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Preface

The national hydrogen study was commissioned on behalf of the Australian Government by the
Department of Industry, Tourism and Resources, and its preparation was led by ACIL Tasman.

The study assesses the role of hydrogen in the energy system and makes recommendations that
would lay the foundations for Australia’s participation in a future hydrogen economy. It builds
on the success of the conference, The Hydrogen Economy — Challenges and Strategies for Australia, that
was held in Broome, Western Australia, in May 2003.

Hydrogen energy is attracting considerable attention from industry, researchers and policy
makers around the world. This study explores issues that are especially relevant to Australia,
and presents a significant body of knowledge that will assist the development of an informed
view of the importance of hydrogen as an energy carrier.

The Government commends the report to all those interested in Australia’s energy future.
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Access to energy is vital for
Australia and world.

Energy security...

... and environmental
concerns are growing.

Australia has ample energy
resources...

... but is a significant
greenhouse gas emitter.
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Overview

Why is hydrogen attracting so much attention?

Access to adequate supplies of competitively priced energy is a vital
precondition for countries to enjoy continued economic growth and for their
populations to have improving living standards. Not surprisingly then, global
energy consumption continues to grow; Australia is no exception to this trend.
Current projections by ABARE show that Australia’s consumption of fossil
fuels will continue to dominate Australia’s primary and final energy
consumption in 2020. This consumption of fossil fuels has given Australia
among the highest emissions per capita in the world".

The two main drivers for the current worldwide interest in hydrogen have their
origins in the expected continued strong growth in energy consumption,
particularly of fossil fuels. Those drivers are:

» The realisation that fossil fuel supplies are finite and those reserves are
increasingly concentrated in regions of the world where there is political or
economic instability. In the short to medium-term this exposes energy-
importing countries to an increased risk of disruption to their energy
supplies. In addition, there is the fear that in the long term there may not
be enough energy to meet demand at anywhere near an economically
acceptable price.

» Growing concerns about the environmental implications of energy

consumption. These relate both to the impact on local air quality, and the
global issue of greenhouse gas emissions.

What does it all mean for Australia?

Australia faces similar pressures to the rest of the world in relation to growing
concerns about energy security and greenhouse emissions.

Australia is however fortunate to have significant reserves of fossil fuels
(particularly coal and gas) as well as having substantial renewable energy
resources in this country. Consequently, Australia is in a better position than
many other countries that have little or no energy resources of their own and
are thus far more at risk of disruptions to supply.

On the other hand, Australia is among the highest per capita emitters of
greenhouse gases in the world. Indeed, the consistent view of the stakeholders

1 The reason for this is more to do with the energy intensive nature of Australia’s industry
sector and a strong reliance on fossil fuels (particularly coal) for power generation, rather
than any inherent inefficiency in the way energy is used.
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Hydrogen could help
Australia reduce its emissions
profile.

The Stone Age did not end
because the world ran out of
rocks.
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consulted during the course of this Study was that environmental concerns
(greenhouse and local air quality) were the primary driver for hydrogen in
Australia.

The government has said that Australia will position itself to maintain a strong
and internationally competitive economy with a lower emissions signature. It
aims to do this by encouraging cost-effective low-emission technologies to
enhance our competitive advantages®. Hydrogen has the potential to be one
such technology.

Hydrogen is beginning to enter the energy mix in a number of countries,
primarily as a result of demonstration projects. Australia has joined this group
through the hydrogen bus trial in Perth. At present hydrogen represents a
minute share of energy consumption, but it is likely to grow, provided
hydrogen technologies can overcome the relative efficiency and cost barriers
they face. The history of innovation suggests that this will eventually happen.

Figure 1 illustrates how the global energy use has changed in the past and how
those trends might continue into the future. It shows that the carbon content
of fuels has progressively declined over time. Further, it suggests that by 2100
hydrogen would have a dominant share of the energy market.

It is worth noting that changes in energy use patterns do not always occur
because of shortfalls in a particular form of energy. Often it is just that
something better or cheaper has come along. Hydrogen could well be that
something better.

2 Joint Media Release by the Minister for the Environment and Heritage, Dr David Kemp,
and the Minister for Foreign Affairs, Alexander Downer, 15 August 2002.

Overview Xiv



A transition to hydrogen
would continue an
established trend,
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Figure 1 Energy systems in transition
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Hydrogen can provide the mechanism for utilising fossil fuel resources while
reducing emissions. It also can act as an energy storage mechanism and carrier
for renewable energy sources. Figure 2 is a stylised representation of
hydrogen as a bridge between a carbon economy and a hydrogen economy
based on renewable energy with an interim phase where hydrogen is sourced
from fossil fuels.

Figure 2 Hydrogen - more than just a bridge
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...but the timing is uncertain.

Let’s look forward to 2100.

Hydrogen is the fuel of
choice.
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There is a growing consensus that the hydrogen economy will eventuate. The
major uncertainty is how long a transition might take and particularly when it
might start.

A recent major development with relevance for world economies in general,
and Australia in particular, is the substantial investment in hydrogen R&D now
being made by industry and governments, including the United States, Japan
and Europe. This money is being spent on things like product development
and the beginnings of infrastructure in order to bring forward the hydrogen
economy. There is little doubt that this investment increases the possibility of
a hydrogen economy arriving sooner rather than later, primarily through the
success of R&D in driving down the costs of using hydrogen.

What might a hydrogen economy look like in Australia?

Jump forward in time — perhaps 100 years, but maybe much less. Scientific
research and innovation has successfully developed efficient and cost
competitive hydrogen production, storage and transportation mechanisms.
Consumer products using fuel cells are the norm. Portable appliances use fuel
cells exclusively and batteries have gone the way of vinyl records.

Hydrogen has become accepted as a clean, safe and sustainable form of energy.
Indeed, it is the consumer’s fuel of choice. Emissions are a fraction of what
they are today notwithstanding continuing population and economic growth.
The world, including Australia, has made the transition to a hydrogen
economy.

Cities and towns are filled with vehicles conveying people and goods, but there
would be important differences — and much for the better. These vehicles
would be hydrogen powered, emitting only water vapour and would drive past
with only a gentle hum. These vehicles are far more energy-efficient than
today’s and cost less to use. That efficiency has made the hydrogen fuel tank
and fuel cell motor compact and affordable.

Many of these vehicles would refuel at common refuelling stations where
hydrogen supplies are received by pipeline from centralised production
facilities. Others would fill their hydrogen tanks from home or workplace
refuelling stations that would generate their hydrogen from either small-scale
natural gas reformers or renewable energy powered electrolysis plants, possibly
photovoltaics. Futuristic perhaps — but these technologies, albeit currently
costly, are available already.

In this future world — which may be much closer than many expect — home
owners have the choice of buying electricity from the grid or supplying their
own energy needs with a dedicated fuel cell that provides electricity and
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That hydrogen will come
from a mix of sources,
including fossil fuels....

... and renewable energy.

Australia could be a world
leader in hydrogen.
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thermal energy for heating or cooling. That fuel cell will utilise either hydrogen
or natural gas reticulated by pipeline. The latter would be reformed to
hydrogen on site. Some consumers may even plug their cars into a socket and
use them to provide additional power overnight. Others may even plug them
in when they get to work and be paid to provide some of their employer’s
power and cooling needs during peak hours when the power is most needed.

In this future hydrogen economy, Australia would still have central electricity
generating stations utilising coal and natural gas. However, these will
ultimately emit only water vapour. Australia’s vast coal reserves would remain
a long term, secure and cost-effective source of energy, but power plants
would gasify that coal and capture and sequester the CO, in geological
formations or convert it to useful and environmentally safe solid products.
Some of the hydrogen produced would be burnt in high efficiency gas turbines
to provide electricity, and some would be piped to customers for use in
vehicles and distributed generation plants. A ‘critical mass’ market for
hydrogen vehicles and distributed fuel cell generators will necessarily have
developed previously, since it is unlikely that large scale, centrally sourced
systems would be financially viable otherwise. However, they are likely to
reduce costs significantly and, from that point, greatly accelerate the emergence
of this new energy delivery system.

Throughout the country renewable energy would be increasingly used to
produce both power and hydrogen. Not only does hydrogen provide an energy
storage medium to balance the time variations in direct renewable power
output and load variations, but also in some areas it is less costly to transmit
than electricity. By now hydrogen distribution infrastructure and end-use
markets would largely be in place.

Tasmania would exploit its significant wind resources to contribute to
hydrogen supply. In South Australia, the substantial geothermal resources
deep underground in the north of the State could be tapped to meet part of its
hydrogen demand. Western Australia could utilise a mixture of solar and tidal
energy to supply hydrogen throughout the State. Those energy resources
could fuel continuing industrial and export development and provide a means
to exploit the vast resources of the Kimberley region.

This vision of the future would have Australia among the world leaders in
hydrogen technology. Australian renewable energy/hydrogen hybrid power
supply systems, developed to address local needs, could be exported all over
the world. Our fossil fuel resources would continue to sustain major export
industries, but in many instances coal exports would now be converted to
hydrogen at their destination and flue gases would be sequestered. ‘Hydrogen
economy’ power plants and related sequestration infrastructure could be
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founded on international technological R&D in which Australian input and
collaboration played an important and influential role.

In short, there is opportunity, in this future, for hydrogen to meet Australia’s
own and much of the world’s energy needs for a very long time, underpinning
a secure economic future for the people of this country. In that world there
would be few of the environmental problems currently associated with energy
production and distribution — and anxiety about key concerns, like
greenhouse emissions and air quality would be greatly diminished.

Those opportunities should not be missed, either by inadvertently putting
obstacles in its way, or by failing to take the necessary actions now that may be
needed to ensure any future hydrogen economy that emerges has
characteristics which benefit, rather than detract from, Australia’s economic
and environmental interests.

How might hydrogen enter the energy mix?

The above section paints a picture of what Australia might look like in a
hundred years time in a future where the hydrogen economy is a global fait
accompli. But how might that transition happen?

The study team has outlined three “what if” scenarios of possible hydrogen
futures. The scenarios take a very long-range (out to 2050) look out into the
future and speculate about how that future might turn out given a number of
assumptions about global developments. It is important to realise that these
are not forecasts of hydrogen consumption, but rather word pictures of
possible futures.

The scenarios must be long-range since these are the time frames that are
generally accepted as being associated with any transition to a hydrogen
economy. Obviously, there is always a great deal of uncertainty about how the
future might unfold and the further one looks ahead the greater that
uncertainty becomes.

The scenarios can be categorised as relating to high, medium and low hydrogen
penetration in the energy mix. Each scenario contains a set of assumptions
about what the application for hydrogen might be and the time frame in which
it might emerge. The scenarios draw on previous studies and stakeholder
discussions about how a transition to a hydrogen economy might occur.

The scenarios assume that the main end uses for hydrogen in Australia in the
period to 2050 will be:

* road transport;

 distributed heat and power generation; and
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Hydrogen costs are still high,

...but they will decline.
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» portable electrical appliances (for example, portable computers and mobile
phones).

While these end uses are likely to dominate, there is a strong likelihood that
other uses will emerge over the 50-year period covered by the scenarios. For
example, recent reports have suggested that there could be a market for
hydrogen powered fuel cells in power back-up systems.

The most important factor affecting the development of a hydrogen economy
is the relative cost of using hydrogen as an energy source compared to
conventional fuels. Currently that cost comparison does not favour hydrogen.
However, technology is constantly developing and there is an expectation that
the relative cost of hydrogen will fall. What is less clear is the time frame for
that to happen.

It is however possible to identify conditions that should favour the emergence
of a hydrogen economy. Hydrogen may be a more important fuel in the future
if one or more of the following are true:

 rates of economic growth are generally high;

» there is a high level of environmental consciousness and, specifically, high
motivation to curb greenhouse emissions — manifested by public policy
settings that drive changes in end-user behaviour and;

* rates of technological progress and innovation are high and outcomes
favour hydrogen; and

 higher prices for conventional energy improve the relative cost
competitiveness of hydrogen.

The Study Team calculated hydrogen demand in 2030 and 2050 (see Table 1).
Demand from the transport sector is the largest component of total demand in
all scenarios.

Table 1 Calculated Australian hydrogen demand by scenario and
conventional energy equivalents

2030 2050
Scenario Scenario

Possible demand 1 2 3 1 2 3
Million m3 Hz 18,002 10,800 6,611 42,050 25,206 11,797
Energy equivalents

« Milion m? natural gas 5,254 3,152 1,929 |12,272 7,356 3,443
« kilo tonnes black coal 6,943 4,165 2,550 16,217 9,721 4,550
« kilo tonnes brown coal 13,500 8,099 4,958 31,533 18,902 8,847
. GWh of electricity 54,004 32,398 19,832 (126,143 75,614 35,389

Source: ACIL Tasman estimates
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By comparison, the amounts of total production of these energy forms in
Australia in 2001/2002 were: 33,173 million m® for natural gas; 273,000 kilo
tonnes for black coal; 67,000 kilo tonnes for brown coal; and 201,000 GWh of
electricity.

Demand for use in portable appliances is relatively insignificant in energy
terms, but may be highly important in other ways. Demand from this sector is
likely to be the first to emerge and while the energy demand for each fuel cell is
very small, the potential size of the market could lead to substantial cash flows
for fuel cell manufacturers. This income could fund further R&D accelerating
further improvements in efficiency and cost reductions. In addition, the
potential benefits in terms of achieving public acceptance of fuel cells are
considerable. Australia’s elaborately transformed manufacturing sector is
relatively small, capturing the opportunities associated with the emergence of
this new market will therefore be a key challenge.

Does Australia need to do anything?

Some argue that Australia does not need to play an active role in hydrogen
related R&D and could delay adapting to a global shift to a hydrogen economy.
The study team concludes that this is not the preferred approach. The reasons
are straightforward:

» Australia is part of the global economy and there are potentially significant
costs associated with adopting an isolationist approach to developments in
the rest of the world in general, and our major trading partners in
particular;

» many of our trading partners are increasing their activities in the hydrogen
area, including launching collaborative R&D efforts and participation in
these would provide valuable opportunities;

» Australia’s strong interest in protecting our environment.

 in addition, there is a strong risk that the rest of the world might penalise
an actual or perceived poor environmental record,;

 there is an opportunity through innovation, or being a fast follower, to
capture new markets. This could generate significant new industrial
development and the ability to influence global standards;

« Australia has competitive advantages in the areas of R&D and access to the
primary means of producing hydrogen and every effort should be made to
capitalise on these.

Overview XX
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What should Australia do?

Globally, there is a dramatic increase in activity related to hydrogen. While the
nature of that activity varies from country to country, there are also strong
common themes emerging, namely:

» improving the efficiency and reducing the cost of fuels cells;
reducing the cost of producing hydrogen;

* pursuing opportunities for carbon sequestration;

» funding demonstration projects (particularly in the transport sector);
» work on uniform codes and standards; and

» forming public/private partnerships.

In recognition of the commonality of interest among countries investing in
hydrogen R&D, the promotion of international collaboration in relation to the
above themes is an overarching theme.

Australia stands to gain considerably by responding to these same challenges.
To do so it must do three things:

1. Establish a policy framework;
2. Encourage collaboration and partnerships; and
3. Lay the groundwork for a possible transition.

Establishing the policy framework

There is a consensus among stakeholders that a clear and unambiguous policy
signal from governments that hydrogen was included in their thinking about
Australia’s future energy mix would send a powerful message to stakeholders.

The Study Team supports that view and recommends that Australia adopt a
vision for hydrogen. The proposed vision explicitly recognises hydrogen’s
potential contribution to Australia’s energy mix, and the potential
environmental benefits of hydrogen use. It also commits Australia to playing
an active role in the development of hydrogen and related enabling
technologies. The suggested form of words is shown in Box 1.

Box 1 An Australian vision for hydrogen

Australia recognises the potential of hydrogen to contribute to a more
environmentally friendly and sustainable energy mix. Australia will play an active role
in the national and international development of hydrogen technologies and related
enabling technologies. In doing so, Australia will focus on areas where it has resource,
scientific, technical or other advantages.
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The vision does not specify any targets for hydrogen use. The market will
determine how and when hydrogen will enter the energy mix, recognising that
there are a range of energy options available to Australia. The expected
emergence of a market for fuel cells in portable appliances is a good example
of how this will occur without the need for any government mandates. The
key issue is to promote and encourage adaptation to developments that are
arising as a result of policy and technological change.

Where there is a role for governments, is in aiding industry to capture the
opportunities that will emerge by ensuring that any barriers to doing so are
removed or reduced. Given that the use of hydrogen as an energy form is very
much in its infancy at this time, it is difficult to be precise about what those
barriers might be. However, possible examples include policies and regulations
in relation to:

* mandates either for or against particular energy forms. For example, a
policy that precluded new coal fired power stations would rule out an
important option for providing the hydrogen needed for a transition to a
hydrogen economy;

 access to the electricity grid for hydrogen fuelled distributed generation
facilities;

» the use of at-home refuelling facilities for transport;

 the dual use of hydrogen fuelled cars for private transport or power
generation when parked; or

« the taxation treatment of transformed fuels.

Given the uncertainty over what might constitute a barrier in the future this
Report recommends that governments commit themselves to reviewing any
policies or regulations that are identified by the industry or research sectors as
posing a barrier to hydrogen. In doing so, the bias should be towards
removing or reducing that barrier.

Undoubtedly over time a portfolio of policies and programs relating to
hydrogen will emerge. However, the high levels of uncertainty that apply to
many aspects of the use of hydrogen as an energy source suggests that there
should be a regular review process to ensure that any strategies adopted remain
appropriate.

The Study Team recommends that hydrogen policies and measures should be
reviewed every two to three years, possibly by the Productivity Commission, to
ensure that they remain appropriate to the circumstances prevailing at the time.

As a corollary to this any policies and programs adopted should be sufficiently
flexible to adapt to new circumstances and developments, both in Australia
and overseas.
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International collaboration
can stretch Australia’s R&D
dollars.

Recommendation Four —
International collaboration

Building links within Australia
is also vital.

Recommendation Five —
Encouraging a private sector

role
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Encouraging collaboration and partnerships

As mentioned above, the recognition of the commonality of interest among
countries investing in hydrogen R&D is leading to increased international
collaboration. Furthermore, substantial increases in funding for hydrogen
R&D by overseas governments and private firms are accompanying that
growth in collaboration.

The growth in overseas investment provides potential new funding sources for
Australian researchers. International collaboration on hydrogen R&D is an
excellent mechanism for maximising the efficiency of the funds available for
R&D in this country. In this context, Australia is already participating in the
international hydrogen bus trial currently under way in Perth and there are a
growing number of other international collaborative opportunities that
Australia could participate in. Examples include the US initiative for an
International Partnership for the Hydrogen Economy (IPHE) and the IEA
Implementing Agreement on Hydrogen.

This Report recommends that Australia should seek to participate in bilateral
or multilateral hydrogen R&D programs.

In line with the recommended vision for hydrogen, particular attention should
be placed on ensuring that the subjects for cooperation take into account
Australia’s competitive advantages.

Clearly increasing the level of participation in bilateral or multilateral
collaborative R&D programs will not be without some additional cost. That
additional cost should be recognised when applications for R&D funding are
being considered.

There is considerable hydrogen related R&D under way throughout Australia,
but there is a need to better disseminate the nature and results of that research.
The lack of communication between Australian researchers and industry has
been identified as an important impediment to hydrogen.

Improving linkages between researchers and industry can help ensure that
successful R&D outcomes are more quickly commercialised. Such linkages
can also assist researchers to prioritise their research. It is important to try to
create those linkages at as early a stage as possible. The Perth hydrogen bus
trial is a good example of a project that includes stakeholders from a wide
range of backgrounds.

The private sector should be encouraged to play a key role in broadening and
deepening collaboration in relation to hydrogen. Government programs and
initiatives such as international collaboration should aim to foster the
development of strategic relationships, alliances and joint ventures through
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champion.

A champion could have
many roles.

A champion must be
representative.
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which Australian businesses can build knowledge and expertise in the field of
hydrogen.

While there are a considerable number of hydrogen researchers in Australia,
the hydrogen industry has only a small number of participants in Australia. As
with any emerging industry sector there is therefore a lack of a champion for
the industry.

The collective view of participants in the stakeholder workshops and the
Broome conference was that a Group should be to set up to represent the
industry’s concerns to government and to help implement the
recommendations arising from this report.

The Study Team supports this view and believes that other tasks for an
Australian Hydrogen Group should include:

» providing a forum for networking to foster and enhance collaboration
between researchers, industry and governments;

* monitoring overseas hydrogen R&D projects and identifying opportunities
for Australian participation in these;

» coordinating bilateral and multilateral activities on hydrogen;
e commissioning technology road maps;

» being responsible for informing government decision makers and the
broader community on issues relating to hydrogen;

» working to identify and assess any additional barriers that might arise and
thus inhibit private sector investment and interest in hydrogen and
recommending measures to overcome these; and

» helping promote the adoption of global codes and standards relating to
hydrogen, and ensuring that Australia’s codes and standards conform with
international standards unless the former are anti-competitive or have the
potential to stultify innovation.

It will be important that the Australian Hydrogen Group represents the
interests of all stakeholders in a manner that both is, and is seen to be,
independent of any particular interests. Obviously most parties who are
working in this area, and who should properly be involved in an Australian
Hydrogen Group, will have their own interests to promote. Maintaining the
Group’s independence will therefore depend upon maintaining a balanced
membership structure and an open and transparent decision making process.
One possible structure for the Australian Hydrogen Group is shown in Figure
3.

The suggested Board of Directors should be independent, multi-disciplinary
and representative. There would clearly be some overlap between the interests
and memberships of the sub-Groups, and any others that might be suggested.
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A strong, well-resourced
secretariat is vital.

The Australian Hydrogen
Group will need time to
prove itself...

...but ultimately it should
become self supporting.
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Indeed, that would be desirable since it would increase networking
opportunities and improve collaboration.

Figure 3 Possible structure for an Australian Hydrogen Group

Board of Directors

Secretariat

R&D Industry Eldfuca“o_“ & Policy
sub-Group sub-Group nformation sub-Group
sub-Group

Recommendation Six — An
Australian Hydrogen Group

Source: ACIL Tasman

The success or failure of groups of this kind is very dependent upon having an
effective secretariat. This in turn requires that it be adequately funded and
staffed. Given the emerging nature of the hydrogen industry in Australia it is
unrealistic to expect that the industry will have the ability to fully support the
Group’s secretariat, at least initially. As one of the members of the proposed
Group, the government should contribute to its operations and recognise that
at least initially it may need to provide a larger share of the funding.

The members of the secretariat will have a mix of skills. They could consist of
a mixture of directly employed staff and persons seconded from various
organisations. ldeally they should be co-located.

The Group will need adequate time to demonstrate its value to its members
and government support for the secretariat should be provided for long
enough to allow it to do so. That period should be at least three and preferably
four years. Support arrangements should be reviewed at the end of two years.

In time, as the hydrogen industry grows and develops, there will be a sufficient
number of stakeholders for the industry itself to progressively take on more of
the responsibility for funding the secretariat.

We recommend that the government work with industry and research sectors
to establish an Australian Hydrogen Group. The Group’s participants should
be drawn from Australian science and public policy establishments and the
private sector, throughout the country. The government should provide
support for the secretariat of the Group.

Overview XXV



Consumers and producers
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hydrogen.

National Hydrogen Study

The Study Team is aware of the CSIRO'’s proposal for a National Hydrogen
Centre®. The Centre is intended to deliver at least some of the tasks that the
study team has identified as being within the remit of the Australian Hydrogen
Group. The National Hydrogen Centre proposal is still being developed and it
would be premature to commit funds to any other group until the
membership, structure and roles of the National Hydrogen Centre are
resolved.

It would certainly be inefficient to create two new hydrogen bodies. We
commend the initiative shown by the CSIRO and recommend that all parties
work together to ensure that their proposal is developed in a way that ensures
it can fulfil all the roles listed above.

An important barrier to hydrogen is what is often referred to as the “chicken
and egg problem”. Namely, without supply chain infrastructure in place
consumers cannot be confident that any demand that they might have for
hydrogen will be satisfied. Conversely, potential suppliers of hydrogen have
little incentive to put in place the supply infrastructure in the absence of a clear
demand for their product.

Problems of this nature are not unique to hydrogen. For example, the
development of Australia’s natural gas resources has often been delayed until
long-term supply contracts, that reduce the risk of investment in the supply
infrastructure, are in place, whether it is a liquefaction plant or a transmission
pipeline.

Governments today are generally reducing their role in the provision of supply
infrastructure. Nonetheless, there are public good issues that need to be
considered. Two obvious examples in this case are energy security and
environmental issues. There are a number of things that governments can do
to help build market confidence. They include:

* ensuring that the public have access to the information they require to
inform their choices;

» promoting public confidence in the safety of hydrogen as an energy option
by working to ensure that internationally accepted codes and standards are
developed and adopted;

» encouraging hydrogen utilisation demonstration programs; and

» where appropriate, entering into public-private partnerships to help reduce
the perceived risk of hydrogen infrastructure provision.

The first two of these would be among the tasks covered by the proposed
Australian Hydrogen Group. The third will be important in the short to

3 There may also be other groups that come forward with proposals of a similar kind.
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Recommendation Seven —
Promoting market
confidence

We should adopt national
codes and standards...

...that are in accord with
international ones.

Recommendation Eight —
Codes and standards

Technology road maps can
help define research
priorities.
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medium term. The use of public-private partnerships will assume greater
importance in the medium to long term.

To help promote market confidence the government should adopt measures
aimed at encouraging the early adoption of hydrogen related technology by
consumers, including by:

» providing funding assistance for demonstration projects; and

 creating public-private partnerships, particularly for infrastructure
provision.

Laying the groundwork for a possible transition

As has already been pointed out there is considerable uncertainty surrounding
the nature and timing of a possible transition to a hydrogen economy.
However, there are a number of things that can still be done now. This
includes ensuring that the appropriate codes and standards are put in place.

Ideally those codes and standards should be those that are being developed
and adopted internationally. However, Australia should play an active role in
that process to ensure that the codes and standards are not detrimental to
Australia realising its ambitions to exploit its renewable and fossil resources for
hydrogen production or to utilise hydrogen in any particular way.

Again, the proposed Australian Hydrogen Group would have an important
role to play in this process.

Australia should play an active role in the formulation of international codes
and standards relating to hydrogen.

The discussion in this Report identified a wide range of different research
directions. It is unlikely that Australian researchers are positioned to advance
all of these. The question then is how to assign research priorities.

Technology road maps can be a powerful tool for helping to identify research
priorities and funding needs. To be most effective road maps should focus on
those areas of hydrogen research that capitalise on Australia’s competitive
advantages. Examples of such areas might include:

 integration of renewable energy resources (for example wind, solar, tidal
energy) and hydrogen production;

 fuel cell technologies; and

« utilisation of fossil fuel resources for hydrogen production, in particular
coal gasification and distributed gas reformation.
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To assist in better targeting available R&D funding, technology road maps

Recommendation Nine — should be commissioned for areas of hydrogen R&D identified as capitalising
Technology road maps on Australia’s competitive advantages.

Technology road maps will also help in determining what level of funding is
appropriate.

What is the timetable for action?

There needs to be a One of the difficulties with hydrogen is that it can be argued that it is still so

timetable for action. far in the future that there is no need to do anything now. Conversely, it can
also be argued that the time available can be put to good use in ensuring that
any transition that does take place does so with the least possible disruption.
The Study Team supports the latter argument and furthermore believes that
there are significant opportunities for Australian industry and taking early
action will help ensure that those opportunities are captured.

All the recommendations have an important role to play. Some are one-off
actions and others have an ongoing nature. In terms of priorities we believe
that they can be grouped into three categories.

1. Things to do immediately:

» adopt a vision for hydrogen; and

 create an Australian Hydrogen Group.

2. Things to do over the coming year:

» boost bilateral and multilateral collaboration; and

e commission technology road maps.

3. Things that are ongoing:

* increase the role of industry;

* review strategies to ensure they remain appropriate;
 reduce or remove the impact of any identified impediments;
» work to build confidence; and

» work towards the adoption of international codes and standards.

How far will this take Australia?

The recommendations in this report will not guarantee any of the benefits
foreseen. However, every journey begins with a single step and implementing
the above recommendations will mean that Australia has taken that first step
on a path that could lead to a very different future.
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There is no way to be sure what that future might look like. It could be
something like the world described earlier in this overview or it might be quite
different from anything imaginable here and now.

What the Study Team is sure of, is that the prospect of a Hydrogen Age is real
and the evidence of its onset — in technology and commercial terms — is
already available. It is conceivable that this will be a transition analogous to the
one that took place during the industrial revolution. There have of course
been many such events. The advent of the Information Age is a more recent
example.

The Study Team believes that the recommendations in this report will help
ensure that Australia will be among the group of leading nations as the
transition occurs. One only has to imagine what life would have been like
today if the industrial revolution or the Information Age had not been
embraced, to recognise the importance of positioning Australia for a transition
to a hydrogen economy.
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There is growing interest in
the use of hydrogen as an
energy source.

Key drivers include the
environment and energy
security.
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1 Introduction

Around the world a growing number of countries are seriously considering the
implications of a shift towards a hydrogen economy*. There is little doubt that
any country that switched to a hydrogen economy would experience enormous
changes and face numerous challenges. However, there are also many
potential opportunities and benefits that could flow from such a change.

The Australian government decided to conduct the National Hydrogen Study
(the Study) to assist governments and other stakeholders to better understand
the complex issues surrounding a possible transition to a hydrogen economy
and assess the respective roles for each. In particular, the Study is designed to
help parties to assess whether the general optimism for hydrogen as a future
energy source is justified. The Study is designed to assess all the above from
the point of view of Australia’s specific circumstances.

There are a many reasons why the use of hydrogen in the energy mix is
attracting growing interest. They include:

» Growing concerns about the environmental impact of energy
consumption, both in terms of global effects such as greenhouse gas
emissions and local impacts such as air quality. These concerns are in turn
leading to pressure for the use of more environmentally friendly forms of
energy;

* Recognition that reserves of conventional fuels are finite, and that for some
fuels, reserve to production ratios are approaching the 20-40 year time
frames that most believe would be involved in a possible transition to a
hydrogen economy; and

» A growing realisation that the transition issues associated with a shift to a
hydrogen economy will be both challenging and complex. A wide range of
policy, regulatory, technical, economic, financial, investment and
environmental questions need to be addressed. Thinking about these now
and starting to put in place the appropriate frameworks and strategies
would help to ensure that any eventual transition would be as smooth as
possible.

The Broome Conference® participants discussed the drivers for a hydrogen
economy in Australia. The general view was that environmental concerns were

4 The term “hydrogen economy” is generally used in discussing any transition to the greater
use of hydrogen as a source of energy. Clearly any transition would take place slowly and
over a long time frame and the term should not be interpreted as suggesting that any
transition is likely to be either quick or complete.

5 The conference, The Hydrogen Economy, Challenges and Strategies for Australia,
Including the Tidal Energy Link, was held in Broome, Western Australia from 18 to 21 May
2003.
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Doing nothing is not an
option.

The Study has four main
steps: the Issues Paper,
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probably the key driver in this country®. While energy security was also
regarded as an important driver, participants believed that Australia’s abundant
reserves of coal, gas and renewable energy resources meant that this driver was
ranked below the environmental one. Nevertheless, in the longer-term, as
finite energy resources declined, energy security would be likely to grow in
importance as a driver.

Some may question whether or not Australia needs to play an active role in the
current global focus on issues relating to the hydrogen economy. An
alternative would be to wait for others to develop the necessary technology and
then purchase it. The clear conclusion of the participants in the consultative
process was that the latter approach was not a viable one. Reasons for this
included:

» Australia is part of the global economy and there are potentially significant
cost penalties associated with following a different path from that pursued
by the rest of the world;

» There is a strong risk that the rest of the world might penalise what might
be perceived as a poor environmental record; and

» There is an opportunity to capture a first mover advantage, both in terms
of setting the global standards and capturing new markets. Equally,
Australia is unlikely to be able to commit the level of investment being
made by others, suggesting that priorities need to be established for
Australian investment.

* Asignificant investment in hydrogen R&D is already being made and
additional investment has been foreshadowed: a do-nothing approach
would mean scaling back these investments.

The National Hydrogen Study has been prepared in a number of phases. One
of the objectives of the Study has been to seek to involve as many stakeholders
in the process as possible. To this end there have been a number of
opportunities for interested parties to provide input into the Study. These
include both formal consultations and via the publication on the ACIL Tasman
web site of various reports over the course of the project. In addition the
Study benefited from a High Level Advisory Group which provided guidance
through the course of the study

The formal consultative mechanisms are listed in Appendix B.

The first stage of the Study was the preparation on an Issues Paper. That
document outlined the state of play for hydrogen and explored the
implications for Australia of a possible transition to a hydrogen economy.

6 The drivers for the growing interest in the hydrogen economy tend to be the same
throughout the world although the relative priorities assigned these drivers will vary from
country to country.
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The Issues Paper examined the opportunities and impediments associated with
such a transition across the entire supply chain, namely:

* Production;

e Transportation and distribution;
» Storage; and

» End-use.

The Issues Paper considered the impacts on all stakeholders, including those
actively involved in the hydrogen industry today as well as those that are
involved in industries that could be regarded as competitors to hydrogen, such
as the existing fossil fuel industry.

The Study also included two stakeholder workshops, held in Melbourne and
Perth. The workshops were used to help ensure that the lists of opportunities
and impediments developed by the study team were as comprehensive and
complete as possible. They also helped to prioritise these lists and assisted the
study team to begin to develop strategies for what needs to be done if
impediments are to be overcome and opportunities capitalised on. The
information in the Issues Paper and the feedback from the stakeholder
workshops formed the basis for an Interim Report.

A key outcome of the workshops was broad agreement that Australia should
adopt a vision for hydrogen. A suggested form of words developed in
consultation with workshop participants, the high level advisory group
(HLAG), and other interested parties is shown in Box 2

Box 2 An Australian vision for hydrogen

Australia recognises the potential of hydrogen to contribute to a more
environmentally friendly and sustainable energy mix. Australia will continue to play an
active role in the national and international development of hydrogen technologies
and related enabling technologies. In doing so, Australia will focus on areas where it
has resource, scientific, technical or other advantages.

The objective of the Interim Report was to brief the participants in the
Broome Conference and to help inform their discussions in the workshops
that were held as part of the Conference.

Both the Issues Paper and the Interim Report were published on the National
Hydrogen Study web site hosted by ACIL Tasman, and interested parties were
given the opportunity to provide comments on those documents.
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The results of the research done for the Issues Paper, and the outcomes of the
Broome conference and the stakeholder workshops, were considered and
incorporated as appropriate into this Final Report.

and the Final Report.
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2 Hydrogen demand scenarios

2.1 Australia’s energy outlook

ABARE projects Australia’s total energy consumption to increase by an
average of 2.1 per cent a year out to 2020. Growth is expected to vary between
5 % for the Northern Territory to 1.3 % for Tasmania.

Fossil fuels will continue to supply the majority of Australia’s domestic energy
needs, with oil’s share remaining relatively constant throughout the projection
period. However, coal’s share of primary energy consumption will fall from
38.6 % in 2001 to 31.3 per cent by 2020. Natural gas consumption will
increase by 7 per cent by 2020. Biomass and renewable energy consumption
will grow slightly at the expense of coal, as shown in Figure 4.

Figure 4 ABARE data and projections of Australia’s primary energy consumption by fuel, 2000-01 and

2019-2020
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Figure 5 ABARE data and projections of Australia’s final energy consumption by fuel, 2000-01 and

2019-2020
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