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sustainability, green footprint, carbon  
offsetting, circular economy, cradle to grave, 
and well to wheel. The sustainability move-
ment is traveling across the world fast, punch-
ing a hole through any entity that won’t ac-
cept responsibility and adapt to hundreds 
of new legislative requirements and policy 
changes in a world heading towards unprec-
edented environmental change. That is the 
case for individuals, companies, cities, coun-
tries, and whole continents. From legislative 
actions banning the use of plastic bags1 to 
legally binding international treaties on cli-
mate change like the Paris agreement2, ac-
tion is being taken across the world to im-
prove the living conditions for all and mit-
igate the effect of global warming and high 
levels of pollution.

In addition, the world is moving towards 
an increased scarcity of gas, oil, and coalThis 
scarcity will also drive the change, as those 
who don’t adapt fast will be forced to pay 

premiums for the remaining fossil fuels and 
ultimately perish in the wake of the future.

This moves our focus to the situation in 
most armed forces in the world today. Armies, 
navies, and air forces are dependent on a 
multitude of enriched fossil fuels, ranging 
from Marine Diesel Oil to different Aviation 
Turbine Fuels. All of these fuels are essential 
to the success of operations on all parts of 
the playing field, and a major disturbance in 
supply or logistics would be detrimental to 
any campaign. Disrupting fuel availability 
and securing it for oneself has always been 
a strategy in warfare, as the Anglo-Soviet 
invasion of Iran in 1941 to secure access to 
oil, and the Wehrmacht’s drive towards Baku 
and the oilfields of the Caucasus in 1942. 
Moving forward, oil scarcity will increase3 
and fuel oil will be a High-Value Target in 
any conflict in the future, especially when 
civilian use of oil becomes limited as the 
main energy source for private vehicles will 
move away from today’s fuel types. Also, 
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nations that do not produce their own fuel 
oil will be especially vulnerable in regards 
to fuel logistics when the fuel networks of 
today are removed and exchanged for other 
systems. Judging by the pace and direction 
of today, the civilian petroleum-based fuel 
stations will largely be a thing of the past, 
making refueling there impossible for armies.4

Many militaries also face political resist-
ance and their public opinion has decreased 
over the last several years, with a small re-
cent break in the trend5, and are seen as 
uncaring and uninterested in their environ-
mental impact. To some, the armed forces 
use of large vehicles is seen as an unneces-
sary environmental burden. Ships, planes, 
tanks, and other vehicles are spewing mas-
sive amounts of harmful emissions for “no 
just cause’’. To those adept within the armed 
force sphere of influence, these emissions 
are a necessary evil justified by their great-
er cause of upholding stability and security 
in a dangerous world. Yet others look past 
the emissions in favor of the job opportu-
nities the armed forces and their entailed 
subcontractors provide.

Arms companies, who often get clumped 
with the military in the eye of the public as 
they exist within the same sphere, have in-
creased profits over the last years6 They are 
often seen as exploiters of war and suffer-
ing, with the perception that their funding 
often comes from countries that don’t put 
human rights first. Unfortunately, in the eyes 
of the public, arms companies and armed 
forces are often clumped together where the 
negative view on arms companies spill over 
onto the armed forces.

All these factors obstruct the modern mili-
taries in a world where citizens demand sus-
tainability from all big actors. It won’t be 
long until people start demanding sustaina-
bility from the militaries around the world, 
as other parts of society step up one after 
the other. Countries are beginning to take 

action and some are demanding 100 per 
cent fossil free propulsion as early as 2045.7

Taking steps towards fossil free fuel use 
early on could be beneficial in the eye of the 
public and pioneering the field would show 
that the armed forces are moving with time 
and not fighting against it. The changes in 
fuel consumption will be unavoidable in 
the future as fuels will need to be changed 
from fossil-based sources as these become 
more scarce and increasingly more expen-
sive. Taking steps early also allows more 
time to implement deliberate future-proof 
solutions, as well as avoiding high implemen-
tation costs once time has already run out. 
One of these steps is to look at alternative 
sustainable fuel sources, such as hydrogen.

Hydrogen combustion
The combustion of hydrogen gas is quite sim-
ple in principle, as seen in the reaction below:

2H2 + O2 g 2H2O

Hydrogen gas, H2, is burned in the presence 
of oxygen, O2, and the only product of this 
reaction is water, meaning that no harmful 
emissions are created. While this is true in 
principle, an effect of combustion is creation 
of heat, and heat causes nitrogen in the air 
to react with oxygen forming nitrogen ox-
ides8, NOx, according to:

{H2 + O2 + N2 -> H2O + NOx}

NOx has harmful effects on human health 
and can be harmful to crops and ecosystems-
The largest difference between carbon-based 
fuels, such as diesel, and hydrogen in terms 
of emissions is carbon dioxide, CO2, car-
bon monoxide, CO, and in some cases sul-
phur, SThe reaction can be simplified9 as10:

CxHy + O2 + N2 g CO2 + H2O + NOx

Hydrocarbons, CxHy are combusted in air, 
O2, N2, creating CO2, H2O and NOx, as 
well as soot11 and unburned hydrocarbons.12
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The NOx formed during the hydrogen com-
bustion can be limited by for example uti-
lizing Homogeneous Charge Compression 
Ignition.13 In Homogeneous Charge Com-
pression Ignition combustion the injected 
hydrogen is very well mixed and the com-
bustion is initiated by compression like in 
a common diesel engine14 and results in far 
less NOx produced than other combustion 
strategies.

Hydrogen production
The challenges of trying to implement hy-
drogen as the main fuel in any armed force 
are several, where the initial issue is pro-
duction. Hydrogen gas is produced by elec-
trolysis, a process where a current is passed 
through water, and hydrogen gas and oxygen 
is formed. The overall reaction is as follows:

2H2O g 2H2 + O2

The reaction is simple and the only thing 
required is electricity. The energy required 
can come from several different sources, the 
most beneficial would be non-fossil and sus-
tainable. This is easily acquired at locations 
where the power can be produced and where 
demand for electricity is low, for example at 
night at hydropower plants. The production 
of hydrogen is not problem free and the gas 
produced must be pressurized to high pres-
sures for efficient storage and transportation.

However the main issue wouldn’t be the 
production of the fuel. A larger problem 
is the system changes that need to happen. 
All engines and refueling vehicles are made 
to be used with liquid fuels at atmospheric 
pressure. The new system must instead be 
designed for a highly flammable gas under 
tremendous pressure and must be built in-
to the system from the start. Most engines 
cannot be retrofitted to accept hydrogen 
as hydrogen combustion engines must be 
purpose-built.

Operational implications
Today the availability of carbon-based fuels 
such as diesel is near abundant. Militaries 
around the world have large storage facil-
ities filled with fuels ready to use when de-
mand increases and availability decreases. 
However these locations are very vulnerable 
and the transportation of the fuel is just as 
delicate. A successful operation to neutral-
ize an enemy refueling station or fuel trans-
port would hinder the strategic availability 
of certain vehicle and weapon types, on the 
ground, in the air, and at sea. These storages 
will be the central in fuel transport which 
will sometimes be long logistics chains of 
transports and deliveries, putting them at 
risk. It is also important that a replacement 
fuel for petroleum fuels keeps for long peri-
ods of time in storage. Alternative green fu-
els such as bio-diesel can go bad within six 
months as algae will grow in it, and certain 
types of diesels go bad as the fuel composi-
tion changes over time.

Hydrogen on the other hand has the ad-
vantage that it keeps for several years with 
minimal changes and leakages.15

Large-scale implementation of hydrogen- 
based fuel would have other positive effects. 
In large-scale operations, the knowledge of 
vehicle types and numbers in specific areas is 
intelligence that can shift outcomes greatly. 
This knowledge can come from many differ-
ent sources, but one source is satellite and 
ground-based emissions analysis. This tech-
nology can, from a large distance, measure 
the emissions of an area using sensors and 
thus determine locations and composition 
of emissionsThis can further be analyzed 
and compiled into estimates of the num-
ber and location of vehicles. This ties into 
the hydrogen case as hydrogen combustion 
produces emissions on a far lower level than 
fossil fuel combustion. If the combustion is 
clean enough the presence of the emissions 
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in the atmosphere can be lower than detect-
able levels and thus conceal large operations.

The effect of changing to hydrogen will al-
so affect the way fuel is acquired. Electrolysis 
of hydrogen needs large amounts of electric-
ity, which can come from several sources, 
such as hydropower, wind turbines, pow-
er plants, and more. The need for electric-
ity is an issue as the fuel production is tied 
to locations that are noticeable and easy to 
sabotage which would affect civilian life as 
well. The spread-out nature of these sourc-
es of power is however an advantage as no 
direct route to a large supply of fuel is ev-
er established as happens with today’s fuel 
transports.

Hurdles
With a universal change from today’s petro-
leum-based fuels to hydrogen-based fuel sys-
tems, several hurdles must first be overcome 
or accepted. The initial hurdle is the need for 
energy for hydrogen electrolysis. To produce 
1 kg of hydrogen 39 kWh is requiredAn op-
timum solution to this would be a mobile 
energy source that could be used anywhere, 
such as small modular nuclear reactorsWith 
such a solution refueling could happen an-
ywhere and no long haul of fuel would be 
necessary. This would however create new 
high-value units necessary for the success 
of any operation.

Another issue that must be overcome is 
the fact that all engines must be modified 
or changed to engines that can run on hy-
drogen as today’s engines aren’t equipped 
for hydrogen combustion. Due to the large 
number of fossil drivelines that would need 
to be changed that cost will be large as well. 
But this might not be the largest issue. Due 
to new regulations vehicles must abide by 
emissions standards and new production will 
very soon require specific exhaust emission 
control units such as three way catalysts, 
selective catalytic reactors and even parti-

cle filters. When this step needs to be taken 
the possibility of taking a step in a differ-
ent direction might be appropriate. Driving 
this change and approaching a sustainable 
mindset could also attract new groups of 
people that have opposed the military es-
tablishment historically. New individuals 
could be attracted to the military and bring 
with them different outlooks than those es-
tablished within the armed forces and this 
increased polarity of beliefs might drive 
change in a positive way.

Hydrogen is also extremely flammable 
and in certain conditions quite explosive, 
so safety concerns must be addressed. This 
is one of the reasons why hydrogen as a fu-
el source hasn’t been adapted by society as 
people are uncertain about sitting on ex-
plosive gases. Although much research is 
being conducted within the area, as of now 
it seems as if electric vehicles will be a dom-
inant player in the future.

A comparison between pure electric drive-
lines and hydrogen fuel based drivelines has 
to be made. A clear advantage for the mili-
tary to go with hydrogen instead of electric 
is the recharge times and the ability to store 
the fuel. Recharge time for batteries is quite 
slow and electricity in its pure form cannot 
be stored. Hydrogen however can be stored 
and refueled quite quickly. This issue is how-
ever negated if the possibility to quickly ex-
change batteries on vehicle systems exists, 
but the issue of storing charged batteries 
remains as batteries tend to go bad or lose 
charge over time. Batteries are superior in 
the sense that their conversion efficiency is 
far superior compared to that of the hydro-
gen process described earlier.

Another issue is the energy density of hy-
drogen compared to diesel. Energy content 
can be measured either in MJ/kg (energy 
per weight) or MJ/L (energy per volume). 
Hydrogen at 119.93 MJ/kg and 4.5 MJ/L 
(at 69 MPa) has higher specific energy than 
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diesel (45.6 MJ/kg) but a much lower en-
ergy density (38.6 MJ/L) which means that 
the storage volume of hydrogen of the same 
energy amount will be substantially high-
er than a diesel tank but it will be lighter.16

Conclusions
All combined the use of hydrogen as fuel 
source would be a step forward for armed 
forces in regards to sustainability transi-
tion, public opinion, future-proofing, and 
self-sufficiency. All of which are important 
aspects for a military that needs to be able 
to sustain operability in the future.

As hydrogen storage and production can 
be de-centralized, it opens for the possibili-
ty of disconnecting fuel transports from the 
public and other installations. This would 
be very beneficial as fewer high-value units 
are in circulation.

Also, hydrogen’s smaller emission signa-
ture would benefit large operations as emis-
sions tracking would become more difficult. 
Hydrogen could also be used in fuel cells to 
generate electricity at remote locations where 
large and loud generators are used today.

The main drawbacks are substantial and 
cannot be ignored.

First, the production of hydrogen requires 
large amounts of energy, and that energy 
must come from somewhere.

Second, all drivelines must be changed 
from the ones used today. This imposes a 
very large cost as all engines and fuel sys-
tems must be changed to allow for the new 
fuel. However, holding on to the old systems 
will become increasingly more expensive as 
more and more emission reduction needs to 
be applied to fossil fuel burning engines to 
cope with new legislation.

Third, as the energy content of hydro-
gen is different from fossil fuels, the impli-

cations of possible decrease in range must 
be addressed or accepted.

All of the above-mentioned points are pos-
sible to solve or mitigate, and the potential 
winnings from transitioning to hydrogen 
will likely outweigh the drawbacks. Each 
step in the transition would need special 
consideration and new tactics must be cre-
ated around the new technology. As today’s 
militaries move into a future where fossil fu-
els become more scarce and the green move-
ment keeps gaining momentum, early steps 
towards sustainability could benefit their 
long term strategic and tactical development.

The time for action is now. Militaries can 
choose to pioneer sustainability in the mili-
tary field, drive the transition as a frontrun-
ner and shape the green development to fit 
their needs.

The alternative would mean letting change 
be forced upon them. Waiting until there 
are no more choices, being forced to adapt 
systems and technology unable to meet their 
needs. The cost of catching up later will be 
indisputable, both monetarily, technologi-
cally, publicly and legislatively.

Taking early steps towards new future- 
proof fuel systems will not only save mon-
ey in the long run, it will allow for specific 
customization and adaptation of technology, 
tailored to the military’s unique conditions 
and demands. Let us start exploring what 
sustainability could mean in a military con-
text. Let us stop pretending we can stand idly 
by, doing nothing, as the world outruns us. 
Let us instead take the first steps towards 
sustainability by exploring the possibilities 
of alternative fuel sources.

The author is second lieutenant and naval 
engineer.
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