissions in sectors, but without mentioning the military as a sector where emis-
sions need to be reduced. Military emissions are assumed inclusions in the national 
emission reduction targets of  EU member states (under the so-called effort sharing 
regulations)42 and sectors that are covered by emissions trade, including the newly 
proposed Emissions Trading System for fuels used in transport and the built envi-
ronment.  

39 Global Efficiency Intelligence (2022). “Electrification & Net-Zero Industry”.  
40 A European Green Deal, https://ec.europa.eu/info/strategy/priorities-2019-2024/european-green-
deal_en 
41 See Council Regulation (EU) 2021/119 establishing the framework for achieving climate neutrality 
(“European Climate Law”) [2021] OJ L243. Summary available at https://ec.europa.eu/climate/eu-
action/european-green-deal/european-climate-law_en 
42 It sets binding national greenhouse gas targets for each of the 27 Member States of the European 
Union, collectively amounting to a 30 percent cut in emissions by 2030.  

https://ec.europa.eu/info/strategy/priorities-2019-2024/european-green-deal_en
https://ec.europa.eu/info/strategy/priorities-2019-2024/european-green-deal_en
https://ec.europa.eu/climate/eu-action/european-green-deal/european-climate-law_en
https://ec.europa.eu/climate/eu-action/european-green-deal/european-climate-law_en
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 Although in comparison with other sectors, defence sector remains at an ear-
ly stage of  its journey to reduce greenhouse gas emissions. This sector covers a 
wide range of  elements across most sectors. It is both an operator of  aircrafts, 
ships, and vehicles, as well as a transportation and logistics organization and an ed-
ucational facility. At the same time, defence forces need to function under the most 
difficult and dangerous conditions. Since it needs to work both in times of  peace 
and crises, the dilemma is how to reduce emissions and at the same time increase 
operational efficiency, security of  supply and enhance the safety of  soldiers. There-
fore, it is not entirely surprising: safety, reliability and performance have been and 
will continue to be the paramount requirements in the armed forces. Many defence 
systems and supporting infrastructure are also inherently more difficult to decar-
bonize than in most other sectors.  
 
 On the other hand, greening defence forces is a small but an important piece 
of  the broader effort needed globally to reduce greenhouse gas emissions at the 
scale that is meaningful for security. It is obvious that maintaining NATO’s military 
competence must always have priority. Therefore, reducing emissions, for example 
by gradually moving away from fossil fuels is possible if  it does not impair the op-
erational effectiveness of  the armed forces. Experiments conducted within the 
forces of  many NATO countries indicate that reducing emissions and increasing 
military performance are not inevitably contradictory. The vehicles used today are 
cleaner and yet more powerful than previous models, military equipment can be 
made “greener” without sacrificing its combat power. For example, the navies of  
Italy and the USA have jointly tested biofuels, which no longer compete with food 
production (e.g. rapeseed). Some NATO nations’ defence forces are also experi-
menting with biofuel additives, hydrogen fuel cells, electric vehicles, and improve-
ments in aerodynamics (Rühle, 2021)43. 

43 Rühle (2021). „NATO and the Climate Change Challenge“. In Internationale Politik, Quaterly, 19 
October 2021. 
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 Resilience to climate change is likely to become a key focus area for many de-
fence ministries, as climate change will continue to affect a range of  defence activi-
ties to 2035 and beyond. Personnel may have to operate in climate-degraded condi-
tions more often – affecting physical and mental wellbeing – and climate events 
could reduce access to training sites, increase the vulnerability of  military infra-
structure, impede the performance of  equipment, and compromise the delivery of  
logistics support. For example, climate change affects NATO’s air and maritime op-
erations as aircrafts require specified temperatures, pressures, and wind to perform 
properly during take-off  and landing. Rising temperatures, as in Iraq and Afghani-
stan, have impeded the functioning of  transport planes and helicopters. NATO’s 
critical infrastructure is also threatened, given its allies and partners reliance on 
pipelines and cables that are potentially vulnerable to environmental disasters for 
energy supplies. It illustrates that the alliance should also not neglect the link be-
tween climate change and energy security. Today, military operations are still largely 
powered by fossil fuels, but with the objectives of  the EU, the USA and other 
countries to become carbon neutral by 2050, this is set to change. In the face of  
these challenges, there is an ever-growing need for coherent policy and planning on 
climate change, with a key role for Ministries of  Defence.  
 
 Most European and North American countries recognize and are prioritiz-
ing the defence energy transition, and are committing to addressing a problem 
that they acknowledge they contribute too. National plans are at varying stages of  
development and implementation. Most strategies set achievable interim targets 
for emissions reductions, while highlighting that reliable fuels and technologies 
cannot be implemented yet for defence at a scale that would allow deep cuts 
enough to achieve net zero in the near or medium term perspective. The most 
prioritized measure across these strategies include increasing energy efficiency on 
the estate and in the built environment, electrifying the non-tactical vehicle fleet, 
installing renewable energy systems, and training in simulated environments. A 
number of  countries are also running pilot projects testing the integration of  new 
technologies, such as hydrogen or synthetic fuels. Promoting a culture of  conser-
vation and behavioral change was another common feature across defence climate 
initiatives. 

 1.1 European and NATO nations’ climate mitigation strategies 
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Category Example 

Sustainable mobility  Alternative fuels – synthetic fuels 
 Alternative propulsion systems –electric, hybrid, hydrogen 
 Improving fuel efficiency and reducing emissions 

Energy storage  Portable batteries 

Platforms  Uncrewd systems 

Training  Simulation systems 
 Training on  lower emissions vehicles 

Energy systems at 
installations 

 Installing renewables – photovoltaic (PV), solar thermal,  
wind power systems 

 Microgrids, distributed energy generation 

Building offsets on 
the defence estate 

 Siting renewables on the estate 
 Carbon sinks – reforestation, carbon sequestration in soils 
 Rewilding, ecosystem  restoration 

Improve emissions 
data collection 

 Standardizing measures 
 Addressing emissions involved in defence supply chains 

Other sustainable 
initiatives 

 Circular economy 
 Promoting awareness and behavioral change 

Table 2. Areas of opportunity for climate change adaptation and mitigation 

Source: Adapted from the study “Green Defence: the defence and military implications of climate change for 
Europe” (The International Institute for Strategic Studies, 2022). 
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 Militaries are beginning to pay more attention to climate mitigation, for stra-
tegic reasons as well as to contribute to national net-zero emission targets as there 
are many ways in which reducing emissions and making the energy transition can 
enhance operational effectiveness and confer strategic advantages. Many countries 
are now acknowledging climate change in their defence strategies. There has been a 
range of  responses to the issue, from comprehensive climate strategies like the 
UK’s44, to not mentioning climate by name but nevertheless discussing climate-
sensitive issues like water or energy security. Whether countries acknowledge cli-
mate change per se, or merely note its impacts, it is now commonly addressed in 
defence strategic planning. There are several categories under which defence agen-
cies are taking action on emissions reduction, energy transition and environmental 
sustainability, across both installation energy – including installations and non-
tactical vehicles – and operational energy45. A major reason why the military has 
not always seen net zero as a priority is that militaries risk their capabilities by 
adopting new equipment that may prove ineffective. The operational requirements 
of  the military mean that in order to introduce a new fuel or technology, there 
should be certainty that it works. However, while challenges around decarbonizing 
more complicated military hardware, like fighter aircraft and battleships remain, the 
technology to decarbonize other equipment or facilities is already widespread.  
 
 A number of  countries have well-developed defence mitigation and adapta-
tion strategies. Below there are some examples of  these strategies in the defence 
sector in Europe and beyond.  
 
 The UK Ministry of  Defence (MoD) has made the most comprehensive 
examination to date how defence can make the energy transition and contribute to 
national net-zero goals that manifests itself  in its “Defence Climate Change and Sustain-
ability Strategy”. The strategy amplifies existing declarations that UK forces must be-
come far less dependent on fossil fuels. According to the policy paper, the services’ 
military aviation is responsible for around two-thirds of  the MoD’s fuel consump-
tion; therefore, tackling this element of  the armed forces’ emissions is important. 
The report identifies the potential of  increased use of  sustainable fuel source to re-

1.2 Defence energy and climate strategies 

44 In March 2021, UK’s Ministry of Defence launched its “Climate Change and Sustainability Strategic 
Approach” highlighting three interlocking ambitions: adaptation and resilience, sustainability and net 
zero, as well as global leadership. 
45 Operational energy is the energy required during the entire service life of a structure such as lighting, 
heating, cooling, and ventilating systems; as well as operating building appliances.  
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duce environmental impact. Furthermore, the Royal Air Force’s Astra campaign46 
to develop the service sets out medium- and long-term goals for infrastructure and 
training that, if  implemented, will markedly reduce carbon emissions47. By 2040, 
ahead of  the wider national 2050 target, the aim of  the air force is to have carbon-
neutral estate, which includes bases, infrastructure and accommodation. Addition-
ally, the intent is to shift far greater use of  synthetic environments to supplement 
and reduce actual training flights. This again, will markedly reduce the consumption 
of  aviation fuel and the related emissions, and will apply to both the land and mari-
time environments. The army, which is the largest owner of  defence estate, has be-
gun pilot schemes addressing sustainability, and trials are also under way using hy-
brid electric drives on its Jackal 2 light scout vehicle. 
 
 The MoD intends to adopt a “fast follower” approach, leveraging carbon-
reduction technology being developed by the civil sector, along with measures spe-
cific to the military. Defence Ministry has an active program for R&D including an 
experimental electric aircraft, synthetic aviation fuels and fitting electric drives to 
several in-service army vehicles. The MoD has also decided that rather than simply 
purchasing carbon offsets48 on the commercial market, it would instead be better 
served to generate its own (IISS, 2021)49. 
 
 Other European countries are also developing more comprehensive strategies 
and implementing defence energy, sustainability and GHG mitigation measures. 
The Netherlands’ “Defence Energy and Environment Strategy 2019-2022” and 
“Defence Energy Transition Plan of  Action” set fossil fuel-reduction targets. The 
abovementioned strategy foresees that by 2030, dependence on fossil fuels has 
been reduced by at least 20% relative to 2010, inter alia by 2030, 50 percent of  the 
energy required at camps is sustainably generated and that they are entirely self-
sufficient by 2030 in terms of  energy. The plan also details the incorporation of  
biofuels, exploring the use of  hydrogen for long-range drones in maritime surveil-
lance, researching energy-independent camps and increasing energy efficiency in 

46 Astra is the name given to the Royal Air Force’s (RAF) journey in building the Next Generation 
RAF. The RAF of the future must be ready to face the threats and challenges of the future in rapidly 
changing world, particularly with technological advancement. 
47 Sustainable fuels include biofuels such as hydrotreated vegetable oil (HVO), or bioethanol, and syn-
thetic fuels (synfuels) such as ammonia or methanol. They can be used as drop-in fuels in conventional 
internal combustion engines. 
48 A carbon offset is a reduction or removal of emissions of carbon dioxide or other greenhouse gases 
made in order to compensate for emissions made elsewhere. Some common examples of projects in-
clude reforestation, building renewable energy, carbon storing agricultural practices, and waste and 
landfill management. 
49 International Institute for Strategic Studies (2021). “Dealing with hot air: UK defence and climate 
change”. In Military Balance Blog, 16 April 2021. 
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the defence estate (Dutch Ministry of  Defence, 2021)50. To gain insight into the en-
ergy consumption and associated CO₂ emissions, the Netherlands is developing a 
methodology for the structured collection and analysis of  data on energy con-
sumption from different sources. The methodology consists of  the following steps: 
observing and recording, explaining the use and controlling the energy needs. For 
this purpose, a dashboard is created that is integrated into the MoD’s regular work 
processes.  Full implementation of  the methodology will take approximately three 
years (with set deadline in 2023).  
 
 In addition, MoD has started taking stock of  the historical energy data, re-
cording and monitoring current energy consumption. For this purpose, the De-
fence organizations purchasing data related to fuels and electricity is used. The first 
annual energy report was also included in the MoD’s 2019 annual report. 
 
 France’s Ministry of  the Armed Forces was one of  the first militaries global-
ly to publicly state the need to consider climate change and national security as a 
linked issue. National Low Carbon Strategy 2020 sets out guidelines for a transition 
to a low-carbon economy for all sectors but does not specifically refer to or exclude 
the military sector51. In April 2022, France released an updated Climate and Defence 
Strategy. Heavily emphasizing the need for co-operation and partnerships, the Strat-
egy revolves around four axes: (1) developing knowledge and capacities to antici-
pate climate risks; (2) adapting to effects of  climate change; (3) driving emissions 
mitigation and energy transition; and (4) creating and strengthening inter-
ministerial and global partnerships. The MoD is committed to reducing final ener-
gy consumption by 30% overall and to specifically reducing real estate related ener-
gy emissions by 50% by 2030, as compared to 2010 levels. 
 
 Like in the UK, France also plans to adapt civil climate innovations for mili-
tary use; the Directorate General for Armaments (DGA) and Defence Innovation 
Agency (DIA) are leading efforts to support new innovations in energy and across 
land (e.g. hybridization of  armored vehicles), sea (e.g. introducing fuel cells in sur-
face vessels), and air (e.g. hydrogen fuel cells for small drones) domains. 
 
 France has sought to weave climate change and national security considera-
tions into all decisions and will likely show preferences for industry players that of-
fer the greenest solutions across all procurement decisions, although there are lim-
ited green criteria in defence request for tenders (RFPs) at present. 

50 Dutch Ministry of Defence. “Defence Energy Transition Plan of Action”, 21 July 2021, https://
english.defensie.nl/downloads/publications/2021/07/21/defence-energy-transition-plan-of-action   
51 Ministry for Ecological and Solidarity Transition (2020). “National Low Carbon Strategy”, https://
www.ecologie.gouv.fr/sites/default/files/2020-03-25_MTES_SNBC2.pdf   

https://english.defensie.nl/downloads/publications/2021/07/21/defence-energy-transition-plan-of-action
https://english.defensie.nl/downloads/publications/2021/07/21/defence-energy-transition-plan-of-action
https://www.ecologie.gouv.fr/sites/default/files/2020-03-25_MTES_SNBC2.pdf
https://www.ecologie.gouv.fr/sites/default/files/2020-03-25_MTES_SNBC2.pdf
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 Spanish Ministry of  Defence’s Program to Combat Climate Change has 
since 2012, developed and implemented a methodology for the estimation of  
GHG emissions derived from military activities. It aims to set institutional stand-
ards and focuses on providing tools and training for participation in GHG meas-
urement and reduction, verification and independent certification of  its findings. 
Although, no timeline is set, the program aims to reduce defence emissions to as 
close as possible to “zero carbon” in line with the government’s commitments’ 
through efficiency, transitioning to renewable, alternative and complementary ener-
gy sources, adaptation of  fuels, improving carbon sinks and incentivizing lower 
emissions in the supply chain (Spanish Ministry of  Defence, 2018)52. 
 
 Ministry of  Defence has developed SINFRADEF, an energy and asset man-
agement system that contains information on the energy consumption and efficien-
cy of  all its buildings53. Although the earlier national action plan for 2017-2020 
stated that the information is not included in the national inventory for security 
reasons, data is collected and may be used for improvement action.  
 
 Slovenia focuses on sustainable mobility projects and is looking for alterna-
tive fuels to be used in the defence and security sector. The relevant projects are 
aimed at improving and sustaining mobility and that is why investments in national 
and international research and development projects are made. The MoD identified 
hydrogen as a potential alternative solution at an early stage. Slovenian Armed 
Forces are one of  the few defence forces to have introduced hydrogen technology 
into operational use as early as 2010; their activities and experience in this field led 
to the idea of  building a defence and security infrastructure in the EU. This led to 
the conceptual design of  the RESHUB project, where Slovenia is the lead. It is a 
project, supported by the European Defence Agency (EDA), which goal is to cre-
ate a network of  self-sufficient energy hubs aimed at distributing energy generation 
and storage for defence (bases and barracks) and civil (disaster relief  and other cri-
ses’) use. Longer objective is to expand these hubs beyond the barracks of  the Slo-
venian Armed Forces and establish a “hydrogen motorway” across the EU54.  
 
 Germany - Emissions reduction has historically been a focus of  the German 
military, and the MoD has successfully reduced emissions over the past 30 years. 
Leaders have specifically been focused on reducing transport emissions, with a 47% 

52 Spanish Ministry of Defence. “Strategic Dossiers 193 B – Climate Change and Its Impact on De-
fence”, Spanish Institute for Strategic Studies, October 2018. Available at  
http://www.ieee.es/en/Galerias/fichero/cuadernos/CE_193-
B_CLIMATE_CHANGE_AND_ITS_IMPACT_ON_DEFENCE.pdf  
53 Spain (2017). “National Action Plan of Energy Efficiency 2017-2022”, https://ec.europa.eu/
energy/sites/ener/files/documents/es_neeap_2017_es.pdf 
54 Si ENE. “RESHUB Project”. March 2021  

http://www.ieee.es/en/Galerias/fichero/cuadernos/CE_193-B_CLIMATE_CHANGE_AND_ITS_IMPACT_ON_DEFENCE.pdf%20C:/Users/paulius.babilas.ENSECCOE/Documents/Adobe
http://www.ieee.es/en/Galerias/fichero/cuadernos/CE_193-B_CLIMATE_CHANGE_AND_ITS_IMPACT_ON_DEFENCE.pdf%20C:/Users/paulius.babilas.ENSECCOE/Documents/Adobe
https://ec.europa.eu/energy/sites/ener/files/documents/es_neeap_2017_es.pdf
https://ec.europa.eu/energy/sites/ener/files/documents/es_neeap_2017_es.pdf
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decrease in emissions in mobility from 2005-2019 (Euromil, 2022)55. Defence forc-
es achieved a 33 percent reduction in heating and electricity CO₂ emissions be-
tween 2008 and 201855. The German armed forces issued a concept to optimize 
energy supply in static field accommodation “Increasing the Security of  Supply by 
Optimizing the Energy and Utility Supply in Static Field Accommoda-
tions” (Federal Office of  Bundeswehr Infrastructure, Environmental Protection 
and Services)57 in 2017, which lists measures to limit primary energy and water de-
mands in operational infrastructure and camps.  
 
 In Germany, the main objective of  the Climate Protection Act, the Climate Protec-
tion Program 2030 and other national strategies (such as the National Hydrogen Strate-
gy) is to contribute to the carbon reduction goals. The Climate Protection Act sets 
greenhouse gas reduction targets of  at least 35% by 2020 and 55% by 2030 com-
pared with 1990 levels. The 2020 Sustainability Report indicates that the Federal 
Ministry of  Defence will need to achieve around 40% overall reductions over the 
next 10 years but also gives an ambitious objective to achieve carbon neutrality by 
2023 through its roadmap to avoid, reduce and compensate for GHG emissions. 
The MoD and Federal Ministry of  the Interior have also come out in favor of  syn-
thetic fuel use for military vehicles and argue for intensifying R&D efforts into 
green vehicle solutions. No specific defence climate strategy has been passed, but 
industry should be prepared for sustainability-related defence procurements guide-
lines, especially given the role the Ministry of  Economic Affairs (controlled by the 
Green party) plays in procurement regulation. Reductions in transport emissions 
are likely to be continued focus of  the MoD climate change and national security 
strategy going forward, so industry should be ready to meet a growing demand for 
electric vehicles, synthetic fuels, and more green vehicle technology (e.g. energy 
storage, mobile generators, etc.). 
 
 Italy’s Integrated National Energy and Climate Plan (dated from December 
2019) makes no specific reference to the military. The Ministry of  Defence has 
produced guidelines for energy saving and energy reduction of  its buildings and 
systems58, and the policy directive on energy efficiency of  military infrastructure 

55 Euromil (2022). “Climate Change and the Defence Sector – Survey Report”. 
56 “Sustainability report 2020 of the Federal Ministry of Defence and the Bundewehr”. German Feder-
al Ministry of Defence, 2018-2019, https://www.bmvg.de 
57 Federal Office of Bundeswehr Infrastructure, Environmental Protection and Services. “Konzept – 
Massnahmen zur Steigerung der Versorgungssicherheit durch Optimierung der Energie- und Medien-
versorgung in stationärer Unterbringung im Einsatz”.  
58 Ministry of Defence, Italy (2012). “Guidelines for energy savings, energy reduction and optimization 
of the Technical-Administrative Area of the Ministry of Defence. 

https://www.bmvg.de
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includes short-, medium- and long-term objectives57. The Defence Energy Strategy 
Plan, and the Joint Force Directive, were both issued in 2019, and include commit-
ments to improve the energy efficiency of  buildings, replace fossil fuels with re-
newable energy sources and gradually reduce GHG emissions (Italian Defence 
Staff, 2019)58. Italian defence forces co-operate with the utility company ENEA to 
implement an energy diagnosis plan and renew the defence infrastructure accord-
ing to the model of  the “smart military district”. The public-private sector projects 
in this domain are aimed at energy saving, the rationalization of  consumption and 
the development of  renewable energy sources. They also include the study and de-
velopment of  technologies in the field of  hydrogen production for transport, ro-
botics and surveillance drones, monitoring of  critical energy infrastructure through 
sensor networks, use of  block chain technology for safe management of  energy 
flows. There are also many collaborative activities already successfully conducted by 
the defence forces - “Task Force for the enhancement of  buildings, energy and the 
environment” including the realization of  the energy redevelopment project of  the 
Celio Military Polyclinic in Rome and two editions of  the joint high-level training 
course in energy management (Calabrese, 2021)59. In addition to developing green 
basing and smart military districts, the defence energy strategy establishes a basis 
for planning to identify the most appropriate weapon systems and force structure 
of  the future. The Italian Navy previously had a Flotta Verde (“Green Fleet”) pro-
ject to develop and trial green diesel biofuels, in partnership with the U.S. Navy60. 
As with many other defence energy or environmental strategies, the Italian pro-
gram sets out ways it will contribute to and comply with national, EU and NATO 
regulations or objectives on decarbonization, without setting a fixed target or time-
line for defence emissions reductions. 
 
 Numerous other defence energy and environment strategies work towards 
similar aims, including those from Denmark, Finland and Greece, which focus on: 
emissions reductions across buildings; the estate and procurement; more efficient 
fossil fuel use; and installing renewables, with the aim of  reducing other defence 
emissions when possible. For example, the Finnish Ministry of  Defence has set a 
target for the Defence Forces to significantly reduce GHG emissions, and in partic-
ular, halve GHG emissions from civil and maritime transport from their 2020 lev-
els by 2030. The precondition for the reduction is that the national defence capabil-
ity is not compromised. The most important means to achieve the desired emission 

59 Defence Staff (2014). “Logistics and Infrastructure. Policy Directive for Energy Efficiency of the 
Military Infrastructure”, https://www.difesa.it 
60 Italian Defence Staff. “Piano per la Strategia Energetica della Difiesa [Plan for Defence Energy 
Strategy], 2019. 
61 Calabrese (2021). “Agreement between the Ministry of Defence and ENEA for energy efficiency 
and sustainability”. Press release, 16 February 2021. 
62 Italian Navy, Flotta Verde, https://www.marina.difiesa.it  
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reductions is renewable liquid fuel, as it will not be possible to solve the capability 
requirements of  the Defence Forces by other energy solutions in the 2030s. Elec-
tric power is also a possible power source in garrisons and official vehicles (Finnish 
Ministry of  Defence, 2022)63. Sweden for instance, has a “Fossil-free Armed Forces 
2045” project, aiming to reduce its dependency on fossil fuels and meet national 
net-zero targets (Swedish Armed Forces, 2017)64. Among other efforts, it has con-
ducted tests with a 50/50 mix of  biofuels in JAS 39 Gripen65 aircrafts engines, 
showing unchanged function and performance66. 
 
 In North America, Canada is taking significant steps towards reducing its 
emissions by 40-45% below 2005 levels by 2030, and towards reaching net-zero by 
2050. As the largest user of  energy and the single largest emitter of  GHGs in the 
federal government, Defence has a key role to play in helping the Government of  
Canada reach its net-zero targets. Its “Defence Energy and Environment Strategy 2020-
2023” set out sectoral GHG reduction targets (40% cut from defence department 
infrastructure and commercial light-duty vehicle fleets by 2030, net-zero in these 
sectors by 2050). This will be accomplished in part by sourcing energy for defence 
building from green power sources, such as wind, solar, or hydro (water) power. In-
creasing building efficiency is another key to decreasing emissions and some Cana-
da’s Department of  National Defence Department (DND) buildings have won 
awards for their effectiveness in this regard (Government of  Canada, 2022)67. De-
fence Energy and Environment Strategy also focuses on improving the energy efficiency 
of  bases and command wings, clean energy procurement, modernizing the vehicle 
fleet and increasing the energy independence of  remote installations such as Cana-
dian Forces Station Alert on Ellesmere Island in the Arctic. It aims to use cleaner 
fuels for military activities and operations when they are available, affordable and 
meet both military technical requirements and the NATO standards that enable in-
teroperability. The affordability and market availability of  technological solutions 
remain a challenge for reducing emissions from real property and military equip-
ment. DND has an older real property portfolio that requires significant invest-
ments in order to improve its environmental performance. The strategy also focus-

63 Finnish Ministry of Defence. “Defence Forces strive for significant emission reductions and prepare 
for energy transition”. Press release, 30 June, 2022. 
64 Swedish Armed Forces. “Environmental Report 2017”. See more information at https://
www.forsvarsmakten.se 
65 The SAAB JAS 39 Gripen is a light single-engine multirole fighter aircraft manufactured by the Swe-
dish aerospace and defence company SAAB AB. The Gripen has a delta wing and canard configura-
tion with relaxed stability design and fly-by-wire flight controls. 
66 Swedish Armed Forces. “Successful tests with fossil-free fuel”. December 2020, https://
www.forsvarsmakten.se/en/news/2020/12/successful-tests-with-fossil-free-fuel/ 
67 Government of Canada (2022). “Defence Energy and Environment Strategy (DEES) 2020-2021 Re-
sults Report”. 
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es on designing more efficient troop equipment and kits, and providing more effi-
cient power solutions for operations, including for camp infrastructure and utilities 
(Canadian Armed Forces, 2020)68. 
 
 There is significant momentum in the U.S. Department of  Defence 
(DOD) (as well as in the intelligence community and across the national security 
apparatus) to address climate change and the energy transition. The Department of  
Defence has released a number of  documents outlining how it plans to adapt to 
and address climate change including the 2021 “DOD Climate Risk Analysis69 and 
the DOD Climate Adaptation Plan”. Department of  Defence Directive 4715.21 
“Climate Change Adaptation and resilience” took effect in 201670. It defines cli-
mate change as variations in average weather conditions that persist over multiple 
decades or longer that encompass increases and decreases in temperature, shifts in 
precipitation, and changing risk of  certain types of  severe events. According to the 
DOD’s Climate Risk Analysis report71, these variations could produce climate haz-
ards such as sea or glacial ice retreat, rising sea levels, flooding, drought, extreme 
heat, wildfires and tropical cyclones. The DOD has sought to increase military 
readiness and may propose changes in military equipment or force structure in an-
ticipation of  increased operations due to climate change. For example, glacial ice 
retreat could lead to increased regional competition in the Arctic, with an increase 
in demand for specialized, cold-weather military equipment for U.S. forces. 
  
 In February 2022, the Department of  the Army released its Climate Strategy, 
detailing the service’s plans for adapting to climate change and enhancing resilience 
across the force. The strategy outlines a number of  metrics by which its implemen-
tation can be assessed and highlights ambitious renewable energy and decarboniza-
tion goals, including installing a micro-grid at every Army base by 2035, fielding 
electric combat vehicles by 2050 and reaching net-zero emissions in all of  the 
Army’s procurements by 2050 (U.S. Army, 2022)72. The microgrid goal outlines the 
two-pronged approach taken by the report: cut emissions as much as possible to 
mitigate climate change while also pushing the service to build resilience to climate 
change’s future like grid unreliability due to increased extreme weather. The Army 
will also look to switch all of  its procurement to net-zero greenhouse gas emissions 

68 Canadian Armed Forces. “Defence Energy and Environment Strategy 2020-2023”. October 2020.  
69 U.S. Department of Defence (2021). “Department of Defence Climate Risk Analysis”. DOD, Octo-
ber 2021. 
70 Department of Defence Directive 4715.21. “Climate Change Adaptation and Resilience”. Office of 
the Under Secretary of Defence for Acquisition, Technology, and Logistics, January 14, 2016. 
71 “Department of Defence Climate Risk Analysis”. U.S. Department of Defence, October 2021. 
72 United States Army. “Climate Strategy”, 02 August, 2022. The strategy is broken down into 3 lines 
of effort – installations, acquisitions and logistics, and training.  
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by 2050, based on Department of  Defence estimations, 95% of  emissions can 
come from an organization’s supply chain activities.  
 
 Likewise, in May 2022, the Department of  the Navy released Climate Action 
2030, which identifies two performance goals – building climate resilience and re-
ducing climate threat – for the Navy and Marine Corps. The U.S. Navy’s climate ac-
tion plan focused on installing cyber secure microgrids, boosting its supply of  lithi-
um-ion batteries and slashing greenhouse gas emissions. The Navy’ strategy directs 
the service to achieve a 65% reduction in greenhouse gases by 2030 and net-zero 
emissions by 2050.  
 
 In October 2022, the Department of  the Air Force released its first plan to 
reduce its carbon footprint and adapt to climate change. According to the plan it is 
foreseen that operating bases will become net-zero emissions by 2046, while mov-
ing toward “sustainable aviation fuel blends”, an ambitious effort to rein the sizable 
carbon footprint of  the U.S. military’s air wing. The action plan also takes into ac-
count how the Air Force will need to adapt its operations to changing climate con-
ditions, most notably within the infrastructure of  its bases and where the energy 
comes from. Extreme weather and environmental conditions are already imposing 
high costs on Department of  the Air Force installations and operational missions, 
while simultaneously posing new risks to their ability to train and operate effective-
ly. As the climate action also includes space force, it is planned to modernize its ba-
ses around the world. Such strategies described above are not, however, statutorily 
required. As it conducts oversight of  climate adaptation and resilience efforts, 
Congress may consider whether to require the services to release climate strategies 
that detail how the respective service plans to implement overall DOD and execu-
tive branch requirements (Congressional Research Service, 2022)73. 
 
 Many initiatives are underway to increase efficiency at installations; diversify 
energy generation; electrify the non-tactical vehicle fleet; explore tactical and com-
bat vehicle electrification; investigate the requirements for supporting electric-
vehicle fleets and capabilities; and improve supply chain security for energy storage, 
among other mitigation-delivering activities. These are driven in part by federal reg-
ulations on energy efficiency that apply to installation energy, but not operational 
energy (Gogoreliani et al., 2021)74. While not creating mandatory GHG mitigation 

73 Congressional Research Service. “Climate Change and Adaptation: Department of Defence”, July 
12, 2022. 
74 Gogoreliani, Indeo & Puluzashvili (2021). “Energy Efficiency and Renewable Energy Solutions in 
NATO and PfP Countries’ Military Operations”. NATO Energy Security Center of Excellence. In 
“Energy Highlights”, July 2021. See also https://www.enseccoe.org/data/public/uploads/2021/09/
nato--ensec-coe-energy-efficiency-and-renewable-energy-solutions-in-nato-and-pfp-countries-military-
operations-study-report-2021.pdf  

https://www.enseccoe.org/data/public/uploads/2021/09/nato--ensec-coe-energy-efficiency-and-renewable-energy-solutions-in-nato-and-pfp-countries-military-operations-study-report-2021.pdf
https://www.enseccoe.org/data/public/uploads/2021/09/nato--ensec-coe-energy-efficiency-and-renewable-energy-solutions-in-nato-and-pfp-countries-military-operations-study-report-2021.pdf
https://www.enseccoe.org/data/public/uploads/2021/09/nato--ensec-coe-energy-efficiency-and-renewable-energy-solutions-in-nato-and-pfp-countries-military-operations-study-report-2021.pdf
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targets, the United States’ “Operational Energy Strategy” addresses issues around 
efficiency and improving capabilities (U.S. Department of  Defence, 2016)75. 
 
 At the multilateral level, a number of  EU policies and structures will drive ac-
tion on defence energy transition, including the European External Action Ser-
vice’s “Climate Change and Defence Roadmap”, and EU Concept for Environ-
mental Protection and Energy Optimization for EU-led Military Operations and 
Missions (EEAS, 2021)76. The European Defence Agency (EDA) is an organiza-
tion, which assesses current demands and helps create courses of  actions. Its ef-
forts also include the Energy and Environment Program77 and the Go Green project78. 
The EDA recently took the initiative to create the “Incubation Forum for Circular Econ-
omy in European Defence” to help achieve the European Green Deal and the new Cir-
cular Economy Action Plan within the defence sector. 
 
 The institutional infrastructure to deliver on these objectives includes the Eu-
ropean Defence Agency’s (EDA) Consultation Forum for Sustainable Energy in 
the Defence and Security Sector (CF SEDSS)79, which supports individual nations 
in strengthening their defence energy transition processes as well as fostering multi-
national collaborative projects, including around research and innovation. Its main 
areas of  focus are energy efficiency, particularly in the built environment; using re-
newable energy in the defence sector; and the protection and resilience of  defence-
related critical energy infrastructure. The Consultation Forum is a platform for 
sharing best practice and knowledge within the European Defence Energy Net-
work, which engages 30 European countries and over 150 members (EDA, 2020)80. 
 
 The Consultation Forum for Sustainable Energy in Defence and Security 
Sector’s work is linked with the EDA’s Energy and Environment Working Group 
(ENE WG), which looks at resilience and sustainability issues related to climate 
change as well as resource security issues. It also looks at alternative energies, effi-
ciency and sustainability, with a focus on alternative fuels and drive/propulsion sys-

75 US Department of Defence (2016). “Operational Energy Strategy”. 
76 European External Action Service. “EU Concept for Environmental Protection and Energy Opti-
mization for EU-led Military Operations and Missions”. May 2021, https://data.consilium.europa.eu/
doc/document/ST-9263-2021-INIT/en/pdf 
77 The initiative states that the principles of circular economy can be used to decarbonize the military 
sector and achieve energy efficiency:  the extraction of critical resources is highly polluting and their 
reuse rates are not high. 
78 It seeks to produce energy from the renewable sources. 
79 A European Commission initiative managed by the EDA to assist the EU Ministries of Defence to 
move towards green, resilient, and efficient energy models. 
80 European Defence Agency. “CF SEDSS III Handbook Version 6.0”. August 2020, https://
eda.europa.eu/docs/default source/consultation-forum/handbook.pdf  
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tems; engine and power-distribution system efficiency technologies. The other im-
portant topics include energy storage (electrical, electrochemical, mechanical, struc-
tural and thermal); innovative and efficient energy management systems; renewa-
bles including wind and solar (thermal and electric), and sustainable procurement81. 

81 European Defence Agency. “Energy and Environment (ENE) Programme”, https://
eda.europa.eu/what-we-do/all-activities/activities-search/energy-and-environment-programme 
82 Soufani, Tse, Esposito, Dimitriou & Kikiras (2018). “A Roadmap to Circular Economy in EU De-
fence inspired by the Case of the Dutch Ministry of Defence”. In European Financial Review, Febru-
ary – March 2018”.  

1.3 Circular economy in the defence sector 

 In November 2016, the EU Commission adopted the European Defence Ac-
tion Plan (EDAP), which includes a directive to transpose circular economy princi-
ples into the defence sector. Circular economy is a resource-oriented economic 
model that focuses on efficiency through restorative and regenerative design and 
structure. The objective of  the circular economy is to keep products, components 
and materials circulating in active production and consumption chains for as long 
as possible, thus preserving and extracting additional value by extending the life cy-
cle of  all material units, parts and particles. The principles of  a circular economy 
can play an important role in decarbonizing the defence sector. At the same time 
the circular economy provides a vision that is attractive to the defence sector as it 
allows it to remain competitive within the industry but in more sustainable way, re-
ducing both the environmental impact and the logistical footprint. The implemen-
tation of  the circular economy in the defence sector implies not only a change in 
production and consumption patterns but also an improvement in military perfor-
mance, greater material security, efficiency and industrial-technological integration. 
 
 In this context, it is the best time to start considering how the principles of  
the circular economy can apply to a military context, where all equipment and re-
sources are mission critical. For aerospace production, inputs are raw materials and 
outputs are typically either landfill waste or materials recycled into other industries, 
but with historically very little being brought back into the aerospace production 
chain. The initial raw materials extraction being one of  the biggest sources of  car-
bon emissions during production (Soufani et al., 2018)82. By some estimates, a well-
implemented circular economy in general could reduce Europe’s consumption of  
new materials by more than 30% within 15 years and by a 53% by 2050. 
 
 The argument for the need to be agile and responsive in the defence sector is 
a valid one, and to integrate circular economy models into the defence sector suc-

https://eda.europa.eu/what-we-do/all-activities/activities-search/energy-and-environment-programme
https://eda.europa.eu/what-we-do/all-activities/activities-search/energy-and-environment-programme
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cessfully means that these models must not only address resource consumption but 
also the priorities of  the armed forces; namely capability performance, security of  
material supply, efficiency and research and technology.  Examples of  circular 
economy in the defence sector is already exhibited in some EU Ministries of  De-
fence. In Monte Real, Portugal, for example, the nation’s Air Force Base No 5 im-
plemented circular resource-saving measures in the F-16 alienation program to Ro-
mania. This program involved modernizing the aircraft to integrate recovery and 
reuse of  materials into the future maintenance of  the jets without affecting military 
efficiency and operational capacities. In the UK, the Ministry of  Defence utilizes a 
process known as through-life management, which shares principles of  circular 
economy in its unified approach in acquisitions and equipment support, beginning 
with the identification of  military capability needs and ending with recycling and 
disposal. In addition, technological forces like renewable energy, additive manufac-
turing, and sophisticated computer-aided production design have also made it pos-
sible to advance circular economic principles in the defence sector on an industrial 
level.  
 
 Shifting this process will be no small challenge, but there are some new and 
emerging technologies to help us. First, 3D printing – also known as additive man-
ufacturing – where components are built up through an addition of  material to cre-
ate the end product. Additive manufacturing also opens up the increased possibility 
of  using recycled, end-of-life components as the input material, which by their na-
ture are powder or wire. These are much better suited for creating critical structural 
components than those used in a typical subtractive process, because they have 
greater purity. In this way, this development too supports the case for a circular 
economy; it requires fewer raw materials and less energy. Remanufacturing is an-
other key activity; using a component as the basis for a completely new compo-
nent, such as wind turbine blades being trialed for use to reinforce concrete on 
parts of  the Britain’s high speed rail line  projects (HS2)  being built from London 
to the North-West, with HS2 trains linking the biggest cities in Scotland, Manches-
ter, Birmingham and London. Rolls-Royce has announced its closed-loop recycling 
program. Airbus also dismantles the aircraft “in a manner that maximizes reuse and 
recycling and focuses on the safe disposal of  non-recyclable parts”, but, crucially, 
these parts tend to leave the aerospace value-chain. Aviation – both civil and de-
fence – is of  course a safety-critical endeavor, but as the civil sector takes these ear-
ly steps the defence sector must, too, start its exploration of  decarbonizing compo-
nent production (SNC-Lavalin, 2022)83. The potential that additive technologies 
have on defence capabilities is manifested in mobility, environmental sustainability 
and security. In turn, they make efficient use of  resources, optimize design and pro-

83 Domone (2022). “Why the circular economy is taking off –and what this means for the UK Defence 
sector”. SNC-Lavalin.  
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duction with increased reusability, repairability and manufacturability of  products 
and thus significantly reduce the “military logistics footprint” in terms of  cost, in-
frastructure, personnel and availability.  
 
 The use of  circular materials in defence is key to eliminating at least 90% of  
the hazardous substances that cause biodiversity and environmental degradation. 
The Cradle to Cradle Products Innovation Institute identifies materials that follow the cir-
cular cycle, since once a good has fulfilled its function, the waste can be converted 
into nutrients in another system. In defence, it is necessary, as a roadmap, to define 
lines of  development from the current scenario towards textronic-based textiles. 
The materials CapTech of  the EDA is working on multifunctional smart textiles, 
which, together with the standardization of  recycling processes, will improve circu-
larity processes84. New technologies are not only critical to supporting traditional 
industrial and military success, they also play a key role in advancing a sustainable 
development. Saulters et al (2007)85 emphasize that the “proactive and holistic ap-
proach can facilitate efficient research, design, testing, evaluation, and fielding for 
novel and off-the-shelf  products86, thereby assisting developers, end users, and oth-
er diverse stakeholders in better understanding tradeoffs in the defence industry 
and beyond”. Some authors go a little further, mentioning that for military organi-
zations the process of  organizational greening is a quantum leap, not only techno-
logically, but also mentally (Sandström, 2004)87.  
 
 Ministries of  Defence’s procurement rules are also an incredibly challenging 
part of  the whole circularity equation. The scope for improvements is simply vast 
from mandating the eco-design of  commercial-off-the-shelf  technologies to the re-
cycling of  batteries to more use of  electronic communications for reducing paper 
consumption. Indeed, digitalization becomes a key principle for the circular econo-
my. The reduction or re-use of  operational waste is a key circular economy goal, as 
would be requirements that commercially produced goods and supplies which mili-
taries purchase have longer life-cycles built into them. Europe’s armies obviously 
seek that for their weapons and platforms, but there are many other areas of  mili-
tary activities that could be reoriented toward circular efficiency and recycling, such 

84 EDA has established a number of specific Capability Technology groups (“CapTechs”) to undertake 
research & technology activities in response to agreed defence capability needs. 
85 Saulters et al (2007). “Enhancing Technology Development Through Integrated Environmental 
Analysis: Toward Sustainable Non-Lethal Military Systems”. In Integrated Environmental Assessment Man-
agement, 2007, 6, pp. 281-286. 
86 Off-the-shelf is the opposite of bespoke, tailor-made, or customized. An off-the-shelf item is ready 
for anybody to use without modification. 
87 Sandström (2004) „Greening the Swedish Defence Material Administration - A Case Study on the 
Force of Industry in Environmental Policy-Making“. In European Environment 2004, 14, pp. 356-367. 
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as clothing or other personnel gear. For example, the Dutch army has moved deter-
minedly in this direction in recent years (EDA, 2021)88.  
  
 In the Netherlands, the Dutch Ministry of  Defence, through its branch Kled-
ing en Persoongebonden Uitrustigsbedrijf  (KPU – clothing and personal equip-
ment company) uses circular principles to reduce waste and to extend the service 
life of  uniforms, helmets, and other personal equipment for the navy, army, air 
force and military police. Prior to utilizing a circular method, used work-wear and 
personal equipment would be turned in and new items dispensed. The practice of  
burning clothing materials ceased after the realization that incineration was an un-
necessary expense for the MoD and that, by the process of  burning, replacement 

uniforms had to be purchased. It cost the Netherlands approximately €500,000 per 
year (Defensie Materieel Organisatie, 2016)89 to destroy materials that still had use-
value in them. Eliminating waste is a key in solving many sustainability and envi-
ronmental issues and problems.  
 
 The defence sector increasingly recognizes that climate change can potentially 
accelerate insecurity and armed conflict (NATO, 2021)90. Defence organizations in 
the USA, UK and beyond are now addressing sustainability in recent reports, state-
ments, innovations and strategies (e.g. Honeywell, 2021; MoD, 2021; Rolls Royce, 
2021; U.S. Army, 2022)91. Typically, in the past, the defence sector has not been 
subjected to standard obligations under EU resource-efficiency directives under the 
conviction that armed forces of  member-states need to be free of  environmental 
rules and regulations in case they needed to expand resources as needed in order to 
maintain capabilities and operational effectiveness. The transition of  the defence 
industry towards more sustainable production models is unavoidable and could 
benefit the entire industrial and economic ecosystem, as well as the activities of  ca-
pability acquisition, life-cycle management and employment of  military assets.  
Both the institutions and countries within the European Union and NATO should 
refine their energy agenda in line with the new requirements of  production man-
agement and service delivery to fight against climate change and achieve a green 
transition.  
 

88 “Circular Economy in Defence”. Official Magazine of EDA, European Defence Matters, 20th Is-
sue.  
89 Defensie Materieel Organisatie (2016, May 3).English version (MVO in defence) [Video file]. Re-
trieved from https://www.youtube.com/watch?v=1nhVKqTGBPo 
90 “NATO Climate Change and Security Action Plan”, 14 June 2021.  
91 Honeywell (2021). “How We Will Reach Carbon Neutrality by 2035”; Rolls Royce (2021). “Our De-
carbonization Strategy: Plotting Course for net zero”.  
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CHAPTER 2  

FRAMEWORK FOR MILITARY GREENHOUSE GAS REPORTING 

 Tackling the climate crisis requires action from all industrial and economic 
sectors to markedly reduce their impact on the planet. The global military sector – 
including its supply chain – is a major element of  government expenditure and a 
huge consumer of  fossil fuels. Hence it is essential that military greenhouse gas 
emissions are both reported robustly and subject to emission reduction targets. 
Some scientists estimate that together militaries and their supporting industries 
might account for up to 5.5 % of  global emissions: more than civilian aviation and 
shipping combined. Based on different reports, the data indicates that the U.S. mili-
tary is the largest single institutional consumer of  hydrocarbons globally (Belcher et 
al., 2019; Crawford, 2019)92. This ranks its annual greenhouse gas emissions 
(GHG) higher than 140 countries. As global military spending increases, military 
GHG emissions are also set to increase. An increasing number of  countries are in-
cluding military greenhouse gas (GHG) emissions in their domestic net zero tar-
gets, and NATO and other international organizations have acknowledged that 
these targets will not be met without military emissions reductions. It is not only a 
question of  obliging countries to report on their military emissions, it is about what 
they report, and how they do it. 
 
 The trace of  the greenhouse gases produced by human activities are known 
as the carbon footprint. This environmental indicator measures both direct and in-
direct emissions of  compounds like methane (CH₄), nitrogen oxide (N₂O), hydro-
fluorocarbons (HFCs), perfluorocarbons (PFCs) sulphur hexafluoride (SF₆), and 
above all, the most abundant and most important contributor to global warming 
since 1990: carbon dioxide (CO₂).  Each gas has different physical properties, 
meaning that each traps different amounts of  heat in the atmosphere, molecule for 
molecule. Reaching net zero GHG emissions is more difficult than reaching net ze-
ro CO₂ emissions, as reducing some sources of  non-CO₂ emissions towards zero 
remains very difficult, especially for methane and nitrous oxide from agriculture. 
Methane, currently the second-largest contributor to global warming, has much 
shorter lifetime than CO₂. Therefore, if  methane emissions reduce to zero, concen-
trations fall faster, and their contributions to global temperature will decline. Typi-

92 Crawford (2019). “Costs of war, Pentagon Fuel Use, Climate Change, and the Costs of War”. 
Brown University, Rhode Island. See also Belcher, Bigger, Neimark & Kennelly (2019). “Hidden Car-
bon Costs of the “Everywhere War”: Logistics, Geopolitical Ecology, and the Carbon Boot-Print of 
the US Military “. In Transactions of the Institute of British Geographers.  
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cally, net zero GHG emissions are achieved with significant negative CO₂ emis-
sions balancing the remaining GHG emissions (IPCC, 2018)93. 
 
 To calculate the carbon footprint, the CO₂e (carbon dioxide equivalent) is es-
timated, but GHG emissions are reported in “tons of  carbon dioxide equivalent” 
or tCO₂. This is a standardized measure, which takes into account of  the fact that 
there is a number of  different GHGs – carbon dioxide being the most prevalent. 
As the effects of  climate change become even more apparent, the accurate meas-
urement of  GHG emissions is becoming increasingly important to better under-
stand their sources and how to best reduce them.  
 
 Greenhouse gases can be measured by recording emissions at source, by con-
tinuous emissions monitoring or by estimating the amount emitted using activity 
data (e.g. the amount of  fuel used) and applying relevant conversion factors (e.g. 
calorific values, emission factors, etc.). Conversions of  fuel quantities –from physi-
cal units to energy units – require conversion factors expressing the heat obtainable 
from one fuel unit. Conversion factors are termed the “calorific value” or “heating 
value” of  fuels as seen in Figure 3. These conversion factors allow organizations 
and individuals to calculate GHG emissions from a range of  activities, including 
energy use, water consumption, and waste disposal and recycling, as well as 
transport activities. The direct measurement of  GHG from a physical source is ra-
re, which is why emission factors are needed to measure the CO₂ emissions of  an 
activity. Generally, emission factors are averages of  current and available data and 
need to be updated regularly, as long-term values can change in different localiza-
tions, leading to uncertainty in the data. 

93 IPCC (2018). “Special Report: Global Warming of 1.5 degrees Celsius”.  

Figure 3. Conversion factors for energy units 

 

 

 

 

 

     Btu = British thermal unit; 

     MJ= Mega-joule; 

     Toe = tons of equivalent oil. 

Source: Adapted from “Conversion factors – energy and carbon conversion guide”. Carbon Trust (2022).  
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 The use of  fuels leads to emissions of  carbon dioxide and small quantities of  
other greenhouse gases – including methane (CH₄) and nitrous oxide (N₂O). Scien-
tists and policymakers have established “global warming potentials” (GWPs) to ex-
press the heat trapping effects of  GHGs in terms of  CO₂ - equivalents (annotated 
as “CO₂e”). GWPs are defined for different time horizons, to account for differ-
ences in the residence time of  different gases in the atmosphere. Greenhouse gases 
warm the earth by absorbing energy and decreasing the rate at which the energy es-
capes the atmosphere. These gases differ in their ability to absorb energy, that is, 
they have various radiative efficiencies. Each gas has a specific global warming po-
tential (GWP), which allows comparisons of  the amount of  energy the emissions 
of  1 ton of  a gas will absorb over a given time period, usually a 100-year averaging 
time, compared with the emissions of  1 ton CO₂. As CO₂ has a very long residence 
time in the atmosphere, its emissions cause increases in atmospheric concentrations 
of  CO₂ that will last thousands of  years. Methane’s average atmospheric residence 
time is about a decade. However, its capacity to absorb substantially more energy 
than CO₂ gives it a GWP ranging from 28 to 36. The GWP also accounts for some 
indifferent effects; for example, CH₄ is a precursor to another greenhouse gas, 
ozone (Vallero, 2019)94. 
 
 The carbon footprint from EU military spending in 2019 was estimated to 
total some 24.8 million cars (Parkinson &Cottrell, 2021)95. However, current trends 
in military GHG emissions levels in the EU are difficult to determine due to a lack 
of  data, and as such, the report’s conclusions provide only highly conservative esti-
mates of  CO₂ emission levels. The data for military GHG emissions across the 
world are frequently of  low quality – often incomplete, hidden within civilian cate-
gories, or not collected at all. The root cause of  this problem was government con-
cern about potential restrictions of  military activities – which led to exemptions 
first under the 1997 Kyoto Protocol. Currently, under the United Nations Frame-
work Convention on Climate Change (UNFCCC), countries are obliged to provide 
an inventory of  their GHG emissions. Reporting obligations for countries vary, de-
pending on their historic contribution to the climate crisis. Guidelines from the In-
tergovernmental Panel on Climate Change (IPCC) state that inventories submitted 
to the UNFCCC should include emissions from some military activities. In 2015, 
however the Paris Agreement made military emissions reporting mandatory, mean-
ing that there are significant gaps in the datasets submitted to the UNFCCC and no 
accurate data on the true scale of  the problem. Without even a minimum reporting 
obligation to the UNFCCC, most countries – including those with large military 

94 Vallero (2019). “Air pollution biogeochemistry”. In “Air Pollution Calculations: Quantifying Pollutant 
Formation, Transport, Transformation, Fate and Risks”, Chapter 8.  
95 Parkinson (2020). “The Environmental Impacts of the UK Military Sector”. Scientists for Global 
Responsibility (SGR).  
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expenditures and military personnel – do not require their militaries to provide any 
meaningful GHG emissions reporting. These problems have been largely over-
looked by the climate science community (Parkinson & Cottrell, 2022)96. For exam-
ple, the latest (sixth) assessment report of  the IPCC97 barely discusses this sector at 
all. 
 
 Nevertheless, military sector has begun to recognize their big role in contrib-
uting to climate change. The U.S., UK and some EU member states (such as 
France, Italy, and the Netherlands) are making progress, with military energy poli-
cies and initiatives to support the move to lower carbon energy use and reduce mil-
itary reliance on fossil fuels. GHG reporting is required to monitor progress and 
the effectiveness of  these GHG reduction strategies. As militaries have historically 
been largely excluded from GHG reduction goals, their ability to track their emis-
sions lags behind other sectors. For the 20 top military spending countries in 2021, 
only Germany was reporting its GHG emissions from military fuel use in line with 
the basic UNFCCC requirements98.  
 
 To achieve carbon emissions reductions, and to comply with the international 
rules, the EU and its member-states have committed to reporting their final green-
house gases emissions to the UNFCCC each year. They do so in the form of  
“greenhouse gas inventories” defined as a quantified estimation of  annual emis-
sions produced by human activities on a country’s territory. In order to report the 
greenhouse gas emissions associated with an organization’s activities, the carbon 
emission need to be converted into “activity data” such as distance travelled, liters 
of  fuel used or tons of  waste disposed. This requires a sound framework for moni-
toring and reporting on greenhouse gas emissions, as well as reliable information 
on projected changes in emissions resulting from existing and planned policies and 
measures. 
 

96 Parkinson & Cottrell (2022). “Estimating the Military’s Global Greenhouse Gas Emissions”. Con-
flict and Environment Observatory, 10 November 2022. 
97 The Working Group I contribution to the Sixth Assessment Report, “Climate Change 2021: the 
Physical Science Basis” was released on 09 August 2021. The Working Group II contribution, 
“Climate Change 2022: Impacts, Adaptation and Vulnerability” was released on 28 February 2022. 
98 Although IPCC guidelines request that emissions from military fuel are reported under IPCC cate-
gory 1A.5 (Other, not elsewhere specified), it is often absent, or aggregated and reported elsewhere. 
This category includes all mobile fuel consumption, such as ships, aircraft and road vehicles. It also 
includes all stationary fuel consumption, such as heating buildings and military bases.  
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2.1 Military emissions reporting gap  

 Some countries bundle their military emissions together with civilian emis-
sions. Even though the environmental impact of  military activities has been dis-
cussed and debated for centuries, few documented studies of  the sector’s environ-
mental impact exist and most are connected to biodiversity and land use (Lawrence 
et al., 2015; Zentelis et al., 2017)99. Indirect correlations between, military energy 
use, especially fossil fuels, and greenhouse gas (GHG) emissions have been dis-
cussed previously (Bildirici, 2017, Nuttall et al., 2017)100, but quantitative estima-
tions are scarce. A few studies on sector-specific calculations of  greenhouse gas 
emissions in the UK and Australia have been found, indicating that defence activi-
ties contribute to approximately 1% of  the annual emissions of  greenhouse gases 
in these countries. Figures from the U.S. are within the same range, varying from 
25.4 million tons annually from direct fuel consumption (Belcher et al., 2019)101 to 
172 million tons including electricity use and upstream emissions. This is equivalent 
to 0.5-3.3% of  the total U.S. emissions in 2017 (EIA, 2019)102. A lack of  transpar-
ency makes it hard to calculate the true scale of  military emissions, although it is 
clear that they are significant.  
 
 Internationally, military sectors typically disclose less information than civilian 
sectors. As pressures upon all sectors continue to rise, it is anticipated that military 
emissions reporting pressures will also increase. In November 2021, the United 
Kingdom-based Conflict and Environmental Observatory (CEOBS) launched a 
public-facing resource, which analyzes and aggregates UNFCCC military emissions 
reporting. The purpose of  this campaign is to highlight leaders and laggards in mil-
itary emissions reporting. 
 
 In this study103 CEOBS analyzed military emissions reporting from 72 states. 
Of  these, emissions data accessibility was categorized “fair” for only four nations – 
Germany, Norway, Luxembourg and Cyprus Island. Of  these countries, Germany 
has the largest military and, as such may be understood as the leader in emissions 

99 Lawrence, Stemberger, Solderado, Struthers & Cooke (2015). “The effects of modern war and mili-
tary activities on biodiversity and the environment”. In Environmental Review 23 (4), pp. 443-460. 
100 Bildirici (2017). “The effects of militarization on biofuel consumption and CO₂ emission”. In Jour-
nal of Clean Production 152, pp. 420-428. 
101 Belcher, Bigger, Neimark & Kennelly (2019). “Hidden Carbon Costs of the “Everywhere War”: Lo-
gistics, Geopolitical Ecology, and the Carbon Boot-Print of the US Military “. In Transactions of the Insti-
tute of British Geographers. 
102 EIA, 2019. In Administration, U.S.E.I (Ed.), June 2019 – Monthly Energy Review. Eurostat, 2019. 
ESA Supply, Use and Input-Output Tables. 
103 Conflict and Environment Observatory (2022). “A framework for military greenhouse gas emis-
sions reporting”. CEOBS, June 2022. See also CEOBS (2022). “Estimating the military’s global green-
house gas emissions”. November 2022.  
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transparency. Thirty-six states, including the U.S., Russian Federation, China, UK, 
Japan, France, and Canada were categorized by the CEOBS has having “poor” 
quality emissions data accessibility. The remaining 32 states categorized as having 
“very poor” data accessibility including India, Egypt, Türkiye, and Saudi Arabia. 
 

104 Barry, Fetzek, Emmett (2022). “Green Defence: the defence and military implications of climate 
change for Europe”. The International Institute for Strategic Studies.  
105 Scientists for Global Responsibility, Declassified UK (2020). “The Environmental Impacts of the 
UK Military Sector”. 
106 Parkinson & Cottrell (2021). “Under the Radar: the carbon footprint of Europe’s military sectors. A 
Scoping Study”. Scientists for Global Responsibility, Conflict and Environment Observatory, 16 Feb-
ruary 2021. 
107 Sparrevik & Utstøl. “Assessing life cycle greenhouse gas emissions in the Norwegian defence sector 
for climate change mitigation”. In Journal of Cleaner Production 248 (2020). 

2.2 Military emissions categories and GHG reporting 

 The classification of  military related GHG is based on the criteria established 
by the IPCC. The standard methodology for measuring GHG emissions from the 
carbon footprint is categorized using three different areas or scopes – as set out by 
the GHG Protocol. Using this classification, studies and reports have been pub-
lished on the extent of  Norwegian, British and European military carbon foot-
prints (Scientists for Global Responsibility, 2020105; Parkinson & Cottrell, 2021106; 
Sparrevik &Utstøl, 2020)107.  
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 Emissions from fossil fuel and from energy production (often referred as 
scope 1 and 2) are compulsory to report according to the ISO 14064 greenhouse 
gas reporting standard (Weng & Boehmer, 2006)108, since they can be directly con-
nected to the reporting organization. However, it is likely that multiple impacts may 
also rise from indirect emissions originating from both upstream and downstream 
in the value chain (scope 3), which are only partly influenced by the reporting or-
ganization. Indirect emissions may occur in all life cycle stages and their contribu-
tion to the overall life cycle emissions may be substantial, especially for large pro-
curing organizations such as the military sector (Huang et al., 2009)109. A life-cycle 
greenhouse gas accounting evaluates and reports the full life-cycle GHG emissions 
related with the raw materials extraction, manufacturing or processing, transporta-
tion, use, and end-of-life management of  a good or service. Therefore, a life-cycle 
perspective accounts for all emissions connected to the good or service, regardless 
of  which industrial or economic activities or sectors produce these emissions (e.g. 
energy, mining, manufacturing, or waste sectors) and when these benefits occur 
over time. This is fundamentally different from GHG inventories that quantify 
emissions from different industrial or economic sectors on an annual basis. 
 
 The reports of  the Intergovernmental Panel on Climate Change (IPCC), the 
United Nations’ scientific advisory body on the issue, have barely mentioned the 
defence sector. National security restrictions have considerably limited access to da-
ta, with very few nations reporting separate figures for military GHG emissions, 
and many not compiling them at all. The situation became embedded in interna-
tional reporting standards following a demand from the U.S. that the targets agreed 
as part of  the 1997 Kyoto Protocol excluded emissions related to military activities 
(Lorincz, 2015)110. Under the Kyoto Protocol agreed in 1997 industrialized coun-
tries annually have to provide a national inventory report (NIR). Decision 18/CP.8 
in 2002 (UNFCCC, 2003)111 specified the details of  the NIR, and stipulates that 
domestic military emissions are to be included in national inventories. However, 
bunker fuels for international transport were exempted. While the official reason 
was not to burden world trade, implicitly large countries with a “maritime em-
pire” (U.S., FR, UK) as well as those operating military globally benefitted from this 
provision. The advent of  the 2015 Paris Agreement, which has led to a more flexi-

108 Weng & Boehmer (2006). “Launching of ISO 14064 for greenhouse gas accounting and verifica-
tion”. In ISO Management System, 15 (2006), pp. 14-16.  
109 Huang, Weber, Matthews (2009). “Categorization of scope 3 emissions for streamlined enterprise 
carbon foot-printing”. In Environmental Science Technology 43 (22), pp. 8509-8515. 
110 Lorinz (2015). “Demilitarization for Deep Decarbonization”. Presentation at SGR conference, 4 
November. See more information at the website: https://www.sgr.org.uk/resources/demilitarization-
deep-decarbonization. 
111 UNFCCC (2003). “Report of the conference of the parties on its eighth session, held at New Del-
phi from October 23 to 1 November 2002”.  

https://www.sgr.org.uk/resources/demilitarization-deep-decarbonization
https://www.sgr.org.uk/resources/demilitarization-deep-decarbonization
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ble approach to military-related emissions, has opened the door to greater recogni-
tion of  the issue112.  
 
 In a nutshell, emissions related to military action can be divided into the fol-
lowing types:  
  

1. Direct emissions from operations of  military forces (emissions from the 
use of  weapons and ammunition in training and conflict, as well as fuel 
consumption for transport). 

2. Indirect emissions that are associated with the generation of  electricity ac-
quired and consumed at the organization’s facilities, heating and cooling of  
buildings, and emissions of  non-fossil fuel related GHGs. 

3. Other indirect GHG emissions from sources that are not owned or con-
trolled by the entity, such as extractions and production of  acquired mate-
rials, business trips through external means, products and logistics activi-
ties carried out by the third parties. 

112 Emissions from military activities are to be included in the national emissions inventory if they are 
accrued within national borders. Reporting of overseas activities or impacts are often embedded into 
other activities, such as energy production, transportation, and industrial activities, or taken out of the 
reporting.  

2.2.1 Direct emissions of  the military and its reduction potential 
 
 Defence departments will encounter challenges when attempting to reduce 
the emissions for which they are directly responsible because of  the primacy of  
having mission-critical capability (that is, the ability to achieve a desired effect in a 
specific operational environment). Roughly 30 percent of  the military emissions 
comes from “installations’ emissions”, meaning the energy used in military bases 
and other installations. The other 70% comes from “operational emissions” (e.g. 
energy use of  trainings, missions, transport, and other activities).  
 
 By defining the division between the energy used in military operations and 
the amount used in facilities, and proven that the former one is the major source 
of  consumption and spending, it is necessary to properly define the meaning of  
“energy used in operations” or “operational energy” (OE) in the military area. In 
the civil sector, many definitions of  OE can be found. Among them, OE is defined 
as the “energy consumed for lighting, heating, cooling and ventilation excluding en-
ergy used for hot water generation and life-style appliances such as computers, 
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washing machines (Praseda et al, 2017)113. Unfortunately, there is no agreed defini-
tion of  OE in NATO yet. One of  the NATO Allies, Canada, does not have a 
proper definition of  OE, but it clearly distinguishes two types of  energy consumed 
by the Canadian Armed Forces: the energy consumed in installations and the one 
used for mobility purposes by the fleets. Hence, while the energy used in installa-
tions (buildings) includes energy from electricity, natural gas, fuel oils, kerosene and 
solar photovoltaic, the energy used for military and expeditionary operations refers 
to the aviation and ship’s fuel, combat equipment and the energy used in domestic 
operations, such as training (Labbe et al, 2015)114. 
 
 The real challenge lies in reducing Scope 1 emissions from ships, aircraft, and 
combat vehicles, which are significantly greater than infrastructure emissions. Mili-
tary infrastructure is made more energy dependent, but experiments with sustaina-
ble propulsion fuel, one of  the largest sources of  military emissions, are met with 
technical, financial and environmental constraints. It is much harder to update mili-
tary transport and mobility fuel sources, which is where most climate pollution 
takes place. A shift to sustainable fuel is not expected soon, and the military will 
therefore continue to be huge fossil fuel consumer. For example, transport and 
mobility of  modern Western armies account for about 70 percent of  their energy 
consumption, the majority of  which is consumed in the form of  jet and diesel fuel. 
This in turn is a major source of  greenhouse gas emissions. Each air mission pro-
duces hundreds of  tons of  CO₂ pollution.  
 
 While it may be possible to power military bases or even drones with solar 
energy, there is no viable prospect for electrifying a majority of  the military arsenal. 
Decarbonizing aviation is particularly challenging, as there is no comparable alter-
native to energy-dense jet-fuel, and at current trends, climate change urgency far 
outpaces technological innovation in the electrification of  air travel. Among the 
most ambitious attempts to transition military machinery from fossil fuels, the so-
called “Great Green Fleet” is made up of  planes, submarines, and ships powered by 
biofuels and nuclear power – which may be alternatives to fossil fuels but not with-
out their own ecological footprint and high price115. Considerable controversy sur-
rounds the extent to which biofuels can even be characterized as carbon neutral 
undermining the supposed benefits of  a biofuel-powered arsenal. 

113 Praseda, Reddy, Mani (2017). “Life-cycle Energy Assessment in buildings: Framework, Approaches, 
and Case Studies”. In Encyclopedia of Sustainable Technologies, pp. 113-136. 
114 Labbe, Ghanmi, Amow, Kan, Jayarathna, Voicu, Strat (2015). “Evidence base for the development 
of an enduring DND/CAF Operational Energy Strategy (DOES)”. Defence Research and Develop-
ment Canada.  
115 The U.S. Great Green Fleet is intended to usher in a new era of naval energy innovation that will in-
crease both combat capability and operational flexibility.  
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 Although land and sea forces use considerable amounts, the air force is the 
larger consumer of  petroleum jet fuel of  all branches of  the armed services. Mili-
tary jets typically fly at higher altitudes than commercial airlines. As well as emitting 
greenhouse gases, aircraft flying at high altitude can also cause additional atmos-
pheric heating effects due to contrails left by aircraft, which can persist as large, 
thin sheets of  cirrus clouds. Contrail cirrus, as well as other non-CO₂ effects like 
NOₓ emissions from aviation, are significant contributors to the climate warming 
impact of  aircraft emissions. This means that fuel consumption data alone is not 
reliable for assessing the full climate impact of  military emissions. 
 
 The other important source of  greenhouse gas emissions is related to mili-
tary installations, which produces about one third of  its GHG emissions. This may 
seem to be easy part, since buildings and infrastructure are simple to model and 
modify. New buildings can also be fitted with new sensors to feed more data into 
future modelling, though smart installations initiatives, which should help defence 
ministries much better understand how it is using and in some cases wasting power. 
Changing the power source for facilities such as barracks, airbases, forward operat-
ing bases (FOBs) and headquarters is possible with existing technology and offers 
certain operational advantages. For example, a distributed array of  solar panels 
might be more difficult to disable than a single, centralized generator or a single 
electricity grid access point. 
 
 Military training lands and estates are estimated to cover between 1-6% of  
the global land surface. Because of  this, how they are used and managed could 
have a significant bearing on global GHG emissions. The military training estate 
often includes areas of  ecological importance, and is typically closed to the public 
and remains relatively undisturbed, compared with other intense land uses. Im-
proved land management to optimize carbon sequestration and minimize carbon 
losses from soil is needed. These improvements could also increase biodiversity 
and help build climate resilience. 
 
 Soil temperature, drainage, erosion and deposition can all influence carbon 
sequestration and losses, meaning that improved land management and reduced 
soil disturbance can increase soil’s carbon content. Military lands have significant 
but underutilized scope for carbon sequestration –despite a scoping study in 1995 
showing the potential, for example, the U.S. Department of  Defence has not devel-
oped the idea until recently116. Military training exercises themselves of  course also 

116 Barker, Baumgardner, and McFarlane (1995). “Carbon Sequestration and Forest Management at 
Department of Defence Installations: An Explanatory Study”. USA Environmental Protection Agen-
cy, EPA/600/R-95/037.  
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generate significant GHG emissions, including from land degradation. This is par-
ticularly true when undertaken in fragile environments such as semi-arid deserts. 
Although, it is worth underlining that there is not much information available in 
the public about the issue that examine the carbon footprint of  specific training ex-
ercises. However, there have been recent pushbacks against training drills due to 
climate and environmental concerns. Whilst exercises are now incorporating cli-
mate security, there must be a commitment to undertake climate and environmental 
assessments related to all military assessments for all military exercises in order to 
mitigate any adverse impacts. 
 
 Besides aforementioned possible GHG emissions, military waste and surplus 
is another major contributor. The armed forces must both significantly reduce the 
volume of  waste it generates and manage any waste it does responsibly. This in-
cludes surplus materiel and equipment, like ammunition, which is commonly de-
stroyed by open detonation or burning. This can cause ground contamination, gen-
erate noxious air pollutants and release greenhouse gases. Waste disposal practices 
across the military have been poorly managed in the past according to Conflict and 
Environment Observatory (CEOBS), with the use of  open burn pits, burial and 
weak compliance with standard waste management protocols117. 
 
 Reducing emissions by enhancing energy efficiency and introducing sustaina-
ble energy in infrastructure is relatively easy and already in progress. Solar panels 
and bio-waste installations increasingly contribute to the energy supply of  military 
installations, improving the endurance of  military forces during conflict. The stra-
tegic value is undisputed: fuel supply lines are very vulnerable, especially during de-
ployment. Easily transportable, easy to handle, and quick to set up power systems 
are already advertised as “combat proven”, meaning their merit has been demon-
strated on the battlefield which is the ultimate recommendation for military prod-
ucts. Renewable energy can also be used for modest purposes such as heating or 
cooling barracks or powering small electric vehicles. Despite the current impossibil-
ity of  reducing direct emissions from military vehicles and aircraft, defence forces 
still have great potential to reduce its carbon footprint. 

117 Parkinson & Cottrell (2021). “Under the Radar: the carbon footprint of Europe’s military sectors. A 
Scoping Study”. Scientists for Global Responsibility, Conflict and Environment Observatory, 16 Feb-
ruary 2021. 



48 

 

2.2.2 Indirect emissions of  the military 
 
 Indirect or scope 2 emissions represent one of  the largest sources of  GHG 
emissions globally. These include emissions from the generation of  purchased en-
ergy, such as heating and cooling buildings as well as emissions resulting from 
goods and services delivered through an outside provider. According to the GHG 
Protocol, Scope 2 emissions represent one of  the largest sources of  global green-
house gas emissions accounting at least one third of  it. That is why accounting 
and measuring Scope 2 emissions present a significant emissions reduction oppor-
tunity.  
 
 It is not always easy to make distinctions between scope 1 and scope 2 
greenhouse gas related emissions, for example, electricity purchased from the utili-
ty company is generated offsite, so they are considered indirect emissions. Alt-
hough some military installations generate and store renewable energy on-site by 
integrating battery storage, building integrated photovoltaics (PV), microgrids and 
electric vehicles (EV) charging stations for this purpose. Therefore, if  the report-
ing organization, generates energy on-site from owned or controlled sources, the 
greenhouse gases associated with the energy generation are classified as direct 
scope 1 emissions. The same applies to organizations, such as electricity utilities or 
suppliers, which control their energy generation installations and sell their power 
into the local grid. The greenhouse gases from these generation facilities are re-
ported in Scope 1 emissions. 
 
 Measuring emissions requires different types of  data, for example some of  it 
is primary data, like energy consumption at facilities, which is quantifiable and eas-
ily accessible by the organization. However, most of  the data used in measuring 
GHG emissions are secondary data, which is derived from estimations based on a 
region or organization’s emission factor for a certain commodity or raw material. 
Once an accurate and standardized measurement is taken, an organization is ready 
to begin creating emissions reduction goals. One of  the ways to do this is by using 
automated tools like building management systems (BMS)118, which can ultimately 
reduce energy use for an organization’s facilities. These systems can use weather 
data, energy costs, historical data, and operational requirements to detect patterns 
in energy use of  a machine. A BMS is a great tool to help build efficiencies over 
time and assist with preventive maintenance detection. Although, it should be 
highlighted that building automation systems have become a soft target for 
cyberattacks. This is caused by the large numbers of  intelligent devices connected 

118 A Building Management System is a computer-based system installed in buildings to manage and 
monitor equipment such as air-conditioning, heating, ventilation, lighting, power systems, security de-
vices, and IoT, energy and gas meters.  
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over open networks, sophisticated threats designed to attack control systems, as 
well as dependency on third-party service providers connecting to the systems re-
motely over the internet. Therefore, for its use in the defence sector certain mitiga-
tion measures should be also implemented to ensure security. 
 
 Renewable energies will play a more important role, and the generation of  
electric power by the military will further cut emissions. While reducing energy 
consumption is a great starting point, producing renewable energy onsite is another 
pillar that can help organizations and third party energy suppliers reach their Scope 
2 GHG emissions reduction goals (Farrenkopf, 2022)119. Solar panels are a com-
mon way organizations choose to produce renewable energy on-site. However, 
since manufacturing requires substantial energy, this will only address a friction of  
the energy needed for operations. Since an organization’s ability to produce renew-
able energy for its own use can be limited due to factors like installation size, loca-
tion and ownership, the next pillar is clean energy procurement. 
 
 Tools like Power Purchase Agreements (PPAs) where renewable energy is de-
livered to the site from a renewable source, are an effective mode for procuring 
clean energy. A corporate Power Purchase Agreement is a contract between the 
corporate buyer (off-taker) and the power producer (developer or independent 
power producer) to purchase electricity at pre-agreed prices for pre-agreed periods. 
The electricity can be supplied by existing renewable energy assets or new build 
projects. Some utility companies also offer solar, hydro and wind power to custom-
ers. It has become common for organizations to rely on procurement strategies like 
renewable energy certificates (RECs)120 or guarantees of  origin (GOs). 
 
 Although, PPA in the defence sector is not yet widely used there are already 
some promising examples that it can also be used to reduce military’s carbon foot-
print. In 2017, Australia’s Ministry of  Defence launched a tender with the aim of  
sourcing up to 40 percent of  its Robertson Barracks and Royal Australian Air 
Force (RAAF) Darwin’s base electricity requirements from the two solar farms 
(with nameplate 14 MW of  solar PV and battery storage capacity). The use of  solar 
and battery storage help ensure energy security (Vorrath, 2019)121. 

119 Farrenkopf (2022). “4 Strategies for Reducing Scope 1 and 2 Emissions”. Contribution by Project 
Manager, Global Energy at the Jabil blog. 
120 Known as Guarantees of Origin (GO) in Europe, provide proof that energy has been generated 
from renewable sources (as defined in the Renewable Energy Directive), specifying the source of the 
energy. The main provisions of the RES Directive are contained in article 19, which requires the mem-
ber-states to ensure that GO is issued on request by producers of electricity, gas, hydrogen, heating or 
cooling from eligible renewable energy sources. 
121 Vorrath (2019). “Defence signs contract to power Darwin bases with solar and battery storage”. In 
Renew Economy newsletter, 18 July 2019.  
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2.2.3 Indirect greenhouse gas emissions including military supply chain 
 
 Organizations can normally easily measure their Scope 1 and 2 emissions, and 
can control them by taking steps like switching to renewable energy or electric ve-
hicles. In this respect, Scope 3 emissions are under the control of  suppliers, so they 
are affected by decisions made outside the organization. That means measuring 
Scope 3 emissions involves tracking activities across the entire value chain – from 
suppliers to end-users. 
 
 Militaries have extensive and complex supply chain, comprising a large pro-
portion of  their carbon footprint. Emissions from supply chain typically far exceed 
an organization’s own operational (scope 1 and 2) emissions, with estimates varying 
depending on sector. Data on the military sector is again sparse, although notably, 
some carbon footprint data has been published by the military technology corpora-
tions Thales122 and Fincanteri123. As the above mentioned examples indicate, for 
defence supply chains, the complexity of  the full supply landscape presents a chal-
lenge to quantifying and directly managing emissions. Defence forces have unique 
suppliers and unique products. This prevents the creation of  an ecosystem to gen-
erate mutual benefits between defence forces and their suppliers, akin to ones de-
veloping in the automotive sector that could help electric vehicles (EVs) to displace 
vehicles with internal combustion engines. It may therefore be most effective to ad-
dress supply chain emissions by setting decarbonization requirements aligned to na-
tional targets for all suppliers, as opposed to quantifying emissions directly and ac-
tively trying to reduce them. 
 
 Defence organizations in the U.S., UK and beyond are now addressing sus-
tainability in their recent reports, statements, innovations and strategies. Decarboni-
zation to net-zero is a complex organizational challenge. That means that the coun-
tries will not be able to reach its net-zero targets without the defence industry and 
MoD activities moving toward more sustainable solutions. For example, defence 
accounts for 50% (UK) and 80% (U.S.) government greenhouse gas emissions, so 
decarbonization of  this sector is vital to achieve the UK and U.S. governments’ net
-zero ambitions (Frazer-Nash, 2020)124. For Armed Forces, which are reliant on 
fossil fuels, a considerable test lies ahead. To reach zero emissions pathway, the mil-

122 Thales (2019). “Committing to Environmental Protection: Strategy for a Low-Carbon future”. This 
strategy also includes 50% reduction in operational CO₂ emissions (resulting from internal operations 
and employees mobility, with an interim target of 35% in 2023, aiming Net Zero by 2040. 
123 Fincanteri (2022). “Greenhouse gas emissions”. In 2022, to align with its objective to play a leading 
role in the decarbonization of shipping industry the company expanded the scope 3 emissions report-
ing to include CO₂ emissions from ‘Employee Commuting” and “Use of Sold Products” as required 
by the Greenhouse Gas Protocol reporting standard.  
124 Frazer-Nash (2020). “Where next for UK Defence in an era of climate crisis?”  
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itary must take transformative action at the moment that changes the way the mili-
tary “fight, live and train”. The Armed Forces, moreover, bring volume and mass 
to civil and commercial sectors and therefore have the ability to influence through 
their spending power and example, creating catalyst for innovation and experimen-
tation. However, the MoD, or any other government body, cannot do it alone. It is 
vital that defence companies play a role not only in developing and delivering solu-
tions that are more sustainable, but also in reducing internal emissions and ensuring 
that the supply chain follows the same trend. 
 
 Governments can accelerate their path to net-zero operations by adopting the 
green procurement framework – an approach designed by the World Economic 
Forum and Boston Consultation Group (BCG) for the Mission Possible Partner-
ship. It contributes to closed material and energy loops, by minimizing and in cer-
tain cases avoiding the environmental pressure and the waste creation across the 
whole life-cycle. The EU Circular Economy Action Plan (CEAP)125 recognizes 
public procurement as a key driver in the transition towards the circular economy. 
Environmental criteria can be placed both on the supplier’s systematic environmen-
tal work and on the procured product/service. A life-cycle perspective, including 
life-cycle cost (LCC), allows procurer to choose the option with the best value over 
its entire life-cycle. 
 
 The defence industry’s customers are increasingly embracing mitigation of  
climate change as a strategic priority. Safety, reliability, and performance will remain 
crucial for securing contracts, but “green procurement” principles that already are 
widely applied in other areas of  government will permeate the defence sector in 
the coming years and translate into new requirements for suppliers. Some govern-
ments are already signaling that they will exert their strong influence over contrac-
tors to enable them to meet their climate goals. Although 2050 may seem a long 
way down the road, departments of  defence are moving fast. The UK Ministry of  
Defence has announced that it may start including environmental criteria in its ten-
ders as early as this year. In the U.S., the Biden Administration has committed to a 
50% national reduction of  carbon emissions by 2030, leaving just over 8 years for 
public and private organizations alike to achieve a new step in their climate efforts. 
These announcements indicate that the carbon efficiency of  defence products will 
soon draw greater customer scrutiny and increasingly become a differentiator. It 
can be assumed that contractors will be required to publicly disclose emissions and 
other climate-related risks when bidding for government contracts. Ministries of  

125 European Commission. “Communication from the Commission to the European Parliament, the 
Council, the European Economic and Social Committee and the committee of the Regions: A new 
Circular Economy Action Plan For a cleaner and more competitive Europe”. 11 March 2020, COM 
(2020) 98 final.  
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Defence worldwide will increasingly ask their contractors to set emission-reduction 
targets and plans. Over the medium-term, these targets and plans – and progress 
toward their realization – are expected to be incorporated into procurement criteria 
(Dimitrova et al., 2021)126.  
 
 The UK Ministry of  Defence takes further efforts to ensure that it is playing 
its role in the delivery of  the UK’s climate ambitions, notably through its “Climate 
Change and Sustainability Strategic Approach” and recent changes in defence procure-
ment. A Code of  Practice (CoP), co-developed by the Ministry of  Defence and the 
Defence Industry through the Defence Suppliers Forum that seeks to answer these 
questions, recognizing the critical role that the MoD’s suppliers have in the race to 
Net Zero. The CoP sets out defence-specific guidance for Greenhouse Gas (GHG) 
measurement, covering the main aspects of  Defence. It also includes Scope 3 emis-
sions and encompassing all areas of  Defence acquisition and support (products, 
systems and services as well as infrastructure and estates). The CoP’s aim is not to 
replicate existing guidance and requirements, but to signpost the best practice that 
is applicable – including the Greenhouse Gas Protocol (GHG Protocol)127. 

126 Dimitrova, Lyons, Losada, Mester, Zusek-Arden, Baudin-Sarlet, and Schmitt. “The Growing Cli-
mate Stakes for the Defence Industry”. Boston Consulting Group, 10 September, 2021. 
127 Turner. “Measuring Greenhouse Gas Emissions in the Defence Sector – a Code of Practice”. 30 
November 2021. 

Figure 4. System boundaries are divided into direct and indirect activities and distributed according to 
the value chain of the organization. 

Source: Sparrevik & Utstøl, Journal of Cleaner Production 248 (2020) 119196. 
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 Environmental sustainability has been a low priority for most defence con-
tractors. At present, the industry is facing mounting pressures to decarbonize. 
Compared with other sectors, the global defence industry remains at an early stage 
of  its journey to reduce greenhouse gas emissions. As a result, it is conceivable that 
the global industry’s contribution to worldwide CO₂ emissions could increase from 
2% today to 25% by 2050 – unless contractors work more aggressively to reduce 
their carbon footprints. Contractors that fail to act will face increased pressure 
from investors and customers, who are placing a higher priority on environmental 
sustainability in their portfolios. Such companies could incur higher capital costs; 
they could lose market share or opportunities supply new products and services 
that will help defence ministries achieve their nations’ climate goals.  
 
 The defence and security industry is aware of  this new challenge. Most lead-
ing defence companies have begun efforts to cut what are known as Scope 1 and 
Scope 2 emissions – those related to their operations and energy usage, respective-
ly. Although these emissions currently account for only a small fraction of  defence 
contractors’ total emissions. Contractors have barely begun to curtail the 90% to 
95% of  emissions that occur outside their direct control: those from the parts and 
materials they procure, which are referred to as Scope 3 upstream emissions, and 
from the usage of  products they sell (known as Scope 3 downstream emissions). 
The defence industry is also taking action. Many defence companies are improving 
their own energy efficiency and reducing GHG emissions, and helping customers 
to do the same. The notion of  greener or socially responsible arms production will 
seem ironic to many. Several military technology companies do however produce 
Corporate Social Responsibility (CSR) reports and provide GHG emissions and en-
vironmental data128. The quality and scope of  these CSR reports varies considera-
bly. For example, Lockheed Martin includes the “use of  sold products” within its 
emission data, whilst the data from many other military technology companies is 
far less complete.  
 
 Some technologies offer carbon reductions and military advantages at the 
same time. Fitting vehicles with hybrid or electric engines reduces the signature 
from noise, emissions and heat, which means, the vehicles can be far less easy for 
the enemy to find on the battlefield. Becoming more self- sufficient in deployable 
bases through renewable energy, recycling water and potentially growing food in 
vertical farms129, all reduces the need for resupply patrols, or logistic supply lines, 

128 CSR policies aim to guarantee that companies work ethically, considering human rights as well as 
the social, economic and environmental impacts of what they do as a business. 
129 Vertical farming is the practice of growing crops in vertically stacked layers. It often incorporates 
controlled-environment agriculture, which aims to optimize plant growth, and soilless farming tech-
niques such as hydroponics, aquaponics, and aeroponics.  
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thereby freeing up those troops for other duties, reducing emissions and increasing 
resilience. 
 
 It is essential that militaries measure and report on the emissions from their 
large and complex supply chains130, which are significantly greater than the emis-
sions from military fuel and energy use. Decarbonization includes measuring cur-
rent emissions, reductions over time and how much can be mitigated by sequestra-
tion and other methods. The more any organization decarbonizes, the more reliant 
on data it becomes. Collecting the data will rely on technological solutions such as 
sensors. These allow organization to gather and analyze the emissions of  every-
thing from brake pads to buildings. Data analytics can at present achieve a level of  
insight that extends beyond a description of  past behavior and instead use data 
strategically to look ahead at future possibilities. Known as predictive analytics, this 
new application can help decarbonization by offering updates on key metrics in real 
time.  

130 A supply chain is a collection of corporations that encompasses both forward and backwards flows 
of information, services, finance, and products from primary suppliers through channel affiliates to 
customers or end users.  
131 A greenhouse gas inventory is an accounting of greenhouse gases (GHG) emitted to or removed 
from the atmosphere. An inventory will list, by source, the amount of pollutants emitted to the atmos-
phere during a given time period (annual emission estimates from a base year to the latest year).  

2.3 GHG emissions accounting and reporting 

 Efforts to reduce greenhouse gas emissions, and thus to limit global warming 
are helped by having accurate information about emission levels, trends, and the 
policies and measures aimed at improving them. However, reducing emissions ne-
cessitates a precise understanding of  their sources. This is where greenhouse gas 
accounting comes into picture. Carbon accounting is the process of  calculating 
GHG emissions. Although there are a number of  different GHGs to consider, the 
term carbon accounting comes from the harmonization of  emissions into what is 
referred to as carbon dioxide equivalents, or CO₂e. To estimate total CO₂e, organi-
zations need to compile operational information like fuel combustion for process 
or comfort heat, as well as greenhouse gas emissions in the supply chain. 
 
 Carbon accounting, also known as a greenhouse gas (GHG) inventory, is the 
process by which organizations quantify their GHG emissions131. Quantifying 
emissions provides insights to organizations so that they may understand their cli-
mate impact and set goals to limit their emissions. Policymakers use inventories to 
establish a baseline for tracking emission trends, developing mitigation strategies 
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and policies, and assessing progress (Wartmann et al., 2017)132. Current carbon ac-
counting and reporting practices remain unsystematic and not comparable, particu-
larly for emissions along the value chain (so-called scope 3 emissions). 
 
 National assessments of  GHG emissions are compiled by government bod-
ies using the Guidelines for National GHG Inventories published by the IPCC133. 
All nations that are signatories of  the UN Framework Convention on Climate 
Change (UNFCCC) and the range of  protocols and agreements that operationalize 
it, including the 1997 Kyoto Protocol, and the Paris Agreement, are required to 
compile such assessments. These are used as a basis for emissions reduction tar-
gets. Some governments, including the UK, have started to publish figures for their 
national carbon footprint. 
 
 Reporting emissions requires that a robust system of  carbon accounting is in 
place enabling quantification, monitoring and disclosing of  GHG emissions in a 
transparent method that follows a universally accepted standard. The GHG Proto-
col arouse out of  the need to help countries account for, report, and mitigate emis-
sions, based on a report that identified an action agenda to address climate change 
that included the need for standardized measurement of  GHG emissions134. It pro-
vides accounting and reporting standards, sector guidance, calculation tools, and 
training for businesses and government. The GHG Protocol establishes a compre-
hensive, global, standardized framework for measuring and managing emissions 
from private and public sector operations, value chains, products, and policies. A 
new universal method for logistics emissions accounting was launched in 2016 in 
collaboration with the World Resource Institute (WRI) and the Greenhouse Gas 
Protocol. It is called the GLEC framework (Global Logistics Emissions Council). 
Voluntary corporate carbon reporting standards and frameworks complement the 
GHG Protocol with the aim to ensure consistency, reliability, and completeness. 
Prominent examples are the Global Reporting Initiative (GRI) standards, the Sus-
tainability Accounting Standards Board (SASB) standards and the International In-
tegrated Reporting (IR) framework provided by the International Integrated Re-
porting Council (IIRC) (Klassen & Stoll, 2021)135. 
 

132 Wartmann, MRV/GHG Team. “Introducing national greenhouse gas inventories”. In ClimaEast- 
Support to Climate Change Mitigation and Adaptation in Russia and ENP East countries, 28 March 2017. 
133 IPCC (2020). Task Force on National Greenhouse Gas Inventories Program, https://www.ipcc-
nggip.iges.or.jp/index.html. 
134 Greenhouse Gas Protocol is a common approach to emissions reporting set out by independent 
bodies, the World Resource Institute (WRI) and the World Business Council for Sustainable Develop-
ment (WBCSD).  
135 Klassen, Stoll. “Harmonizing corporate carbon footprints”. In Nature Communications, 12, Article 
number: 6149 (2021).  

https://www.ipcc-nggip.iges.or.jp/index.html.
https://www.ipcc-nggip.iges.or.jp/index.html.
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Defence departments will encounter challenges when attempting to reduce the 
emissions for which they are directly responsible because of  the primacy of  having 
mission-critical capability. The other reasons also include long equipment life cy-
cles, which means fossil-fueled-powered equipment in use now, or coming into ser-
vice shortly, will be fielded in 2050. In consequence, a complete elimination of  all 
defence emissions is unlikely by 2050. A net-zero defence force will therefore need 
to find ways to compensate for these remaining emissions, such as by pursuing off-
sets in countries with high climate change risk or by pushing for decarbonization 
beyond their own missions. Without a common approach to reporting, it is not 
possible to compare between militaries, and it is difficult to judge the performance 
of  countries. While NATO is showing leadership on military emissions reporting, 
it is vital to find a way working towards a global standard and level playing field for 
military emissions, as part of  a global GHG accounting. 
 
 Organizational GHG emissions assessment measures the organization’s car-
bon footprint by quantifying the total amount of  greenhouse gases the organiza-
tion produces, whether directly or indirectly from organization’s activities within a 
set of  boundaries136. To understand an organization’s carbon footprint, the first 
step is to calculate the emissions linked with the entities activities, also within the 
supply chain. For this, organizations may choose between four different carbon ac-
counting methods: supplier-specific-; physical unit method, spent-based and hybrid 
methods. 
 
2.3.1 Key methods of  greenhouse gas accounting 
 
 Much of  the existing research analysis on emissions and climate policy are 
dominantly based on emissions data provided by production-based accounting 
(PBA) system. There are mainly two different approaches in measuring human in-
duced GHG emissions: production-based accounting (PBA) and consumption-
based accounting (CBA). Territorial or production-based accounting calculates 
emissions that are generated from the domestic production of  goods and services 
irrespective of  whether they are consumed domestically or are exported. The pro-
duction-based emissions of  a nation or organization are those from sources within 
the national (or organizational territorial boundaries). Such emissions may also in-
clude those from sources that are deployed internationally, but are owned by the 
national government (or organization), for example, military ships and aircraft. Na-
tional GHG inventories – as discussed below – are the most common form of  
production-based emissions. However, PBA provides an incomplete picture of  
driving forces behind these emission changes and impact of  global trade on emis-
sions, simply by neglecting the environmental impacts of  consumption. To remedy 

136 Boundary is the limit defining which emissions to include in a greenhouse gas inventory.  
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this problem, several studies propose to consider national emissions calculated by 
consumption-based accounting (CBA) systems in greenhouse gas assessments for 
progress and comparisons among the countries. 
 
 The consumption-based emissions of  a nation or organization are those that 
occur as part of  the lifecycle of  activities necessary to support that consumption. 
Hence, these activities include extraction of  raw materials through manufacture 
and use to disposal of  waste products, regardless of  where in the world they hap-
pen or who owns them. This approach is argued to be more appropriate in that 
emissions are assigned to those nations whose consumption is responsible for driv-
ing them. This methodology permits the evaluation of  those environmental im-
pacts associated with all stages of  a product or process. Another is the input-
output model, which analyses the interdependence of  those industries within an 
economy. The input-output analysis is a top down model able to take into account 
transactions between activities measured in monetary units and extend them at the 
environmental level in terms of  GHG emissions. Environmental impact analysis 
studies’ using inter-industry analysis have ranged from analyzing the impact of  
changes in final demand on energy and the environment, to the study focusing on 
energy consumption and the environmental impact of  international trade. This 
method has been found to be an effective and widely used method to analyze the 
indirect CO₂ emissions in the construction industry. Using these methodologies, 
Berners-Lee (2010) calculated that during the Iraq war (2003-2009) a carbon foot-
print equivalent to that of  the entire UK economy was accumulated in an estimated 
period between 3 and 8 months. 
 
 A recent study was based on the same methodology in order to assess the life 
cycle of  GHG emissions in the Norwegian defence sector (Sparrevik & Utstøl, 
2020)137. The authors estimated GHG emissions from all Norwegian defence sec-
tor activities in 2017, referencing the methodology used by the IPCC to formulate 
national GHG emission inventories. The classification of  these activities is found 
in table 5. The results attained by Sparrevik & Utstøl (2020) show that the main 
source of  military GHG emissions stem from fossil fuel combustion in military ve-
hicles, ships and aircraft, and represents approximately 50% of  all emissions from 
the Norwegian defence sector. According to data from the U.S. (Belcher, Bigger, 
Neimark, & Kennelly, 2019)138, the main GHG emitter within the branches of  the 
armed forces is the Air Force (over 50% of  all emissions), followed by the Navy, 
the Army and the Marines. 

137 Sparrevik &Utstøl. “Assessing life cycle greenhouse gas emissions in the Norwegian defence sector 
for climate change mitigation”. In Journal of Cleaner Production 248 (2020). 
138 Belcher, Bigger, Neimark, & Kennely (2019). “Hidden carbon costs of everywhere war: Logistics, 
geopolitical ecology, and the carbon boot print of the US military”, Transactions of the Institute of 
British Geographers, pp. 1-16.  
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Table 5. Inventory of the Lifecycle of Operational Activities in the Defence sector
139

 

  Type and methodology Activity Description 

Scope 1 GHGs generated within ter-
ritorial or organizational 
limits (also at an interna-
tional level, provided that 
they are “owned” by the na-
tional government. 
  
Official public sources and 
annual reports of  the com-
panies 

Fuel consumption Use of  fossil fuels from mil-
itary vehicles, ships and air-
planes 

Heating of  build-
ings 

Emissions from heating and 
cooling buildings 

Use of  munitions Gunpowder combustion 

Use of  chemical 
products 

Decomposition of  refriger-
ant substances in air, water 
and soil 

Fugitive emissions Emissions of  ozone-
depleting substances from 
heat pumps air  conditioning 
machines 

Scope 2   Purchased energy Purchased  and se l f -
produced electricity, and 
emissions from heating pro-
duction 

Scope 3 GHGs from military activi-
ties, but the sources are not 
owned or controlled by the 
state/organization. 
  
To estimate the carbon 
footprint, economic input-
output models have been 
developed using military 
spending data 
  
  
  

Vehicles, ships and 
aircraft 

Production of  vehicles, 
ships and aircraft 

Munitions Production of  munitions 

Fuel Production of  fuel for vehi-
cles and heating 

Production of  
chemical products 

Emissions from anti-freeze 
production 

Goods transport Contractors’ services for 
transportation of  military 
goods, including mainte-
nance 

Suppliers of  water Drinking water used and 
treated waste water 

Purchase of  goods 
and services 

ICT equipment, educational, 
administrative and economic 
services. Operating cost of  
own machines and equip-
ment. Purchase of  uni-
forms, food and various ma-
terials 

139 Scope 1: GHG emissions are related to the use of fossil fuels. Scope 2: GHG emissions, which may 
be related to energy production. Scope 3: Indirect GHG emissions, which may occur in the supply 
chain phases. Their contribution to global life cycle emissions are considerable, especially in the mili-
tary sector. Scopes 1 and 2 are subject to mandatory publishing requirements.  
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Buildings and con-
struction 

Construction of  buildings 
and infrastructures, in-
cluding maintenance 

Business trips Emissions from personal 
transport with civilian ve-
hicles (air and car 
transport) 

Water treatment Consumption of  drinking 
water and treatment of  
waste water 

Waste processing The waste products pro-
duced in the organization 
are divided into the recov-
ery of  goods, energy gen-
eration and elimination 

Source: Adapted from article by Sparrevik & Utstøl, 2020 “Assessing life cycle greenhouse gas emissions in the 
Norwegian defence sector for climate change mitigation”. 

 

 
 
 

Basically, the greenhouse gases from burning 

140 The Conflict and Environment Observatory and Scientists for Global Responsibility carried out a 
study “Under the Radar: The Carbon Footprint of Europe’s Military Sectors” in 2020 which conclud-
ed that overall, the transparency and accuracy of GHG emissions reporting within the military sectors 
examined in the study was found to be low.  
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2.3.2 Basic reporting principles of  GHG emissions 
 
 There are certain direct benefits to any organization in measuring and report-
ing of  environmental performance as it will benefit from lower energy and re-
source costs. Through understanding organization’s operations it is important to 
have a clear understanding of  where the main environmental impacts occur. These 
are likely to fall into one or more of  six categories: greenhouse gases, water, waste, 
materials and resource efficiency, biodiversity and emissions to air, land, and water. 
The present subsection will deal with military GHG reporting, special focus is paid 
on the basic reporting principles of  greenhouse gas emissions. 
 
 Military GHG reporting and carbon management must drive whole life 
GHG reductions throughout military activities and the military supply chain. There 
are five essential requirements for a GHG reporting framework, namely: to be rele-
vant, comprehensive, consistent, accurate and transparent as depicted in Figure 6. These 
principles are intended to underpin all aspects of  greenhouse gas accounting and 
reporting to ensure that the reported information represents a faithful, true, and 
fair account of  an organization’s GHG emissions143. Clearly defined principles are 
essential elements of  GHG accounting and reporting guidelines, protocols, and 
standards to address the unavoidable expert judgements that must be applied to ad-
dress ambiguities in these documents. For example, the IPCC guidelines identify 
transparency, accuracy, completeness (time series) consistency, and comparability as 
it foundational data quality principles. The standard approach to calculating and re-
porting GHG emissions can be set nationally, for example, in the United Kingdom 
it is set out by Defra’s Company Reporting Guidelines144. These in turn are based 
on the established international approach created by the Greenhouse Gas Protocol. 

141 Larsen, Hertwich (2009). “The case for consumption-based accounting of greenhouse gas emis-
sions5to promote local climate action”. In Environmental Science policy 12 (7), pp. 791-798. 
142 Mission-critical capabilities refer to the ability to achieve a desired effect in a specific operating en-
vironment. 
143 World Resource Institute (2021). “GHG Accounting and Reporting Principles”. Standard Guid-
ance, Chapter 1.  
144 Carrot & Sticks (2019). “DEFRA Environmental Reporting Guidelines: Including streamlined ener-
gy and carbon reporting guidance”. UK. See also HM Government (2019). “Environmental Reporting 
Guidelines: Including streamlined energy and carbon reporting guidance”. March 2019 (Updated In-
troduction and Chapters 1 and 2).  
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Figure 6. Essential components for military greenhouse gas reporting. 

Source: Adapted from “A framework for military greenhouse gas emissions reporting” (Conflict and Environment 
Observatory, 2022). 

 The principle of  “relevance” is included in most major GHG accounting 
protocols and standards, but not in the IPCC Guidelines. It helps to ensure that the 
GHG inventory appropriately reflects the GHG emissions of  the organization and 
serves the decision-making needs of  users – both internal and external to the or-
ganization. GHG Inventory Boundary is the scope of  the assessment in terms of  
the range of  GHG effects (and non-GHG effects, if  relevant) sources and sinks, 
and greenhouse gases that are included in the assessment. An inventory boundary 
identifies the gases, emissions sources, geographic area and time span145. It is de-
signed to provide an entity with a comprehensive understanding of  where emis-
sions are coming from as well as an indication of  where it can take action or influ-
ence change.  
 
 Similarly, all of  these protocols, standards, and guidelines follow the IPCC’s 
and UNFCCC’s good practice lead for making judgements and include the princi-
ples of  accuracy (i.e. minimization of  estimation uncertainties, completeness (i.e. avoid-

145 An entity’s GHG Inventory Boundary may involve: (1) a geographic GHG Boundary; (2) a time 
period; (3) identifying emissions associated with its operations; (4) categorizing emissions as Direct 
GHG Emissions and Indirect GHG Emissions; and (5) choosing the scope of accounting and report-
ing for indirect emissions.  
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ing omissions and double counting in estimates, and consistency in the time series of  
estimates prepared. All relevant emissions sources within the chosen inventory 
boundary need to be accounted for so that a comprehensive and meaningful inven-
tory is compiled. In practice, a lack of  data or the cost of  gathering data may be a 
limiting factor.  
 
 Sometimes it is tempting to define a minimum emissions accounting thresh-
old (often referred to as a materiality threshold) stating that a source not exceeding 
a certain size can be omitted from the inventory. Technically, such a threshold is 
simply a predefined and accepted negative bias in estimates (i.e., n underestimate). 
In order to utilize a materiality specification, the emissions from a particular source 
or activity would have to be quantified to ensure they were under the threshold. A 
threshold is often used to determine whether an error or omission is a material dis-
crepancy or not. For cases where emissions have not been estimated, or estimated 
at an insufficient level of  quality, it is important that this is transparently document-
ed and justified. The use of  consistent methodologies allow for meaningful com-
parisons of  emissions over time. It is important to transparently document any 
changes, inventory boundary, methods, or any other relevant factors in the time se-
ries. Where methodologies, as more accurate data becomes available, this should be 
indicated. 
 
 Users of  GHG information will want to track and compare GHG emissions 
information over time in order to identify trends and to assess the performance of  
the reporting organization. The consistent application of  accounting approaches, in-
ventory boundary, and calculation methodologies is essential to producing compa-
rable GHG emissions data over time. The GHG information for all operations 
within an organization’s inventory boundary needs to be compiled in a manner that 
ensures that the aggregate information is internally consistent and comparable over 
time. If  there are changes in the inventory boundary, methods, data or any other 
factors affecting emission estimates, they need to be transparently documented and 
justified. 
 
 Distinct from consistency is the principle of  comparability between the GHG 
inventories and estimates for different entities. Comparability is not universally in-
cluded as a principle across GHG protocols and standards. The IPCC Guidelines 
for national GHG inventories includes comparability, yet most other major GHG 
accounting references have neglected this obviously fundamental principle (ISO, 
2018, WRI, 2011, 2014)146. 

146 International Organization for Standardization. “ISO 14064-1”, Geneva (2018); World Resources 
Institute. “Product Life Cycle Accounting and Reporting Standard”, Washington D.C (2011); “Policy 
and Action Standard” (2014).  
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 Data should be sufficiently precise to enable intended users to make deci-
sions with reasonable assurance that the reported information is credible. GHG 
measurements, estimates, or calculations should be systematically neither over nor 
under the actual emissions value, as far as can be judged, and that are uncertainties 
reduced as far as practicable. The quantification process should be conducted in a 
manner that minimizes uncertainty. Reporting on measures taken to ensure accura-
cy in the accounting of  emissions can help promote credibility while enhancing 
transparency. 
 
 Users of  GHG information will want to track and compare GHG emissions 
information over time in order to identify trends and to assess the performance of  
the reporting organization. The consistent application of  accounting approaches, 
inventory boundary, and calculation methodologies is essential to producing com-
parable GHG emissions data over time. The GHG information for all operations 
within an organization’s inventory boundary needs to be compiled in a manner that 
ensures that the aggregate information is internally consistent and comparable over 
time. If  there are changes in the inventory boundary, methods, data or any other 
factors affecting emission estimates, they need to be transparently documented and 
justified. 
 
 Transparency should be seen as a meta-principle. Without transparency – 
through the disclosure of  GHG accounting data inputs, methodologies, and as-
sumptions – none of  the other data quality principles can express themselves. Un-
surprisingly, all major GHG accounting protocols, standards, and guidelines include 
this principle of  principles used in each major GHG reference (IPCC, 2006; ISO, 
2018; WRI, 2011)147. Transparency is especially important for building trust and 
confidence in the effectiveness of  military climate and GHG reductions policies. 
Regular reporting helps to assess progress towards GHG commitments, and identi-
fy where further support is necessary. Transparency efforts are particularly im-
portant around military emissions in the context of  the historic reticence of  some 
countries to publish data on perceived national security grounds.  

147 “IPCC Guidelines for National Greenhouse Gas Inventories”, Volume 1, Japan, (2016); Interna-
tional Organization for Standardization. “ISO 14064-1”, Geneva (2018); World Resources Institute. 
“Product Life Cycle Accounting and Reporting Standard”, Washington D.C (2011).  
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CHAPTER 3  

 CASE STUDIES ON MILITARY CARBON ACCOUNTING  

METHODOLOGY 

 International militaries have set ambitious environmental targets, most no-
ticeably based around radical reductions in energy consumption, reliance on fossil 
fuels and carbon emissions. Although activities aimed at green transition have been 
going on in the NATO and EU for some years, this topic has not received much 
attention. NATO only started seriously addressing a green transition at its 2021 
summit and at present there is great interest in reducing carbon emissions from 
military activities and establishments. For example, the U.S. administration has an-
nounced that addressing climate change must be a key element of  America’s na-
tional defence and security policy. The U.S. Department of  Defence and the ser-
vices are continuing to mitigate GHG emissions and enhance energy security 
through increased electrification, adoption and deployment of  electric vehicles, as 
well as installing microgrids on installations. In the European Union, there is a 
strong movement towards green transition, including through the European De-
fence Fund (EDF), which inter alia, focuses on green technologies in the European 
defence industry. 
 
 There are certain countries in Europe, which can be considered frontrunners 
in this field: Denmark and the United Kingdom. Denmark is a pioneer on green 
transition when it comes to technological advances and willingness to make sup-
portive political decisions about ambitious targets. For example the Danish Armed 
Forces are already engaged in the green transition and for years have focused on 
reducing the consumption of  energy. The Royal Danish Air Force could become 
the first air force in the world to use electric aircraft operationally, depending on 
the outcome of  a two-year trial that started in 2021. Two airframes purchased from 
electric aircraft manufacturer Pipistrel will help the air force investigate whether the 
technology can be used operationally. The two-year test out phase of  the electric 
aircraft will help to uncover the maturity of  the technology and identify if  electric 
planes could be included as part of  the air force’ tasks in the future (State of  
Green, 2021)148. These efforts are being further strengthened in the Ministry of  
Defence’s “Green Action Plan 2021-2025” aimed at supporting the Government’s 
ambition to reduce carbon emissions by 70 percent by 2030 (The Danish Govern-
ment, 2021)149. 

148 State of Green. “First air force with electric aircraft”. 18 October 2021. 
149 Ministry of Industry, Business and Financial Affairs, Ministry of Defence, Ministry of Foreign Af-
fairs, Ministry of Higher Education and Science (2021). “National Defence Industrial Strategy of the 
Danish Government: Strengthened co-operation for Danish security”.  
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 In the United Kingdom, different sectors within the overall framework of  
public services have declared their decarbonization plans. Defence sector has emis-
sions in almost every sector of  the UK’s Net Zero Strategy150 covering transport 
through agriculture and industry. For example, emissions from the UK’s based es-
tate as measured through the Greening Government Commitments (GGC)151, 
alone account for 51.5% of  Central Government emissions. In its 2020 progress 
report152, the UK Climate Change Committee (CCC) suggested that the MoD de-
carbonize buildings and fleets, and assess the potential for alternative fuels for land 
vehicles, ships, and aircraft.  However, the MoD does not just use energy for heat-
ing and lighting buildings, fossil fuels are used to generate electricity (both grid and 
self-generated) for use to power ships alongside, air traffic and defence radars, digi-
tal assets, training simulators and a range of  industrial processes. Therefore, the 
pace at which defence can decarbonize is not only linked to the use of  fossil fuel to 
produce heat but also to the utilization of  the building stock and its linkage to the 
generation of  military capability. 
 
 As aviation emissions account for three-quarters of  UK Royal Air Force 
(RAF) carbon emissions and half  of  the Ministry of  Defence’s footprint, an ambi-
tious strategy has been outlined153. By 2025, the RAF intends to have created its 
first net-zero airbase, with the entire estate net zero by 2030. By 2040, the service 
intends to be carbon net balanced - 10 years ahead of  Defence’s scheduled 
timeframe. This ambition might be prudent given the latest UN reporting, but 
equally runs the risk of  befitting on technology too early, before the science has 
been proven.  
  
 This chapter at first gives an overview of  the climate policies in Denmark 
and the United Kingdom, thereafter the main takeaways from the strategic docu-
ments and main initiatives in the defence sector are provided. A special attention is 
paid to the carbon accounting methods and measures focusing more on military in-
frastructure, equipment and logistics. 
 

150 The “Net Zero Strategy: Build Back Greener” (2019) sets out policies and proposals for decarbon-
izing all sectors of the UK economy to meet the net zero target by 2050. 
151 Scope set for MoD Greening Government Reporting for 2015-20. 
152 Climate Change Committee (2020). “Reducing UK emissions: 2020 Progress Report to Parlia-
ment”. London, UK. 
153 The strategy is divided into three areas: net-zero aviation, estate and Business-as-Usual.  
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3.1 Denmark  

 In recent years, Denmark has steadily emerged as a leader and role model in 
the global green energy transition. Its greenhouse gas (GHG) emissions since 2010 
have been reduced at greater pace than those of  the European Union (EU) aver-
age. In the 2018 Energy Agreement, the Danish Parliament agreed that Denmark 
will have net-zero emissions by no later than 2050. This means that the country can 
only have very few emissions, which must be counterbalanced by an equal uptake 
of  greenhouse gases from the atmosphere. From its highly publicized success in 
offshore wind, to its ambitious goal of  cutting GHG emissions by 70% by 2030 - 
which would put Denmark as a European and global frontrunner, with only Fin-
land being more ambitious. Given the recent announcements and climate goals set 
by the European Commission led by Ursula von der Leyen, Denmark serves as an 
interesting case study for other European and world nations like how to embark on 
their own energy transitions. 
 
 The Danish government has a clear ambition: the country should be inde-
pendent of  fossil fuels by 2050. A key element in fulfilling the target is energy effi-
ciency, along with an increased use of  renewable energy. Energy efficiency will re-
duce energy consumption and it is together with renewable energy and electrifica-
tion an important element in a cost-effective strategy to meet the long-term objec-
tives. The actual government has set an objective that renewable energy in 2030 
shall cover at least 55% of  gross final energy consumption. In 2021, Denmark 
pledged to end oil and gas explorations by 2050, reinvesting those funds into re-
training workers for jobs in greener technologies. More recently, the country an-
nounced the construction of  an artificial island in the North Sea that would house 
an enormous wind farm, supplying energy and storage for Denmark and other 
neighbouring countries.  
 
 The Danish Climate Act which was adopted in 2020 and amended in 2021154 
sets a target to reduce Denmark’s emissions by 70 percent in 2030 compared to 
1990 and climate neutrality by 2050. The United Nations’ accounting rules are used 
to calculate greenhouse gas emissions and reductions against the target. The Dan-
ish Government’s new long-term strategy on global climate action sets the direc-
tion for Denmark’s international climate efforts. In addition to the energy sector, 
such as agriculture, transport and industrial manufacturing play a key role in the cli-
mate fight, as they account for a large and growing share of  resource consumption 
and global greenhouse gas emissions. Green technologies, energy efficiency, effec-
tive use and reuse of  resources, new methods of  cultivation and production in agri-

154 The Act was amended in December 2021 to include the emission reduction target for 2025 of 50-
54%.  
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culture, reduced deforestation, innovation and new technologies are all necessary to 
counteract and adapt to climate change. Establishing circular economy is thus also 
a core element of  the green transition155. 
 
 Closing the gap between current climate change mitigation policies and those 
needed to deliver on the Paris Agreement’s temperature targets requires significant 
scaling up of  policy ambition. Policy action that aims to reach a minimum level of  
effective carbon prices can increase countries’ ability to implement ambitious cli-
mate change policies, including carbon taxes and emission trading schemes Carbon 
pricing is a tool increasingly used to translate greenhouse gas emissions into a fi-
nancial cost, and can be used by governments to help reduce emissions and meet 
climate goals. There are different pricing mechanisms in place such as emissions 
trading schemes, carbon taxes and internal carbon pricing. They are all related, but 
each has its own logic to determine the carbon price. Emissions trading schemes – 
or carbon markets – are part of  the toolbox of  governments to reduce greenhouse 
gas emissions. Many other initiatives have followed the establishment of  the Euro-
pean Union Emission Trading Scheme (EU ETS) in 2005. Denmark also partici-
pates in the EU ETS, which covers power generation and manufacturing industries 
(26% of  greenhouse gas emissions). To reduce carbon emissions even further 
would require removing an estimated 20 million tons of  carbon from the Danish 
economy. The Danish Council on Climate Change has proposed to introduce a 
uniform carbon tax across all sectors, which would be the same level for all of  the 
sectors. Under carbon tax schemes, governments set the price of  pollution while 
markets determine the amount of  pollution – companies can pollute and pay the 
tax or reduce emissions to avoid it. While there is general agreement that carbon 
pricing should be the centrepiece of  Denmark’s climate mitigation strategy, pricing 
needs to be effective, address equity and leakage concerns156 and be reinforced by 
additional measures at the sectoral level (Batini et al., 2020)157.  
 
3.1.1 Emissions reporting in the Danish Ministry of  Defence – strategic doc-
uments and the major initiatives 
 
Building on the Danish tradition for public-private partnerships and recognizing 
the private sector as a central actor, the Danish government has formed 14 climate 

155 Danish Foreign Ministry (2020). “A Green and Sustainable World: the Danish Government’s long-
term strategy for global climate action”. 
156 Carbon leakage refers to the situation that may occur, if, for reasons of costs related to climate poli-
cies, businesses were to transfer production to other countries with laxer emission constraints. This 
could lead to an increase in their total emissions. 
157 Batini, Barry, & Wingender. “Climate Mitigation Policy in Denmark: A Prototype for Other Coun-
tries”. IMF Working Paper 20/235. 
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partnerships, including defence. The climate partnership on defence, launched in 
the spring of  2021 would underpin a certain security of  supply and thereby in-
crease Denmark’s resilience. Overall, this will require harmonizing the approach 
and prioritizing efforts with resources as well as competences. New types of  part-
nerships will also be required between the armed forces, trade, industry and aca-
demia, as many new solutions are developed in the civilian sector. With the war in 
Ukraine, the need to become independent of  fossil fuels and more energy-efficient 
has taken on a new security policy dimension. For example, in the future, the Dan-
ish Defence Forces must use Power-to-X based fuels for propulsion and therefore 
be linked to current private-sector initiatives to build production and supplies158. 
Until the Power-to-X technology matures, they have to test the use of  alternative 
fuels such as biofuels via the advances taking place in the civilian aviation industry 
and the maritime domain.  
 
 Military operations nationally and abroad often have a significant impact on 
the environment. Oil-based fuels are by far the most dominant energy source for 
aircraft, ships and land vehicles, as well as for providing electricity and heating, not 
only for the deployed forces, but also for base installations in the Arctic and other 
remote locations such as the island of  Chrtiansø in the Baltic Sea. Large amounts 
of  diesel fuel and other cargo are often transported to remote and/or dangerous 
areas, with increased risk to personnel and equipment. By consistently including a 
green element in planning, execution and evaluation of  operative deployments, a 
reduction in logistical needs and energy consumption is enabled. Consequently, this 
may lead to significant environmental benefits that ultimately could increase effi-
ciency in the mission areas. Additionally, this may also result in lowering the cost of  
operations (Danish Ministry of  Defence, 2015)159. 
 
 Carbon emissions from the Danish Armed Forces amount approximately 
0.5% of  Denmark’s total CO₂ emissions. Approximately 82 percent comes from 
propellants, particularly those used by the Navy and the Air Force; 15 percent from 
buildings; and the remaining approximately 2 percent comes from non-operational 
transport activities and similar tasks. Today, the overall emissions of  the Danish de-
fence sector are approximately 254,000 tons CO₂ e160.   
 
 To date, the Danish Ministry of  Defence (MoD) has concentrated its green 
initiatives within its administrative department, the MoD Estate Agency and the 

158 Power-to-X is a number of electricity conversion, energy storage, and reconversion pathways that 
use surplus electric power, typically during periods where fluctuating renewable energy generation ex-
ceeds loads. It is the umbrella term for both hydrogen electrolysis and a series of steps that can be add-
ed to yield products such as green hydrogen, e-methanol, and e-ammonia, among others. 
159 The Danish Ministry of Defence. “Environment and Energy Strategy 2016-2020”.  
160 The Danish Government’s Climate Partnerships. “Climate partnerships for a greener future”.  
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MoD Acquisition and Logistics Organization, and only to a very limited degree in 
Defence Command Denmark, the Home Guard and the Emergency Management 
Agency. Ministry of  Defence operative tasks are performed by three agencies: the 
Defence Command, the Emergency Management Agency and the Home Guard 
Command. The Defence Command161 is the overall military authority under the 
MoD and is responsible for the development, formation, and deployment of  the 
MoD’s operative capabilities to perform national and international tasks. The 
Home Guard Command and the Emergency Management Agency play an active 
role in the general emergency response preparedness. The Emergency Management 
Agency is a civilian authority under the MoD that works to ensure the robustness 
of  society in case of  accidents and disasters and to prevent injury to people and 
damage to property or the environment. The Home Guard Command is a military 
organization that makes its capacities, primarily volunteers, available for the entire 
society. The Home Guard Command supports, as part of  the armed forces, other 
agencies and authorities under the MoD in performing their tasks. 
 
 Common for the operative work in the three agencies is that they operate in 
the land, maritime and air domain on a daily basis at home as well as abroad. For-
ward operating bases (FOBs) are built and operated under very diverse climatic 
conditions and with demanding requirements for personnel and equipment. There 
is a common need for logistical solutions to ensure mobility, flexibility and safety. 
 
3.1.2 Environmental Policy, Energy Management, and Climate Accounts 
 
 The Danish Ministry of  Defence has had a number of  environmental and 
energy strategies in place since 1993 (Danish Ministry of  Defence, 2015)162. The 
Defence Ministry’s aim is to create improved conditions for environment, nature 
and climate when performing its core tasks by limiting the amount of  waste, 
achieving lower energy consumption, and by reducing impacts on the surrounding 
ecosystem, the air and the marine environment.  At present, the Defence Ministry 
has a Green Action Plan 2021-2025163, covering initiatives within climate, energy, 
environment and nature. The MoD is one of  Denmark’s largest governmental 
workplaces with more than 20,000 employees and establishments all over the coun-
try. The wide range of  tasks both in Denmark and abroad requires many resources, 
affects the environment, and causes greenhouse gas emissions. 
  

161 The Defence Command includes the Army, the Royal Danish Army, the Royal Danish Air Force, 
the Joint Arctic Command and the Special Operations Command. 
162 The Danish Ministry of Defence. “Environment and Energy Strategy 2016-2020”. 
163 The focus will still be on reducing energy consumption, increasing energy efficiency and work on 
green transition of the entire organization. 
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 There are many ways to economize energy use, with many technologies and 
systems available to monitor and reduce consumption. An energy management sys-
tem is a framework for implementing technical and management strategies that will 
significantly cut energy costs and greenhouse gas emissions over time. System com-
ponents include the creation of  an energy policy, objectives for improving the effi-
cient use of  energy, a timeline with target dates for meeting objectives and an ac-
tion plan that specifies exactly how the organization’s objectives will be met.  
 
 The accentuated importance of  energy management has resulted in the intro-
duction of  ISO50001 standard on energy management system (EnMS). This stand-
ard is designed to support organization in all sectors by providing a practical way to 
improve energy use, through the development of  an energy management system. 
ISO50001 uses the plan-do-check-act framework, which is also supported by the 
U.S. Department of  Energy. As seen in Figure 7, Plan-Do-Check-Act cycle consists 
of  five clauses i.e. Energy Policy, Planning, Implementation, Monitoring, Correc-
tive Action and Management Review (Eccleston et al., 2012)164. 

Figure 7. Plan-Do-Check-Act 

Source: Adapted from the “Energy Management- Plan Do Check Act”. Emerson, Automation Experts Blog (30 
August 2016). 

164 Eccleston, March, and Cohen “Developing and Managing an ISO50001 Energy Management Sys-
tem”. Congressional Research Service, 2012.  
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 During the planning phase, the organization sets objectives and targets, using 
current energy efficiency measurements to establish a baseline. During the do phase, 
the organization implements actions to improve energy efficiency. During the check 
phase, the organization measures and evaluates its energy performance and com-
pares the results to its baseline. During the act phase, the organization decides what 
changes to make to improve energy performance. 
 
 Efficient and effective energy management165 is also fundamental to defence 
sector. Energy management in the building is recognized as one of  the critical top-
ics for better sustainability since the fixed installations are responsible for one-third 
of  total energy consumption. Different technological applications help to identify 
trends, problems, and areas of  improvement in energy use. This data helps to es-
tablish the energy baseline in order to be able to develop suitable energy efficiency 
measures that can target Significant Energy Use (SEU)166 areas, and gathering this 
data also means that energy reductions from proactive improvements can be quan-
tified.  
 
 Since 2012, Ministry of  Defence (MoD) publishes its annual overview of  the 
energy consumption and climate impact of  the entire organization’s activities in the 
“Carbon Account”167. The main idea behind developing the climate accounts is to 
be used actively as part of  the decision-making process, such as the choice of  ac-
tions for emission reductions.  With the cut-of-date the end of  September every 
year, the MoD will publish climate accounts for the previous year with an accom-
panying management report. Based on the climate accounts, the MoD will identify 
focus area for reducing nitrogen compounds (NOₓ), sulphur dioxide (SO₂) and par-
ticle emissions (PM₁₀). These emissions are used to describe the emissions of  the 
MoD with the greatest impact on the local environment. Since 2017, it is possible 
to set percentage targets for CO₂ reductions, while still considering the achieve-
ment of  maximum operative energy.  
 
 These accounts are based on available data but not broken down by activity. 
The most recent and in English available “Carbon Account 2020” includes two ap-
pendixes that provides a more detailed deep-dive into the calculation methods and 
the reasoning underpinning the use of  method (Emissions Factors and Accounting 
Data)168. The Carbon Account 2020 also documents that the MoD meets the re-

165 Energy management is the process of tracking and optimizing energy consumption to conserve us-
age in a building. 
166 Significant energy uses (SEU) are energy uses identified by the organization as having substantial 
energy consumption and/or considerable potential for improvement. 
167 The Danish Ministry of Defence. “Carbon Account 2020”. 
168 The accounting data can be found in Annex 1 of this study. 
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quirements of  the Circular on Energy Efficiency in the Institutions of  the State 
from the 5th of  July 2016. The goal of  this circular is to implement government’s 
decision to reduce the national’s energy consumption by at least 14% in 2020 com-
pared to 2006, and to reduce state water consumption169. This is achieved by pro-
moting energy efficiency behavior in government institutions and to ensure energy-
efficient operation and maintenance of  buildings owned and leased by the State. 
Reduction of  energy consumption should be measured in kWh and include: energy 
consumption for heating, cooling, including process energy. The Danish Energy 
Agency publish guidance on the methodology to be used for the calculation of  en-
ergy consumption. 
 
 The Danish MoD use the Greenhouse Gas Protocols as a basis for its carbon 
accounts. Based on this international carbon accounting standard, the emissions 
can be divided into 3 scopes depending on how direct influence the MoD has on 
the extent of  the emission. Using this method, it becomes easier to identify, where 
the potential for improvement is the biggest. Scope 1 contains the MoD’s indirect 
climate impacts including fuels, cooling- and extinguishing agents and individual 
heating of  the estates of  the MoD. Scope 1 is the primary source of  CO₂ emis-
sions, and it is directly related to the operative activities. Scope 2 is the MoD’s indi-
rect climate impacts through purchase of  e.g. electricity and district heating. Based 
on the data (from “Carbon Account 2020) in scope 2, the emissions have fallen de-
spite increased energy consumption. This is due to a reduced fossil warming and 
cleaner electricity production in Denmark. For example, the MoD’s own solar cells 
contributed in 2020 with a production of  4.3 gigawatt hours (GWh), which corre-
sponds to 3.7 percent of  the MoD’s total energy consumption. Scope 3 covers the 
Ministry of  Defence’ travels, where has been a slight decrease as compared to 2019 
due to a declining travel activity. 
 
3.1.3 Data quality 
 
  The transformation toward a low-carbon economy and net-zero is challeng-
ing, especially when there is a lack of  reliable emissions data. Data, artificial intelli-
gence and analytics are key levers to secure and execute the organization’s sustaina-
bility agenda. It is also an essential lever to build resilience and reduce climate risks 
by addressing three main objectives: (1) measure to steer progress; (2) improve to 
reduce impact; and (3) anticipate, adjust the climate action plan. The Danish MoD 
uses the metrics mentioned below in their Carbon Account 2020 to give an accu-
rate overview of  the climate impact of  the MoD activities. 

169  CIRH1H no 9477.  
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 Fuels – this category covers the consumption of  fuels for the operative 
branches of  the MoD including for aircrafts, ships, operative and administrative ve-
hicles. The Danish Ministry of  Defence Acquisition and Logistics Organization is 
responsible for the procurement and administration of  fuels. The consumption of  
fuel in diesel generators for electricity and heating purposes on sites such as Station 
Nord and Grønnedal in Greenland, as well as the Danish military camps abroad, 
are included in the category. The same holds for fuel used for transportation of  
fuels. 
 
 Refueling from the MoD’s own fuel system allows for direct registration of  
fuel consumption of  each unit such as a vehicle or an aircraft. This process results 
in an exact registration of  the consumption because the fuel system is digitalized in 
the MoD’s database. Refueling amounts from other suppliers are registered when 
the MoD receives an invoice about refueling. This might result in minor data inac-
curacies and delays in the carbon account, which will be evened out between car-
bon accounts reports. The emissions from fuels with respect to personal transpor-
tation in one’s own vehicle, in work related travels, is accounted for in the category 
“travels”. 
  
 Cooling and Extinguishing Agents - the Emergency Management Agency reports 
on its own consumption of  cooling and extinguishing agents while the Danish 
Ministry of  Defence Acquisition and Logistics Organization reports on the 
amount of  cooling and extinguishing agents used in the rest of  the MoD. The 
emission calculations of  cooling and extinguishing agents are based on the Inter-
governmental Panel on Climate Change Assessment Report. It is assumed that all 
purchases are consumed immediately in this category. 
  
 Estate – the Danish Ministry of  Defence Estate Agency assess the consump-
tion of  energy from the establishments. The majority of  the MoD’s consumption 
of  electricity is calculated by remote reading and settled according to the actual 
consumption. The remaining part, which primarily are in cases, where the MoD 
has rented a part of  its’ building out to some tenants, are calculated according to a 
fixed share taking into account, how big as part of  the building the MoD is using. 
The consumption of  water and heating is extracted by customer login from the dif-
ferent suppliers’ home pages. Afterwards the information is validated by a review 
of  the MoD’s consumptions bills. Those places, where electricity is used to heating, 
either through heat pumps or as direct electric heating, the (heating) consumption 
will count as a part of  the electricity consumption, and not the heat consumption. 
The reason is, that the input is electricity, but also because the MoD does not have 
meter data from those places, where electricity is used for heating. 
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 The last available Carbon Account 2020 was provided through a long manual 
process by collection of  data, which poses a risk of  human error in the process. It 
builds on collection of  bills. There is a small chance that there can be a meter that 
no longer belongs to the MoD. Overall, the data in this category are considered 
slightly more uncertain than the account of  fuels. 
  
 Travels – Danish Ministry of  Defence Accounting Agency generates an ac-
count of  travels made in the MoD relying on travels completed in the MoDs digital 
travel management module. The accounts builds on travels converted to person kil-
ometers. Under some travel postings, the economy from the transport is gathered 
with other travel expenses. It can be additional costs, which are not directly related 
to the promoted numbers of  kilometers. It is not possible to exclude these addi-
tional costs, and therefore the account will be higher than the actual consumption. 
It is assumed that pool vehicles, rented vehicles and private cars in average con-
sume fuel similar to cars in energy class b. It is further assumed, that 75% is on 
highway, 15% on country road and 10% as city driving. The data in this category is 
considered of  middle quality, because the account is based on a series of  assump-
tions and conversions. The statement is prepared according to the same principles 
as in previous years. As the calculation method is similar to previous years, the 
trend in travel activity is considered accurate. 

3.2 The United Kingdom 

 Since 1990, the United Kingdom has reduced its greenhouse gas emissions by 
44 percent, while growing its economy by over 75 percent during the same period. 
The UK was the first country in the world to create a legally-binding national com-
mitment to cut greenhouse gas emissions. This was the Climate Change Act, adopt-
ed in 2008, which pledges to cut the emissions as a country by 80 percent by 2050, 
from 1990 levels. This includes reducing emissions from the devolved administra-
tions (Scotland, Wales and Northern Ireland), which currently account for about 20 
percent of  the UK’s emissions. The Climate Act requires the aforementioned gov-
ernments to set legally binding carbon budgets, each budget providing a five-year 
cap on total greenhouse gas emissions. The notion of  national carbon budgets is 
related to, but different from the global carbon budgets calculated by scientists, 
which estimate the total level of  emissions that is still permissible under an agreed 
climate objective, such as the rise of  2 degrees Celsius above pre-industrial levels. 
  
 Carbon budgets are set by Parliament on the advice of  the independent 
Committee on Climate Change. They are set 12 years ahead of  time to provide suf-
ficient long-term guidance to investors. So far, five carbon budgets have been set in 
law, covering the period from 2008 to 2032. The first three budgets (for 2008-23) 
were set in 2008 and the fourth (for 2023-27) in 2011. The fifth carbon budget was 
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set in 2016 limiting UK greenhouse gas emissions from all sources to 1,725 MtCO₂ 
between 2028 and 2032. This is equivalent to a 57 percent reduction in annual UK 
emissions over this period on average, relative to 1990 levels. 
  

 
 In 2019, the United Kingdom became the major economy to pass into law a 
domestic requirement for net zero greenhouse gas emissions by 2050. Since then, it 
has increased the ambition of  its Nationally Determined Contribution (NDC) to 
align with this long-term target, aiming to reduce emissions to 68 percent below 
1990 levels by 2030. The UK has already taken bold steps towards net zero, includ-
ing bringing forward the end of  sales of  new petrol and diesel cars to 2030. In 
2021, the country released its Net Zero Strategy: Build Back Greener171, which 
brings together these sectoral plans and makes a range of  additional commitments.  
This new “Net Zero Strategy” sets out for the first time, how the UK Government 
plans to deliver its emissions targets of  Net Zero by 2050 and a 78 percent reduc-
tion from 1990 to 2035 (-63 percent relative to 2019). 
 
 Action on climate change can be divided between measures to cut carbon 
emissions and promote cleaner alternatives in energy supply: to support energy ef-
ficiency; drive corporate reporting of  carbon emissions; and support climate action 
overseas. For companies in energy-intensive sectors such as power generation, 
steel, chemicals and ceramics, a major policy measure for reducing emissions is the 
European Union Emissions Trading Scheme (EU ETS). The UK Emissions Trad-
ing Scheme (UK ETS) entered into force on 1 January 2021, replacing the UK’s 
participation in the EU ETS. Under the Ireland/Northern Ireland protocol, elec-
tricity generators in Northern Ireland remained within the EU ETS. It also applies 
to the same industries, where it is mandatory (energy intensive industries, the pow-
er generation sector and aviation). They receive permits to emit greenhouse gases 
and can trade them at the market rate. In addition to the UK ETS, the UK govern-

170 Department for Business, Energy & Industrial Strategy (2022). “2020 UK Greenhouse Gas Emis-
sions, Final Figures”. National Statistics. 
171 Her Majesty’s Government (2021). “Net Zero Strategy: Build Back Greener”, October 2021. This 
strategy sets out Government’s long term plan to end the UK’s domestic contribution to man-made 
climate change by 2050. 
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ment introduced the Carbon Price Support that requires UK power generators to 
pay a minimum carbon price, known as the Carbon Price Floor (CPF)172. This 
measure is designed to provide an incentive to invest in low-carbon power genera-
tion by providing greater support and certainty to the carbon price in the UK’s 
electricity generation sector. 
 
 Increasing renewable energy production is one fundamental way that will al-
low the United Kingdom to meet its binding net zero target by 2050. This in turn, 
will require revamping climate change policies and promoting “clean” technologies. 
On the other hand, based on the IEA (2019) report173 the global potential for off-
shore wind alone is several times larger than current world electricity demand, and 
much of  that potential is located in the UK waters. Although the UK has been 
slow to adopt renewable electricity generation, particularly compared with Europe-
an neighbors such as Denmark and Germany. To drive uptake of  renewables, the 
government has focused most support on the electricity sector, where the most 
cost-effective technologies are available. Progress has already been achieved – in 
2020, 42% electricity was generated from renewables compared to 41% from fossil 
fuels. However, if  the UK is to reach its goal of  net zero low carbon sources will 
need to account for 100% of  electricity generation or fossil fuels must be used in 
conjunction with carbon capture and storage technology. 
 
 

 

172 The government has capped the Carbon Price Floor at £18 per ton until 2021. See also Black 
(2021) “How the UK tackling climate change?” In Energy and Climate Intelligence Unit, 18 October 2021.  
173 International Energy Agency (2019). “Offshore Wind Outlook 2019”. 
174 The Renewable Obligation (RO) is one of the main support mechanisms for large-scale renewable 
electricity projects in the UK. It places an obligation on licensed electricity suppliers in the UK to 
source a proportion of their supply to customers from eligible renewable sources. The RO closed to all 
new generating capacity on 31 March 2017. 
175 Department for Business, Energy & Industrial Strategy (2022). “Policy paper: Contracts for Differ-
ence”, updated 13 May 2022. 
176 Black (2021) “How the UK tackling climate change?” In Energy and Climate Intelligence Unit, 18 Octo-
ber 2021. 
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3.2.1 Emissions reporting in the United Kingdom’s Ministry of  Defence – 
strategic documents and the major initiatives 

 In the UK, climate change is a government priority and the MoD like all UK 
government departments, must play its part in helping the UK government deliver 
its climate change program. Global environmental, social and economic pressures 
pose real threats to defence’s ability to meet its strategic objectives. These challeng-
es will also present new demands on people, infrastructure and equipment. Em-
bracing sustainable development will ensure that defence is prepared for these chal-
lenges (adaptation) and that MoD play its part in reducing the severity of  any envi-
ronmental, social or economic threats to defence capability in the first place 
(mitigation). 
 
 The Ministry of  Defence includes the UK’s armed forces – the British Army, 
the Royal Navy (including the Royal Marines), and the Royal Air Force – as well as 
numerous civilian agencies. In reporting its environmental impacts, the MoD tends 
to classify its activities into two broad areas: 
  

  Estates – which includes military bases (both the UK territory and in 
other countries),  civilian buildings; and 

  Capability and Equipment – which includes marine vessels (warships and 
submarines), aircraft (planes and helicopters), and land vehicles (tanks 
and other armored vehicles)177. 

 
 In May 2020, the National Audit Office published an “Environmental Sus-
tainability Overview on the Ministry of  Defence. It gives an overview of  the ap-
proach taken by the Department to environmental sustainability and the extent to 
which this supports the government’s long-term objective in this area. The Ministry 
of  Defence‘s Climate Change and Sustainability Strategic Approach (CCSSA) outlines an 
ambitious vision as to how Defence will achieve national environmental targets. On 
first appearance, the CCSSA is ambitious and all-encompassing in scope, making a 
vast range of  commitments and promises. The epochs appear sensible and steady: 
setting the foundations (2021-25), minimizing and fitting for the future (2026-35), 
and harnessing the future (2036-2050). 
 
 The strategy amplifies existing declarations that UK forces must become far 
less dependent on fossil fuels. According to the policy paper, the services’ military 
aviation is responsible for around two-thirds of  the department’s fuel consump-
tion; therefore, tackling this element of  the armed forces’ emissions is important. 

177 Transport for civilian activities is generally grouped with Estates, while transport for military activi-
ties is generally categorized with Capability.  
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In November 2020, the Defence Strategic Fuels Authority, working in partnership 
with industry, made changes to the MoD’s aviation fuel standards to allow for sus-
tainable fuel blends of  up to 50%. While Sustainable Aviation Fuel (SAF)178 has 
been performance tested at 100% in basic military aircraft, incorporating these 
blends into higher-specific airframes will require adaptation to ensure safety; conse-
quently limits remain in place to gain further data. The Defence standard is used by 
UK civil and commercial airlines and by many NATO countries to influence their 
choice of  fuel.  
  
 In addition to SAFs, the MoD’s Rapid Capabilities Office is investigating the 
use of  synthetic fuels made from CO₂ and hydrogen using renewable energy in the 
manufacturing process; these fuels could save 80-90% of  carbon emissions per 
flight (Beard & Ashbridge, 2022)179. Synthetic kerosene is entirely fossil fuel-free, 
made by mixing raw materials with higher sugar levels, such as food waste, with 
bacteria to create an oil substance that is then converted into aviation fuel using 
chemicals and heat. As the process does not require large-scale infrastructure, syn-
thetic kerosene can be made everywhere, making it an attractive option for military 
deployments around the world. 
 
 Furthermore, the Royal Air Force’s Astra campaign to develop the service 
sets out medium- and long-term goals for infrastructure and training that, if  imple-
mented, will markedly reduce carbon emissions. By 2040, ahead of  the wider na-
tional 2050 target, the aim of  the Air Force is to have carbon-neutral estate, which 
includes bases, infrastructure and accommodation. Additionally, the intent is to 
shift to far greater use of  synthetic environments to supplement and reduce actual 
training flights. This again, will markedly reduce the consumption of  aviation fuel 
and the associated emissions, and will apply to both land and marine environments. 
Transport for civilian activities is generally grouped with Estates, while transport 
for military activities is generally categorized with Capability. 
  

 
 The UK Government is tackling environmental issues in public sector activi-
ties through what it calls Greening Government Commitments (GGC). These set 
out the actions government departments and their agencies should take to reduce 
their impact. Since 2011, Departments of  central government within the UK have 
been required to report their carbon emissions under the Greening Government 

178 Sustainable Aviation Fuels (SAF) are defined as renewable or waste-derived aviation fuels that meet 
sustainability criteria. As it is produced from sustainable feedstocks, it is very similar in its chemistry to 
traditional fossil jet fuel. 
179 Major Beard & Dr Ashbridge. “Greening Defence: RAF Ambitions in Search of Jet Zero”. Royal 
United Services Institute (RUSI), Commentary, 28 June 2022.  
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 The UK defence sector’s environmental impact is significant due to the num-
ber of  weapons, vehicles, aircraft and ships, as well as natural resources used. An 
Energy Management System (EMS) is the best way to both protect the environ-
ment and maintain operational readiness. The UK’s MoD is a large organization 
whose activities inevitably affect significantly on the environment. An adequate re-
sponse to those issues requires a robust and methodological approach to identify 
potentially significant environmental impacts at the earliest possible stage in the ac-
quisition cycle. Such a process helps procurement teams to design out environmen-
tally damaging and unsustainable features (using processes such as a Design for the 
Environment and Best Practicable Environmental Option) and to procure package 
switch service (PSS) with fewer impacts through life.  
 
 

180 GGC reported emissions cover government departments’ estates and vehicle use. Other defence 
emissions cover defence activity out of GGC scope, such as fuel use as part of defence operations.  
181 Lindahl (2005). “Designers’ Utilization of and Requirements on Design for Environment (DfE) 
Method and Tools”. In Fourth International Symposium on Environmentally Conscious Design and Inverse Manu-
facturing, 2005. Eco Design 2005, pp. 224-231.  
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for the first 
time, gave the defence industry a very clear indication on future capability acquisi-
tion plans from the MoD. There is an opportunity to go further and link up the ca-
pabilities required to their “Climate Change & Sustainability Strategy”. Among 
drivers of  electrification in the defence market, modernization and concerns over 
energy security has been key. These concerns have increased the pressure on de-
fence companies to develop novel solutions with more eco-friendly credentials 
without sacrificing critical capabilities. By 2025, it is expected that MoD will imple-
ment appropriate weighting to low carbon options and sustainability in the acquisi-
tion process. This should incentivize industry to offer whole life carbon solution 
for new equipment while also exploring lower emission modifications existing ca-
pabilities.  
 
 While each service will seek to reduce carbon emissions in its own sector, the 
MoD estate offers the greatest short-term potential given that domestic infrastruc-
ture is the third largest carbon-emitting sector in the UK. Promisingly, both the 
MoD estate and its users are broad, and a variety of  approaches can be adopted to 
reduce emissions. The most understood solution lies in renewable energy such as 
solar and wind, where industry already possesses cost-effective technology. A fur-
ther opportunity for quick gains exists in the renovation of  an aging housing stock 
and retrofitting it with greener technologies. Examples such as draught-proofing 
houses or modernizing heating systems improve energy efficiency, reduce the usage 
of  gas and electricity and decrease the need to construct new accommodation. This 
last point is key in reducing carbon emissions; it is estimated that 51 percent of  the 
life-cycle carbon from a typical residential development is emitted during construc-
tion.  
 
 Finally, not all projects involve new technology. The rewilding of  some parts 
of  the MoD estate – that is, the restoration of  land to its natural state – has already 
proven popular with the general public. Rewilding offers benefits for biodiversity, 
water quality, and health and carbon sequestration while reducing flood risk. 
Though the proposed changes to the estate are relatively low-key compared to pro-
jects like vehicle electrification, they utilize existing technology, meaning they are 
relatively cheap to implement and will reduce emissions quickly. If  the methods de-
scribed were rolled out en masse across the MoD estate, the environmental impact 
would be significant, rapidly reducing carbon output and providing financial sav-
ings with minimal impact on Defence output. In contrast, it will take time to devel-
op suitable technology for the electrification of  operational platforms, and the 
rollout will be financially expensive. Defence can begin to transform its estate in-
stantly through the utilization of  existing methods that do not require military con-
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version. This is a cost-effective and efficient approach to achieving climate change 
and sustainability targets (Asbridge & Beard, 2022)183. 
 
 Similarly to the public sector, Greenhouse Gas emission measurement in the 
UK defence sector follow the Greenhouse Gas Protocols. Within the MoD’s An-
nual Report and Accounts, a more comprehensive emissions footprint is given. It is 
built on previous Greenhouse Gas  Protocols reporting and captures new emis-
sions areas (fugitive emissions, employee commuting and emissions from waste) as 
well as worldwide estate energy use and fuel consumption in operations, domestic 
and international travelling.  
 
 The Department of  Defence is, therefore, not starting from scratch, but the 
emissions reported under GGC are only a subset of  the whole life cycle emissions 
that should be captured. It is recommended that the development of  a fit-for-
purpose baseline and measurement system to capture and track all the relevant 
emissions be a priority within the next 12 months (Ministry of  Defence, 2021)184. 
With the exception of  greenhouse gas emissions, the targets are aggregate central 
government targets and no bespoke minimum performance targets for individual 
departments. However, the Department’ of  Defence energy mix had not changed 
significantly over the past 10 years and it has made little progress in increasing the 
proportion of  its energy drawn from renewable sources. Additionally, 1.8 million 
tons of  emissions from military activity, such as operating defence equipment, fell 
outside the scope of  the GGC targets185. 
 
3.2.3 Data quality 
 
 The United Kingdom has one of  the best track records in reporting its mili-
tary carbon emissions. Since 2012, it has published data for direct emissions in the 
annexes of  Ministry of  Defence (MoD) reports. MoDs annual progress and per-
formance against the Government Policy requirements, Greening Government 
Commitments and MoD’s contribution to the United Nations Sustainable Devel-
opment Goals are integrated into the MoD’s “Annual Report and Accounts”186. 
The MoD currently reports on its GHG emissions in a section of  its annual report 

183 Dr Ashbridge & Major Beard. “Greening Defence: the UK Armed Forces Strategic Approach to 
Climate Change”. Commentary in RUSI, 04 March 2022. 
184 Ministry of Defence/Team Defence Information (2021). “Roadmap for Sustainable Defence Sup-
port”.  
185 Department for Environment, Food & Rural Affairs (2021). “Greening Government Commit-
ments 2021 to 2025”. Policy Paper, 28 October 2021. 
186 The Annual Report and Accounts consists of a Performance Report, an Accountability Report and 
the Annual Accounts, providing detail on defence activity. The most recent report available covers the 
time period 2020-2021. 
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titled “Sustainable MoD”187. More recently, in its 2020-2021 annual report, the UK 
MoD listed its military’s total emissions at 2.144 million tons of  carbon dioxide 
equivalent. The same year, its emissions were higher than its carbon impact in 
2017/2018, which was 2.109 million tons. The UK Ministry of  Defence collect in-
formation about its energy use from the main utility meters (electricity, gas and wa-
ter) at the end of  each day. The continual capture of  data allows monitoring, how 
much energy and water is used each day, week and month.  
 
 The size and range of  the Department of  Defence’ activities make its perfor-
mance vital to government meeting its’ environmental targets, particularly the 
Greening Government Commitments. For example, in 2017-18, the MoD was re-
sponsible for half  of  the greenhouse gas emissions reported by the central govern-
ment. Ministry of  Defence has also significant sustainability impacts outside the 
scope of  the GGCs. For example, emissions associated with operating and sup-
porting armed forces’ equipment around twice as high as those reported through 
the GGCs. In addition, over one third of  the MoD’s estate is made up of  sites of  
special scientific interest, covering a larger area than those of  any other govern-
ment body (National Audit Office, 2020)188. These sites are the UK’s very best 
wildlife and geological sites, covering a range of  important wildlife habitats and 
species from wetlands and rivers, to remote Moorland and peat bogs, to flower-rich 
meadows.  

187 “Ministry of Defence Annual Report and Accounts 2020-21”. 
188 National Audit Office (2020). “Environmental Sustainability Overview – Report – Value for mon-
ey”. 13 May 2020.  

Table 8. The Ministry of Defence’s significance in meeting the Greening Government Commitments tar-
gets in 2020 

Source:  UK National Audit Office analysis of Greening Government Commitments Annual Report 2017-18 (2020). 

Area of  GGCs Proportion of  total govern-
ment GGC impact attribut-
able to the MoD (2017-18 
(%) 

Proportion of  the govern-
ment’s reduction from 
2009-10 to 2017-18 attribut-
able to the MoD (%) 

Water use 66 58 

Waste 56 56 

GHG emissions 50 41 

Paper use 27 7 

Domestic flights 20 11 
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 For example, the report by Scientists for Global Responsibility (SGR) and 
Declassified UK (DUK) “The Environmental Impacts of  the UK military sec-
tor” (2020) concluded that the carbon footprint of  British military spending is 11 
million tons of  carbon dioxide equivalent that is more than 11 times the figure the 
Ministry of  Defence usually highlights when discussing the British military contri-
bution to global heating – and is similar to the emissions produced by over six mil-
lion average UK cars in a year. In the assessment of  GHG emissions the authors 
of  the abovementioned report have compiled the available data from the Ministry 
of  Defence which obviously includes the British armed forces – as well as from 
businesses that operate in the UK supplying weapons and other military equip-
ment. The estimation of  the military also includes the overseas supply chain. Alt-
hough the authors of  the report managed to collect significant amounts of  data, 
but there were notable gaps, and a number of  assumptions had to be made in order 
to make estimates of  total GHG emissions levels. 

189 An example of an accounting data is found in Annex 2. 
190 Scientists for Global Responsibility, Declassified UK (2020). “The Environmental Impacts of the 
UK Military Sector”.  

Table 9. Estimate of total GHG emissions of the Ministry of Defence, 2017-18 

Category GHG emissions (thousand tCO₂ e) 

Estates:   

MoD reported level (80% of  estate) 942 

MoD unreported level (20% of  estate) 236 

International business travel 40 

Capability and Equipment:   

Aviation fuel 1,165 

Diesel 5,44 

Gas oil/petrol 98 

Total 3,025 
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Estates 
 
 The Department of  Defence has access to one of  the largest estates in the 
country, accounting for 1.5% of  the UK landmass. Its estate is crucial to delivering 
the country’s defence capability and it must also retain flexibility so that it can re-
spond to changes in operational requirements and evolving security threats. In 
2019-20, it spend £ 4.6 billion (12% of  its budget) on its estate (National Audit Of-
fice, 2022)191. It is expected that military sites are often isolated and require their 
own power generation, meaning a smaller proportion of  the MoD’s energy genera-
tion is supplied by the national grid. The MoD’s energy mix is one-third grid elec-
tricity and two-thirds gas or oil, and the proportion has not changed significantly 
since the introduction of  the GGCs. Therefore, there could be significant opportu-
nities for the MoD to further reduce its emissions through adjustments to its ener-
gy mix, such as through increased use of  solar panels. The MoD does not have a 
target for the proportion of  energy to be delivered from renewable sources. Its es-
tates’ rationalization program, which aims to reduce the built estate by 30 percent 
by 2040, will also contribute further to reductions in the defence estate’s carbon 
emissions (National Audit Office, 2020)192. 
 
 Based on the findings of  the UK’s National Audit Office, Ministry of  De-
fence has made limited progress in improving the energy efficiency of  its buildings. 
Since 2016-17 only 38 percent of  the MoD’s new-builds and major refurbishment 
projects had low- or zero-carbon technologies included in the design. The MoD is 
in the early stages of  several infrastructure initiatives, which seek to address the en-
ergy efficiency of  the estate, although it is too early to judge the effectiveness, 
scalability and cost savings of  these initiatives. Ministry of  Defence has an internal 
target to reduce energy consumption by 10% between 2017-18 and 2025-26. It is 
undertaking several infrastructure initiatives, which seek to address the estate’s en-
ergy efficiency. These are at an early stage and it is not yet possible to judge their 
effectiveness, scalability and cost savings. 
 
 The Government’s net zero emissions target will present a significant chal-
lenge for defence and will be considered as part of  the Integrated Review. Govern-
ment has legislated to set a target for the UK to have net zero greenhouse gas 
emissions by 2050. It has not yet decided whether Ministry of  Defence and the 
agencies in its administrative area will be required to meet the net zero target, or 
whether the residual emissions will be offset elsewhere. Switching to renewable en-
ergy and prioritizing projects that reduce emissions are pivotal to implementing a 

191 National Audit Office (2022). “Department Overview 2020-2021”, the Ministry of Defence”.  
192 National Audit Office (2020). “Environmental Sustainability Review”. Report – Value for money, 
13 May, 2020.  
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climate strategy aligned a 1.5 degrees Celsius pathway. However, some limited emis-
sions may remain unavoidable. Those should be addressed via carbon compensa-
tion programs, ranging from purchasing voluntary carbon credits to investing in 
early-stage carbon offsetting projects. 
 
 Either choices will require the sector to make major changes to its equipment 
and estate. Almost all vehicles and weapons in use, or under procurement, rely on 
fossil fuels, and some of  the largest are expected to still be in operation in 2050. 
These are considerable opportunities to use MoD land for initiatives such as the in-
stallation of  renewable technology, notwithstanding its existing plan to reduce its 
built estate by 30% by 2040.  
 
Capability and Equipment 
 
 Military activities, such as the operation of  defence equipment (including for 
land vehicles, aircraft, and navy vessels) by the armed forces, are out of  scope for 
the GGCs, yet have a significant impact on the environment. Greenhouse gas emis-
sions from these activities are double those reported through the GGCs, yet they 
are reducing at a slower rate and are not subject to formal targets. MoD plans to 
take the opportunity of  its upcoming Integrated Security, Defence and Foreign Pol-
icy Review to develop wider targets to support government’s legislative commit-
ment to net zero greenhouse gas emissions by 2050. Ministry of  Defence plans to 
examine the issue of  how to maintain military capability while delivering net zero 
emissions in the government’s ongoing Integrated Review. Based on the National 
Audit Office data, front-line Commands used 666 million litres of  fuel in 2018-19 
equating to 1.8 million tons of  carbon equivalent greenhouse gas emissions. Mili-
tary operations provide support to civil authorities in response to environmental 
crises. 
 
 The government’s Road to Zero Strategy sets an ambition for 25 percent of  
the government car fleet to be ultra-low-emission vehicles (ULEVs)193 by 2022 and 
100% by 2030. At present, only a small proportion of  the military sector’s vehicles 
are low emission, meeting the government’s target will require the procurement of  
1,700 ULEVs by December 2022, equivalent to 2.7% of  all ULEVs registered. 
 
 To sum it up, carbon effective measuring can rely on data that has laid the 
foundation to actively manage sustainability targets.  Based on the strategic objec-

193 A vehicle is currently classified as low emission vehicle (ULEV) if it has CO₂ equivalent emissions 
of less than 75g/km. This also includes electric vehicles. The only ULEVs procured were 11 in 2017 
and 2 in 2018, of which 12 are still in use (two hybrid vehicles and 10 electric). By 2022, the govern-
ment expects a ULEV to be defined as a car that emits less than 50g/km.  
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tives stated in the “Climate Change and Sustainability Approach” by 2025, data manage-
ment at the MoD has been realized through a single source data architecture man-
aged from within head office which is recognized as best-in-class by partners and 
allies. This also means that the defence sector will adopt best practice in corporate 
CO₂ data governance, which leads to a standardized methodology adopted across 
the sector. Another key feature is establishment of  a single data-dashboard, which 
can dynamically track and monitor mandated GGC and Defence sustainability indi-
cators. An Energy data dashboard is an information management tool used to 
track, analyze and display key performance indicators, metrics and data points. A 
dashboard transforms the raw data into something human-readable. Instead of  sift-
ing through columns or rows in spreadsheet, it is possible to analyze relevant data 
in a table, line chart, or a bar chart. 
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CHAPTER 4 

POTENTIAL FOR GREEN TECHNOLOGIES  

IN THE DEFENCE SECTOR 

 Sustainability has become a key driver for policies, economies and societies at 
large. At the same time, there is an intrinsic, but often neglected link between sus-
tainability and defence. The environment and its ongoing sustainable management 
is a critical enabler of  defence capability. Currently, most of  Europe’s military 
equipment is optimized for operational advantage, with little consideration paid to 
sustainability issues such as emissions. Whilst many of  Europe’s planned equip-
ment acquisitions appear to continue in this mode, the defence industry has begun 
to explore emerging “next generation” greener technologies. These technologies 
could reduce emissions and provide useful options for balancing military effective-
ness with improving climate resilience and establish new, imaginative concepts for 
future warfare.  
 
 Investing in climate innovations such as biofuels and other emerging technol-
ogies is in the militaries best interest – directly, as it provides warfighters with solu-
tions that address important facets of  the operational environment, and indirectly, 
by catalyzing and giving the military increased national economic power. For exam-
ple, extreme weather and rising sea levels are increasing the concrete degradation 
rate. To keep runaways and piers mission-capable, the military is investing in inno-
vative solutions to this problem, such as self-healing concrete. The Defence Ad-
vanced Research Projects Agency (DARPA) plans to develop a bio-inspired “self-
repairing” technology for deteriorating concrete structures. The capability will re-
portedly be integrated deep within aging military facilities such as missile silos and 
airfield pavement to extend their usability (Saballa, 2022)194. 
 
 However, it is worth mentioning that such innovations are not limited to re-
silience. New missions can also spark transformational innovations. For example, 
rising sea levels may offer increased opportunities for submarine-based intelligence 
collection along coastlines. Such missions will prioritize stealth above other consid-
erations, perhaps making air-independent propulsion systems (which rely on energy
-efficient fuel cells) even more useful than nuclear propulsion in some cases. With 
more investment, such technologies could develop into forms that may provide 
cheap, clean energy in small packages to the wider world. 

194 Saballa (2022). “DARPA to Develop “Self-Repair” Capability for Military Structures”. In Defence 
Post, 08 June 2022.  
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The majority of  a military’s carbon footprint is from vehicles and platform systems 
consuming fossil fuels. Land vehicles should be the easiest to convert, with the 
transition to renewables well underway in the civilian sector (although slower pro-
gress has been made with heavy vehicles). Maritime, air and space forces face more 
significant issues due to their inherently larger platforms. Options to significantly 
reduce emissions include sustainable mobility (the use of  alternative fuels, alterna-
tive propulsion systems and improving fuel efficiency), unmanned platforms and 
synthetic training.  
 
 Global concerns over the impacts of  climate change are driving innovation 
throughout the defence industry as militaries continue to pursue the electrification 
of  vehicle fleets, with numerous major aerospace and defence companies investing 
proactively in emerging technologies. For example, the naval equipment designers 
Saildrone has developed unscrewed surface vehicles (USV) powered by renewable 
solar and wave energy. Saildrone’s wing technology enables the USV to complete 
missions with a duration up to 12 months without the need for refueling or return-
ing to land for maintenance, with an average speed between 2-6 knots, allowing it 
to reach most ocean locations within 30 days. 
 
 Due to their greatly reduced thermal and noise signatures when powered by 
batteries, electric cars can allow stealth mode capabilities that are more effective. 
Enhancing land-based electrification capabilities can also imply taking a step to-
ward autonomous or semi-autonomous operations and better situational awareness 
via upgraded sensors. In addition to being good for the environment, using electric 
or hybrid propulsion can improve operating capabilities. Hybrid-electric propulsion 
vehicles have been the focus of  programs in the U.S. and the UK, with the U.S. Ar-
my developing such platforms as the new M1A2 Abrams X main battle tank and 
the Joint Light Tactical Vehicle (JLTV) light armored vehicle. The British Army has 
companies including Supacat, General Dynamics and Magtec collaborating to pro-
duce hybrid-electric variants of  the Jackal High Mobility Vehicles and Foxhound 
armored vehicles. Boeing has invested £ 370 million in the Wisk joint venture fo-
cused on electric Vertical Take-off  and landing (eVTOL) platforms (Salerno-
Garthwaite, 2022)195. 
 
 Assuming that green hydrogen and a low carbon electricity grid is available, 
electrification together with hydrogen offer environmental benefits and potential 
operational gains in terms of  signature reduction. Although there will be some lim-
itations from the time frame for implementation. The reality is that electric and hy-
drogen will not be suitable for all types of  platform within the near to medium 

195 Salerno-Garthwaite. “Environmental pressures are reshaping the defence industry”. In Naval Tech-
nology, analysis, 12 November 2022.  
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term (next 30 years). There are clear areas where it is possible to achieve results 
more quickly. For example, Thales uses advanced flight simulators to reduce the 
need for live flying by 90%. Quantum computing, artificial intelligence and edge 
processing are among emerging technologies that will reduce the environmental 
impact computing in defence, lowering electricity use and reducing inefficiencies. 
 
 To sum it up, climate change will affect the military in many ways, including 
the need to decarbonize the Armed Forces themselves. Decarbonizing a military is 
an operation that does not have a long-established body of  knowhow. The Defence 
Ministries would benefit both themselves and global military decarbonization ef-
forts by setting up platforms to enable ongoing research and development and in-
crease the knowledge base. This could be done in partnership with other militaries, 
for example from NATO countries. 
 
 The present chapter will explore different technological options for defence 
sector to become more environment friendly. It will also focus on NATO Single 
Fuel Policy and the evolution of  alternative fuels including synfuels. 

4.1 NATO Single Fuel Policy and alternative fuels 

 

In 
1986 agreement was reached on a common aviation turbine fuel for land based mil-
itary aircraft, F-34 to replace F-40. A further development has been a reduction in 
the use of  gasoline as NATO member-states phase-out gasoline-driven equipment 
in favor of  diesel engines. Such a trend is not occurring at a uniform rate as this de-
pends on national procurement policies for new military vehicles and equipment. 
The logistic benefits of  a single fuel on the battlefield, and in out-of-area peace-
keeping missions, are numerous, but a major benefit is a simplification of  the fuel 
supply chain. Single Fuel Policy also ensures that the physical and chemical charac-
teristics of  the fuel are such that it can be introduced, stored, produced, transport-
ed and distributed by the fuel logistic systems.  
 
 Concerns over climate change, the finite nature of  oil reserves, and concerns 
over security of  supply from the oil producing regions have triggered a broad ef-
fort in the search for new sources and conversion processes for the production of  
alternative fuels. The increasing availability of  liquid alternative fuels, and their mix-

196 “NATO Logistics Handbook”, Chapter 15: Fuels, Oils, Lubricants and Petroleum Handling Equip-
ment (1997).  
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ing with conventional petroleum distillate fuels, have led to the need for the mili-
tary to more closely study and mitigate any negative effects of  the introduction of  
such fuel blends on their systems (air, land or naval) as well as operational proce-
dures. For these reasons, alternative hydrocarbons will also need to meet the stand-
ards set by NATO’s Single Fuel Policy (SFP). Options include blended and non-
blended biofuels and synthetics. In the maritime domain, biofuel options include 
straight vegetable oil (SVO), biodiesel (first and second generations), biogas, bio-
hydrogen and lignocellulose-based bio-oil. These are not new technologies and 
have been experimented within both the military and commercial sectors. For ex-
ample, a Fischer Tropsch biofuel blend was tested on five U.S. Navy vessels on the 
Rim of  the Pacific Exercise as early as 2012.  
 
 Biofuels are already playing an important role in civilian road transport with 
relatively good performance achieved by so-called “non-drop-in” solutions, which 
are fuels which require adaptation or special treatment to the engine fuel systems. 
However, it is unlikely that biofuels will continue to advance progressively on a 
global scale, given the disparity of  available feedstock and development limited to a 
few countries such as Brazil and the U.S., although Australia, Canada, China, India 
and the EU have significant potential. Biofuels will need to guarantee environmen-
tal sustainability in the production chain, without competing with food production; 
be cost-competitive; achieve the necessary fuel quality and perform in engines com-
parably to fossil fuels; and meet NATO’s SFP standards. The lack of  a “drop-in” 
solution without reduced performance, and access to appropriate biomass at scale, 
make such alternatives less useful in a military context. For this reason, biofuels are 
likely only to be a partial answer. 

Table 10: Alternative fuels definitions 

Source: Adapted from the study: “Green Defence: the defence and military implications of climate change for 
Europe” by the International Institute for Strategic Studies, 2022. 

Drop-in Alternative Fuel Non-drop-in Alternative Fuel 
An alternative fuel that is completely in-
terchangeable and compatible with a par-
ticular conventional (typically petroleum-
derived) fuel. A perfect drop-in fuel does 
not require adaptation of  the fuel distri-
bution network or the vehicle or equip-
ment engine fuel systems, and can be 
used “as is” in vehicles and engines that 
currently operate on that particular fuel. 
Some alternative fuels may become “drop
-in’ only after blending with conventional 
fuel to a certain prescribed proportion. 

An alternative fuel that is not completely inter-
changeable and compatible with a particular con-
ventional (typically petroleum-derived) fuel. A 
non-drop-in fuel requires adaptation of  (or spe-
cial treatment within) one or more components 
of  the existing fuel distribution network or the 
current fleet or vehicle and equipment engine fuel 
systems. Some alternative fuels must be carefully 
segregated from conventional fuels, while others 
may be safely blended with conventional fuels. 
Some alternative fuels may remain “non-drop-in” 
even after blending with conventional fuel. 
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 The use of  synthetic fuel is likely to be a better option. These are liquid fuels 
that basically have the same properties as fossil fuels but are produced artificially. A 
great advantage of  synthetic fuels is that they can be tailored to superior properties 
in several respects, such as thermal stability (enhanced heat sink potential), freezing 
point (improved operability at higher altitudes), flash point (improved safety), re-
duced propensity to soot (infrared and smoke signature reduction) and energy den-
sity (range and payload characteristics). Gasification of  “low quality” (cheap) pri-
mary fuels, biomass or even waste (e.g. refinery residues), and in some cases also 
the reforming of  “high quality” fuel, natural gas is used for generation of  so-called 
syngas. Syngas from gasification (after cleaning) contains about 25-50% hydrogen 
(H₂) and 35-65% carbon monoxide (CO), as the combustible components. The 
name syngas is related to the initial typical use for chemical synthesis of  basic 
chemicals (methanol, ammonia, etc.) as well as synthetic liquid fuels (Fischer-
Tropsch). The Fischer-Tropsch process197 is a collection of  chemical reactions that 
converts a mixture of  carbon monoxide and hydrogen, known as syngas, into liq-
uid hydrocarbons. These reactions occur in the presence of  metal catalysts, typical-
ly at temperatures of  150-300 degrees Celsius and pressures of  one to several tens 
of  atmospheres. Besides the reforming of  natural gas, which is only applied for 
chemical synthesis, syngas is typically generated in gasifiers by partial oxidation of  
carbon containing solid or liquid feedstock. In order to reduce the gasifier size and 
the typical requirement of  a pressurized syngas, the gasification is done under ele-
vated pressures. Typical pressure levels are about 20-80 bar, depending on the pro-
cess type and feedstock. 
 
 At present, there are three methods for the production of  renewable syngas: 
(1) biofuels, which are produced from biomass, (2) e-fuels, which are produced 
with renewable electricity, and (3) solar fuels, which are produced with solar heat. 
That is why these three methods are sometimes also referred to as “Biomass-to-
Liquid”, “Power-to-Liquid”, and “Sun-to-Liquid”. Renewable synthetic fuels are gener-
ally seen as a technology that will play an important role to reach net zero in the 
transportation sector. Although there are important differences between the vari-
ous types of  synthetic fuels regarding their production, scalability, and sustainabil-
ity. 
 
 The production of  synthetic fuels from biomass via Fischer-Tropsch, other-
wise known as biomass-to-liquids (BTL) process, constitutes one of  the most promis-
ing routes for sustainable fuels. Biomass to Liquids (BTL) processes are being de-
signed based on the thermo-chemical platform for converting biomass to biofuels. 
In an indirect liquefaction process, synthesis gas (syngas, CO+H₂) is first produced 

197 Fischer-Tropsch synthesis, a technology invented by Franz Fischer and Hans Tropsch during 1920s 
and adopted during World War II in Germany.  
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via gasification of  solid biomass or liquid bio-oil produced by the fast pyrolysis of  
biomass. Syngas can be converted to synthetic gasoline, jet-fuel or diesel using 
Fischer-Tropsch synthesis of  hydrocarbons or synthetic alcohols, such as ethanol, 
through different catalytic processes. The gas to liquids (GTL) technologies, previ-
ously utilizing coal or low-cost, remote natural gas as feedstock for liquid fuels pro-
duction can be adapted for the conversion of  biomass to liquids. 
 
 In order to reduce the cost of  biomass transportation, the BTL process can 
be decoupled into two steps. In the first step, the biomass is converted to a liquid 
form via fast pyrolysis at distributed facilities close to the source of  biomass. The 
liquefied biomass, commonly called bio-oil, is then transported to a much larger 
central facility where it is gasified/reformed into synthesis gas at high pressure. The 
syngas is subsequently cleaned/upgraded and then converted into liquid fuels. The 
advantages of  this two- step process are lower cost of  transporting biomass feed-
stock and significant reduction of  power requirement for producing high pressure 
synthesis gas. In addition, compared to its biomass source, bio-oil contains signifi-
cantly lower ash, sulphur and nitrogen compounds, which are poisonous for the 
GTL reaction catalysts. The synthesis gas cleaning step at the centralized facility 
can thus be made significantly less strenuous. 

Figure 11. The first biomass-to-liquid process was developed in 1996 by CHOREN Industries in Germa-
ny, with a plant capacity of 0.015 million tons of liquid fuel per year. 

Source: Choren, 2011. 

 Aviation is at crossroads as the climate change targets require massive green-
house gas emissions reductions in all sectors by the middle of  this century. Future 
innovative – or even disruptive aviation propulsion systems may become important 
in the long run. Power-to-Liquids (PtL) is a production pathway for liquid hydrocar-
bons based on electric energy, water and CO₂ as resources. There are two principle 
pathways to produce renewable PtL: Fischer-Tropsch synthesis (FT) and methanol 



93 

 

(MeOH) synthesis and conversion. PtL production comprises three main steps: (1) 
hydrogen production from renewable electricity using the electrolysis of  water; (2) 
provision of  renewable CO₂ and conversion; (3) synthesis to liquid hydrocarbons 
with subsequent upgrading/conversion to refined fuels. Both PtL pathways (via 
Fischer-Tropsch or methanol) offer a high level of  technology readiness. PtL can 
be produced from concentrated renewable CO₂ sources using established industrial
-scale processes. PtL full system integration is currently significantly progressed 
with the Fischer-Tropsch pathway demonstration plant by Sunfire in Dresden, Ger-
many (German Environment Agency, 2016)198. The term Power-to-Liquids (PtL) de-
notes the conversion of  sustainable hydrogen or syngas into liquid energy carriers 
such as methanol, oxymethylene ethers (OME) or ammonia. They will be used as 
platform molecules for the chemical industry, as energy carriers or as clean fuels 
for combustion engines and turbines in order to reduce both CO₂ and soot/NOₓ 
emissions. There are several projects planned, but to date no industrial e-fuel plant 
exists, which also means that e-fuels are not yet available on the market.  

198 German Environment Agency (2016). “Background paper: Power-to-Liquids Potentials and per-
spectives for the Future Supply of Renewable Aviation Fuel”. 

Figure 12. Power-to-Liquid production. 

Source: Adapted from H₂ International, 2017. 

 The conversion of  carbon dioxide and water into fuels in a solar refinery pre-
sents a potential solution for reducing greenhouse gas emissions, while providing a 
sustainable source of  fuels and chemicals. Solar energy can be used to convert 
basic chemical feedstocks such as carbon dioxide and water into clean alternative 
fuels that offer greater grid stability, energy security, and environmental benefits. So-
lar fuels technologies use sunlight, water, carbon dioxide, and nitrogen from the air 
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to produce fuels that can readily be used in the existing energy infrastructure. Solar 
fuels technologies are analogous to natural photosynthesis – plants make fuels 
(biomass) from sunlight. However, the fastest growing crops store less than 1% of  
the sunlight they receive as biomass. To be compatible with current infrastructure, 
the primary biomass made by plants – lignocellulose – must be converted into eth-
anol, biodiesel, or gasoline. Converting crops to fuels raises significant land-use 
concerns, specifically with regard to trading food for fuel. The Lewis Group at Cal-
ifornia Institute of  Technology has led the development of  solar fuels technologies 
that produce hydrogen gas directly from sunlight and water. Carbon-containing 
fuels such as natural gas (methane) or liquid fuels such as methanol or ethanol 
might be produced from sunlight, water, and carbon dioxide. Ammonia for use as 
fertilizer in agriculture can be made indirectly from solar hydrogen or directly as a 
solar fuel from sunlight, water, and nitrogen in the air. 
 
 Similarly to e-fuels, solar fuels are not yet available on the market. Sunny re-
gions offer ideal conditions for the production of  solar fuels, in particular deserts 
and semi-arid regions with high solar radiation. The solar heat generated during the 
day can be stored by inexpensive thermal energy storage to enable round-the clock 
production of  fuels. Storage makes solar fuel plants self-sufficient and independent 
from any grid, giving them the potential to be scaled quickly and broadly. A num-
ber of  prototypes have been demonstrated but at present stage, these cannot com-
pete with existing energy technologies nor provide long-term stability. 

Figure 13. Sun-to-Liquid production of solar fuels. 

Source: Adapted from the article “A general framework for the assessment of solar fuels technologies” published 
in Energy & Environmental Science, Issue 1, 2015. 
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 The adoption of  synthetic fuels is described in several military and NATO 
standards. To be eligible for use, “new alternative” jet fuels must undergo a full ap-
proval process defined by the ASTM D4054 standard (Standard Practice for Quali-
fication and Approval of  New Aviation Turbine Fuels and Fuel Additives). France, 
Germany and the UK all see tangible benefit in the use of  synthetic aviation fuel 
due to the advantage of  being able to “drop-in” to current platforms. Possessing 
similar physical and chemical properties as hydrocarbons, synthetics can be used 
without sacrificing the performance of  proven combustion engines. There is no 
need to adopt alternative propulsion systems or re-design logistic chains. As a re-
sult, Germany plans to establish a new research center for fossil-free fuels in Cott-
bus. The UK Royal Air Force (RAF’s) successful experimentation flight of  an 
Ikarus C42 micro-flight in 2021 was the first to use 100% synthetic aviation fuel. 
Rolls Royce’s EJ200 combat engine, which powers the Eurofighter Typhoon, and 
the MT30 gas turbine, in service with the US, UK and other militaries’ naval ships, 
are already compatible with synthetic fuels (Bell, 2021)199. 

199 Bell (2021). “Rolls-Royce executive: “Decarbonization is a warfighting opportunity for industry and 
its customers”, 6 December 2021.  

4.2 Maritime 

 The naval sector is rarely mentioned in the discourse about decarbonization. 
Due to their unique purpose, naval vessels, and in particular combat vessels must 
meet a number of  special requirements that set them apart from commercial ships. 
They must be able to operate under direct threat, at high speeds and for extended 
periods with the only possibility for refueling actually at sea. Independence, endur-
ance, low detectability, high agility and maneuverability even in a damaged condi-
tion are of  vital importance. The choice of  fuel must account for the size, mission 
and payload of  the given ship type, the range and the power demand of  the mili-
tary systems on board – such as radars and  weapons – and potential exposure of  
fuel to hostile fire. All these requirements complicate the search for sustainable 
propulsion technologies.  
 
 Introducing electric propulsion motors to vessels, either in the form of  an in-
tegrated electric drive (IED) or hybrid electric drive (HED) propulsion system, al-
lows replacement of  the relatively low efficiency gas turbines. Although gas tur-
bines are power dense and fairly efficient at full load, their fuel efficiency decreases 
drastically at the lower levels used when slower speeds are required to accomplish 
the ship’s mission. An emerging global macro-trend in naval engineering over the 
last fifteen years has been a decisive move towards “more electric” propulsion due 
to progressively increasing electrical load demand and a focus on affordability.  
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For example, the US Navy’s 2019-2037 technology roadmap for naval power and 
energy systems calls naval electrification critical based on its electrification needs 
for high-power radars and networks, directed energy-weapons for counter-
unmanned systems and missiles, and prime mover propulsion for silent running. 
Electricity allows moving large amounts of  energy from one place to another, con-
trollably and quickly, making the energy resource (power generated by prime mov-
ers) extremely fungible. The trend towards electrification of  warfighting capability 
take advantage of, and relies upon, the fungible nature of  electricity. An integrated 
energy system involves converting energy to the electric weapon or sensor’s needs. 
The vision of  integrated power and energy systems carries this further, with the 
end-goal of  linking all energy consumers with all energy sources in a single electri-
cal network to maximize flexibility in affecting the ship’s functions (Rosenberg, 
2021)200. 
 
 The future of  keeping navies at sea for longer, further from home ports and 
with resilience is by making them as operationally efficient as possible. Hybrid pro-
pulsion systems combine both electrical and mechanical equipment to turn the 
ship’s propellers throughout the speed operating range. The hybrid configuration is 
a versatile propulsion solution and is particularly suited to the fluctuating opera-
tional scenarios encountered by naval warships and auxiliary vessels. Using electric 
propulsion motors powered by the ship’s generating sets to turn the propeller saves 
fuel, reduces emissions and reduces maintenance costs of  the main engines, which 
can be shut down. The generating sets are running to meet other electrical needs 
of  the ship anyway, so the overall number of  hours run by the various diesel en-
gines onboard is reduced (General Electric, 2014)201. In October 2014, the amphib-
ious assault ship USS America (LHA6) was commissioned – the first of  its class – 
with a hybrid electric propulsion system. France’s multi-mission frigate anti-
submarine warfare version also uses an HED which has allowed it to optimize fuel 
consumption and reduce exhaust emissions. There are other benefits, including in-
creased operational efficiencies throughout the ship’s operating profile, as electrical 
equipment is operated nearer to its peak efficiency. 
 
 There are currently solar- and wind-powered maritime vehicles which could 
be operationally effective, particularly in the case of  smaller unmanned vehicles. In 
December 2021, the U.S. announced it had begun operationally testing a sailboat-
style drone (wind-powered with solar sensors) which could provide the U.S. Navy 
with a relatively inexpensive way to expand its sightline (Ziezulewicz, 2021)202. Boe-

200  Rosenberg (2021). “The roadmap for naval electrification”. In Breaking Defence, 08 November 2021.  
201 General Electric (2014). “Norwegian Navy Embraces Electrification in Choosing GE’s Energy Ef-
ficient Hybrid Propulsion Drive Technology”. Press release, 20 May 2014. 
202 Ziezulewicz. “The Navy is testing this adorable sailboat drone”. In Defence News, 13 December 
2021.  
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ing had developed a similar unmanned asset, which harvests its energy from wave 
and solar power, for intelligence, surveillance and reconnaissance (ISR) missions203. 
 
 Often overlooked as an energy source that can play an integral role in the en-
ergy transition and a cleaner future is the small modular reactor (SMR). It typically 
produces less than 300 MW compared with up to 1,600 MW for traditional reac-
tors. Their smaller size means they provide an option to fulfil the need for flexible 
and affordable power and heat generation for a much wider range of  users and ap-
plications, in addition to the possibility of  combining nuclear with alternative ener-
gy sources, including renewables.  
 
 SMRs can also be subdivided into different categories. Some institutions and 
energy companies employ a wide variety of  terms, including “micro modular reac-
tors” (MMRs) and “very small modular nuclear reactors” (vSMRs) to describe 
SMRs that have the capacity to generate up to 10-25 MW energy per module. The 
use of  small reactors for reliable power is not actually a new concept. SMRs have 
been used in the military since the 1950s, especially in vessels such as icebreakers 
and aircraft carriers that need to be at sea for long periods without refueling, or for 
powerful submarine propulsion (Trakimavićius, 2021)204. 
 
 Nuclear-powered surface and sub-surface vehicles remain an option for some 
– particularly for aircraft carriers and larger submarines. Nuclear propulsion has 
been used by the U.S., British, Russian, French and Chinese navies for decades be-
cause of  the speed and endurance it gives to combat vessels, especially submarines. 
It is in essence carbon-free but extremely expensive. Notwithstanding the strategic 
and tactical advantages, demand remains low since radioactive waste is seen as an 
environmental threat and public opposition. Therefore, the nuclear option is lim-
ited for most navies; safety issues, high operating costs and investment in infra-
structure and disposal options are prohibitive. On the other hand, submarines 
“have taken” the lead in terms of  the adoption of  alternative fuels thanks to the 
emergence of  the air-independent propulsion (AIP) system in the mid-20th centu-
ry. AIP systems are compatible with alternative fuels and fuel cells and considered 
as a viable alternative to nuclear propulsion. 
 
 Over the past decade, air-independent propulsion (AIP) for submarines has 
spread rapidly around the world. The technology, which allows conventionally pow-
ered submarines to operate without access to outside air, has the potential to shift 
the balance from the big nuclear attack submarines (SSNs) that have dominated un-

203 See Boeing “Wave Glider”, https://www.boeing.com/defence/autonomous-systems/wave-glider/. 
204 Trakimavićius (2021). “Is small really beautiful? The modular nuclear reactors (SMRs) in the mili-
tary”. In Energy Highlights, No 15, NATO Energy Security Center of Excellence.  

https://www.boeing.com/defence/autonomous-systems/wave-glider/
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dersea warfare since the 1950s, and back towards small conventional boats. In glob-
al terms, this might again make submarines the great strategic equalizer; small 
cheap weapons that can destroy the expensive warships of  the world’s most power-
ful navies. In the mid-2000s, converging technological developments enabled sever-
al major submarine producers globally to begin to develop practical AIP systems. 
France, Germany, Japan, Sweden and China all laid down AIP capable boats, in 
some cases exporting those submarines around the world.  
 
 There are three main types of  AIP found in extant diesel-electric submarines: 
(1) Closed cycle steam turbines; (2) Stirling cycle; and (3) Fuel cells.  
 
 Closed cycle steam turbines are used on French-built submarines and they 
mimic the energy production process found on nuclear subs (where a nuclear reac-
tor provides heat that turns water into steam) by mixing oxygen and ethanol. This 
system is complex, generates a lot of  power, but is somewhat less efficient than the 
alternatives. A Stirling cycle engine uses diesel to heat a fluid permanently con-
tained in the engine, which in turn drives a piston and generates electricity. The ex-
haust is then released into the seawater. This is slightly more efficient, and some-
what less complicated, than the French variant, and is used on Japanese, Swedish 
and Chinese boats. Fuel cell technology is probably the state of  the art in AIP. A 
fuel cell uses hydrogen and oxygen to generate electricity, and has almost no mov-
ing parts. They can generate a lot of  energy with minimal waste product, and are 
very quiet. German-built submarines have successfully taken advantage of  fuel cell 
technology, and the French, Russians and Indians are also moving in this direction 
(Farley, 2021)205. 

Figure 14. Fuel cell submarines – principles of device 

Source: Adapted from the article “Submarines Matter” by Naval Group, 2019. 

205 Farley (2021). “AIP: The Stealth Submarines the US Navy Doesn’t Have”. Article, 17 November 
2021.  
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 Alternative fuels are the most effective measure to fully decarbonize in the 
future, but practical considerations such as logistics, fuel availability, and fuel 
change flexibility of  the different low- or zero-carbon fuels matter for the naval 
segment. While the number of  naval ships running on alternative fuels remains ra-
ther small, biofuels are seen as a more realistic option for naval ships than ammo-
nia, methanol, hydrocarbons or other power sources, especially since drop-in biofu-
els do not require any retrofits. Probably non-combat vessels will be the first to em-
brace alternative fuels, rather than fighting vessels such as frigates and destroyers 
with their highly specialized needs (DNV, 2022)206. 

206 DNV (2022). “Decarbonization perspectives for navies”. Whitepaper, 11 May 2022.  
207 A direct energy weapon (DEW) is a ranged weapon that damages its target with highly focused en-
ergy without a solid projectile, including lasers, microwaves, particle beams, and sound beams. Poten-
tial applications of this technology include weapons that target personnel, missiles, vehicles, and opti-
cal devices. 
208 Hybrid electric vehicles are powered by an internal combustion engine and one or more electric 
motors, which uses energy stored in batteries. A hybrid electric vehicles cannot be plugged in to charge 
the battery. Instead, the battery is charged through regenerative braking and by the internal combus-
tion engine. 

4.3 Land 

 Electric vehicles (EVs) have the potential to transform the capabilities of  ar-
mored vehicles and logistical and tactical trucks. Their adoption into the Armed 
Forces is quickly becoming a reality and whilst there are technical stumbling blocks 
to be resolved before EVs are used in combat setting, new technology is already 
being utilized in some barracks. Electrification is likely to be critical to the integra-
tion of  emerging war-fighting capabilities such as high-power communications, 
high-power jamming, vehicle-centric microgrids and directed-energy weapons207. 
Greening strategies that are being implemented by many Armed Forces are driving 
the move towards EV integration into the current fleet. EVs produce low emission 
levels compared to traditional internal combustion engines. The UK, the U.S., 
NATO and the Environmental Defence Fund (EDF) are amongst those currently 
looking to reduce the environmental impact of  their activities on the environment. 
Additionally, the alternate benefits of  greening strategies, such as reduced cost and 
fewer vulnerable supply chains, will also encourage militaries to reduce their envi-
ronmental impact. 
 
 Given the progress in the civilian sector over the last decade, it is not unreal-
istic to expect hybrid-electric drive (HED)208 and electric technology to work for 
land applications; it is best suited to lighter vehicles. Hybridization offers potential 
for tracked vehicles but seems more applicable to wheeled types; increasing range 
and functionality, as well as improving torque and therefore traction/off-road abil-
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ity. The UK and U.S. armies have independently commissioned the development of  
hybrid vehicles. The U.S. Army awarded the University of  Wisconsin a contract to 
research how hybrid power trains can be integrated into the fleet. Furthermore, the 
electric light reconnaissance vehicle (eLRV) being explored by the U.S. Army will 
likely be initially equipped with a hybrid system before moving to fully electrifica-
tion. The same can be said about the UK’s Protected Mobility Engineering 
&Technical Support (PMETS) program to electrify the MAN SV, Jackal and Fox-
hound vehicles. These seemed to be initial steps towards achieving environmental 
goals, while demonstrating that acceptable operational capability can be main-
tained209. The British army is assessing the benefits of  hybrid military vehicles; the 
hybrid Jackal reconnaissance vehicle has electric drives on its wheels, a battery and 
a diesel engine that tops up the battery. The vehicles offered better stealth, capabil-
ity and no noise and were better for the crew. BAE Systems is also heavily focusing 
on producing hybrid vehicles including heavy-duty trucks and buses. The reasoning 
behind the development of  hybrid vehicles before full electrification is that some 
of  the benefits of  EVs can be gained before some of  the hurdles of  full electrifica-
tion are overcome. 
 
 Other nations are starting to follow suit, and it can be seen that climate 
change is starting to become a new staple at military exhibitions and conferences, 
where industry is becoming more attuned to the growing demand for green solu-
tions. For example, France is aiming to build an HED Griffon multi-role armored 
vehicle demonstrator by 2025. There are clearly significant benefits for combat ser-
vice support-logistic vehicles – including unmanned or autonomous versions – 
where a hybrid option will reduce operational costs and fossil fuel consumption 
(IISS, 2022)210. 
 
 Developments of  hydrogen technology continue to be a source of  debate, 
whether it be in relation to production methods or the use of  hydrogen as an ener-
gy carrier. Hydrogen fuel cells have been around for many years, and continue to 
be the focus of  investment and development for many of  the world’s leading mo-
tor manufacturers and system providers. Many believe that fuel cells are more ideal-
ly matched to higher power requirements involving applications that move greater 
loads across larger distances, such as heavy freight, ships, rail and aviation, with 
doubts remaining over the commercial viability of  their widespread adoption for 

209 In 2020, the UK’s MAN SV Foxhound and Jackal vehicles were HED tested. See also The Interna-
tional Institute for Strategic Studies (2022). “Green Defence: the defence and military implications of 
climate change for Europe”.  
210 International Institute for Strategic Studies (IISS). “Green Defence: the defence and military impli-
cations of climate change for Europe”. February 2022. 
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smaller ground vehicles. Affordability for passenger car applications is often cited 
as a potential inhibitor to fuel cells becoming the successor to the internal combus-
tion engine. Fuel-cell vehicles powered by hydrogen, by contrast do not suffer from 
the same payload challenges as batteries and possess all the advantages of  HED ve-
hicles, but with the additional benefits of  rapid fueling and very low fuel consump-
tion at idle. Examples already in development include General Motor’s ZH₂ hydro-
gen fuel-cell-powered electric pick-up truck211. However, hydrogen vehicles are 
more complex and therefore more costly. Although, for well-matched applications, 
it can be seen that fuel cells being adopted at ever-increasing rate. This will inevita-
bly result in increased demand for hydrogen production, storage and distribution, 
and need for suitable technologies to support these requirements. Using methanol 
as a bulk hydrogen carrier that can be reformed into hydrogen on demand is seen 
as an answer to some of  the transport and safety challenges.  
 
 Battery technology will continue to evolve, and this may continue to repre-
sent the most viable and effective solution for lighter vehicles that operate over 
shorter distances. Demand for rare earth metals and materials essential for battery 
manufacturing will increase and inevitably, and solutions will need to be found, for 
the widespread recycling of  lithium battery technology to satisfy demand and meet 
green objectives. Nevertheless, a full-electric driven land system is more challeng-
ing. Currently, batteries are heavy, slow to charge and offer limited range; remova-
ble, swappable batteries might solve issues with charging time, while ongoing im-
provements in lightweight and energy-dense materials will make batteries more 
competitive in terms of  weight. In 2021, the Netherlands announced it was testing 
an electric truck to assess its operational feasibility. However, full-electric and HED 
options will both need extremely high-powered charging stations (likely greater 
than 10 megawatts) for sustainability requirements during missions. In more con-
tested environments, the protection of  such stations will be a clear operational re-
quirement. 
 
 It may be that electrified heavy armour will need a period of  development 
before some of  the key technologies are validated to a point at which military users 
are satisfied that they could rely on them as a mainstay of  their force deployed in a 
tactical or combat environment. The near-term route to military use of  electric ve-
hicles may be at the lighter end of  the scale. At the same time, there are real chal-
lenges to overcome for armoured vehicles. The current tanks of  the UK, U.S. and 
many other NATO countries weigh 60-70 tons and the German MoD had current-
ly assessed that propulsion systems based on batteries or fuel cells alone will not be 
able to achieve the special requirements of  armoured vehicle fleets. Moreover, for 

211 “General Motors introduced a hydrogen fuel cell-powered pick-up truck”. In Plug-In Magazine, 18 
October 2016. 
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heavier and some medium-weight combat support vehicles –such as missile launch-
ers, bridge-layers and recovery vehicles – the cost of  conversion is difficult to re-
coup over the vehicles’ lifetime. 
 
 One of  the more niche, but nonetheless important, trends is the develop-
ment of  mini nuclear reactors. These are being actively developed by countries in-
cluding the U.S., UK, Canada, and China in an attempt to find a solution to the 
question of  how to charge EVs in the field. In instances where no power grid ac-
cess is available, or until a lightweight solution to carrying batteries is found, the 
mini nuclear reactors could offer an alternative source of  power. The U.S. Depart-
ment of  Defence is running Project Pele to develop a forward deployable reactor. 
The timeline aims for a prototype to be ready for the end of  2023212. The reactors 
will be able to provide large amounts of  energy, which could reduce the need for 
long and vulnerable supply chains to the front line. Furthermore, they would be 
transportable and deployable and would be able to cool without the need for water 
electricity in case of  emergency (Neumann, 2021)213. 
 
 Key technological pillars of  future defence vehicle will be electrification, au-
tonomy, and cybersecurity – that latter being an area in which an adversary has the 
potential to wreak havoc in new and innovative ways and with previously unachiev-
able consequences. Designers will need to address security and safety from new 
perspectives. In addition, to cyber threats, they will need to consider theft or hijack 
of  unmanned systems and varying impacts on public safety (Wilkins, 2021)214. 

212 The companies currently involved in Project Pele are Bwx Technologies, Westinghouse Govern-
ment Services, and X-Energy. 
213 Neumann (2021). “Easy EV: Challenges and benefits of land vehicle electrification”. In Defence Tech-
nology, December 2021. 
214 Wilkins. “Powering Future Defence Vehicles”. In Military Technology No 6, 2021.  

4.4. Air and Space 

 The investigation of  aviation alternative fuels and energies has increased sig-
nificantly in recent years in an effort to reduce the environment and climate impact 
by aviation. Special requirements have to be met for qualifying as a suitable aviation 
fuel or an alternative power source. The fuel has to be high in energy content per 
unit of  mass and volume, thermally stable and avoiding freezing at low tempera-
tures. There are also many other special requirements on viscosity, ignition proper-
ties and computability with the typical aviation materials. There are quite a few con-
tending alternative fuels, which can be derived from natural gas and biomass. As a 
result, much research efforts are required to realize the aircraft alternative fuels and 
energies. 
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 Despite the challenges, there have been notable developments in the air and 
space domains in alternative propulsion. For example, Elroy Air are working on 
Chaparral hybrid-electric autonomous vertical take-off  and landing (VTOL) air-
craft for cargo deliveries and LIFT Aircraft on an optionally piloted amphibious all 
electric version called Hexa215. Battery-powered small uninhabited aerial vehicles 
(UAVs) are already a reality and in military use globally by state and non-state ac-
tors. Due to current weight considerations, a scalable battery-driven aircraft for fast 
jet, bomber or transport operations is not possible in the near term if  offset 
against lighter construction materials. 

Table 15. Summary of sustainable mobility options 

Examples Types Maritime Land Air and Space 

Improving 
fuel  
efficiency 
 

 Improved engine-management software for platform efficiency. 
 Aids to vehicle drivers, pilots and ship bridge crew in reducing fuel con-

sumption. 
 Adjust flight, ship and vehicle route planning. 

Fuels Biofuels 
  
  
  
  
  
  
 
Synthetics 
  

Biofuels: SVO, bio-
diesel, biogas, bio-
hydrogen and lignocel-
lulose-based bio-oil 
testing and experimen-
tation in the commer-
cial and military sectors. 
  
Synthetics:  Rolls-
Royce MT30, marine 
gas turbine engine is 
compatible. 

Biofuels: civilian 
“non-drop-in” so-
lutions being test-
ed/used. Military 
tests: US TAR-
DEC tests on cat-
erpillar C7 engine 
successful. 

Biofuels: SAF – 
50% blended and 
100% unblended. 
The Netherlands 
Air Force F-16 
fighters fly on a 
mix containing 
5% SAF. 

Benefits Synthetics are “drop-in” solutions to current platforms: 
 Used on proven combustion-engine technology. 
 No need to adopt alternative propulsion systems or to re-design logistic 

chains. 
 Does not sacrifice performance. 

Challenges Biofuels: 
 Inaccessibility. Limited access to biomass at scale and disparity of  feed-

stock. 
 Expensive to produce, and “non-drop-in” solutions are costly. 
 Environmental sustainability in production chain and could be in competi-

tion with food production. 
 Fuel quality and performance. Difficulties in meeting NATO Single Fuel 

Policy. 

215 See more information at the websites: www.elroyair.com; www.liftaircraft.com/ownership  

http://www.elroyair.com
http://www.liftaircraft.com/ownership
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Propulsion HED 
  
  
  
  
  
  
  
 
Electric 
  
  
Hydrogen 
  
  
  
Nuclear 
  
  
  
  
  
Renewables 
( s o l a r , 
wind,  
thermal) 

HED: US Navy’s am-
phibious flat top ships 
and European multi-
p u r p o s e  f r i g a t e 
(FREMM) are using. 
  
  
  
  
  
  
  
AIP hydrogen fuel cell 
power combined with 
battery. 
  
Mainly sub-surface, e.g. 
KSS III class submarine; 
TKMS MUM project. 
Aircraft carriers and sub-
marines. 
  
Wind/Solar: US sailboat 
style drone with solar-
powered sensors. 

HED: Potential 
for tracks, most 
applicable for 
wheeled vehicles, 
e.g. UK Foxhound 
& Jackal; US 
GMV1.1 LTATV, 
French Griffon. 
  
Netherlands elec-
tric truck. 
  
GM’s ZH₂ truck. 

HED: Chapar-
ral VTOL UAV. 
  
  
  
  
  
  
 
LIFT Hexa UAV. 
  
  
ScanEagle 3 UAV; 
Boeing/Airbus 
single-aisle jets. 
  
  
  
  
  
  
  
Wind: Gliders. 
Solar: Space-
power-beaming 
tech. 
 

Benefits  HED: Optimizes fuel consumption (reduces operating costs); reduces 
emissions; greater reliability, range/functionality. On land, improved off-
road capability due to improved torque. 

 AIP and hydrogen: Advantages of  HED plus rapid refueling and very 
low fuel consumption at idle. In air, unmanned aircraft systems are smaller 
and lower vibration/noise and more endurance. 

 Solar/wind and nuclear:  Emissions free. In space, power-beaming tech-
nology could be a game-changer. 

 Integration: Electrification required for integration of  critical future war 
fighting capabilities, included directed energy weapons. 

 

Challenges  Heavy armored, combat support vehicles, fast jets, bombers and transpor-
tation unable to be driven by all alternative propulsion in near future. 

 Electric: Battery weight; slow to charge; limited range. On land, high-
powered charging stations required; protection of  charging points. 

 Nuclear: Limited for most armed forces; safety; high operating costs and 
infrastructure investment; disposal options prohibitive. 

 Hydrogen: More complex and costly. Coolant and storage issues. 

Source: Adapted from IISS study on “Green Defence: the defence and military implications of climate change for 
Europe”, 2022. 
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 The effective application of  low carbon technologies, such as electric and hy-
drogen propulsion are unlikely to be in widespread use until 2040 or later. This 
means that Sustainable Aviation Fuel (SAF) provides the only viable way to reduce 
aviation emissions significantly in the short to medium- term. SAF can be made 
from renewable sources, such as used cooking oil, municipal waste and woody bio-
mass. It is safe, proven fuel, which has the potential to reduce lifecycle emissions by 
up to 80%, compared with conventional aviation fuel. SAF is also a drop-in fuel, 
which can be blended in a ration of  up to 50% with conventional jet fuel for use in 
aircraft operating today. However, the SAF type currently predominant (i.e. biofu-
els) faces real availability and scalability challenges, as well as supply chain bottle-
necks and questions over the sustainability of  feedstocks. 
 
 The UK’s Royal Air Force is already using sustainable aviation fuel (SAF) 
which is a 50% blend and is developing a 100% SAF for flight in 2022. SAF gives 
an impressive reduction of  up to 80% in carbon emissions over the lifecycle of  the 
fuel compared to traditional jet fuel it replaces, depending on the sustainable feed-
stock used, production method and the supply chain to the airfield. However, cur-
rently, SAF is relatively inaccessible and expensive. In terms of  unblended biofuels, 
high-profile bio-jet- fuel tests on F-18 and Gripen fighters have lready taken place. 
Sweden has conducted biofuel testing in the Gripen RM-12 engine. The Nether-
lands also has a pilot project underway to mix kerosene with biofuel for use in F-16 
aircraft at Leeuwarden Air Base (Voegele, 2019)216. 
 
 Part of  the problem is standardization. Jet fuel is a kerosene-grade fuel for-
mulated to meet stringent commercial or military performance standards, including 
energy content, combustion quality, stability, lubricity, fluidity, volatility, noncorro-
sivity and cleanliness. The most widely recognized commercial performance stand-
ards are ASTM International’s D1655 Standard Specification for Aviation Turbine 
Fuels in the US217 and Defence Standard 91-91 in the UK218. To be utilized in 
flight, sustainable aviation fuel (SAF) must be thoroughly tested and must meet the 
same rigorous standards as petroleum-derived fuels. 
 
 Thus, finding a sustainable aviation fuel is likely to remain a long-term prob-
lem owing to energy content, usability and technical viability compared with jet 
fuel. To achieve significant scale-up an exponential expansion of  e-fuels or power-
to-liquid will be needed. E-fuels are produced using low carbon hydrogen 

216 Voegele (2019). “The Netherlands announces plans to fuel air force with biofuels”. In Biomass 
Magazine, 24 January 2019. 
217 ASTM D1655-18a. “Standard Specification for Aviation Turbine Fuels”. ASTM International ac-
cessed 09 November 2022, https://www.astm.org/standards. 
218 Civil Jet Fuel, Grades and Specifications”. Royal Dutch Shell PLC, accessed 09 November 2022, 
https://www.shell.com/business-customers/aviation/aviation-fuel/civil-jet-fuel-grades. 

https://www.astm.org/standards
https://www.shell.com/business-customers/aviation/aviation-fuel/civil-jet-fuel-grades
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(produced from biogas or renewable/nuclear electricity electrolysis) and captured 
CO₂. As such, lifecycle carbon savings from e-fuel can achieve over 90% compared 
with fossil jet fuel (A1). In theory, e-fuels have far higher supply potential than oth-
er SAF types, given that electricity and CO₂ are not restricted by feedstock availabil-
ity in the same way. Although, e-fuels are highly energy-intensive to produce, very 
expensive and dependent on the rapid expansion of  clean electricity production 
(renewable and/or nuclear) and carbon capture technology globally. 
 
 Investment in and development of  hydrogen cell propulsion for aircraft is 
well underway. At the lighter scale, hydrogen-powered UAVs are smaller and have 
greater endurance than existing battery-propelled options. They offer the benefit 
of  low-noise and low-vibration, of  particular importance for Intelligence, Surveil-
lance, and Reconnaissance (ISR) mission. Major companies such as Boeing and 
Airbus are developing hydrogen-powered aircraft for small UAVs such as the 
ScanEagle3, but also for the next generation of  single-aisle jets from the mid-
2030s219. Airbus has sought to lead in the transition to greener aviation, demon-
strating zero-emission aircraft concepts in 2020 (eschewing batteries in favor of  hy-
drogen) which it said could enter service in 2035. Boeing has been more cautious in 
its public statements regarding the long-term switch to battery and hydrogen-
powered aircraft. The company’s focus remains on SAF. 
 
 In parallel with the maritime domain, solar and wind-powered energy options 
are readily available and offer niche/specific capabilities in certain areas of  air pow-
er. In the past, gliders have been put to military use in transporting troops and 
heavy equipment but have had no proven operational utility since 1945. Solar pow-
er can be used for small UAVs; and for powering aerostats in forward operating ba-
ses. However, harnessing solar power for military effect may be most feasible in the 
space domain. For example, Chinese advances in space-based solar power, include 
a concept using power-beaming technology to transmit solar energy to receive on 
earth (Brown, 2019)220. 
 
 Wireless power transmission envisioned by Nikola Tesla a century ago is fea-
sible today. Microwave beams can propagate power efficiently along lines-of-sight 
over long distances. Orbiting microwave reflectors could form the basis of  a global 
electric grid. After decades of  alternating between optimism and abandonment, 
power beaming is finally becoming a reality, thanks to research led by space and 
military agencies, and attention from startups and the private sector. Beaming could 

219 “Airbus and Boeing to embrace hydrogen from mid-2030s”. In Engineering and Technology, 
https://eandt.theiet.org/content/articles/2021/airbus-and-boeing-to-embrace-hydrogen-from-mid-
2030s/  2 December 2021 
220 Brown. “How China’s Space-Bound Station Will Beam Power Down to Earth”, 19 February 2019.  

https://eandt.theiet.org/content/articles/2021/airbus-and-boeing-to-embrace-hydrogen-from-mid-2030s/
https://eandt.theiet.org/content/articles/2021/airbus-and-boeing-to-embrace-hydrogen-from-mid-2030s/
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also transfer power from remote renewables sites such as offshore wind farms. 
Other areas where power beaming could revolutionize energy solutions include re-
fueling space missions and satellites, and 5G provision. 
 
 In September 2022, the defence company Emrod demonstrated its technolo-
gy for Space-Based Solar Power (SBSP) applications in collaboration with the Eu-
ropean Space Agency (ESA), Airbus and Technocarbon. The companies believe 
that commercial Space-Based Solar Power, using satellites to capture solar energy in 
space where it is in abundance 24/7 and beaming it wirelessly to the ground, could 
support the transition to sustainable energy. While the concept of  Space-Based So-
lar Power is based on existing technological principles, challenges to date has been 
how to cost-effectively deliver the energy generated in space to earth for use 
(Emrod, 2022)221. 

221 “Emrod successfully demonstrates power beaming technology to unlock space-based solar power”. 
Press release, 28 September 2022. 
222 Congressional Research Service (2019). “Military Installations and Seal-Level rise”, 26 July 2019.  

4.5 Military installations 

 Military installations differ in terms of  their existing infrastructure and poten-
tial vulnerabilities. A number of  coastal military installations already routinely expe-
rience hide-tide flooding, and storm surge, disrupted operations and caused exten-
sive damage to infrastructure. Likewise, infrastructure outside of  military installa-
tions, (e.g. mission critical access roads) can be impeded by sea-level rise, further 
impeding military operations. The US Navy, for example, has identified effects, 
such as rising sea levels, that could negatively affect quays and melting polar ice that 
could open new navigable sea-lanes (Congressional Research Service, 2019)222. Typ-
ically, these issues are seen mainly as challenges for the country that operates the 
bases. Many defence energy and climate strategies also focus on army installations 
such as producing a fleet of  purpose-built, hybrid-drive tactical vehicles and 
providing 100% carbon free electricity. This is also consistent with minimizing the 
risks to bases, making them better, more sustainable, safer places to live and train. 
Climate strategies, especially in the U.S. and UK allow opportunities for “smart, 
21st century bases” that are prepared for modern threats. 
 
 The role of  military bases, and the way they project national power, appears 
to be changing. In the past, bases provided staging grounds for military actions, 
serving as safe havens against threats and helping defend critical territory. Increas-
ingly however, bases are part of  multi-domain battlespaces – both physical and 
cyber. New tasks generally essential to modern military operations – such as resup-
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plying forces on the moves with exactly what they need and repairing critical com-
ponents before they fail – tend to require huge volumes of  data be stored, ana-
lyzed, and viewed in a single place. By harnessing the advanced digital platforms 
now emerging in smart cities, the modern smart base can be that place.  
 
 With the smart-cities movement gaining more traction, and the convergence 
of  the IoT, the successes of  smart city initiatives may be directly applicable to mili-
tary installations. This extrapolation and enthusiasm are further fueled as technolo-
gy disruptors shift their focus to relevant smart-city innovations. The U.S. military 
is already adopting “smart city” solutions and approaches for use in military instal-
lations. During 2016, the U.S. army has installed a 250 acre smart solar energy farm 
on Fort Stewart, Georgia, which can allow the base to operate independent of  the 
local power grid in case of  emergency, and is also making use of  renewable energy. 
Nearby, Fort Bragg North Carolina, the biggest military base in the world is testing 
driverless vehicles for the  transportation of  wounded personnel, with the aim of   
later using them on actual battlefields as well (Martinidis, 2017)223. 
 
 

 
 
 A smart base employs technologies – artificial intelligence, the, Internet of  
Things (IoT), machine automation and robotics, and data analysis to name a few – 
to improve the quality and speed of  its functions and services. Taken together, they 
collect and process large amounts of  data that enable more economical operations 
and help military staffers make better decisions. At present, because of  the IoT, the 
number of  interconnected sensors has exploded. It has only been a few years, how-
ever, this data transformation of  networked sensors is already being taken for 
granted.  

223 Martinidis. “Smart Cities provide the model for Smart Military Bases”. In Smart Cities Solutions, 22 
February 2017. 
224 Nolan (2021). “Building the smart base of the future: the Integration of Smart Technologies for a 
More Efficient and Secure Base”. National Strategic Research Institute, University of Nebraska.  
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A connected machine does not become “smart” from single sensor, or modem, or 
network, or application alone. It is a combination of  all of  these pieces coming to-
gether that creates added intelligence. Smart bases are essentially the integration of  
networks with IoT components and data analytics to present users with situational 
intelligence or a common operating picture. Typical base-level shortfalls that smart 
bases may remedy are increased safety and security, lower operating costs, resilien-
cy, and infrastructure and energy efficiencies (Johnson, 2017)225. While these can be 
massive benefits for each functional community (finance, logistics, operations, etc.), 
greater and less-often discussed non-tangible benefits are increased mission assur-
ance and mission command through enhanced, holistic sense-making, and situa-
tional awareness. However, legacy bases today are for the most part not “smart-
enabled” because they are not optimized for IoT and data analytics and this causes 
inefficiencies.  
 
 

 
 
 At the same time one of  the major vulnerabilities is that the military bases 
are integrated with Industrial Control and Data Acquisition (SCADA) networks 
which control a variety of  power, water, communication, and transportation infra-
structure stateside. Currently in the USA these bases are linked to the state and mu-
nicipal ICS226/SCADA grid systems, with backup power via short-term fossil fuel 
stockpiles running generators (Marquese et al., 2017)227. The reliance on ad-hoc 
ICS/SCADA systems and public energy is dangerous because an attack on these 
systems could disrupt US military operations across the globe. Therefore, extra se-
curity measures and rigorous security protocols, however, can more than offset 
these difficulties. 

225 Johnson (2017). “Smart City Tech Would Make Military Bases Safer”, retrieved from http://
www.wired.com/2017/02/smart-city-tech-make-military-bases-safer/  
226 ICS is Information and Communications Services. 
227 Marquese, Schultz & Robyn (2017). “Power begins at home: Assured energy for U.S. military ba-
ses”.  

http://www.wired.com/2017/02/smart-city-tech-make-military-bases-safer/
http://www.wired.com/2017/02/smart-city-tech-make-military-bases-safer/
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Figure 16. Smart military base 

Source: Adapted from the article “Smart Military Bases. Now is the time” by Deloitte USA, 2016. 

 The IoT and smart-base era is just beginning, and many aspects of  securing it 
remains a work in progress. By approaching the IoT strategically, and with security 
at the core of  every connected device, military installations can begin to capture 
new value through the smart-base concept – while keeping potential risks in check. 
 
 Over the last decade, European governments have been considering ways 
how to make their installations more carbon neutral. In 2018, Austria stated that it 
would strive for higher energy self-sufficiency on military properties by reducing 
energy consumption, increasing the use of  renewables such as installing photovol-
taic panels on buildings228. Many nations have set tangible goals to create “net-
zero” camps. By 2025, France expects to create a sustainable camp on operations, 
while RAF Leeming will be the first net-zero airbase in the UK and Rolls Royce’s 
Bristol site will achieve net zero in 2022 (Bell, 2021)229. Powered by solar, geother-
mal and hydrogen energies, future bases will include the use of  ground-source heat 
pump technology for runway maintenance and solar-cell installation. Several other 
countries have similar plans, including Slovenia. 

228 Austrian Federal Ministry of Defence. “Nachhaltigkeitsbericht 2018 des Bundesministerium für 
Landesverteidigung [Sustainability Report 2018 of the Federal Ministries of Defence]. 
229 Bell (2021). “Rolls Royce executive: Decarbonization is a warfighting opportunity for industry and 
its customers”. In Defence News.  
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4.6 Decentralized power generation and microgrids  

 Most power generation systems worldwide have been designed to provide en-
ergy in a centralized distribution manner, regardless of  how energy is derived. New 
and more advanced systems are beginning to take shape throughout the world, 
which are laying the foundation for decentralized and distributed energy systems. 
In the last decade, distributed energy resources (DERs) have been integrated into 
transmission and distribution power networks to reduce the amount of  carbon 
emissions worldwide and to meet the increasing demands of  power systems. A mi-
crogrid is one of  the leading features of  a smart grid power network for integrating 
DERs within a distribution network. The main platform of  how these are taking 
shape is through the creation of  microgrids. The idea behind this type of  grid is 
that it is a group of  smaller generation, storage, and load management systems that 
are either linked to the main electricity grid or islanded from it. A networked mi-
crogrid is an advanced microgrid concept in which a network is formed using sev-
eral adjacent microgrids. Figure 17 illustrates a typical networked microgrid in a dis-
tribution network. 
 
 The microgrid concept comes from a 2004 research paper by Robert Lasseter 
and Paolo Piagi. They proposed that increasing levels of  distributed generation 
could cause problems with the traditional electric grid and that a solution lay in a 
new approach that views localized generation and associated loads as a subsystem 
or “microgrid”. It is a power supply system composed of  distributed energy 
sources; it primarily includes biomass energy, fuel cells, geothermal power, wind 
power, gas turbines, and compound internal combustion engines. Microgrids are 
often used for an entire region, combining local distributed energy sources and 
connecting with the utility power source network to supply power. Operationally, 
microgrids can be divided into the grid-connected mode and the islanded-mode. 
Loads can be differentiated as critical loads cannot be cut off  and non-critical loads 
that can be cut off. 
 
 Microgrids have one unique characteristic, that is, all power sources and loads 
in the network can be cut off  or closed at any time. Therefore, plans and adjust-
ments can immediately respond to power supply and load demand, significantly in-
creasing power consumption efficiency. The plug and play function in the mi-
crogrid’s power supply and load is primarily because of  the breakers installed on 
each component in the microgrid. By controlling the breaker’s power using exter-
nals signals, each component can adjust to and compensate for the state of  the 
overall network. 
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 In addition to using renewable energy as the primary source of  power gener-
ation and the ability to cut off  or integrated with the utility power source system at 
any time, microgrids can also add smart meters in the future, allowing users to ob-
tain information regarding power consumption at any time to instantly manage 
their power efficiency. Furthermore, multiple microgrid systems can communicate 
and interact, achieving even more comprehensive applications.  

Figure 17. An illustration of an islanded microgrid 

Source: Adapted from the article “A Comparative Study of High Performance Robust PID Controller for Grid 
Voltage” by Sarker, Badal & Das, 2018. 

 Microgrids are found at both the macro (military installation or hospital) and 
micro scale (deployment or field hospital). There are generally two different meth-
ods, spot generation and consolidated generation. Spot generation is where each 
node (a tent in this instance) has a dedicated generator. Consolidated generation 
shows how one generator may link to provide power to multiple tents in a row. The 
introduction of  microgrid systems that store electricity from renewable sources, as 
well as deployable hybrid microgrid systems to provide general-purpose power 
could offer self-sufficiency for defence. 
 
 The purposes for which microgrids are developed vary. Military microgrids 
are built to cater to the requirements of  military bases, boost energy supply for 
power-intensive military operations and eliminate dependence on the grid. This 
type of  microgrids are also made to be physically and digitally immune to attacks 
that may put down the civilian grids. As they operate independently from the grid, 
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they also enhance physical security and cybersecurity – which are significant con-
cerns to the military. As systems become interconnected to monitor and make 
more efficient systems, more vulnerabilities present in the military. The internet of  
things (IoT) has created more efficient monitoring of  equipment at different stag-
es, however, it has also allowed hackers to find many different entry points to affect 
the grid. Sometimes microgrids also exchange power with the macro-grid or other 
microgrids. Renewable-based military microgrids eliminate the reliance on external 
fuel supply which could be a vulnerable link in the chain of  operations. This is be-
cause transportation equipment could be attacked at any point on a long supply 
route, and fuel transport is always inherently risky.  
 
 Microgrids are also systems that can increase the resilience of  military facili-
ties to provide power during interruptions by providing multiple redundant local 
power sources and infrastructure independent of  the larger electric utility. Mi-
crogrids can be simple or complex in nature. Microgrids consist of  connected 
loads and energy generation sources (e.g. diesel generators, photovoltaics (PVs), 
etc.) with a variety of  potential control systems and operating philosophies that of-
ten include energy storage systems (e.g., chemical batteries, thermal storage).  Ini-
tially, the data gathering such as energy usage and defining critical infrastructure are 
crucial to designing a properly sized system. The identification of  loads is crucial in 
designing the system. Under sizing the system could cause mission failure because 
it will not handle the load, comparatively, significantly oversizing the system may 
cause poor performance and cause the system lifespan to shorten. Microgrid tech-
nology also makes the traditional grid more resilient and efficient by improving 
power quality and reducing transmission and distribution losses. 
 
 The U.S. Army has recently developed a mobile microgrid concept. This is a 
fast-forming, secure and intelligent vehicle-centric microgrid prototype that will 
power next-generation warfighting capabilities. Integrating power generation direct-
ly onto tactical vehicle platforms, this type of  microgrids are designed to provide 
on-the-move power for next-generation warfighting capabilities, such as directed 
energy and missile defence systems. Conforming to the Tactical Microgrid Stand-
ard, vehicle-centric microgrids can distribute power between vehicles and connect 
to other tactical microgrid systems compliant power generation, storage and distri-
bution systems under development by the U.S. Department of  Defence. It is not 
only a microgrid, it is also a smart grid. A centralized controller can increase or de-
crease the number of  powered vehicles automatically for optimal efficiency/
resilience across the microgrid. It is expected that in future around 10-20% of  tac-
tical vehicles will have vehicle-centric microgrid (Vergun, 2021)230. 

230 Vergun (2021). “DOD Demonstrates Mobile Microgrid Technology”. In DOD News, 30 June 2021. 
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231 Battis, Kurtovich, and O’Donnell. “A Security and Resilience for California Electric Distribution 
Infrastructure: Regulatory and Industry Response to SB 699”. Technical Report; California Public Util-
ities Commission Safety and Enforcement Division Risk Assessment and Safety Advisory Section: San 
Francisco, CA, USA, 2018. 
232 Prehoda, Schelly and .Pearce. “U.S strategic solar photovoltaic-powered microgrid development for 
enhanced national security”. In Renewable and Sustainable Energy Reviews, volume 78, October 2017, pp. 
167-175.  

4.7 Challenges 

 Whilst the current infrastructure of  European armed forces offers quick-win 
opportunities, there are significant infrastructure challenges, which will need to be 
overcome, particularly in energy-storage facilities. In the maritime domain, even 
without the requirement to reduce emissions, current power systems will soon lack 
the capacity to withstand the increasing demand placed on them, including through 



115 

 

the future integration of  directed-energy weapons, advanced electronic-warfare sys-
tems, electromagnetic rail guns and radiated energy systems such as radars. Ships 
will need to develop better energy storage systems to support future sensors and 
weapons, as well as housing renewable energy sources themselves. If  hydrogen is 
part of  the solution, coolant systems may also be a key consideration. On land, it is 
necessary to invest significantly in storage systems and e-charging points. The Nor-
wegian Armed Forces are already investing in electrical energy storage (partnered 
with Energy Nest). The U.S. is doing the same and looking for domestic sources 
for lithium (used in batteries) to ensure self-sufficiency. The protection of  critical 
energy storage facilities should be a key planning consideration for European 
armed forces – this will be particularly important in the cyber domain. 
 
 Key to all plans will be ability to map the carbon emissions of  armed forces. 
This will assist in measuring the effectiveness of  decarbonization options as they 
are introduced. It will also assist in promoting awareness and in making the behav-
ioral changes required amongst military personnel. Addressing the emissions in-
volved in defence supply chain will also be critical. The defence sector needs to 
think hard about these challenging issues, identify the resilience and sustainability 
efforts it should be taking to adapt to a changing climate, and how these should be 
balanced with sustaining defence operations and capabilities. The full spectrum of  
defence activities including travel and training will need to reduce unnecessary 
emissions. Increasing the proportion of  training in simulated environments would 
go some way towards this objective. 
 
 Barracks, docks, airfields and training areas offer considerable opportunities 
to reduce emissions, generate renewable energy and sequester carbon. This could 
help offset the emissions from elsewhere in the defence system, particularly in 
those areas where emissions are more difficult to reduce, such as from maritime 
and aviation fuels. Such measures would have the operational advantage of  making 
bases more energy independent, thus increasing resilience against external power-
supply interruptions. This threat is not only more likely as a result of  increasingly 
unstable European weather, but is also a potential outcome of  cross-border cyber-
attacks, such as the Russian attack on Ukraine’s electricity grid in December 2015.  
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Conclusions 

 The challenges of  the 21st century are many and complex. Still, there is a 
growing recognition that climate change is one of  humankind’s most pressing is-
sues. The defence agencies and armed forces globally are preparing for and ad-
dressing climate issues. In order to cope with the new reality, they have to build re-
silience to climate change as well as the ability to react to climate change-induced or 
exacerbated risk and disaster. Nevertheless, there is an array of  benefits of  a mili-
tary green transition, including cost savings as well as enhanced autonomy, agility 
and range of  forces due to increased energy efficiency and resilience. 
 
 Defence has a significant carbon and environmental impact. The UK Minis-
try of  Defence, for example, accounts for half  of  central government’s greenhouse 
gas emissions, two-thirds of  water use and 56 percent of  waste. The burden of  
moving huge volumes of  fuel has led most defence organizations to find innova-
tive new ways to reduce their carbon footprint, ranging from personal solar genera-
tion to small-scale nuclear reactors. The other solutions for the sector are transi-
tioning to alternative green fuels, increasing fuel efficiency and electrification.  
 
 Yet, defence organizations themselves typically prioritize performance over 
all considerations. The defence footprint also extends into many parts of  industry 
via major defence manufacturers at home and abroad, increasing these companies’ 
indirect carbon emissions, use of  scarce resources and pollution. As a result, most 
defence companies are trying to reduce their carbon footprint across facilities by 
creating smart buildings, constructing and operating smart manufacturing facilities, 
and utilizing power efficiently. Curbing these impacts is a significant challenge, giv-
en that defence involves sectors with some of  the toughest decarbonization chal-
lenges – notably aviation and maritime – as well as ageing, energy-efficient estates. 
Thus, moving away from fossil fuel makes sense not just from the climate point of  
view but also for the military survivability. The potential for interruption in fuel 
supply, whether from shortage or hostile action, is an Achilles’ heel of  military op-
erations. Therefore, NATO and European armies can gain a strategic advantage 
when moving on fast with decarbonizing military infrastructure and its supply 
chain. Mitigation is essential to armed forces, not only to reduce logistic vulnerabil-
ity but also to gain operational advantages and catalyze innovation at a broader 
scale.  
 
 Reducing the Defence Forces’ carbon footprint starts with benchmarking. 
This requires developing a methodology to accurately measure and track green-
house gas emissions from all defence activities. A standardized methodology and 
comprehensive assessment framework for greenhouse gas emissions, including 
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those embedded in products across their life cycles are needed. Although much can 
be drawn from other industries, military-specific environments and circumstances 
must be considered. 
 
 There are two major gaps. First, the day-to-day footprint of  militaries them-
selves must include the emissions associated with the management of  bases and es-
tates –from providing infrastructure, cement and food to feed and house the 
troops. Second, a reckoning need on the impacts of  infrastructure damage, land-
use changes. Breaking down emissions by technology sectors will help to prior-
itize actions and targets. Studies on feasibility of  adopting low-carbon technologies 
are key. Software that creates a barcode that can be scanned to reveal a product’s 
emissions data might be helpful; this is already used in the private sector to track 
emissions throughout a supply chain, for example in food and agriculture initia-
tives. Such data can inform declarations of  emissions for processes, products or 
services. 
 
 Once reporting mechanisms are in place, plans for decarbonizing the military 
must be assessed and improved. Militaries will need support from researchers to do 
this effectively. One major challenge is “lock-in” emissions from military equip-
ment are fixed for decades, owing to procurement processes and lifespans. For ex-
ample, F-16 fighter planes entered service with the U.S. Air Force in 1979 and are 
not due to be retired until about 2040. Despite proposals to electrify land vehicles, 
and to promote synthetic fuels for aviation, fossil fuel use in global militaries will 
continue to rise for many years to come. 
 
 Warships, combat aircraft and ground vehicles must become more fuel-
efficient and take advantage of  renewable energy. For reconnaissance, lightweight 
craft, such as drones, and satellite data should be used more often. Solar photovol-
taic arrays and electric vehicles should become the norm in military bases. The 
United Kingdom’s Ministry of  Defence and its Defence Innovation Fund ideas 
scheme, the VITAL Living Lab develop and harness solar, geothermal, hydrogen 
and electric energy for use on the Royal Air Force’s (RAF) Leeming base as a 
testbed. This project will develop and harness full-scale experiments, exploring the 
application of  cutting-edge solar technology, carbon sequestration techniques and 
geothermal, hydrogen and electric as potential energy sources for the Royal Air 
Force Leeming base. Critically, it will establish a carbon baseline and life cycle as-
sessments at RAF Leeming base so that changes made to the estates and infrastruc-
ture are understood in a sustainability context (Newcastle University, 2021)233. 

233 “Newcastle University supports RAF’s pathway to Net Zero”, press release, 18 November 2021.  
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 Life-cycle impacts and raw material requirements are another black box. 
There could be intended consequences when switching technologies, such as lithi-
um-ion batteries, large amounts of  energy – and subsequent emissions – are re-
quired in the supply chain. Using a new technology might increase reliance on rare 
earth materials, such as cobalt or antimony. 
 
Viewing operations with a climate lens can often uncover emerging needs and de-
mands, such as new mechanisms to crunch massive climate data, new materials to 
reduce corrosion as sea levels rise, and new means of  generating power for expedi-
tion teams. As militaries work with industries to address these needs, they could 
create wholly new technologies that have the potential of  commercial spillover. 
The military has produced important climate-related innovations but has seen rela-
tively slow adoption of  them. To reduce its reliance on diesel generators for power 
– and the often targeted fuel convoys that feed them – the U.S. Marine Corps has 
moved into the forefront of  tactical solar generation (Sawislak et al, 2022)234. For 
example, in 2018, the Marine Corps even fully fielded a mobile solar power array 
designed to power an entire battalion command post. Green technologies have 
been receiving much attention globally over the past two decades, driven mainly by 
ever-increasing demands for more efficient and sustainable uses of  resources. Do-
ing nothing is not an option. A failure to decarbonize could leave defence budgets 
highly exposed to carbon taxes and reliant on fossil fuels, which may become in-
creasingly expensive as the world transitions to alternative energy sources. This 
could impair the ability to invest in key capabilities. 
 
 To sum it up, militaries have a significant presence within their countries and 
are controlled environments – making them ideal places to generate, launch a scale 
new ideas. This includes ideas about climate change. By modeling the use of  cli-
mate considerations to enhance operations as well as promote innovation, defence 
forces can encourage societies at large to view integrating climate as critical mission 
success. 

234 Sawislak et al (2022). “Climate –forward defence”. Deloitte U.S., article, 15 September 2022.  
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APPENDIX 1: Military emissions accounting data in Denmark 

Data Units 2016 2017 2018 2019 2020 

Master Data             

Personnel Man-
years 

22.902 22.806 23.061 23.078 23.966 

Building Mass [m²] 2.419.630 2.457.466 2.477.061 2.590.498 2.454.516 

Heated Building Mass [m² 1.750.609 1.773.788 1.702.231 1.789.966 1.687.209 

Estates             

Water consumption [m³] 513.405 479.002 470.236 472.678 234.185 

Electricity consumed [kWh] 119.931.253 119.662.864 121.502.336 123.944.927 117.048.796 

CO₂ e [tons] 30.552 22.289 23.691 17.836 14.093 

District Heating – Actual 
consumption 

[kWh] 108.062.231 113.564.672 105.543.226 105.076.564 103.521.744 

CO₂ e [tons] 15.223 24.257 13.162 13.263 12.688 

Individual Heating – Ac-
tual Consumption 

[kWh] 82.937.428 80.652.598 91.195.539 80.506.550 42.501.576 

CO₂ e [tons] 15.268 14.572 16.226 14.246 8.282 

Total Heating – Actual 
Consumption 

[kWh] 190.999.659 194.217.270 196.738.765 185.583.114 146.023.320 

Total Heating – Heating 
normalized by degree days 

[kWh] 211.794.285 217.111.576 224.533.204 215.206.476 194.649.687 

CO₂-e from Estates [tons] 61.043 51.118 53.078 45.345 35.063 

Total Energy Consump-
tion 

[kWh] 331.725.538 336.774.440 346.035.540 339.151.403 311.698.483 

Cooling- and Extinguishing Agents             

CO₂ from Cooling- and 
Extinguishing Agents 

[tons] 14.203 7.677 9.077 6.150 3.750 

Fuels             

Fuel consumption [liters] 81.212.425 80.066.940 94.193.282 73.987.124 71.485.880 

CO₂ e from Fuels [tons] 211.621 210.706 244.565 191.594 187.624 

Energy consumption [kWh] 797.676.534 788.713.768 922.005.978 728.282.436 702.681.390 

Travels total   94.110.922 101.219.499 103.336.581 99.779.905 42.819.654 

Travels by plane [km] 75.301.472 77.615.193 78.929.444 73.497.920 24.158.829 

Travels by car [km] 18.809.450 23.604.306 24.407.137 26.281.985 18.660.825 

CO₂ [tons] 12.575 10.650 10.641 10.678 4.844 

Key Figures             

Energy Consumption 
from Estates and Fuels 

[kWh] 1.129.402.0
72 

1.125.488.2
08 

1.268.041.5
18 

1.067.433.8
39 

1.014.379.8
72 

CO₂e total [tons] 299.442 280.152 317.361 253.767 231.281 

CO₂e total [tons 
CO₂e/
man-
year 

13 12 14 11 10 

Source: Danish Ministry of Defence (2021). “Carbon Account 2020” 
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APPENDIX 2: Military emissions accounting data in the United 

Kingdom  

  Emission Sources Ref 2019-20 2020-21 2021-22 

Non-
Financial in-
dicators 
  
tCO₂ e 000s 

Defence Carbon Footprint (Scope 1,2,3)   3650 2,889 3,341 

Estate Emission and Business Travel UK 
only(covered by GGC 2025) and Capability 
Energy (b+d+f+k) 

  3,084 2,527 2,901 

Estate Emissions and Business travel UK 
only (covered by GGC 2025) (b+f+k) 

  1,097 1,043 956 

Scope 1   2,621 2,152 2,538 

Estate Direct Emission (UK and overseas) A 596 633 558 

 of which GGC (UK only) B 553 597 522 

Capability Energy C 1,987 1,485 1,945 

Fugitive emissions D 38 34 35 

Scope 2   496 421 399 

Estate electricity and heat (UK and over-
seas) 

E 496 421 399 

Of which GGC (UK only) F 465 395 375 

Scope 3   533 316 403 

Waste generated G 4 3 3 

Employee commuting H 58 41 50 

Service Family Accommodation I 186 184 183 

Duty travel (UK and overseas) J 285 87 168 

Of which GGC (UK only) K 79 51 58 

Related Ener-
gy Consump-
tion 
KWh 000s 

Electricity: Non-renewable   1,788,171 1,661,414 1,726,487 

Electricity: Renewable   18,748 21,401 20,261 

  Natural Gas   2,562,547 2,740,139 2,471,064 

LPG   80,331 91,811 82, 106 

Other   417,683 428,035 343,735 

          

R e l a t e d 
E q u i p m e n t 
Energy Con-
sumption  
Litres 000s 

Aviation fuel   472,029 384,998 424,391 

Ground fuel   57,074 21,654 32,999 

Maritime fuel   200,065 141,458 245,307 

Other fuel   180 190 287 

Financial In-
dicators 
GBP 

Expenditure on energy   347,132 317,890 336,155 

Expenditure on official business travel   156,985 80,651 78,647 

Expenditure on equipment energy (fuel)   323,339 287,702 278,592 
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APPENDIX 3: Water and Waste Data in the United Kingdom MoD 

Water data   2019-20 2020-21 2021-22 

Non-Financial  
Indicators 
000s m³ 

Water consumption235 15,618 15,306 15,235 

Financial indicators 

000s 

Water and Wastewater  
supply costs (GB estate 
within GGC scope) 

62,286 63,839 65,374 

Waste Data236   2019-20 2020-21 2021-22 

  
  

Total waste 56 47 46 

Landfill 2 2 1 

Recycled 18 12 14 

Reused 0 0 1 

Composted 5 5 5 

Incinerated with energy 
efficiency 

34 32 32 

Incinerated without ener-
gy recovery 

2 0 0 

235 Water consumption represents the new Greening Government Commitments (GGC 2021-25) 
scope which includes approximately 2,400 private company’s Aquatrine sites ( based on the Govern-
ment’s Private Finance Initiatives (PFI) the company provides water and wastewater services).  The 
UK MoD has been a pioneer in service contracts and outsourcing those contracts. Furthermore, the 
new GGC scope excludes Distribution Losses and Service Family. 
236 Waste data follows the new GGC2021-25 Scopes which include all MoD UK estates waste generat-
ed. The new Scopes elude military end of life equipment, hazardous waste, waste generated from Ser-
vice Family Accommodation, sanitary and clinical waste.  
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