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Introduction. 
 
In this paper we will focus on the possible role of hydrogen in the Icelandic energy 
sector, and perhaps try to relate developments and needs in Iceland to those in a wider 
world. 
 
The need for an alternative energy carrier. 
 
Over 70% of all primary energy used in Iceland comes from sustainable energy sources.  
Nearly all energy for stationary use is provided by either geothermal or hydropower 
sources.  The nearly 30% of primary energy that is not from renewable sources comes 
almost entirely from oil and gasoline.  The use of coal and gas as energy sources is 
negligible. 
 
Annual oil use is currently around 850,000 tons and is, roughly speaking, distributed 
equally between air transport, fishing operations, and other mobile surface use (freight, 
transport and heavy machinery).  Secure access to reasonably priced fuel is extremely 
important to the Icelandic economy. 
 
Annual greenhouse gas emissions that are counted towards the Kyoto “quota” are 
somewhat greater than 3 millions tons of CO2 equivalent.  Over 50% of these emissions 
stem from oil use.  The target for annual emissions in the period 2008 – 2012 is that they 
should not exceed 3.6 million tons of CO2 equivalents.  It is estimated that Iceland will 
readily meet this target; however it is also clear that by reducing oil use a significant 
reduction could be made in future greenhouse gas emissions. 
 
It has been estimated, using current economic, environmental and technical criteria, that 
Iceland has the potential for generating 50TWh/annum of electricity from hydropower 
and geothermal sources.  The potential of hydropower is assumed to be 30TWh/a while 
that of geothermal energy is assumed to be 20TWh/a.  Currently about 8.5TWh/a of 
electricity are being generated, so there is plenty of room for growth.  Also it is quite 
possible that the potential for electrical generation via geothermal energy is much greater, 
this is due to the fact that the estimate for geothermal power was fairly cautious, and 
perhaps, more importantly, technological advancements might open up possibilities of 
harnessing geothermal energy in such a manner that the potential for electrical generation 
could increase considerably (by an order of magnitude according to the most optimistic 
accounts). 
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Iceland, therefore, has ready access to substantial amounts of low-cost renewable energy.  
The problem is that Iceland is far removed from major markets, and utilizing this energy 
has not always been straightforward.  Currently about 2/3 of the electricity generated in 
Iceland is used by heavy industry.  Aluminum production constitutes, by far, the greatest 
part of this use, and interest from aluminum producers in setting up shop in Iceland seems 
to be unabated.  There is, however, an interest in Iceland to diversify the large-scale uses 
of electricity. 
 
A possibility, for addressing the problems of fuel supply, greenhouse gas emissions and 
diversification of the demand side of the energy sector, would be large scale production 
of alternative fuels for mobile use.  There are two main possibilities here, electricity and 
hydrogen.  In the following chapters we will look at some of the possibilities for 
hydrogen, and take a look at how it compares to other alternatives. 
 
 
Possibilities for hydrogen. 
 
Hydrogen is an energy carrier, like electricity, and generally not an energy source, in the 
sense that there are hardly any “hydrogen wells” to be found (there are some examples of 
natural hydrogen sources that will be remarked upon later).  In this respect hydrogen 
differs sharply from oil and natural gas. 
 
Hydrogen is most commonly produced by reacting steam with natural gas.  This has 
generally been the least expensive method, but a lot of carbon dioxide is produced as a 
byproduct, as well as some carbon monoxide.  Electrolysis is another traditional method 
of making hydrogen.  Electrolysis produces very pure hydrogen and, depending on the 
energy source for the electricity, can involve minimal greenhouse gas emissions. 
 
Hydrogen has been produced via electrolysis in Iceland since 1952, when domestic 
production of synthetic fertilizer began.  Fertilizer production in Iceland has recently 
been discontinued, but there is currently some hydrogen production for vehicular use. 
 
Potential energy-related uses for hydrogen in the Icelandic context are the following. 
 
1) Hydrogen as an energy carrier for land based mobile applications –i.e. replacing oil as 
a fuel for vehicles and heavy machinery. 
 
2) Hydrogen as a an energy carrier for marine applications. 
 
3) Hydrogen as an energy carrier for aircraft. 
 
4) Hydrogen as an energy storage medium for irregular or intermittent energy sources, 
e.g. wind power or tidal power. 
 
5) Hydrogen as a chemical constituent used for production of other alternative fuels, e.. 
methanol. 
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6) Hydrogen for consumer electronics. 
 
7) Hydrogen for export. 
 
Direct use of hydrogen as a fuel can come about in two ways, either via combustion or by 
use of fuel cells.  Both combustion engines and fuel cells are well known technologies, 
although the combustion technology is certainly better developed.  Fuel cells are 
generally efficient, quiet and clean, as well as essentially being electric vehicles and thus 
eminently suited to using much of the technology currently being developed for hybrid 
cars.  By contrast hydrogen combustion engines are less efficient, noisier and emit 
polluting nitrous oxides.  The combustion technology is much cheaper, however, and can 
offer greater reliability.  The consensus view seems to be that fuel cells will be the future 
choice for energy conversion, though hydrogen combustion may be used quite a bit in the 
near term. 
 
Storage of hydrogen has been a major obstacle when it comes to mobile, energy intensive 
applications.  Due to its low energy per volume, hydrogen is not as convenient to use as 
oil or gasoline.  Several means of improving the energy density have been investigated.  
Improvements in material technology have made high pressure storage more attractive as 
an intermediate technology (however considerable energy is expended compressing the 
hydrogen), while liquefaction does not seem to be a feasible avenue.  Solid state storage 
of hydrogen has been investigated intensely, and is promising, despite problems of price 
and kinetics. 
 
Automobile applications for hydrogen have been in the forefront but, in Iceland, marine 
applications are of great interest due to the economic importance of the fishing industry, 
and the large scale use of oil at sea.  Storage of hydrogen poses a particularly daunting 
challenge in this regard as the large fishing vessels are very energy intensive, and must be 
able to be at sea for long periods of time, refueling infrequently.  Also the heavy seas of 
North Atlantic make great demands upon the reliability of the ships power plant.  Most 
likely any use of hydrogen for large scale marine applications would either be indirect, 
with hydrogen as an ingredient for some synthetic fuel used by the ship, or would involve 
solid state storage of hydrogen.  Also, it should be noted that the large diesel engines in 
ships are much more efficient than the combustion engines in passenger vehicles, so the 
edge in fuel efficiency gained by switching from a gasoline engine to hydrogen fuel cell 
in a car will not be nearly as significant aboard ship. 
 
Similarly, aircraft are quite energy intensive and have stringent requirements regarding 
energy density of fuels.  It is unlikely that hydrogen will be used directly for aircraft in 
the near future. 
 
A popular idea for hydrogen is to use it as an energy storage medium for intermittent 
renewable energy sources such as wind or solar power.  The idea is use any excess 
electrical power generated to produce hydrogen via electrolysis.  Then one might produce 
electricity from the hydrogen, using either fuel cells or combustion based generators, 
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when there is a need for more electricity.  In this case hydrogen storage would not pose a 
problem since space is usually not as restrictive in stationary applications.  This scenario 
for energy storage is mostly confined to areas that are not connected to a large electrical 
grid that could absorb excess electricity from intermittent sources.  It should also be 
noted that the energy efficiency of the conversion electricity- hydrogen-electricity is not 
particularly attractive, but future developments of technology might make this a more 
appealing venture in the future.   
 
Hereto, we have been looking at pure hydrogen as an energy carrier, but there are other 
indirect means for using hydrogen as well.  Although synthetic fuels, such as Fischer-
Tropsch diesel and methanol are generally produced from coal and natural gas, there is an 
alternative approach that has been considered in Iceland.  This is to use the emissions 
from aluminum smelters and other heavy industry, as a relatively concentrated source of 
CO2 and CO that could then be reacted with hydrogen to produce synthetic hydrocarbon 
fuels.  The value of this approach is that synthetic fuels produced in this fashion would 
carbon-neutral in emission.  Also, such fuels are more easily handled than pure hydrogen, 
so that it might be possible to sidestep some of the technical issues that make the use of 
hydrogen for mobile applications tricky.  Here, as in the other options, price is an issue. 
 
Many experts are of the opinion that the first widespread use of hydrogen as an energy 
carrier will be for consumer electronics.  Cell phones, laptop computers and music 
players use comparatively little energy, but consumers are willing to pay a premium for 
them to have extended periods between recharging (e.g. a laptop should be able to run 
continuously during a long airplane flight).  It is quite reasonable to expect that there 
would be some domestic production of hydrogen for recharging these devices, however 
this would not call for any substantial increase in energy production, since the amount of 
energy used is small compared to that needed for transport, and also since hydrogen 
would be replacing rechargeable batteries that are already getting energy from the grid. 
 
In some ways Iceland’s energy resources may be considered to be “stranded” in the sense 
that there is no electrical connection to a major market.  However, energy is exported 
indirectly in the form of aluminum and other products of energy intensive industry.  
Some preliminary studies have been carried out on the possibility of exporting energy in 
the form of hydrogen, either by ship or underwater pipeline.  First indications are that it 
would be much more suitable either to export energy in the form of a product (i.e. 
aluminum or via greenhouse farming) or as electricity via a submarine cable rather than 
exporting hydrogen. 
 
Creating an environment for change. 
 
We now turn our attention towards how to go about advancing the use of hydrogen as an 
energy carrier in country such as Iceland.  Most importantly, one must bear in mind that 
hydrogen is a means towards an end, not an end in itself.  This is a distinction that is most 
important to make, especially on the government level. This is especially true for smaller 
countries with limited resources, which might be tempted to place overmuch emphasis on 
a single area.  A private concern involved in hydrogen technology might be inclined to 
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advance the use of hydrogen for its own sake, but that would probably not be inductive to 
long term business success.  In light of this it is important to define specific objectives 
(i.e. reduced greenhouse gas emissions, security of fuel supply, energy storage for 
intermittent renewable energy sources, etc.) and to consider a broad approach towards 
reaching those goals. 
 
It is often the tendency for governments to write legislation in a fashion that assumes a 
given state of technology, thus prescribing rules and regulations dealing with a certain 
technical approach rather than a more results oriented approach.  This is understandable 
in many ways, for instance when safety standards are introduced there is a desire to 
assure a uniformity of approach to the rules.  However, such laws often have the 
detrimental effect of discouraging new technological solutions, because the new 
technology had not been anticipated when the rules were written, and it may be so 
different that it may not be able to conform to the letter of the law, even though adhering 
to the idea behind the law.  Many times the legal hurdles to overcome are too many and 
great for the new technology to gain market entry.  These things do not only apply to 
safety issues, but to a host of others.  For instance, Icelandic customs and tax regulations 
regarding vehicles are clearly meant to encourage the use of more fuel efficient vehicles, 
but they are so indirect in their approach (determining tax brackets on engine size rather 
than rated fuel consumption, giving rebates off of vehicles using certain fuels or of 
certain types) that they are not very efficient in reaching the goal of promoting fuel 
efficiency.  Although Iceland is used as an example, this is hardly a uniquely Icelandic 
problem. 
 
This brings us to the first prescription for introducing a new technology such as hydrogen 
for widespread energy use:  Carefully crafted laws, and a reasonably responsive 
bureaucracy.  This is probably one of the more difficult conditions to insist upon, but an 
extremely important one.  A factor in the rapid construction of the hydrogen filling 
station in Reykjavík, Iceland, was the willingness of local safety authorities to consider 
this unfamiliar technology in a quick manner, contrasting with the more plodding official 
response in larger societies. 
 
The next issue is that of research and development.  Depending on what role hydrogen is 
to play in the energy sector, there is the matter of which technology is readily accessible, 
and what countries lacking a large industrial or research capacity can do to improve their 
condition.  For instance, Icelandic interest is mainly in the use of domestically hydrogen 
as an energy carrier for automobiles.  However the automobile industry is based on mass 
manufacturing.  Icelandic consumers have no influence on the automobile industry, and it 
is quite unlikely that Icelandic research will have any direct influence in this area.  Thus 
one cannot anticipate that Iceland will have any direct effect upon the emergence of 
hydrogen vehicles for the consumer market.  However, this does not mean that a small 
society such as Iceland should not invest in research and development in the area of 
hydrogen.  Rather the hydrogen effort should be included in a more broad ranging effort 
to reach the goals that hydrogen technology is meant to strive for.  For instance, it is 
necessary to conduct research on infrastructure improvements, hydrogen production 
possibilities, and some basic hydrogen-related research to train engineers and scientists 
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and improve their competence.  In short, the practical research effort in smaller countries 
must be oriented towards niche competencies and local expertise, and address questions 
that will not be answered by foreign parties. 
 
The success of a new technology hinges upon public acceptance.  This can be on two 
scales.  First of all users must find the new technology to be easy to use, fairly priced and 
convenient.  On another scale the public as a whole must feel confident in the new 
technology, particularly concerning safety and effect on the environment.  Therefore it is 
necessary to educate the public in a clear and concise manner, stating both the pros and 
cons.  For hydrogen, a commonly cited public concern is safety.  Images of the 
Hindenburg accident seemingly occupy people’s minds, and some are confused as to 
whether there is any relation to hydrogen bombs.  Demonstration projects and an 
emphasis on the positive aspects of hydrogen in Iceland seem to have alleviated any fears 
that the public might have had in Iceland, and there is a fairly favorable view of hydrogen 
as an energy carrier. 
 
It is important; in the author’s opinion, that the possibilities of hydrogen should not be 
overstated, and that the public should not be led to believe that a hydrogen economy is 
“just around the corner”.  This could have adverse long-term effects on the credibility of 
hydrogen researchers and possibly lead to waning interest in hydrogen as an energy 
carrier. 
 
Converting to a full fledged “hydrogen economy” calls for a substantial change in 
infrastructure.  This change can lead to a “chicken-and-egg” problem for the market.  For 
instance, it would be difficult for automobile sellers to introduce hydrogen vehicles if 
there is not a pre-existing system of filling stations to refuel them.  Similarly, it is not 
appealing to energy vendors to build hydrogen filling stations if there are no customers.  
To solve this dilemma there are a few approaches, two of which will be mentioned here.  
One idea is that the government builds a number of filling stations, thereby guaranteeing 
that automobile owners have ready access to fuel in most areas.  Another idea is that the 
government pledges to buy and operate a significant number of vehicles, thusly creating a 
customer base for energy vendors who would then build up an infrastructure.  One might 
also envision some mix of these two strategies. 
 
Finally, it should be stressed, once more, that conversion to a “hydrogen economy” is not 
an end in itself, but a possible means towards an end, and that endpoint will vary from 
region to region.  There will also be competing technologies aimed at reaching many of 
the same goals as hydrogen.  For instance, in Iceland the use of hydrogen as a means of 
storing energy from intermittent sources will probably not be expedient.  This is due to 
several facts.  Namely, the large amount of unutilized, steady and renewable energy 
sources that are cheaper to use than the intermittent ones, and the fact that it will probably 
be less costly and more efficient to use wind energy to pump water into existing 
reservoirs, rather than using it to produce hydrogen for energy storage.  Similarly hybrid 
electric automobiles, with the ability to be recharged from an outlet overnight, may prove 
to be successful vehicles, competing with pure fuel cell cars.  It is especially important 
for nations with limited resources, which are intimately tied to technological development 
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elsewhere to not commit to a single approach to solving their energy or environmental 
problems, but rather adopt a policy of informed anticipation based on knowledge of 
several viable proposed solutions.  Also, it should be stressed that there is usually a 
number of straightforward practical solutions that will help alleviate most energy and 
environmental issues that hydrogen technology promises to address.  These existing 
opportunities for improvement should be carried out immediately, but not be neglected in 
the hope that a future cure-all will present itself. 
 
Conclusion 
 
Hydrogen offers the tantalizing possibility of a clean energy carrier produced by a much 
broader range of suppliers than oil today.  This promise of a clean and secure source of 
“fuel” has in recent years received increasing of attention, and a great deal of research 
and development has been carried out to advance the cause. 
 
Iceland has been somewhat noticeable in this regard due to the fact that hydrogen has 
received a lot of political support and due to a long-standing interest in using Iceland’s 
plentiful renewable energy resources to produce an alternative energy carrier to replace 
oil; not least due to past success in replacing fossil fuels for stationary applications such 
as generating heat and electricity.  Although Iceland can not launch a “hydrogen 
economy” on its own, it could become one of the earliest adopters of such an economy 
when the technology becomes accessible. 
 
Many of the issues addressed by Icelanders in their quest to reduce dependence and 
greenhouse gas emissions may be useful to other nations as well, particularly to smaller 
countries or those with limited industrial resources. 
 
Hydrogen must be considered in a framework with other possible solutions to the energy 
and environmental issues hydrogen is meant to address.  Clear goals should be defined 
with regard to these issues. 
 
Legal obstacles towards the adoption of new technologies should be reduced.  Laws and 
regulations should concern results rather then methods, and the civil service should try to 
deal rapidly and responsibly with new, unfamiliar, technology such as hydrogen 
technology. 
 
Research should be weighted towards niche areas or areas where local expertise is most 
likely to make a significant contribution.  Low-cost basic research should be encouraged 
to train students and professionals to become familiar with hydrogen and hydrogen 
systems.  Here, flexibility is also important. 
 
The public should be informed in an unbiased manner about the pros and cons of 
hydrogen technology (and competing technologies) safety issues, likely cost and 
availability. 
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If technological development has proceeded to make the relevant hydrogen technology 
available at a competitive price (or it is anticipated to in the near future), governments 
will most likely have to step in to solve the “chicken-or-egg” egg problem of if 
introducing simultaneously a demand and supply of hydrogen. 
 
Authorities should not take a narrow view of hydrogen, but consider competing 
technologies as well, trying to facilitate the adoption of the best available technology at 
each time. 
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