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Comparing the Hydrogen Strategies of the EU, Germany, and
Australia: Legal and Policy Issues
James Prest, Joshua Woodyatt and Jordie Pettit 1
Abstract
For hydrogen to assist in meeting ambitious decarbonisation goals, national law and policy
has a central role. This article presents a critical analysis of Australian law and policy for
hydrogen energy, by comparison with selected European jurisdictions.
Existing energy policy literature describes divergent paradigms and pathways to hydrogen
futures. Australia is a case study of policy conflict over competing methods of hydrogen
production and their differing climate change implications.
We compare the recently published national hydrogen strategies of Australia, Germany, and
the European Union. Selected reference is made to the strategies of France and Spain. One of
the purposes of our comparative approach with Europe is to identify points of contrast and to
derive ideas and inspiration for alternative energy pathways for Australia, and other nations
similarly reliant on fossil fuels. We critique the problematic ambiguity in Australia’s Strategy
and its use of the phrase ‘clean hydrogen’ in preference to ‘green hydrogen’.
Our review of the text of national strategies reveals three fundamental differences. These
involve: (i) targets for hydrogen production capacity and hydrogen production, (ii) budgets for
grants and incentives to encourage the hydrogen sector, (iii) and the definition of ‘clean’
hydrogen and positions on hydrogen production from fossil fuels.
We also locate each strategy within existing climate and energy law in each jurisdiction.
Analysis of relevant legislation in Australia and Europe reveals the differing implications for
the hydrogen sector of low versus high ambition in domestic climate and energy law. We argue
that higher climate ambition is likely to encourage faster growth in the hydrogen sector.
Our paper elaborates upon some of the main legal barriers to hydrogen sector growth,
providing a preliminary comparative review for Australia. Despite our critique of its present
national-level position, in Australia we also find supportive hydrogen policies in several subnational jurisdictions, innovative research and pilot projects combined with several extremely
ambitious large-scale private sector projects. Based on our review, we suggest that law reform
to promote hydrogen will require detailed review of existing national and sub-national
electricity, gas, and transport law.

1 James Prest, Senior Lecturer, ANU College of Law, Australian National University, Canberra, Australia,
james.prest@anu.edu.au, Joshua Woodyatt, Research Associate, ANU College of Law, Canberra, Australia, and Jordie Pettit,
Legal Practitioner, HWL Ebsworth Lawyers, Sydney, Australia.
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Introduction
With a proliferation of ‘strategies’, ‘roadmaps’, policies and plans in recent years, hydrogen
has become a focal point for governments considering future energy pathways. Between 2018
and 2020, national hydrogen strategies were launched in over twenty jurisdictions. 2
As the International Energy Agency (IEA) has observed, hydrogen is experiencing
“unprecedented momentum” in terms of the mobilisation of political and business interest. 3
Frans Timmermans of the European Commission, when launching the EU hydrogen strategy
for a climate-neutral Europe in July 2020, noted that it has “become the rock star for new
energies all across the world, especially in Europe.” 4
The IEA and the International Renewable Energy Agency (IRENA) have each published major
reports on the future role of hydrogen as a key tool for transition to net zero emissions. 5
Hydrogen has been suggested as a ‘game changer’ in the clean energy transition, offering
answers to energy storage and electricity system challenges, as well as difficult decarbonisation
questions in industrial and heavy transport sectors. It is seemingly an attractive option for hardto-abate sectors, including iron and steel, aluminium, aviation, shipping, long-distance and
long-haul road transport, as well as chemical manufacturing and other industrial activity
requiring high temperature heat. 6
Why is there such momentum? First, there are global macro-scale factors. The enabling
conditions for a more successful shift to hydrogen have improved since previous peaks of
interest in the 1970s and 1990s. Partly this is due to massive falls in the cost of generating
renewable electricity in most jurisdictions. The main component of the cost of making
hydrogen production via electrolysis is the cost of electricity. (The primary method of
Anthony Kosturjak and others, Advancing Hydrogen: Learning from 19 plans to advance hydrogen from across the globe,
(Future Fuels Cooperative Research Centre, University of Adelaide 2019), 120.
3 International Energy Agency (‘IEA’), Hydrogen: Tracking Progress, (2020), 3.
4 Executive Vice-President Frans Timmermans' and Commissioner Kadri Simson's press remarks on the energy sector
integration
and
hydrogen
strategies,
Speech,
8
July
2020,
Brussels,
at
<https://ec.europa.eu/commission/presscorner/detail/en/SPEECH_20_1310>, accessed 29.10.2020. See also: Commission, ‘A
hydrogen strategy for a climate-neutral Europe’ (Communication) COM (2020) 301 final.
5 International Renewable Energy Agency (IRENA) Green hydrogen cost reduction (2020); Green hydrogen: A guide to policy
making, (2020); IRENA, Hydrogen: A renewable energy perspective (IRENA 2019); IRENA, Hydrogen from renewable
power: Technology outlook for the energy transition, (IRENA 2018); International Energy Agency (‘IEA’), Hydrogen:
Tracking Progress, (2020); IEA, The Future of Hydrogen: Seizing today’s opportunities, (Report for the G20 in Japan, IEA
2019), https://www.iea.org/reports/the-future-of-hydrogen, accessed 1 October 2020.
6 Jose Bermudez, Taku Hasegawa, Hydrogen (IEA, Paris, 2020), viewed at https://www.iea.org/reports/hydrogen; IEA,
Hydrogen, (IEA, Paris, 2019), p.23.
2
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renewable hydrogen production relies upon electrolysis of water, applying renewable
electricity.) Such are the cost declines that the IEA made the remarkable observation in 2020
that “for projects with low cost financing that tap high quality resources, solar PV
[‘photovoltaic’] is now the cheapest source of electricity in history.” 7 It foretells PV as
“becom[ing] the new king of electricity supply…set for massive expansion”, growing at an
average of 13% p.a. in the coming decade. 8 Hydrogen is now greatly enabled by the rapidly
reducing costs of solar PV, as has and will continue to significantly reduces the input costs of
hydrogen production.
Secondly, the increasing urgency of addressing climate change is likely to further encourage
governments to facilitate and promote hydrogen investment. To meet the Paris Agreement’s
aim of 1.5˚C maximum warming, 9 the United Nations Environment Programme (UNEP) urges
an immediate peaking of emissions, combined with annual emissions reduction of 7.6%
globally until 2030. 10 The inadequacy of most national climate action plans has been critiqued
in the Emissions Gap Report. 11 UNEP Executive Director Inger Andersen remarked that to
“deliver the cuts we need, nations have to raise the ambition of their current pledges over
fivefold” to meet the 1.5°C degree target. 12 This will lead to increasing focus on technology to
abate emissions in sectors other than electricity generation.

1. The Technological Promise of Hydrogen
The third explanation for the interest in hydrogen is its promise in terms of storing energy.
Hydrogen (and related chemicals) have been promoted (and critiqued) both domestically and
internationally as an energy carrier (‘vector’) for the future.
Unlike batteries, hydrogen offers terawatt hour (TWh) scale storage that can be utilised for
days, weeks or months, thus offering even cross-seasonal storage capability. Unlike batteries,
there is no need to discharge the stored energy. The hydrogen can be stored in tanks, distributed
through the natural gas grid, or purpose built H2 grids. Chemical storage of energy in hydrogen
and related chemicals can supplement other storage and supply solutions like grid connected
mega-batteries, pumped hydro storage, and improved transmission interconnectors. 13
Hydrogen can help address problems arising due to increasingly higher percentages of
electricity generation from naturally variable renewable energy (VRE) sources. For example,
in Australia’s national electricity market, renewable electricity generation is already meeting
most demand during selected trading periods in some regional nodes. 14 In electricity markets,
7 IEA, World Energy Outlook 2020 (IEA, 2020a) at 214. See also: IEA (2020), Energy Technology Perspectives 2020 - Special
Report on Clean Energy Innovation, (IEA, 2020b, OECD Publishing, Paris), at 81, <https://doi.org.10.1787/ab43a9a5-en>.
8 IEA (2020a) at 214.
9 Paris Agreement (Dec. 13, 2015), in UNFCCC, COP Report No. 21, Addendum, at 21, U.N. Doc. FCCC/CP/2015/10/Add,
1 (Jan. 29, 2016).
10 United Nations Environment Programme (UNEP), Emissions Gap Report (2019) at 26, 39. The 2020 Emissions Gap Report
states that there is a gap of 34 Gigatonnes of CO2eq between current policies and the emissions reduction needed by 2030 to
keep global temperature increase below 1.5˚C in 2100. United Nations Environment Programme (2020). Emissions Gap Report
2020. Nairobi, xix.
11 Ibid at xvii-xx.
12 Ibid at xiii.
13 David Leitch, ‘Seasonality and deep storage in a highly decarbonized NEM’ (WattClarity, September 10 2020)
<http://www.wattclarity.com.au/articles/2020/09/seasonality-and-deep-storage-in-a-highly-decarbonized-nem/> accessed 17
September 2020
14 During the second quarter of 2020, several Australian grid-scale records for variable renewable electricity generation were
set. This included a record for highest grid-scale variable renewable electricity share of National Electricity Market (NEM)
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supply/demand imbalances and frequency regulation issues raised by additional VRE
generation can be partially met by making hydrogen with excess generation, via electrolysis of
water.
Where there is a competitive wholesale electricity market, hydrogen production via electrolysis
could be optimised at times of low or negative electricity wholesale prices within regional
pricing nodes 15 for temporary storage or injection into gas distribution networks.
Power-to-gas (or ‘sector integration’) offers an attractive seasonal energy storage medium for
excess renewable electricity. 16 Renewable hydrogen and other renewable gases (e.g.
biomethane) are central to the promise of integration (linking) of electricity and gas sectors to
mutual advantage. 17 The gas network can be used to store the energy on a more useful timeframe and scale than in batteries. 18 If there are transport difficulties, hydrogen can be carried
in related chemicals such as ammonia or liquid organic hydrogen compounds.
In addition, in many countries renewable electricity generation is facing increasing difficulties
of grid connection and grid curtailment. 19 Integration of electricity and gas networks aids
efficiency by capturing electricity that would otherwise be curtailed or spilled. Curtailment is
already an issue for renewable projects within the Australian National Electricity Market, 20 as

operational demand on 11 April 2020, and the highest registered wind generation level, when NEM wind output reached almost
5GW MW at 2230 hrs on 1 May 2020. Renewable electricity generation in South Australian regional node of the NEM has
exceeded 100% of demand on several occasions in 2020, with excess generation sent interstate. Australian Energy Market
Operator (‘AEMO’), Quarterly Energy Dynamics Q2 2020 (AEMO 2020), 21; Sophie Vorrath, ‘Australian renewables hit
new high of 52.9 per cent’ (Renew Economy, 2 October 2020) <https://reneweconomy.com.au/australian-renewables-hit-newhigh-of-52-9-per-cent-61480/> accessed 5 October 2020.
15 Dia Milani, Ali Kiani and Robbie McNaughton, ‘Renewable-powered hydrogen economy from Australia’s perspective’
(2020) 45 Int J Hydrogen Energy 24125–24145. https://doi.org/10.1016/j.ijhydene.2020.06.041 accessed 1 October 2020.
16 Méziane Boudellal, Power-to-Gas: Renewable Hydrogen Economy (Walter de Gruyter 2018).; Markus Lehner and others,
Power-to-Gas: Technology and Business Models (1st ed. 2014, Springer 2014). https://doi.org/10.1007/978-3-319-03995-4
17 Martin Robinius and others, ‘Linking the Power and Transport Sectors—Part 1: The Principle of Sector Coupling’ (2017)
10 Energies 956. <https://doi.org/10.3390/en10070956> accessed 1 October 2020.
18 Dennis Anderson and Matthew Leach, ‘Harvesting and Redistributing Renewable Energy: On the Role of Gas and Electricity
Grids to Overcome Intermittency through the Generation and Storage of Hydrogen’ (2004) 32(14) Energy Policy 1603, 16031614 https://doi.org/10.1016/S0301-4215(03)00131-9; Johannes Töpler, ‘Hydrogen as Energy-Storage-Medium and Fuel: A
Strong Partner of Renewable Energies’ (2016) 1(31) Renewable Energy and Environmental Sustainability
https://doi.org/10.1051/rees/2016033.
19 Kane Thornton, 'Breaking Australia's vicious energy cycle', op-ed, Clean Energy Council, 16 March, 2020,
https://www.cleanenergycouncil.org.au/news/breaking-australias-vicious-energy-cycle
20 AEMO (n 14), at 27.
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it is in California, 21 China, 22 Japan, 23 and Germany. 24 Energy storage technologies such as
hydrogen and power-to-gas can offer at least partial solutions. 25

2. Background and Research Objective
Research and discussions about the potential of hydrogen are not new, having come and gone
at various times since the mid-1970s. 26 Despite the scepticism of some observers that hydrogen
is over-hyped, 27 there is a substantial logical basis for renewed research and investment
activity. The present enthusiasm is not confined to individual nations but is widespread
throughout the IEA membership.
Governments have expressed their interest through hydrogen strategy documents and through
offers of substantial funding (see: Part III). Can these hydrogen strategies and associated
funding opportunities spur the widespread diffusion of hydrogen technologies? It is not
possible to predict the answer to that question, given that so much depends on national
circumstances. Such cannot realistically be answered in this article.
Our objective is narrower, to provide a critical analysis of Australia’s National Hydrogen
Strategy of November 2019 and its implications for hydrogen law and policy. 28 We do this
through a comparison with hydrogen strategies released in 2020 by selected European
jurisdictions: Germany, France, Spain, and the EU. 29 The intention is to look beyond superficial
aspects, using a comparative approach to enable clearer assessment of its likely impact.

California
Independent
System
Operator
(CAISO),
“Managing
Oversupply”
http://www.caiso.com/informed/Pages/ManagingOversupply.aspx, accessed 20 January 2021; CAISO, “Production and
Curtailment Data 2020”, http://www.caiso.com/Documents/ProductionAndCurtailmentsData_2020.xlsx
22 Shiyu Liu, Zhaohong Bie, Jiang Lin, Xifan Wang, “Curtailment of renewable energy in Northwest China and market-based
solutions”, (2018) 123 Energy Policy 494,
https://doi.org/10.1016/j.enpol.2018.09.007. Wandong Zheng, Jay J Hennessy and Hailong Li, ‘Reducing Renewable Power
Curtailment and CO2 Emissions in China through District Heating Storage’ (2020) 9 WIREs Energy and Environment
<https://onlinelibrary.wiley.com/doi/abs/10.1002/wene.361> accessed 28 January 2021.
23 Romain Zissler, “Renewable Energy Curtailment in Japan: Room for Improvement”, Renewable Energy Institute of Japan,
https://www.renewable-ei.org/en/activities/column/REupdate/20190409.php, Accessed 28 January 2021; Shota Ichimura,
‘Utilization of Cross-Regional Interconnector and Pumped Hydro Energy Storage for Further Introduction of Solar PV in
Japan’ (2020) 3 Global Energy Interconnection 68; Samuel Matthew G Dumlao and Keiichi N Ishihara, ‘Reproducing Solar
Curtailment with Fourier Analysis Using Japan Dataset’ (2020) 6 Energy Reports 199.
24 Michael Joos and Iain Staffell, ‘Short-Term Integration Costs of Variable Renewable Energy: Wind Curtailment and
Balancing in Britain and Germany’ (2018) 86 Renewable and Sustainable Energy Reviews 45; Hans Schermeyer, Claudio
Vergara and Wolf Fichtner, ‘Renewable Energy Curtailment: A Case Study on Today’s and Tomorrow’s Congestion
Management’ (2018) 112 Energy Policy 427.
25 E Troncoso and M Newborough, ‘Electrolysers for Mitigating Wind Curtailment and Producing “Green” Merchant
Hydrogen’ (2011) 36 International Journal of Hydrogen Energy 120; Xiaohe Yan and others, ‘Power to Gas: Addressing
Renewable Curtailment by Converting to Hydrogen’ (2018) 12 Frontiers in Energy 560. Han Phoumin, Fukunari Kimura and
Jun Arima, ‘Potential Renewable Hydrogen from Curtailed Electricity to Decarbonize ASEAN’s Emissions: Policy
Implications’ (2020) 12 Sustainability 10560.
26 See generally John O’Mara Bockris, Energy: The Solar-Hydrogen Alternative (Architectural Press, 1976).
27 Jurgen Wollschlager, 'The Path for Green Hydrogen: Hope or Hype?' (2020) 9 European Energy and Climate Journal 24;
Harro van Lente, Charlotte Spitters and Alexander Peine, ‘Comparing Technological Hype Cycles: Towards a Theory’ (2013)
80 Technological Forecasting and Social Change 1615; Marc W Melaina and Christopher Yang, ‘Review of Joseph Romm’s
The Hype About Hydrogen: Fact and Fiction in the Race to Save the Climate’ (2007) 63 Ecological Economics 244; Harro van
Lente and Sjoerd Bakker, ‘Competing Expectations: The Case of Hydrogen Storage Technologies’ (2010) 22 Technology
Analysis & Strategic Management 693.
28 Council of Australian Governments (‘COAG’) Energy Council Hydrogen Working Group, Australia's National Hydrogen
Strategy, (Commonwealth of Australia 2019).
An earlier exercise in 2018 compared the United States and the European Union, see: Ruven Fleming and Joshua P Fershee,
‘The ‘Hydrogen Economy’ in the United States and the European Union’ in Donald Zillman and others (ed), Innovation in
Energy Law and Technology: Dynamic Solutions for Energy Transitions (Oxford University Press, 2018).
21
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3. Technology Roadmaps
A broad body of literature surveys various types of technological roadmaps prepared regarding
for future energy technologies and their limitations. Recent papers view such strategies and
roadmaps as instruments of policy for the clean energy transition. 30 A portion of that literature
examines roadmaps for hydrogen. 31
Some may view technology specific roadmaps, especially when focussed purely on technology
as inherently at risk of encouraging ‘winner picking’ by governments, an approach best avoided
in optimal climate and energy policy making. 32 Perhaps these risks are manageable if sufficient
room is left for the operation of market forces and competition between energy technologies in
the design of associated policy instruments. 33 Objections may be raised by free market
adherents seeking least cost approaches, and by politicians who proclaim adherence to such
approaches. One does not need an ideological objection such technology strategies to be
cognisant of their limitations. Logically, a multitude of economic, political, regulatory, and
technological factors determine the success or failure of mass adoption of energy technologies,
not simply the existence of policy strategies and energy roadmaps. As Milani et.al. explain
“The economics and the scale of hydrogen fuel competence may change due to many factors
such as the location and the abundance of feedstock, market, infrastructure, renewable options,
legislative framework support, and also the dynamic market of alternative fuels.” 34
It is self-evident that implementation of technology roadmaps and strategies requires
integration of their goals into economic and regulatory mechanisms. Further, political support
will be required at the highest levels to ensure the removal of barriers – some of which are legal
and regulatory - to the energy technology. In relation to hydrogen roadmaps, McDowall (2012)
warned that “roadmaps must articulate a shared view of where things are going.” 35 This
question is particularly relevant in discussion of Australia’s National Hydrogen Strategy, to
which we now turn.

Hope and Conflict over Hydrogen (Literature Review)
Australian Hydrogen Ambitions
Australia is of interest regarding the future of hydrogen for several reasons. First, Australia’s
potential as a renewable hydrogen producer and exporter is vast. Australia has a huge land area
of 7.69 million km2. 36 This gives an estimated 2.81 million km2 of land potentially available
Karollay Giuliani de Oliveira Valério, Carlos Eduardo Sanches da Silva and Sandra Miranda Neves, ‘Overview on the
Technology Roadmapping (TRM) Literature: Gaps and Perspectives’ (2021) 33 Technology Analysis & Strategic
Management 58; Muhammad Amer and Tugrul U Daim, ‘Application of Technology Roadmaps for Renewable Energy Sector’
(2010) 77 Technological Forecasting and Social Change 1355.
31 Will McDowall, ‘Technology Roadmaps for Transition Management: The Case of Hydrogen Energy’ (2012) 79
Technological Forecasting and Social Change 530.
32 John CV Pezzey, Frank Jotzo and John Quiggin, ‘Fiddling While Carbon Burns: Why Climate Policy Needs Pervasive
Emission Pricing as Well as Technology Promotion’ (2008) 52 Australian Journal of Agricultural and Resource Economics
97 at 107.
33 Charles Weiss and William Bonvillian, Structuring an Energy Technology Revolution (MIT Press 2012); Sophia Ruester
and others, ‘A Post-2020 EU Energy Technology Policy: Revisiting the Strategic Energy Technology Plan’ (2014) 66 Energy
Policy 209.
34 Dia Milani, Ali Kiani and Robbie McNaughton, ‘Renewable-Powered Hydrogen Economy from Australia’s Perspective’
(2020) 45 International Journal of Hydrogen Energy 24125.
35 Will McDowall, ‘Technology Roadmaps for Transition Management: The Case of Hydrogen Energy’ (2012) 79
Technological Forecasting and Social Change 530.
36 Geoscience Australia, 2021, based on GEODATA Coast 100K 2004 data at http://pid.geoscience.gov.au/dataset/ga/61395
30
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for utility scale solar farms in the North and 2.08 million km2 in the Eastern region of the
national electricity market (NEM), and 2.79 million km2 available for wind farms in the North
and 2.03 million km2 available in the Eastern NEM region. 37 It has an extremely high solar
insolation and quality of solar energy resource, with highest solar radiation per m2 of any
continent in the world. 38 It is estimated that the annual solar radiation falling on Australia is 58
million PJ, around 10,000 times more than its annual energy consumption. 39 Concentrated solar
thermal energy projects are another option for hydrogen production – these involve thermally
splitting water at high temperatures >1300°C to produce hydrogen without electrolysis. 40
Considerable research has already been conducted in Australia into the use of concentrating
solar thermal technology to produce solar fuels including hydrogen and methanol. 41 In terms
of wind energy, Australia’s estimated potential is 10 EJ (i.e., 10,000PJ). 42 There are multiple
sites with a high-quality wind resource for onshore wind farms. 43 These estimates do not
mention 59,736 km of coastline, along which sites for the harvesting of offshore wind energy
could be considered. 44 Further research has found a strong temporal synergy for wind and solar
resources in Australia, meaning many sites could be developed as hybrid solar/wind farms. 45
Australian companies are developing extremely ambitious energy projects such as the Asian
Renewable Energy Hub, a massive solar and wind farm, which, in addition to its capacity to
make 14GW of clean electricity, “the bulk of which” will used to make hydrogen, stored as
green ammonia, for export to Asia. 46 The proponents plan to install 26,000 MW of wind
turbines and solar PV across 6500km2 in the Pilbara region of North-West Western Australia. 47
Therefore, it is perhaps not surprising that Australian politicians, industrialists and academic
authors have suggested Australia can become a renewable energy ‘superpower’, and, with
hydrogen, an exporter of clean energy to the world. 48 The National Hydrogen Strategy sets a
goal for Australia to be “a major player by 2030”. 49 Ross Garnaut, Professor Emeritus of
economics has described his vision of Australia as a future “renewable energy superpower”. 50

Sven Teske and others, ‘Renewable Energy Resource Assessment’ in Sven Teske (ed), Achieving the Paris Climate
Agreement Goals: Global and Regional 100% Renewable Energy Scenarios with Non-energy GHG Pathways for +1.5°C and
+2°C (Springer International Publishing 2019) <https://doi.org/10.1007/978-3-030-05843-2_7>.
38 Geoscience Australia and BREE, 2014, Australian Energy Resource Assessment. 2nd Ed. Geoscience Australia, Canberra,
at 23; Alireza Heidari and others, ‘A Comprehensive Review of Renewable Energy Resources for Electricity Generation in
Australia’ (2020) 14 Frontiers in Energy 510.
39 Geoscience Australia and BREE, 2014, Australian Energy Resource Assessment. 2nd Ed. Geoscience Australia, Canberra,
at 23.
40 Stuart Licht, ‘Solar Water Splitting to Generate Hydrogen Fuel: Photothermal Electrochemical Analysis’ (2003) 107 J
Physical Chemistry B 4253. See also: ARENA (2018)) Solar Thermochemical Hydrogen Research and Development,
Research Project. https://arena.gov.au/projects/solar-thermochemical-hydrogen-research-and-development/
41 Hinkley J, Hayward JA, McNaughton R, Edwards J and Lovegrove K (2016) Concentrating solar fuels roadmap –final
report. CSIRO, Australia.
42 D Honnery and P Moriarty, ‘Estimating Global Hydrogen Production from Wind’ (2009) 34 Int J Hydrogen Energy 727.
43 Willow Hallgren, Udaya Bhaskar Gunturu and Adam Schlosser, ‘The Potential Wind Power Resource in Australia: A New
Perspective’ (2014) 9 PLoS ONE e99608.
44 Eleonora Messali and Mark Diesendorf, ‘Potential Sites for Off-Shore Wind Power in Australia’ (2009) 33 Wind
Engineering 335.
45 Abhnil A Prasad, Robert A Taylor and Merlinde Kay, ‘Assessment of Solar and Wind Resource Synergy in Australia’ (2017)
190 Applied Energy 354.
46 Asian Renewable Energy Hub, website, https://asianrehub.com/ accessed 30 January 2021.
47 Ibid.
48 Andrew ‘Twiggy’ Forrest, ‘Oil vs Water — Confessions of a carbon emitter’, ABC Boyer Lecture Series 2020: Rebooting
Australia, 24 January 2021, https://iview.abc.net.au/show/boyer-lecture-andrew-forrest
49 Australia, Department of Industry, ‘Australia’s National Hydrogen Strategy’ https://www.industry.gov.au/data-andpublications/australias-national-hydrogen-strategy . Accessed 3 February 2021.
50 Ross Garnaut, Super - Power: Australia’s Low-Carbon Opportunity (La Trobe University Press 2019).
37
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The former Chief Scientist, Prof. Finkel has described his vision of Australia “shipping
sunshine” in the form of hydrogen to the rest of the world, particularly Japan and Korea. 51
Australia is key to the global hydrogen future because if it is successful in producing very lowcost renewable hydrogen from very low-cost renewables, this has implications for development
of a high-volume international trade in renewable fuels. This is a strategy of lowering costs
through economies of scale. It may need to be supplemented by offering credibly certified
renewable hydrogen, which, despite its higher cost, may be attractive to market segments
willing to pay a premium for a certified product.

Controversy and Conflict over Hydrogen
The second reason for examining Australian debates over hydrogen is that they provide an
interesting case study of barely disguised conflict between stakeholders over the direction of
national energy law.
A casual observer might mistakenly perceive an apparent political consensus in Australia
surrounding hydrogen. The superficial harmony of multi-party, cross-party support for
hydrogen is remarkable. It is perhaps the only area of agreement in Australian national climate
and energy law, a field usually characterised by deep divisions. It appears as a paradox, partly
given the scepticism of renewable energy displayed by some Federal MPs in public forums and
the media. 52
Yet the apparent hydrogen consensus is a superficial one, concealing deeper disagreements in
Australia over the future of hydrogen policy and law, particularly over whether there is room
in that future for fossil fuels as a pathway to hydrogen production. With “Don’t Mention the
Word ‘Green’” (an earlier draft title for this article), we set out our aim to understand the
seemingly deliberate ambiguity of terminology selected in Australia’s National Hydrogen
Strategy. Later in this article, in Part III.2 ‘Hues of Hydrogen’ we explain the different colours
used to describe hydrogen. Elsewhere in Part III we explain the choices made in the Strategy
to avoid mentioning, prescribing, or recommending production of ‘green’ or purely 100%
renewable hydrogen. This discussion helps to advance another aim of this article, to explore
the conflict over hydrogen in Australia, as an addition to the broader energy policy literature
regarding competing energy futures.

Review of the Regulatory Literature
This section briefly reviews important work in both the international and Australian legal,
policy and regulatory literature on hydrogen energy.
The policy and regulatory treatment of hydrogen will be a key determinant of success or delay
in terms of mass market investment in hydrogen energy technologies in each market. As Sonja
van Renssen observed in Nature: Climate Change in August 2020, “the emergence of a clean

Alan Finkel, ‘Shipping sunshine at scale’, Speech to US Dept of Energy, 28 April 2019.
Giles Parkinson ‘Is Angus Taylor on a one-man mission to stop wind and solar?’ RenewEconomy, 10 October 2019; Michael
Mazengarb ‘We have crossed the threshold’ – Taylor repeats claim of too much wind and solar’, RenewEconomy, 9 October
2019.
51
52
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hydrogen economy is policy dependent”. She also noted that it “depends on regulation”. 53 Thus
we need to examine the adequacy of both national hydrogen policies, and law.
International Literature
There is a considerable international literature on the legal and regulatory aspects of
hydrogen. 54 Earlier papers covered a disparate range of issues including a proposal for a
Hydrogen Protocol to the UNFCCC, 55 tort law, 56 water law, 57 provisions in US federal law, 58
and intellectual property law. 59 The more recent and useful papers cover the topic of power to
gas, and consider the intersection of existing EU law with the definition of renewable hydrogen
and clean hydrogen. 60 Aside from these, amongst the most important European legal sources
on hydrogen is HyLaw. 61 This EU funded research project produced a major EU database that
describes the law applicable to hydrogen, in each member state. Australia has no equivalent.
Australian Law and Policy Literature
Prior to the release of Australia’s National Hydrogen Strategy in November 2019, earlier
academic work by Moore and Shabhani (2016) had critiqued the lack of targeted policy
instruments for hydrogen. 62 They noted the lack of governmental action to implement the
previous Hydrogen Technology Roadmap of 2008. 63
As was noted above, van Renssen (2020) reminded decision makers that policy instruments for
hydrogen includes regulation and other legal instruments. Facilitating hydrogen technologies
in the stationary energy and transport sectors will require a clear legislative framework
governing the production, storage, distribution, and final use of hydrogen.
In Australia, three key government and consultants reports on hydrogen were published in
2018, by CSIRO, ARENA, and the ACIL Allen Consulting. 64 Apart from highlighting the
economic opportunities, these major policy reports each call on government in general terms
Sonja van Renssen, ‘The Hydrogen Solution?’ (2020) 10 Nature Climate Change 799.
F. Dolci et al., ‘Incentives and legal barriers for power-to-hydrogen pathways: An international snapshot’ (2019) 44(23) Int
J Hydrogen Energy 11394–11401.
55 Sindico, Francesco; Gupta, Joyeeta ‘Moving the Climate Change Regime Further Through a Hydrogen Protocol’ (2004)
13(2) Review European, Comparative & International Env L 175-186.
56 Vincent, William ‘Hydrogen and Tort Law: Liability Concerns Are Not a Bar to a Hydrogen Economy’, (2004) 25(2) Energy
L J 385-402; Moy, Russell ‘Tort Law Considerations for the Hydrogen Economy’ (2003) 24(2) Energy LJ 349-364.
57 Eisenstadt, Melvin ‘Water Law Problems of Solar Hydrogen Production’ (1978)18(3) Natural Resources J 521-544.
58 E. Lokey, “A critical review of the Energy Policy Act of 2005’s treatment of hydrogen,” (2007) 32(12) International Journal
of Hydrogen Energy 1673–1679.
59 Chang, Donna; Fernandez, Dennis “Intellectual Property Strategies to Fuel Nanotechnology and the Hydrogen Revolution”
(2006) 3(2) Nanotechnology Law & Business 135-144.
60 Ruven Fleming, ‘Clean or Renewable – Hydrogen and Power-to-Gas in EU Energy Law’ [2020] J Energy & Natural
Resources L 1; Ruven Fleming, Gijs Kreeft, “Power-to-Gas and Hydrogen for Energy Storage under EU Energy Law”,
European Energy Law Report. editor / Martha M. Roggenkamp; Catherine Banet. Vol. XIII (Cambridge: Intersentia, 2020)
101-125; Kreeft, G.J. (2018), ‘Legislative and Regulatory Framework for Power-to-Gas in Germany, Italy and Switzerland’,
STORE&GO Project, Deliverable 7.3.
61 HyLaw https://www.hylaw.eu/ viewed 9.1.2021.
62 Whilst noting the funding for hydrogen projects from the Australian Renewable Energy Agency and the Clean Energy
Finance Corporation, the authors remark upon the lack of other policy measures. Jason Moore and Bahman Shabani, ‘A Critical
Study of Stationary Energy Storage Polices in Australia in an International Context: The Role of Hydrogen and Battery
Technologies’ (2016) 9 Energies 674.
63 Wyld Group & McLennan Magasanik Assoc., Hydrogen Technology Road Map; A Report for the Australian Government:
Canberra, Australia, 2008.
64 Commonwealth of Australia, Hydrogen for Australia’s Future (Briefing Paper for COAG Energy Council, prepared by the
Hydrogen Strategy Group, 2018) 1-2; CSIRO, National Hydrogen Roadmap (2018) 3-4; ARENA, Opportunities for Australia
from Hydrogen Exports (Prepared by ACIL, Allen Consulting for ARENA, 2018) 56.
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to establish appropriate policy and regulatory settings for hydrogen. Although these reports
provide a broad outline of the relevant legislation and some of the regulatory gaps, they lack
detailed examination of requirements for future legal framework for hydrogen in Australia.
In terms of Australian legal literature, Lyster and Bradbrook (2006) briefly touched upon the
legal issues around hydrogen in their Australian energy law textbook. Best considered a
preliminary work, it cited regulatory issues pertaining to hydrogen in the USA, rather than
providing an Australian analysis. At that point in time, the authors observed that the legal issues
surrounding large-scale hydrogen use “have never been examined in Australia.” 65
Nevertheless, Lyster and Bradbrook raised a host of possible legal questions including (i)
possible tax law reform to offer tax incentives for hydrogen project investments, (ii) trade
barriers caused by differing national standards for hydrogen, and (iii) regulatory barriers
relating to hydrogen expansion like restrictive interconnection and electricity codes, (iv) the
governance of hydrogen pipeline easements, and (v) restrictions on electricity utility companies
installing hydrogen fuel cells in their networks. 66
Since then, two legal articles, by Burton (2018) and Bartlett (2019) have broadly identified and
sketched some of the key legal issues. 67 These academic papers are supplemented by
commissioned background research by the firm Clayton Utz in 2019 for Hydrogen Strategy.
Their report, Hydrogen Industry Legislation, reviewed Commonwealth, state and territory
legislation, regulations, and standards relevant to hydrogen projects and supply chain
development. 68 At only 40 pages including appendices, it should be regarded as preliminary
review rather than an in-depth legal analysis. It listed 730 potentially relevant laws, including
119 national and international standards. 69
The most focused and detailed legal report to date was commissioned by Energy Networks
Australia (the industry association for gas distribution networks) who sought to examine legal
barriers to the injection of hydrogen into natural gas networks. 70 On the topic of grid injection,
two significant reports in 2018 by Chief Scientist Alan Finkel and the CSIRO pointed broadly
to the need for law reform to allow for the injection of hydrogen into the existing gas
networks. 71 These include amendments to National Gas Law, 72 existing gas technical
specifications, 73 state-based regulations for gas composition and safety, 74 and the development
of hydrogen specific regulations based on best practice global standards. 75 In Australia, the
Rosemary Lyster and Adrian Bradbrook, Energy Law and the Environment, 2006, Cambridge Univ. Press. At 205.
R. Lyster and A. Bradbrook, Energy Law and the Environment (Cambridge Univ. Press, 2006) 25, 205.
67 Andrew Burton “Hydrogen in Australia: designing an effective regulatory framework for the use of hydrogen in a clean
energy future” Australian Energy & Resources Law Bulletin, November 2018, 6-10; Eliza Bartlett “The developing hydrogen
sector in Australia —taking stock: why hydrogen and why now?” Australian Energy and Resources Law Bulletin, 2019, 3(4),
50-53.
68 Clayton Utz, Hydrogen Industry Legislation: A report scoping out legislation, regulations and standards relevant to the
development of a national hydrogen industry in Australia, prepared for the Department of Industry, Innovation and Science,
21 November 2019, accessed at http://www.coagenergycouncil.gov.au 3 December 2020.
69 Ibid, Clayton Utz, at 25.
70 Johnson Winter & Slattery, A Report on the injection of hydrogen and biogas into gas distribution networks (Report prepared
for
Energy
Networks
Australia,
2018)
<https://www.energynetworks.com.au/sites/default/files/2018_-_jws__energy_networks_australia_hydrogen_report.pdf>.
71 Commonwealth (n 64), 45; CSIRO (n 64), 59.
72 National Gas Law (NGL) is set out in a Schedule to the National Gas (South Australia) Act 2008 (SA), and its associated
National Gas Rules. The NGL currently applies to natural gas only. The NGL will not apply to a pure hydrogen network
because the National Gas Law regulates pipelines for the haulage of natural gas and the service providers who own, operate
and control those pipelines. Pure hydrogen is not “natural gas” within the meaning of the National Gas Law.
73 Australian Standard 4564 “Specification for general purpose natural gas” only applies to natural gas.
74 Commonwealth of Australia, Hydrogen for Australia’s Future (2018) 45; CSIRO, National Hydrogen Roadmap (2018)
Appendix B, 74.
75 CSIRO, National Hydrogen Roadmap (2018), xxi.
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extent of discussion about hydrogen’s potential in power-to-gas energy storage that would link
both the electricity and gas sectors has been extremely limited. Prest (2018) noted that
hydrogen also raises complicated regulatory questions because of its potential to participate in
both electricity and gas markets. 76
Building upon this literature review, the main gap in the literature that we are seeking to fill is
to provide critical analysis of Australia’s National Hydrogen Strategy and to discuss its
connection to future law reform for hydrogen, especially in an international context.

Structure
The article proceeds through separate sections that analyse the details of national hydrogen
strategies, beginning with Australia (Part III), Germany (Part IV) and later the EU (Part V).
The article briefly examines the targets and budgets set in the hydrogen strategies of France
and Spain (Part VI) as these nations (aside from Germany), have set the most ambitious
hydrogen targets in the EU. Finally, a detailed comparative discussion of Hydrogen Strategies
is presented (Part VII).

Australia’s National Hydrogen Strategy and the Law
As Australia is a federation, its Constitution divides legislative power between the national and
regional governments. The complexities of the relationship between national (or ‘federal’ or
‘Commonwealth’) and State/Territory law and policy are not explored here. It is sufficient to
say that this section explains Australia’s over-arching National Hydrogen Strategy and refers
to State and Territory (or regional) hydrogen strategies. The process of making and reforming
law for hydrogen is still at a very formative stage in Australia, but this Part gives an outline of
the main issues.

Sub-national Hydrogen Strategies
State governments were the first to lead with strategies, grants and polices for hydrogen, ahead
of Australia’s national government. South Australia was the first among the early movers,
releasing a study in August 2017, 77 and a complete strategy in September 2019. 78 The
Hydrogen Roadmap for South Australia (2017) articulated broad principles for a regulatory
framework for hydrogen. These included certainty, transparency, flexibility, practicality,
efficiency, and openness. It did not provide substantive detail on the regulatory issues involved.
Instead, it advocated broad aims of fairness and predictability for industry and the building of
trust with the public in industry capability to deliver public safety. 79
Other State-level strategies include the Queensland Hydrogen Industry Strategy, 80 Western
Australian Renewable Hydrogen Strategy, 81 and Tasmanian Renewable Hydrogen Action

James Prest (2018) Hydrogen Energy Storage and the Law: Scoping Opportunities for Integration of Gas and Electricity
Networks in the Australian Capital Territory, Working Paper, ANU Energy Change Institute.
77 Advisian, Siemens, and ACIL Allen Consulting, South Australian Green Hydrogen Study: A report for the Government of
South Australia, (Government of South Australia, 2018).
78 Department for Energy and Mining, South Australia’s Hydrogen Action Plan (Government of South Australia 2019).
79 Government of South Australia (2017) A Hydrogen Roadmap for South Australia, p.36.
80 Department of State Development, Manufacturing, Infrastructure and Planning, Queensland Hydrogen Industry Strategy:
2019-2024 (Queensland Government 2019).
81 Department of Primary Industries and Regional Development, Western Australian Renewable Hydrogen Strategy
(Department of Primary Industries and Regional Development 2019).
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Plan. 82 Both Tasmania and Western Australia are trialling domestic gas blending and the
potential for hydrogen in powering remote communities, whereas Queensland’s focus is more
towards green hydrogen export to South Korea and Japan and encouragement of private
investment.
Victoria and the Northern Territory have also made standalone hydrogen strategies. 83 Victoria
started with a release of discussion paper in December 2019 and consultation process running
until February 2020, in order to later produce a Victorian Renewable Hydrogen Industry
Development Plan to be released in early 2021. 84 Both New South Wales and the Australian
Capital Territory, while not having standalone hydrogen strategies, have nonetheless provided
for significant hydrogen investment. 85 NSW has set a goal of requiring 10% of its gas to come
from green hydrogen by 2030. 86 It also has a Hydrogen Initiative, as part of broader energy and
climate plans, with an allocation of $50 million funding to green hydrogen. 87
It is evident from the above that Australia’s sub-national governments have been active on
hydrogen and active in their support for pilot plants, often with project grants. (See: Figure 1).
Figure 1: Sub-national grants and policies for hydrogen in Australia 88

Department of State Growth, Draft Tasmanian Renewable Hydrogen Action Plan (Department of State Growth 2019).
Department of Trade, Business and Innovation, Northern Territory Renewable Hydrogen Strategy (2020).
84 State of Victoria, Green Hydrogen Discussion Paper: Victorian Hydrogen Investment Program (Department of
Environment, Land, Water and Planning 2019); Northern Territory Government, (Office of Sustainable Energy, Department
of Trade, Business and Innovation 2020).
85 Memorandum of Understanding - NSW Energy Package (New South Wales – Australia) (signed 31 January 2020) section
11.2; Simon Corbell, ‘ACT Government brings hydrogen energy storage to Canberra’ Media Release (30 August 2016).
86 Parliament of NSW, Questions & Answers, No.44, 20 December 2019, Answer to Parliamentary Question No.2129, p.1616.
87 S.58(6), Electricity Infrastructure Investment Act 2020 (NSW), provides for protection of persons buying electricity to make
hydrogen from obligation to make payments to Electricity Infrastructure Fund; see further: Claire Forster 'NSW and VIC
governments spark major new energy action', Norton Rose Fulbright, December 2020.
88
Price Waterhouse Coopers, Embracing clean hydrogen for Australia, March 2020, 17, 23,
https://www.pwc.com.au/infrastructure/embracing-clean-hydrogen-for-australia-270320.pdf accessed 2 October 2020.
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In terms of policy instruments, rather than a simple grant strategy, the ACT has funded a series
of one-off payments to hydrogen research and pilot infrastructure studies through the design of
auctions run under the ACT Electricity Feed-in (Large-scale Renewable Energy Generation)
Act 2011. 89 A series of reverse auctions were held to select winners for eligibility for large
scale feed-in payments by renewable electricity generators. In at least one capacity release,
success was contingent upon hydrogen projects being offered by the winning bidders. 90 One
beneficiary, Neoen, promised hydrogen research programs, and Australia’s first publicly
accessible hydrogen refuelling station. 91 Neoen, with Siemens, Hyundai, and local distributor
EvoEnergy, have invested in a A$55 million (€34.94 million) 92 project, with a 1.25MW
electrolyser and refuelling station for a pilot fleet of 20 hydrogen cars. 93
While these project grants are promising, they have not typically been accompanied by specific
legislative action. Few of the State or Territory governments have so far unilaterally enacted
hydrogen legislation. 94 The national and sub-national governments (meeting together as the
Council of Australian Governments, ‘COAG’, now called the ‘National Cabinet’) 95 resolved
in the National Hydrogen Strategy to coordinate reviews of legal frameworks, with an
emphasis on technical safety standards for the hydrogen industry and a coordination of land
use planning approval requirements for hydrogen infrastructure. 96 Both of these topics are
usually included in State/sub-national legislation, rather than national legislation. Nevertheless
because of the coordinating effect of the National Hydrogen Strategy, the State (i.e., subnational) governments will pursue law reform for hydrogen in a systematic, consistent manner
rather than the default chaos of up to or nine different approaches across the nation (legislative
coordination is addressed further below at Section III,2, ‘Specific Law Reform Suggestions’,
p.17).

National Hydrogen Strategy
Australia’s National Hydrogen Strategy was finalised by agreement of all national
governments on 22 November 2019. It was the product of a process of cooperative federalism
between the national and regional governments, working through the Council of Australian
Governments (COAG). Through this forum, the Commonwealth worked with State and
Territory energy Ministers to devise the final document, in a Hydrogen Working Group,
chaired by Australia’s Chief Scientist, Dr Alan Finkel. 97
The new National Hydrogen Strategy succeeds earlier national visions from 2003, the National
Hydrogen Study, and the Hydrogen Technology Roadmap of 2008, 98 yet makes no formal
Electricity Feed-in (Large-scale Renewable Energy Generation) Act 2011 (ACT), (‘ACT Feed in Law’).
ACT Feed in Law, s 10. ACT Government, ‘How do the ACT’s renewable energy reverse auctions work?’, (9 October
2019).
91 Neoen (Media Release) ‘Neoen awarded 14-year contract for 100 MW in Australian Capital Territory Renewables Auction’
(8 September 2020); Peter Brewer, ‘Hydrogen to top up 20 new ACT fleet cars’, (8 May 2019)
<https://www.canberratimes.com.au/story/6111531/hydrogen-to-top-up-20-new-act-fleet-cars/> accessed 15 October 2020.
92 All Australian Dollar to Euro conversions as at 28 January 2021 exchange rates.
93 ACT Government, ‘Media Release - ACT Government brings hydrogen energy storage to Canberra’, (30 August, 2016)
<https://www.cmtedd.act.gov.au/open_government/inform/act_government_media_releases/corbell/2016/act-governmentbrings-hydrogen-energy-storage-to-canberra> accessed 15 October 2020.
94 The exception is NSW, see above regardings.58(6), Electricity Infrastructure Investment Act 2020 (NSW).
95 Department of the Prime Minister and Cabinet, “COAG becomes National Cabinet”, 2 June 2020,
https://pmc.gov.au/news-centre/government/coag-becomes-national-cabinet
96 COAG, National Hydrogen Strategy, above n 28, at 50-51.
97 COAG, National Hydrogen Strategy, above n 28, at viii.
98 Wyld Group and McLennan Magasanik Associates, Hydrogen Technology Road Map; A Report for the Australian
Government: Canberra, Australia, 2008.
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reference to those documents. 99 The seventeen-year gap in between hints at the difficulties in
bridging the chasm between grand visions and commercial delivery of cost-effective clean
hydrogen energy technologies.
Background
The National Hydrogen Strategy Group, chaired in 2018 by Australia’s Chief Scientist Dr Alan
Finkel, and representatives of national and regional governments, was instructed to explore the
potential domestic and export opportunities of an Australian hydrogen industry. 100 It released
a briefing paper Hydrogen for Australia’s Future, 101 where it proposed Australia should
pursue:

i. negotiating international agreements, including shipping, to position Australia as
the world’s leading hydrogen exporter;

ii. delineating standards to ensure safety across the hydrogen sector;
iii. regulating the blending of hydrogen into existing domestic gas supplies; and
iv. developing refuelling infrastructure for, and regulation of hydrogen vehicles. 102
Hydrogen for Australia’s Future promotes domestic hydrogen ‘hubs’ and international
cooperation. It identifies three broad categories within which hydrogen will play a future role:
export, domestic gas networks, and as a means to securing ‘energy system resilience’. 103 The
domestic ‘hub’ approach is designed to inform local market demand by concentrating
infrastructure in “regions where various users of hydrogen across industrial, transport and
energy markets are co-located”. 104 The implication is that hydrogen can only be cost effective
where hubs of heavy usage are sustained, with these providing the foundations for eventual
export volumes. Thirty possible hubs were identified by the COAG Energy Council from a
report by the consultants Arup. 105
Next steps – Consultation on Issues Papers
In December 2018, the national and regional governments working together through the COAG
Energy Council agreed to a proposal by the Chief Scientist for development of Australia’s
National Hydrogen Strategy during 2019. The COAG Working Group on Hydrogen of COAG
released a discussion paper for consultation in March 2019 calling for submissions, including
on identification of the main opportunities for, and barriers to, hydrogen. 106
In July 2019 in a process of public consultation, the intergovernmental Hydrogen Working
Group released nine Issues Papers to support the development of the final strategy by
generating discussion with stakeholders. These ‘issues papers’ covered specific topics such as
hydrogen exports, hydrogen in the gas network, hydrogen and the electricity sector, and
99 ACIL Tasman and Parsons Brinckerhoff, National Hydrogen Study (Commonwealth of Australia, 2003); ACIL Tasman,
National hydrogen study: issues paper, Canberra: 2003.
100 Australian Government – Australia’s Chief Scientist, ‘Briefing Paper: Hydrogen for Australia's future’ (17 August 2018),
< https://www.chiefscientist.gov.au/2018/08/briefing-paper-hydrogen-for-australias-future> accessed 21 September 2020.
101 Hydrogen Strategy Group, Hydrogen for Australia’s future (n 64), at 3.
102 Ibid.
103 Ibid, 7.
104 COAG, National Hydrogen Strategy, above n 28, at x.
105 Arup, Australian Hydrogen Hubs Study: Technical Study (COAG Energy Council Hydrogen Working Group, Arup, issue
2, Arup 2019).
106 COAG Energy Council, National Hydrogen Strategy: Request for Information - Discussion Paper, March 2019.
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hydrogen for transport, and for industry. 107 In more detail, the Guarantees of Origin paper No.4
addressed aspects of hydrogen certification and guarantees of origin, examining international
models and arrangements for governance of such schemes (see section III.9). 108
Terms of Reference
The Terms of Reference which guided the development of Australia’s National Hydrogen
Strategy were devised by intergovernmental agreement. These instructions included nine
principles. They included that the strategy be ambitious, should prioritise safety, and should
have clear objectives, and “be consistent with sustainable environmental management.” 109 The
opacity of that phrase is notable. Similar in its ambiguity was the agreed principle that the
strategy “be technology neutral”. The selection of a principle of technology neutrality
deliberately leaves room for production of hydrogen by conventional means, from fossil fuels.
In intergovernmental negotiations, the government of the A.C.T. was strongest in its objection
to technology neutrality, on the grounds of an urgent climate change response, but was
outnumbered. 110
Publication and Content
The National Hydrogen Strategy was released on 22 November 2019 after the national energy
ministers meeting as the COAG Energy Council reached agreement. The next day, federal
Ministers Cormann, Taylor and Canavan put out a media alert, proclaiming the intent for
‘Australia to be a world leader in hydrogen’. 111 In their words, “the Strategy sets a path for
Australia to become a major global player in the hydrogen industry by 2030 through removing
market barriers, ensuring regulatory consistency and building international trade
partnerships”. 112 There is something of a paradox here in the National Ministers’ announcement
of their intention to remove regulatory barriers to hydrogen projects and to strive for regulatory
consistency across the country. However, instead of enacting a national hydrogen law, leave
the task of regulatory reform and coordination to the States through a process of cooperative
federalism. This is consistent with the Liberal-National coalition government’s philosophy in
environmental management of cooperative federalism rather than strong unilateral central
government action. 113
Key Points of the Strategy
Although it is partially a statement of vision and intent, the National Hydrogen Strategy sets
out several specific goals and priorities, plus numerous specific actions. It lists 57 joint actions
Details of the nine discussion papers are available at the Department of Industry website:
https://consult.industry.gov.au/national-hydrogen-strategy-taskforce/national-hydrogen-strategy-issues-papers/
108COAG Energy Council, Guarantees of Origin, Issues Paper No.4, https://consult.industry.gov.au/national-hydrogenstrategy-taskforce/national-hydrogen-strategy-issuespapers/supporting_documents/NationalHydrogenStrategyIssue4GuaranteesofOrigin.pdf
109 National Hydrogen Strategy, Appendix E, p. 95.
110 Peter Brewer “ACT wants only to invest in 'green' hydrogen, and that's at odds with the federal government's view”
Canberra Times, 11 May 2020.
111 Ministers Cormann, Taylor and Canavan ‘Australia to be a world leader in hydrogen’ Media Release, 23 November 2019,
https://www.minister.industry.gov.au/ministers/canavan/media-releases/australia-be-world-leader-hydrogen.
112 Ministers Cormann, Taylor and Canavan ‘Australia to be a world leader in hydrogen’ Media Release, 23 November 2019,
https://www.minister.industry.gov.au/ministers/canavan/media-releases/australia-be-world-leader-hydrogen.
113 Robert Fowler, ‘The Australian Experience with Environmental Federalism: Constitutional and Political Perspectives’ in
Kalyani Robbins, The Law and Policy of Environmental Federalism (Edward Elgar Publishing 2015)
<http://www.elgaronline.com/view/9781783473618.00022.xml> accessed 7 February 2021.
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agreed upon by all Australian governments. 114 This is a four-page list of future actions by
Australian national and sub-national governments to assist hydrogen projects and investment.
The key points include:
•

•
•

The development of hydrogen hubs’ – focus locations that can serve as an initial
means of demonstrating feasibility and benefits of sector coupling. The government
defines hubs as “clusters of large-scale domestic demand that will help to establish
the skills and investment needed” for a competitive hydrogen export industry; 115
An Annual State of Hydrogen report; 116 and
A ‘National Hydrogen Infrastructure Assessment’ by 2022, to assess infrastructure
needs and priorities.

Priorities, Goals and Principles
Amongst its ‘measures of success’ it lists Australia becoming “one of the top 3 exporters of
hydrogen to Asian markets”, having an excellent hydrogen related safety record and a robust,
internationally accepted provenance certification scheme in place. 117
The Strategy sets out four guiding principles for hydrogen in Australia. The most relevant to
lawyers is the intention to “[p]rioritise regulatory consistency and a coordinated approach to
project approvals”. 118 This implies a need to amend State level land use planning laws to
facilitate hydrogen projects.
The others concern a nationally coordinated approach to industry development, and an
emphasis on partnerships as a means of market activation. The Strategy also professes that
future efforts will be guided by a principle of putting safety and environmental sustainability
“at the forefront”. 119 Another key principle underlying the document is ‘Technology
Neutrality’. This is important given its implications for hydrogen from fossil fuels
Intersection of Strategy with Law Reform for Hydrogen
Australia’s National Hydrogen Strategy does contain suggestions for law reform to facilitate
the growth of Australia’s hydrogen industry. It promotes an approach of ‘responsive
regulation’. Whilst appearing to be a nod to the influential regulatory theorist Prof. John
Braithwaite, it is not evident that the Strategy had his suggestions specifically in mind.
Braithwaite and his collaborators have argued for tripartite regulation (i.e., government,
industry, and third parties such as NGOs) employing a clearly communicated range of
strategically selected regulatory strategies arranged in a pyramid of escalation. 120
Under the heading ‘Responsive Regulation’, the strategy describes more of an adaptive,
iterative approach to regulation, i.e., that Australian governments:
COAG, National Hydrogen Strategy (n 28), at x.
Media Release, 23 Nov 2019.
116 COAG, National Hydrogen Strategy (n 28), at 72.
117 Ibid, xiii.
118 Ibid, 27, 78.
119 Ibid, 27.
120 Ian Ayres and John Braithwaite, Responsive Regulation: Transcending the Deregulation Debate (OUP 1992); John
Braithwaite, Restorative Justice & Responsive Regulation (OUP 2002).
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“Agree for each jurisdiction to review its existing legislation, regulations and standards
as needed to determine whether their respective legal frameworks can support hydrogen
safety and hydrogen industry development.” 121
The Strategy proclaims the desire of Australian governments to ‘improve the regulatory
environment’ for hydrogen. It states, that “while existing regulations already apply to industrial
applications of hydrogen in Australia, there is a need to prepare the legal framework for the
large-scale production and use of hydrogen as an energy carrier”. 122
Specific Law Reform Suggestions
For example, on grid injection, the Strategy agrees upon a future review that would “consider
the application of the National Gas Law and relevant jurisdictional laws and regulations to
hydrogen”. This would advise of “options to best address regulatory ambiguity, remove
unnecessary regulatory barriers and improve the consistency of laws across jurisdictions.” 123
Sections on review of regulatory frameworks, make the following additional suggestions:
“4.3 Agree to coordinate reviews of legal frameworks…., and work together to:
• Support the development of standards for the hydrogen industry, including technical
safety standards (with Standards Australia);
“Consider and evaluate regulatory models to address and support:
-

hydrogen safety, [with]… SafeWork Australia and state-based safety agencies

-

hydrogen industry development with the aim of …a nationally consistent
approach

“…amend existing legislation …or draft new legislation to address hydrogen safety and
support hydrogen industry development.
Shared principles for nationally consistent regulation
“4.4 Agree to seek national regulatory consistency for any new regulations… [for]
hydrogen… A coordinated approach to planning and regulatory approvals for hydrogen
projects.
“4.5 Agree to … incorporate ‘hydrogen-ready’ capabilities into planning and regulatory
approvals mechanisms...” 124
No Targets
A key point about Australia’s Hydrogen Strategy is that it involves a decision not to set
production targets. It states that “Australian governments have agreed that mandatory national
COAG, National Hydrogen Strategy (n 28), at 78.
Ibid, 50.
123 Ibid, 79, Point 3.12.
124 COAG, National Hydrogen Strategy (n 28), at 81.
121
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targets would not be appropriate at this time.” 125 If there was a mandatory national target, it
may have involved enacting a law to placing obligations on electricity or gas or fuel companies
for minimum hydrogen usage or uptake within their portfolio of activity.
Secondly, it emphasises a ‘Framework’ or ‘Adaptive Approach’. 126 This adaptive, staged
approach is explained as follows:
“an adaptive approach to industry development that means Australia can be ready to
move quickly to scale up as signs of large-scale markets emerge. A ‘review-reviseadapt’ feedback loop will support and refine actions as technology and markets change.
This adaptive approach will focus on actions that remove market barriers, efficiently
build supply and demand, and accelerate the global hydrogen cost-competitiveness of
Australia’s hydrogen industry.” 127
Such efforts will be introduced incrementally, with pre-2025 pathways focusing primarily on
demonstration projects and evaluation of supply chains, and the post-2025 outlook aiming for
large-scale market activation. 128
Budgets, Smoke and Mirrors
Secondly, preparation of the National Hydrogen Strategy involved spending A$13.4 million
(€8.54 million). 129 The more significant announcement was a Federal allocation of A$370
million (€ 235 million) to hydrogen projects. 130 Closer examination of official announcements
reveals an admission that this is not in fact additional funding allocated to hydrogen, but a
reallocation of existing energy support funding to be provided by the two main energy funding
agencies, the Clean Energy Finance Corporation (CEFC) and Australian Renewable Energy
Agency (ARENA). In a joint media release, by the Ministers for Energy and Trade, indicate:
“these funds will come from within the existing allocations to the CEFC and to ARENA.” 131
There are legal doubts about whether the Minister can intervene into CEFC funds to ‘reserve’
funds for a particular purpose. (See: III.8, below)
Types of Hydrogen – Production Pathways
Australia’s Federal Government has selected the ambiguous phrase ‘clean hydrogen’, in
preference to ‘renewable hydrogen’ or ‘green hydrogen’ to guide the uptake of hydrogen
Ibid, 33.
Ibid, 51 (‘adaptive approach’); Alan Finkel, Speech to CEDA, 22 August 2019, video recording at
https://www.ceda.com.au/NewsAndResources/VideosAndPhotos/Energy/Energy-Australia%E2%80%99s-nationalhydrogen-strategy
127 COAG, National Hydrogen Strategy (n 28), at 78.
128 Ibid, xi.
129 Ministers Cormann, Taylor and Canavan ‘Australia to be a world leader in hydrogen’ Media Release, 23 November 2019,
https://www.minister.industry.gov.au/ministers/canavan/media-releases/australia-be-world-leader-hydrogen
130 These points were made in James Prest (2020) ‘Legal and Policy Issues raised by National Hydrogen Strategies’, a plenary
paper presented to Climate Change Law and Policy in the Asia-Pacific 2020 Conference, 11 September 2020, Meiji University,
Tokyo (by videolink). The funding figure is provided by Federal Department of Industry, ‘National Hydrogen Strategy:
priorities and delivery’, viewed at https://www.industry.gov.au/news/national-hydrogen-strategy-priorities-and-delivery,
accessed 30 November 2020.
131 Minister for Energy, and Minister for Trade, ‘Australia to be a World Leader in Hydrogen’, Media Release, 23 November
2019; viewed at https://www.trademinister.gov.au/minister/simon-birmingham/media-release/australia-be-world-leaderhydrogen states “the Government will reserve $370 million from existing Clean Energy Finance Corporation (CEFC) and
Australian Renewable Energy Agency (ARENA) funding to back new hydrogen projects.”
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technologies. This is defined in the Strategy documents as hydrogen “produced using
renewable energy or using fossil fuels with substantial carbon capture and storage (CCS).” 132
It adds that “this definition reflects a technology-neutral stance.” 133 The Strategy predicts the
likely emissions implications of different production pathways, impliedly arguing that
hydrogen production from coal or gas even if not combined with CCS will involve less
emissions than electrolysis based on grid electricity, given the high (but declining) emissions
intensity of grid electricity in Australia (Table 1). 134
Table 1. GHG Emissions of various hydrogen production pathways
Hydrogen production route
Electrolysis – Australian grid electricity
Electrolysis – 100% renewable electricity
Coal gasification, no CCS
Coal gasification + CCS – best case
Steam methane reforming (SMR), no CCS
SMR + CCS – best case

Emissions (kg CO2-e/kg hydrogen)
40.5
0
12.7 – 16.8
0.71
8.5
0.76

Source: National Hydrogen Strategy, citing CSIRO research. 135
The Strategy notes that “[t]o produce hydrogen from natural gas or coal at acceptably low
levels of carbon emissions, capture rates of 90% or more will likely be required.” 136
Other jurisdictions have taken a different path, defining ‘clean’ hydrogen to mean that
produced entirely without fossil fuels. If Australian industry invests heavily in fossil fuel-based
hydrogen, could become stranded in a ‘non-green’ market, and miss opportunities in the
emerging green hydrogen economy. 137
Australia’s Hydrogen Strategy avoids prescribing or recommending the production of only
100% renewable, or ‘green’ hydrogen. Instead, it refers to only ‘clean hydrogen’, sidestepping
the issue. 138 In doing so, it places hydrogen produced from fossil fuels with high levels of CCS
on a par with hydrogen produced from renewable electricity.
Hues of Hydrogen
Hydrogen is typically classified by colour according to the route of production and its
associated environmental impact. Conventional production makes ‘grey’ hydrogen via steam
methane reformation, a reaction converting natural gas into hydrogen and carbon dioxide. 139 If
carbon capture and storage (CCS) is successfully attached to SMR processes, then ‘blue
Ibid, xiv.
Ibid.
134 Ibid.
135 COAG, National Hydrogen Strategy citing Commonwealth Scientific and Industrial Research Organisation (‘CSIRO’),
National Hydrogen Roadmap: Pathways to an economically sustainable hydrogen industry in Australia (CSIRO 2018) at 67.
136 COAG, National Hydrogen Strategy (n 28), at 13.
137 Adam Morton, ‘‘Green hydrogen’ from renewables could become cheapest ‘transformative fuel’ within a decade’ (The
Guardian, 3 October 2020) <https://www.theguardian.com/environment/2020/oct/03/green-hydrogen-from-renewablescould-become-cheapest-transformative-fuel-within-a-decade> accessed 10 October 2020.
138 COAG, National Hydrogen Strategy (n 28), at 17.
139
Noé van Hulst, ‘The clean hydrogen future has already begun’, (IEA, 23 April 2019)
<https://www.iea.org/commentaries/the-clean-hydrogen-future-has-already-begun> accessed 16 September 2020
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hydrogen’ is produced. Advocates claim this product is effectively carbon neutral. 140
‘Turquoise’ hydrogen can be made via pyrolysis of methane. 141 ‘Green’ or renewable hydrogen
is made via electrolysis powered by renewable electricity, in a carbon-neutral process. 142 These
colour-coded definitions are not universally agreed upon and remain somewhat contentious in
domestic and international policy debates, especially in relation to the certification of hydrogen
products as having particular environmental attributes. 143 The certification of hydrogen, or
offer of guarantees of origin (or provenance) to the market raises a host of legal issues, not least
in consumer law.
Fossil Fuel Influences
One explanation for the National Hydrogen Strategy leaving the door open to a hydrogen future
involving fossil fuels is the political influence of coal and gas industry in Australian politics.
Illustrative of this influence is the now infamous episode in 2017 in which Scott Morrison MP,
now the Prime Minister, brought a varnished lump of coal (supplied by the Minerals Council
of Australia) into the national Parliament to taunt the opposition in a debate (over energy law),
telling them: “Don’t be afraid, don’t be scared, it won’t hurt you. It’s coal.“ 144 In 2018, Mr
Morrison appointed an anti-wind farm campaigner, Angus Taylor MP, to the position of energy
minister. 145 In 2020, the journalist Judith Brett, writing about the politics and prevalence of
climate change denial in federal politics, described Australia’s Coal Curse. 146 Earlier ABC
Four Corners television documentary investigations, and a 2006 book by Guy Pearse, a Liberal
Party whistle-blower introduced the term ‘Greenhouse Mafia’ to describe a revolving door
syndrome between coal and gas industry and positions as federal political advisers. 147
In relation to Australia’s National Hydrogen Strategy, it is self-evident that similar forces have
influenced its direction, judging by its content, particularly in relation to the origins of
hydrogen. The burning question now is what will follow the strategy in terms of enactment of
laws, and the allocation of funding. The energy journalist Michael Mazengarb argued that
“Finkel’s national hydrogen strategy… could be a lifeline for coal”. 148 He described “fears the
strategy will be used as an excuse to prop up the economics of coal and use hydrogen as part
of a marketing ploy in the same league as “clean coal”. 149 He described the passage of
legislation in the national Parliament to aid what he described as an “expensive brown
hydrogen experiment”. 150 Similarly, climate and energy analyst at The Australia Institute, a
liberal leaning think-tank, Richie Merzian argued: “We’re at a crossroads right now. We either

Ibid.
Lars Klaaßen, ‘Das Erdöl von morgen’ (Helmholtz, 10 June 2020) < https://www.helmholtz.de/energie/das-erdoel-vonmorgen/> accessed 16 September 2020
142 This as against blue hydrogen, see Michael Friedrich, ‘„Blauer“ versus grüner Wasserstoff – was dem Klimaschutz wirklich
hilft’ (Stiftung Energie & Klimaschutz, 12 March 2020) https://www.energie-klimaschutz.de/blauer-versus-gruenerwasserstoff-was-dem-klimaschutz-wirklich-hilft/ accessed 16 September 2020.
143 Anthony Abad and Paul Dodds, ‘Green hydrogen characterisation initiatives: Definitions, standards, guarantees of origin,
and challenges’ (2020) 138 Energy Policy 1. https://doi.org/10.1016/j.enpol.2020.111300
144 Clive Hamilton 'That Lump of Coal', The Conversation, February 15, 2017.
145 Giles Parkinson, ‘Morrison names leading anti-wind campaigner as energy minister’, RenewEconomy 26 August 2018.
146 Judith Brett, The Coal Curse: Resources, Climate and Australia’s Future, 78 Quarterly Essay, (Black Inc., 2020).
147 Guy Pearse, High and Dry (Penguin, 2007); ABC Four Corners, The Greenhouse Mafia, 13 February 2006.
148 Michael Mazengarb, “Finkel’s national hydrogen strategy gets green light, but could be lifeline for coal” RenewEconomy,
22 November 2019.
149 Ibid.
150 Mazengarb, 'Morrison government passes laws to aid expensive brown hydrogen experiment' RenewEconomy, 15 May
2020.
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build an [hydrogen] industry for the future that’s green and zero emissions, or we build one
that simply extends the life of fossil fuels and is dirty.” 151

(Energy) Technology Roadmap 2020
Australia’s National Hydrogen Strategy of November 2019 was augmented in September 2020
by the Technology Roadmap 2020. 152 This broader national energy plan asserts an intention to
“accelerate the development of new and emerging technologies by making them economically
competitive with established technologies”. It identifies five ‘Priority Technology Stretch
Goals’. Of these, ‘clean hydrogen under [A]$2 per kilogram’ is number one, with CCS
technology.
The Technology Roadmap 2020 policy also describes itself as ‘technology neutral’ and says
that “all available technologies need to be on the table”. 153 In relation to new and emerging
technologies, the Technology Roadmap’s First Statement of 2020 says: “The Government will
not seek to regulate these outcomes through mandated deployment targets or taxation
mechanisms.” 154 The underlying thrust – barely hidden between the lines of both the National
Hydrogen Strategy (2019) and the Technology Investment Roadmap (2020) 155 – is that
Australian hydrogen production should come from coal and gas as well as renewables.
Hydrogen is increasingly being viewed as a lifeline for fossil fuel incumbents threatened by
the energy transition. To this end, the Federal Government pledged in its 2020 budget statement
that:
“The $52.9 million Gas-Fired Recovery will support gas exports whilst delivering
sustainable, low gas prices for Australian manufacturers, electricity generators,
businesses and households. The National Gas Infrastructure Plan aims to ensure the
lowest costs across the supply chain by identifying priority infrastructure investments,
etc.” 156
Previous budget measures included a project titled ‘Supporting the Development of New
Onshore Gas Supply’ with A$6.5 million (€4.13 million) funding, and the ‘Gas Acceleration
Program’ to “bring forward additional gas supply to the east coast market”. 157

Fossil Fuel Hydrogen
In a ‘world first’ project, Australia’s national government and the Victorian government have
each applied A$50 million of public funds (to a flagship brown coal (lignite) to hydrogen

151 Jo Lauder ‘Hydrogen is the big new thing for clean energy — but it's not always that clean’ ABC Radio Triple J: Hack, 22
September 2020, https://www.abc.net.au/triplej/programs/hack/what-are-the-different-types-of-hydrogen-and-which-arecleanest/12689554
152 Department of Industry, Science, Energy and Resources (DISER), Technology Investment Roadmap: First Low Emissions
Technology Statement – 2020 (Commonwealth of Australia 2020).
153 Ibid, 29.
154 Ibid.
155 COAG, National Hydrogen Strategy (n 28), at 13; DISER, Technology Investment Roadmap (n 153), at 18.
156 Department of Treasury, Portfolio Budget Statements 202021, Budget Related Paper No. 1.9 Industry, Science, Energy
and Resources Portfolio (2020), p.16.
157 Department of ISER, ‘Corporate Plan 2018-2019’, Activity 2.4.
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project. 158 This is the ‘Hydrogen Energy Supply Chain (HESC) Project’, 159 a coal gasification
and refining facility in the Latrobe Valley now approved by Victoria’s pollution regulator
(EPA). 160 This project is a partnership with Kawasaki Heavy Industries, and Australian,
Victorian, and Japanese governments. The project will use a purpose-built ship to transport
liquified hydrogen to Japan. The Suiso Frontier, was launched at a ceremony in Kobe attended
by Australian officials in December 2019. 161
Proponents claim that this hydrogen made from brown coal will be ‘clean hydrogen’, since it
will be linked to the construction and use of a carbon capture and storage (CCS) network. The
HESC project will rely upon the Victorian ’CarbonNet Project’, a proposed ‘world-class, largescale, multi-user carbon capture and storage network’. 162
The proposed storage location (named ‘Pelican’) is in Bass Strait, 8km off the Victorian
coastline. Exploratory drilling, and seismic testing has been conducted indicating favourable
geological conditions. The plan involves construction of a 100km pipeline from Pelican to the
shore and throughout the Gippsland Region. 163 The Victorian Trade Minister enthusiastically
pitched this proposal to Japanese investors during a presentation on hydrogen at the Australian
Embassy in Tokyo in December 2019. 164 Such is the governmental commitment to HESC and
Victoria’s brown coal industry that some A$100 million (€63.53 million) of public funds, plus
amendments 165 to the Offshore Petroleum and Greenhouse Gas Storage Act 2006, 166 have been
delivered to enable the first pilot phase of the project.
Questions remain about the economics of the brown coal approach when coupled with CCS.
The Victorian Minister stated that Carbon Net is proceeding to commercialisation” – in other
words, it is not commercialised yet. 167 A representative of the Japanese Itochu Corporation
questioned the cost of the CCS activity compared to H2 from wind energy. They expressed
doubt about the financial viability of the coal + CCS route to hydrogen. 168
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Funding of the brown coal gasification project (A$496 million; €315.5m) 169 appears
disproportionately generous given the tiny volume of its energy export –three tonnes of brown
hydrogen. 170
Further, while there might be benefit in understanding the efficacy of hydrogen transportation
vessels, the brown coal hydrogen project misses the point that most future economic,
environmental, and geostrategic benefits lie in renewably generated green hydrogen. This is
particularly pertinent if importing countries will only accept green certified hydrogen and may
even lead to uncompetitive outcomes should the EU adopt a carbon border tax. 171
Despite these kinds of concerns, conservative politicians and the Chief Scientist have argued
that a transition to a hydrogen economy requires production of hydrogen made from fossil
fuels. The main justification has been that mass volume production to reduce costs will require
use of conventional SMR, in conjunction with assurances that carbon capture and storage
(CCS) will be utilised. Their proponents have tended to keep silent about the costs of CCS.
Indeed, one of Australia’s prominent hydrogen pilot programs, Victoria’s brown coal-tohydrogen project, has been predicated on CCS and coal from its planning stages. Such
decisions are significant – the Japanese Strategic Hydrogen Roadmap, set its 2020 targets on
the assumption of some level of CCS in the Australian hydrogen supply. 172
Governmental support for CCS has been widely criticised by both the private sector and energy
commentators as a ‘boondoggle’. 173Often cited is the failed attempt to use CCS in association
with syngas production from lignite at the Kemper power plant in Mississippi. 174 The CCS and
syngas aspects of this power station were abandoned in July 2017 despite expenditure of
US$7.5 billion. 175 Despite some 37 CCS projects at various stages in the Americas, Europe,
Middle East and Asia-Pacific regions, CCS is criticised as an ‘orphan technology’. 176 Western
Australia’s Gorgon Gas project is also illustrative of problematic implementation of CCS in
practice. Using reservoir CO2 and CCS technologies in an offshore LNG project, 177 Chevron
has been criticised over whether it delivered on promises made during pre-approval
Environmental Impact Assessment. 178 In June 2020, the WA government stated its intention to

Michael Mazengarb, ‘Morrison government passes laws to aid expensive brown hydrogen experiment’, (Renew Economy,
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make Chevron pay a A$100 million (€63.53 million) penalty over non-delivery of promises to
use CCS. 179
Reliance on fossil fuels in hydrogen production will undermine its efficacy as a future energy
carrier for Australia’s energy market, especially if trading partners insist upon genuinely
renewable hydrogen. Despite the Strategy identifying that each kilogram of hydrogen contains
2.4 times more energy than natural gas, and that hydrogen is a ‘carbon-free’ energy carrier, 180
both benefits could be placed at risk if CCS promises are once again not delivered upon.

Explaining the Australian Federal Stance
Australian climate and energy laws provide the most important context to its National
Hydrogen Strategy. Observers of Australia’s ‘climate wars’ describes a ‘decade of dithering’,
with a series of ‘half-baked policies and outright wrecking’ at least partially attributable to
entrenched climate change denial. 181
Understanding the connection between Australia’s role as a major fossil fuel exporter and the
policy vacuum surrounding climate change at the federal level is essential. 182 Australia has
built the world’s fourteenth largest economy with massive coal and LNG exports, to China and
Japan, South Korea, and India. 183 It is the world’s second largest net coal exporter, fourth
largest coal producer, 184 and fourth largest net LNG exporter. 185
Australia’s position on hydrogen is best understood within the context of its national climate
and energy law and policy that avoids carbon pricing. Since mid-2020, the national government
has led with the slogan ‘Technology over Taxes’. 186 This is an indirect reference to the repeal
of the Clean Energy Act 2011 (Cth), a controversial law to establish a carbon pricing
mechanism (which was often simplistically referred to as ‘the carbon tax’). 187
An entrenched fossil fuel industry has had a significant influence upon State and Federal
political processes, public discourse, and legislative and political outcomes. 188 Australia’s
Federal Parliament has not set a target for net zero emissions by 2050, with the Prime Minister
ruling out such a specific target in September 2020, preferring instead the vague formulation
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181 Graham Readfern, ‘Australia has no climate policy: a quick response to a drawn-out farce’ (The Guardian 21 August 2018)
<https://www.theguardian.com/environment/planet-oz/2018/aug/21/australia-has-no-climate-policy-a-quick-response-to-adrawn-out-farce> accessed 13 September 2020.
182 See generally Peter Tulip, ‘The Effect of the Mining Boom on the Australian Economy’ in Bulletin (Reserve Bank of
Australia, December 2014), 17-22.
183 Foreign Investment Review Board, Annual Report 2018-2019 (Department of the Treasury 2019), 36.
184 IEA, Key World Energy Statistics 2020 (IEA 2020), 17.
185 Ibid, 15.
186 Ketan Joshi, ‘Angus Taylor's 'tech, not taxes' approach is likely to create more problems than it solves’, (19 May 2020) The
Guardian < https://www.theguardian.com/commentisfree/2020/may/19/angus-taylors-tech-not-taxes-approach-is-likely-tocreate-more-problems-than-it-solves> accessed 25 September 2020.
187 See, e.g., Alex Frankel, ‘From ‘axe the tax’ to ‘climate consensus’: how Abbott reshaped our climate story’ The Guardian
(Sydney, 28 April 2015) <https://www.theguardian.com/commentisfree/2015/apr/28/from-axe-the-tax-to-climate-consensushow-abbott-reshaped-our-climate-story> accessed 14 December 2020.
188 Maria Taylor, Global warming and climate change: what Australia knew and buried (ANU Press 2014); Mark Butler,
Climate Wars (Melbourne University Press 2017); Alexander Zahar, Australian Climate Law in Global Context (Cambridge
University Press 2013); Clive Hamilton, Scorcher: The Dirty Politics of Climate Change (Black Inc. 2007); Guy Pearse, High
and Dry (Penguin, 2007).
179

24

“in the second half of the century”. 189 Climate targets are not presently set out in any nationallevel climate law in Australia. Previously, targets of 80% cuts by 2050 from a 2000 190 baseline
were found in Australia’s carbon pricing law, the Clean Energy Act 2011 (Cth), 191 which was
repealed in July 2014. The closest thing to such a target, Australia’s Paris Agreement
Nationally Determined Contribution, aims for 26% to 28% emissions reductions below 2005
levels by 2030. 192
By contrast, all of Australia’s sub-national governments save South Australia and the Northern
Territory 193 have set ‘net zero by 2050’ targets either in laws or in policy documents, 194 with
most having also made standalone hydrogen strategies. 195 In some instances, these regional
targets are more ambitious, such as the ACT’s legislated targets of net zero emissions by
2045 196 and 100% renewable energy by 2020. 197

Present and Future Hydrogen Law in Australia
When thinking about possible law reform to facilitate and recognise the role of hydrogen in
energy systems, it is logical to consider a national or federal-level Hydrogen Act. Although a
tempting proposition, careful thought is required to ensure such an enactment is more than a
superficial and symbolic gesture. The harder question is - what mechanisms and provisions
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could such an Act contain? This is particularly apt in Australia, a federation where much of the
gas law, including gas safety law, is made at the State level. 198
Models of national laws include the American Hydrogen Research, Development, and
Demonstration Act of 1990 199 and South Korea’s Hydrogen Economy Promotion and
Hydrogen Safety Management Act of 2020. 200 These laws have appropriated funds for
promotion of hydrogen and for R&D. Each has played an important role in guiding nationallevel hydrogen investment, innovation, and future policy roadmaps. For example, Title VIII of
the US Energy Policy Act 2005 201 authorised more than US$3.2 billion for research towards
viable commercial fuel cell vehicles by 2020. 202 Its purpose was to encourage the
“comprehensive development, demonstration, and commercialization of hydrogen and fuel cell
technology”, and for ‘critical public investments’ to join industry, higher education, and
research in advancing the hydrogen cause. 203
However, crafting an effective legal framework for a future hydrogen economy raises
complicated regulatory questions because of the potential for hydrogen and related chemicals
to interact with both electricity and gas sectors and their markets. At least in Australia, there is
little or no textual integration or cross-referencing between national electricity law and national
gas law. 204 Identifying the detail of the regulatory issues arising from hydrogen’s ability to
participate across various markets depends on the type of deployment: whether it is applied in
the electricity market, the gas market, the transport sector, or across all three.
Facilitating hydrogen technologies in the stationary energy and transport sectors will require a
clear legislative framework governing the production, storage, distribution, and final use of
hydrogen.

Grid Injection and the Law
It is an easy, but insufficiently specific, law reform suggestion to repeal unreasonable technical
or regulatory barriers to the domestic hydrogen industry. It is harder to define what amounts to
unreasonable regulatory requirement. For example, one of the key legal and technical questions
around hydrogen is: what levels of hydrogen injection into existing gas distribution
infrastructure are safe? In this instance, the Australian Hydrogen Strategy does engage with a
series of specific questions. It discusses some of the practicalities and legalities of different
percentage levels of gas grid injection of hydrogen. 205
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In Australia, it is a simple, but in our view, incorrect position to assert that there are no
regulatory or legal barriers to injecting hydrogen into the existing natural gas network. 206 Some
authors appear to have reached this conclusion on the basis that there are no provisions in either
the National Gas Law or the relevant Australian Standard (AS 4564) which explicitly regulate
hydrogen. 207 Relevant definitions in these instruments only relate to the injection of natural
gas into gas distribution networks. 208 The Strategy itself points out that the key uncertainty is
that surrounding the regulatory position of blended gas. 209
However, Australia’s State level gas safety laws prescribe minimum quality standards for
‘natural gas’. 210 It is logical to assume that blended or composite gas would need to comply
with the gas quality parameters in AS4564, including the Wobbe Index. 211 They indirectly
suggest, that a gas company cannot inject hydrogen into a gas distribution network if that
action, and the volume of injection, were to take the resulting mixed gas outside the applicable
Australian standard. 212 Injection of noncompliant gas into pipelines is an offence against
natural gas safety legislation and regulations in all Australian states and territories. Offences
apply to both the distribution company and the person who injects the off-specification gas. It
is also an offence to convey off-specification gas in a distribution network. 213 The legalistic
answer to the prohibition based on a Standard, is to consider amending the Standard. This
amendment would enable safe levels of gas blending and injection. However, the questions of
what amounts to a safe level in various contexts and locations is a technical question more than
a legal question.
Another unresolved issue is whether hydrogen - if injected in sufficiently large volume and
concentration - could be considered a prescribed ‘contaminant’ restricted by AS4564 which
applies to “other substances, to the extent that they cause damage to, or problems in the
operation of pipelines or appliances…” 214 In any event, the gas transmission or distribution
company is likely to negotiate with hydrogen suppliers to mitigate potential damage to its
network. In the ACT, the gas distribution company has held a hydrogen injection trial of 100%
hydrogen use in the local medium pressure distribution network, which is constructed with
nylon and polyethylene (PE) fittings. This trial established “that polyethylene and nylon pipe
Neil Smith and others, Research Report: Identifying the commercial, technical, and regulatory issues for injecting gas in
Australian distribution gas networks (Energy Pipelines CRC 2017).
207 Johnson Winter & Slattery Lawyers (n 71). Australian Standard 4564-2011 “Specification for General Purpose Natural
Gas”. Under the Standard, a gas which is injected into the gas network must be within the Standard’s specification limits, e.g.
Minimum Wobbe Index (‘WI’) 46.0 MJ/m3 and maximum WI 52.0 MJ/m3.
208 National Gas (South Australia) Act 2008 (SA) Sch (‘National Gas Law’) s 3.
209 COAG, National Hydrogen Strategy (n 28), at 42.
210 For example, the Gas Safety (Gas Quality) Regulations 2017 (Vic). However, it is necessary to question whether hydrogen
or biomethane meets the definition of ‘noncompliant natural gas’. One line of argument is to state that if it is not within the
statutory definition of ‘natural gas’, logically it cannot be ‘noncompliant natural gas’. The definition of ‘natural gas’ is found
in the Gas Safety Act (NSW), but the regulation states: “natural gas has the same meaning as it has in the National Gas (NSW)
Law (NGL)”. NGL s.2 defines ‘natural gas’ as a substance that:
(a) is in a gaseous state at standard temperature and pressure; and
(b) consists of naturally occurring hydrocarbons, or a naturally occurring mixture of hydrocarbons and nonhydrocarbons, the principal constituent of which is methane; and
(c) is suitable for consumption.
211 The Wobbe Index enables comparison of the rate of combustion energy output of different composition fuel gases in
combustion equipment. The Index is defined as: gross calorific value divided by the square root of relative density. It is
presented in MJ/m3.
212 Johnson Winter & Slattery Lawyers (n 71), at 13.
213 For example: Gas Supply Act 1996 (NSW) authorising: Gas Supply (Safety and Network Management) Regulation 2013
(NSW), s.23: natural gas in pipelines must comply with standards. S.23(1) a gas distributor “must not convey non-compliant
natural gas through a distribution pipeline”. Similarly, the Regulation provides ‘a retailer must not supply noncompliant natural
gas to an end user customer through a distribution pipeline’.
214 Australian Standard AS4564, s.2 ‘Contaminants’ at s.2.2(c).
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and their respective jointing techniques can contain 100% hydrogen at pressures used for the
distribution of natural gas.” 215
Aside from the technical and practical questions, there are other legal questions about hydrogen
injection. For existing gas networks to be converted to 100% hydrogen, or indeed for new and
purpose-built hydrogen networks, existing laws would need to be amended to include hydrogen
in their definitions. Alternatively, a new, bespoke regulation for new 100% hydrogen networks
could be drafted. 216 In the longer term, new all-hydrogen networks could become a natural
monopoly asset that would require economic regulation to prevent the extraction of monopoly
economic rents by the owner (separate from natural gas networks). 217
In summary, the package of law reforms required in Australia would include amendments to
the National Gas Law, 218 to technical specifications for gas, 219 and to State regulations for gas
composition and safety, 220 as well as hydrogen-specific regulations based on best practice
global standards. 221

Grants and other financial support
Australia’s two major national statutory corporations for renewable energy, the Australian
Renewable Energy Agency (ARENA) and the Clean Energy Finance Corporation (CEFC),
play an important role in funding and lending to hydrogen projects. At present, however, apart
from CEFC and ARENA funding, there is no specific purpose legislation in place either at the
State/Territory or Federal levels that directly seeks to encourage hydrogen production, storage,
transport or use.
ARENA
ARENA provides financial assistance to clean energy projects and research to accelerate the
transition of technologies from the R&D stage to pre-commercial deployment activities. 222 Its
statutory objects are to improve the competitiveness of renewable energy technologies and
increase Australia’s renewable energy supply. 223
Despite its status as an independent statutory authority, ARENA has not always had the
wholehearted support of government. It narrowly escaped abolition between 2014-16 when a
government Bill with that aim – ostensibly to reduce government debt and save A$1.3 billion
(€825.86 million) – did not win Parliamentary support. 224 Originally, ARENA’s annual
EW Gaykema and others, ‘Assessing the Viability of the ACT Natural Gas Distribution Network for Reuse as a Hydrogen
Distribution Network’ [2020] Int J Hydrogen Energy <https://linkinghub.elsevier.com/retrieve/pii/S0360319920342531>
accessed 28 January 2021.
216 Eliza Bartlett, A Hydrogen Industry for Australia (MinterEllison 2018) 8-9.
217 Luc van Nuffel, 'Sector Integration: Regulatory framework for hydrogen' presentation to 34th Madrid Forum (European
Gas Regulatory Forum), 14 October 2020.
218 The National Gas Law (NGL) is set out in a Schedule to the National Gas (South Australia) Act 2008 (SA), and its
associated National Gas Rules. The NGL currently applies to natural gas only. The NGL will not apply to a pure hydrogen
network because the National Gas Law regulates pipelines for the haulage of natural gas and the service providers who own,
operate and control those pipelines. Pure hydrogen is not “natural gas” within the meaning of the National Gas Law.
219 Australian Standard 4564 “Specification for general purpose natural gas” only applies to natural gas.
220 Hydrogen Strategy Group, Hydrogen for Australia’s future (n 64), at 45; CSIRO, National Hydrogen Roadmap (n 64),
Appendix B, 74.
221 CSIRO, National Hydrogen Roadmap (n 64), at xxi.
222 ARENA, Annual Report 2017-18 (ARENA 2018), 22.
223 Australian Renewable Energy Agency Act 2011 (Cth), s 3.
224 Australian Renewable Energy Agency (Repeal) Bill 2014 (Cth).
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funding was prescribed by law, from its inception until an intended expiry date of 2020. 225 In
September 2020, the Agency was re-financed by a narrowly agreed last-minute extension. 226
However, the new guaranteed baseline funding of A$1.43 billion (€908.45 million) over the
next ten years, is only A$143 million (€90.84 million) per annum, just over half that provided
in the previous decade, when A$2.52 billion (€1.6 billion) was appropriated over eight years
prior to 2019-20. 227 These funds are directed towards an annual Investment Plan, within which
hydrogen is one of three ‘Investment Priorities’, subject only to a statutory General Funding
Strategy for renewable energy. 228 To-date, ARENA has now supported 25 hydrogen
projects, 229 subsidising up to 50% of costs in funding rounds in 2018 and 2019. It awarded a
total of A$55.09 million (€35.00 million) for 25 hydrogen projects with an average of 38.5%
of total project cost supported by ARENA funding. In the three largest of these investments, it
financed between 41% and up to 50% of total capital investment, unlocking private sector
investment, 230 per Table 2 below.
In July 2020, ARENA ran a Renewable Hydrogen Funding Round, with seven electrolyser
projects shortlisted (and two likely to be chosen) for a total of A$70 million (€44.47 million)
in funding. Requiring electrolysers of at least 10MW in capacity, the round sought projects in
transport, gas injection, renewable ammonia production, power, and industrial projects. This is
in addition to several demonstrative hydrogen projects underway in Australia, with Jemena
having received ARENA funding to evaluate power-to-gas in NSW. Their five-year long trial
is presently the largest project injecting hydrogen into the gas distribution grid in Australia. 231
Table 2: Largest Hydrogen Energy Projects with ARENA support 232
Project
Jemena Power-toGas Demonstration The Hazer Process:
Commercial
Demonstration Plant
- Hazer Group
Connecting Power &
Gas Grids AquaHydrex Pty Ltd

Description

Financial
Assistance
Construction of a Power-to-Gas A$7.5 million
facility with 500kW electrolyser
and grid injection in Western (€4.76 million)
Sydney.
Development of the Hazer Process A$9.4 million
– to convert biogas from sewage
into hydrogen and graphite – at (€5.97 million)
commercial scale. 233
Pilot Electrolyser 50kW, and by A$5.0 million
injections of renewable hydrogen
into South Australian gas grid.
(€3.18 million)

% of total
project cost
50%

41.5%

41%

Australian Renewable Energy Agency Act 2011 (Cth) s 64, as at 3 August 2012.
ARENA, 'ARENA welcomes new funding' (Media Release – 17 September, 2020) <https://arena.gov.au/news/arenawelcomes-new-funding/> accessed 1 October 2020; Giles Parkinson, ‘ARENA to get $1.4 billion as Coalition channels funds
to CCS, hydrogen and pubs’ (ARENA 17 September 2020) <https://reneweconomy.com.au/arena-to-get-1-4-billion-ascoalition-channels-funds-to-ccs-hydrogen-and-pubs-20675/> accessed 25 September 2020.
227 Australian Renewable Energy Agency Act 2011 (Cth), s.65, as originally enacted.
228 Australian Renewable Energy Agency Act 2011 (Cth), Division 2, Part 3.
229 ARENA, Annual Report 2017-18 (ARENA 2018).
230 Ibid.
231 Jemena, ‘Jemena’s Power to Gas Trial’ (Jemena 2020) <https://jemena.com.au/about/innovation/power-to-gas-trial>
accessed 25 September 2020; ARENA, ‘Jemena Power to Gas Demonstration’ (ARENA 2020)
<https://arena.gov.au/projects/jemena-power-to-gas-demonstration/> accessed 25 September 2020.
232 ARENA, ‘Projects’ (2020), at https://arena.gov.au/projects/?project-value-start=0&project-value-end=200000000.
233 ARENA, ‘World-first project to turn biogas from sewage into hydrogen and graphite’, Media Release, 2 September 2019,
at https://arena.gov.au/news/world-first-project-to-turn-biogas-from-sewage-into-hydrogen-and-graphite/.
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CEFC
The CEFC is Australia’s green bank, a federal (or Commonwealth) statutory authority in the
form of publicly owned corporation. Its objective is to catalyse increased flows of finance in
Australia’s clean energy sector. 234 It offers co-investment finance at concessional rates to
project developers. It requires a return on investment from supported projects. 235 While
empowered to offer concessional loans, it has rarely needed to do so. 236 The Corporation
manages a A$10 billion (€6.35 billion) fund and typically returns a profit to the
Commonwealth. The Board is required by law to only invest in renewable energy, lowemission, and energy efficiency projects, which are solely or mainly Australian-based. 237
As a supplementary lender, it helps make projects ‘bankable’, de-risking other lending for clean
energy projects. 238 It differs from ARENA by not giving grants or seed capital to start-ups and
pilot projects.
The CEFC was intended to operate at arms-length from the Federal Government and its
political priorities. The Minister’s Speech in 2012, when proposing the law to create the CEFC
stressed an intention for CEFC’s “independen[ce] from government, with no ability for the
government to direct the corporation in relation to specific projects for investment”. 239
However, conflict over Australia’s energy policy led to three attempts in 2013 and 2014 to
repeal the law that created the CEFC. 240 In 2017, an unsuccessful attempt was made to force it
to invest in geological CCS. 241
The legislative instrument guiding the CEFC, the Investment Mandate, 242 has been amended
by relevant Ministers eight times in eight years from July-August 2012. 243The Act limits these
directives, for example, stating that Ministers must not give a direction with the purpose or
effect of requiring the Board to (or not to) make a particular investment. 244
The latest conflict over the CEFC in 2020 has hydrogen funding at stake. The most recent
mandate, issued in May 2020, purports to direct the CEFC to establish a A$300 million
(€190.58 million) ‘Advancing Hydrogen Fund’. for projects either in conjunction with States
and Territories or in direct alignment with the National Hydrogen Strategy. 245 The language of

Clean Energy Finance Corporation Act 2012 (Cth). s.3.
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238 CEFC, Investing in Australia’s clean energy transition: Annual Report 2018-19 (CEFC 2019) 6.
239 Commonwealth, Parliamentary Debates, House of Representatives, 23 May 2012, 5213 (Greg Combet, Minister for
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243 See Clean Energy Finance Corporation Mandate Direction 2013 (Cth); Clean Energy Finance Corporation Mandate
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the direction pushes the CEFC’s to prioritise initiatives that expanding hydrogen’s export
potential, or build domestic production, supply infrastructure, and demand. 246
However, with the introduction to Parliament of the Clean Energy Finance Corporation
Amendment (Grid Reliability Fund) Bill 2020 the CEFC was under pressure to fund natural gas
projects under the guise of grid reliability. 247 Passage of the Bill will see some $A1 billion
(€635.28 million) in funding handed down to “enable the CEFC to invest in additional energy
generation, storage, transmission and distribution infrastructure and grid stabilising
technologies”. 248 If it fails, however, CEFC funding for hydrogen projects will dry up
completely. The political contest continues on this front, with numerous public submissions
concerned about the potential for Ministerial interference with the CEFC that this Bill raises,
and others querying whether the new definition of ‘low emissions’ projects offered can
legitimately span natural gas projects. 249

Certification and International Implications
Perhaps most illustrative of the complications and contradictions within the Australian
Hydrogen Strategy is its discussion of an internationally applicable system of certification or
guarantees of origin for hydrogen. It sets an unobjectionable objective for Australia to
“Develop a scheme with other countries to track and certify the origins of internationally traded
clean hydrogen.” 250 It endorses the pursuit of hydrogen certification by setting out the
consensus intent of Australian governments to play a role in international discussion over the
design and boundaries of certification, as follows:
“[We] Agree that Australia will seek to play a lead role in the design and development
of an international guarantee of origin scheme. Agree that, … any Australian domestic
scheme should build on or harmonise with international certification schemes.” 251
The problem is that Australia and Europe are almost inevitably likely to disagree over the
boundaries of a certification scheme, in particular the definition of ‘clean hydrogen’, or even
the validity of that term. A key question is whether the application of CCS or promises to apply
it in future will suffice to entitle hydrogen made with coal or gas to be described as ‘clean
hydrogen’. Despite Australian diplomatic attempts to set an agenda on certification, the horse
may have already bolted, with European industry already having devised and largely
implemented its own certification scheme known as CertifHy.
If fossil-fuel-friendly Australian definitions of ‘clean hydrogen’ are not accepted in Europe,
this places the Australian narrative of hydrogen export greatness at risk. At the minimum it
emphasises the importance of Australia persuading North Asian trading partners to accept
forms of hydrogen that may not be preferred in Europe. These partners may be more sensitive
to price than to environmental attributes of a product. This is particularly the case given the
general principle of international carbon accounting that an exporter such as Australia will need
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to take responsibility for those emissions generated within its boundaries in producing a
product for export.
The Australian Export Narrative
The National Hydrogen Strategy presents hydrogen as the next great Australian export to Asia,
building upon relationships forged in coal and LNG trading. This narrative predicts sustained
Asian demand, especially from Japan and South Korea. Although the strategy makes bold
commitments to a low emissions energy future, this is backed by public funding for CCS and
coal-to-hydrogen projects.
A pivot away from support for fossil fuel-based industries is developing in Australia. This is
being driven by institutional investors, the stance of lenders and the energy sector towards
green energy, plus public pressure to respond to the climate crisis and the desire of Australian
sub-national governments and the private sector to capture the benefits of the hydrogen
opportunity. The National Hydrogen Strategy posits a somewhat contradictory Australian
future of major hydrogen exports and global market leadership whilst leaving the door open
for production of hydrogen from fossil fuels. Much of the contradiction is evident in the
strategy’s vagueness in terminology (‘clean hydrogen’), and its reluctance to directly confront
questions about exactly which forms of hydrogen are likely to be accepted in which markets,
on which conditions.
Hydrogen certification in Australia
Clear definitions are necessary to guarantee the origin of hydrogen to buyers (international or
domestic), particularly whether the hydrogen was produced using renewable electricity. 252 The
‘origin’ of hydrogen is generally understood as a measurement of the greenhouse gas emissions
associated with its production (e.g., in kg of CO2-e per MWh or kg of hydrogen). In Australian
domestic law, environmental claims made in the marketing of products are subject to consumer
protection law and administered by the Australian Competition and Consumer Commission
(ACCC). 253
Definitions of green hydrogen have already been advanced at the Australian State level, with a
2017 South Australian hydrogen study proposing the following definition:
“[H]ydrogen that has been produced using energy from renewable sources or is net
carbon zero energy through carbon capture and/or emissions offsets.” 254
This definition, referencing offsets, leaves the door open for hydrogen produced by steam
reformation of LNG and other fossil fuels to be classified as ‘green’. The consequences of such
an approach must be weighed against the imperatives of foreign trade, with the possibility that
loose ‘green’ definitions alienate Australian hydrogen from a more stringently climate-neutral
global market. At any rate, and beyond this, top-down definitional consistency will be
important to avoid the proliferation of schemes and programs at State level in Australia’s
renewable energy sphere.

Competition and Consumer Act 2010 (Cth) Sch 2 (‘Australian Consumer Law’) s 18.
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Just as many jurisdictions impose a renewable electricity mandate or obligation within their
energy supply, it is possible to stipulate similar requirements for gas wholesalers (and their
associated retailers) vis-à-vis renewable gas. Some jurisdictions already mandate a minimum
level of ‘green origin’ in their hydrogen supply, 255 with California (for example) having
legislated a 33% minimum for renewably sourced hydrogen in 2017. 256 Indeed, some subnational governments in COAG pressed for green hydrogen only. The ACT lobbied
unsuccessfully that only hydrogen projects powered by renewable energy to be eligible for
Federal government support. 257 Instead, the Federal Government insisted upon ‘clean
hydrogen’ as the standard term in the various strategies, with no reference to either ‘green’ or
‘renewable’ hydrogen.
Green certificates of origin will invariably be tied to the export potential of Australian
hydrogen. Provided the cost barriers to liquefied hydrogen (or ammonia or other hydrogen
carrying chemicals such as LOHS) are reduced over time, 258 Australia is well positioned to
become an exporter that can help fulfil Europe’s large Gigawatt scale hydrogen quotas (see:
Section IV), if it is the case that green, or renewable certificates of origin can be provided.
To this end, Australia’s proposed certification model would have to be harmonised with the
EU green certification scheme to normalise trade conditions and ensure end-consumer
certainty. Australia’s National Hydrogen Strategy Taskforce published an Issues Paper
comparing international models and options. 259 Australian policymakers must consider
qualitative thresholds adopted in the CertifHy model that will form baselines for a future EU
import industry, such as the CertifHy threshold for ‘low emissions’ which stands at 4.4kg CO2260
Whatever the result, the efficacy of the trading relationship between EU
e/kg of hydrogen.
member states and Australia will be require some degree of policy alignment, likely conducted
through memoranda of understanding (MOUs) or qualified bilateral trade agreements. With a
strong focus in the strategy on Australia’s near region, especially South Korea and Japan, it is
likely that these nations and their infrastructure will serve as a proving ground for reliable
shipping to the EU.
Whilst the Federal Government has asserted that “Australia will seek to play a lead role in
designing and developing an international hydrogen certification scheme”, 261 it may well be
too late to shape the international momentum on this front. Earlier, in a 2020 discussion paper
Australia proposed an “initial international certification scheme to track production
technology, scope 1 and 2 emissions, and production location”. 262 However, this go-it alone
approach will likely end up out of step with consensus European definitions of ‘green’ or ‘lowJ.C. Jansen and M. Londo, Briefing Paper on the Regulatory Context for Defining Green Hydrogen and its Certification
(CertifHy, 2015).
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emissions’ hydrogen. Rather, if uniform emissions thresholds are adopted to inform consistent
definitions of tradeable hydrogen for destination markets, barriers to future trade can be
eliminated.
Bilateral Agreements for Hydrogen
Beyond their obvious domestic consequence, national hydrogen strategies can function as
foreign policy declarations. Obviously, hydrogen trade is subject to negotiation with trading
partners. Despite Australian desires to export ‘blue’ hydrogen made from fossil fuels with CCS,
it is interesting that Germany was only willing to sign a declaration of intent for Australia to
be a supplier of hydrogen produced from renewables.
By contrast, it appears Japan and Korea have been willing to sign agreements with Australia
without making similar stipulations. As we saw above (Section III.4), Japan has partnered with
Australia on a project to make hydrogen from brown coal a project which is premised on the
successful application of CCS technology by Australia.
The details of some of the hydrogen MOUs signed by Australia are as follows:
1. The Joint Declaration of Intent on an Australian-German Supply Chain Feasibility
Study of Hydrogen produced from Renewables; 263
2. The Australia-Japan Memorandum of Cooperation on Energy and Minerals
Cooperation; 264 and
3. A Letter of Intent to collaborate with South Korea on a Hydrogen Action Plan. 265
In addition to government-government cooperation on hydrogen, the Hydrogen Council of
Australia has also signed several cooperation agreements with other hydrogen industry
associations. 266

The EU hydrogen strategy for a climate-neutral Europe
The EU’s hydrogen strategy for a climate-neutral Europe (‘EU Hydrogen Strategy’), 267
released in July 2020, stands as an exemplar of coherent hydrogen policy. Headlining the
strategy is a 2030 target of 80GW of green hydrogen energy by 2030. The aim is for 40GW to
be generated domestically, and the other 40GW imported. 268 The Hydrogen Strategy is an
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important aspect of the EU’s plan to meet the goal of climate neutrality by 2050 set out in the
Green Deal. 269
The EU Hydrogen Strategy is clear in its ambition, providing for a series of Paris Agreementconsistent targets around which its vision of a hydrogen future will be built. The main 80GW
target is stratified, beginning with 6GW of electrolysers and one million tonnes of hydrogen
by 2024 (of which 1.5-2.3GW is already underway or in-planning and another 22GW are
envisaged), before rising to 40GW and 10 million tonnes by 2030. 270 These targets will rely on
sufficient domestic demand. A similar system to Australia’s ‘hubs’, so-called ‘Hydrogen
Valleys’, will be nurtured across Europe to be ultimately joined together as the hydrogen
economy grows. A system of demand-side quotas will be employed to facilitate this process,
based on the Renewable Energy Directive II. 271 Europe is also taking a much more whole-ofgovernment approach to demand creation than Australia, speaking in terms of a ‘full value
chain approach’. To this end, the EU emissions trading scheme (ETS) will be directed towards
enabling hydrogen technology wherever possible, including a common low-carbon threshold
to promote hydrogen installations based on their lifecycle emissions, supplemented where
necessary by a ‘Carbon Contracts for Difference’ system to drive investment and demand. 272

European Climate Targets
In March 2020, the European Commission introduced a proposal for a European Climate
Law. 273 This would enshrine in legislation the EU's political commitment to be climate neutral
by 2050, as made in the ‘European Green Deal’. 274 This would bind the 27 member states to
taking measures to meet the target. 275 In late October 2020, EU Environment Ministers further
agreed on making the 2050 net-zero emissions target legally binding, deferring a decision on
the 2030 target for December 2020 negotiations. 276 Earlier in October the European Parliament
voted for a 60% reduction target by 2030, up from the existing target of 40% and higher than
the 55% target that was proposed by the Commission. 277

Links with Domestic Law
Unlike Australia, Europe’s hydrogen strategy fits into an existing array of proactive climate
law and policy. Hydrogen technologies are seen as a driver of transition towards European
Green Deal targets, the overriding goal being a climate neutral Europe by 2050 in line with the
Paris Agreement. 278 The Strategy also outlines hydrogen’s potential in bridging whole sector
Commission, ‘A European Green Deal’, Brussels, 11.12.2019 COM (2019) 640 final, accessible at <https://eurlex.europa.eu/legal-content/EN/TXT/?qid=1596443911913&uri=CELEX:52019DC0640#document2>.
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decarbonisation gaps, not only as a vector for renewable energy storage, addressing seasonal
variation. 279 Objective targets and budgetary pathways to these ends are critical in conveying
certainty to member States and private sector actors. The ambitious 80GW target is driven by
predictions that hydrogen could meet up to 24% of global energy demand by 2050. 280 Policy
certainty provided by the EU Commission in the leadup to the Strategy has also spurred the
uptake of hydrogen policy documents in almost all EU’s member state National Energy and
Climate Plans, with 26 signing up for Europe’s ‘Hydrogen Initiative’. 281

Investment
With such an ambitious program of policies, it is no surprise that Europe’s hydrogen roadmap
places a heavy emphasis upon research and infrastructure. Spearheaded by the European Clean
Hydrogen Alliance, a plethora of initiatives including Important Project of Common European
Interest (IPCEI), Next Generation EU, InvestEU, the Fuel Cell and Hydrogen Joint
Undertaking (FCH JU), the ETS Innovation Fund and REACT-EU combine to offer at least €6
billion in annual investment until 2050. 282
The Strategy offers a detailed vision of infrastructural planning, addressing regulatory (gas
quality) issues around the blending of hydrogen and natural gas, as well as infrastructural
design requirements, end-user issues, and cross-border system operability. 283 A wholesale
repurposing of the gas network is planned, viewing the short-term costs against long-term
benefits. 284 Similarly, CCS infrastructure is signposted as intermediary at best. A detailed suite
of legislative reform is proposed, including changes to the Trans-European Networks for
Energy, Alternative Fuels Infrastructure Directive, and the Trans-European Transport
Network. 285

Power-to-gas and Sector Integration
Another key point to observe about the EU Hydrogen Strategy is the EU’s conscious choice to
launch it concurrently with the EU Energy System Integration Strategy in July 2020. 286
We briefly explain energy system integration or ‘sector coupling’ and the important role that
hydrogen can play in it. Despite its uninteresting and opaque title, energy sector integration or sector coupling - offers an attractive form of mass scale renewable energy storage with
important technical benefits beyond those offered by batteries. Like other forms of energy
storage, it offers system operators some measure of flexibility from the daily imperative of
instantaneously matching electricity demand with supply. Through sector coupling, excess
generation of renewable electricity can be stored, and the energy later used at times of higher
demand, or in used in different sectors such as transport or industry.
Commission, ‘A hydrogen strategy for a climate-neutral Europe’ (Communication) COM (2020) 301 final, 1; see also
Hydrogen Europe (2019), Hydrogen Roadmap Europe – A Sustainable Pathway for the European Energy Transition. Available
at https://www.fch.europa.eu/sites/default/files/Hydrogen Roadmap Europe_Report.pdf
280 Ibid.
281 Informal Meeting of Energy Ministers, Declaration: ‘The Hydrogen Initiative’ (Linz Declaration), 17-18 September 2018.
282 Commission, (n 264).
283 EU Commission, ‘A European Green Deal’, Brussels, 11.12.2019 COM (2019) 640 final, 15 accessible at <https://eurlex.europa.eu/legal-content/EN/TXT/?qid=1596443911913&uri=CELEX:52019DC0640#document2>.
284 Commission, (n 264).
285 Ibid, 15.
286 Commission, ‘Powering a climate-neutral economy: An EU Strategy for Energy System Integration’ COM (2020) 299
final.
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Sector coupling involves linking or integrating electricity and gas sectors, using energy storage
chemicals such as hydrogen and biomethane. 287 The EU chose the term ‘Energy Sector
Integration’, as a more neutral term than its other usual descriptor ‘Power-to-gas’ (‘P2G’) or,
perhaps mindful of climate change campaigns against natural gas, and divestment from all
fossil fuels. P2G is also sometimes defined more broadly to include ‘Power to X’ to describe
the use of renewable electricity to create to synthetic environmentally friendly fuels. 288
Power-to-gas technologies carry several important benefits for the renewable energy sector,
including demand management services and excess storage opportunities. 289 In locations with
a competitive wholesale electricity market, production of hydrogen via electrolysis can be
optimised at times of low wholesale prices, with excess electricity produced within regional
pricing nodes 290 able to be converted into hydrogen for injection into local gas networks. In
addition, this integration of electricity and gas networks assists in utilisation of renewable
energy produced by solar and wind generators.
The Integration Strategy aims to plan and operate the EU energy system “as a whole”, by
integrating electricity and gas and other sectors, linking “multiple energy carriers,
infrastructures, and consumption sectors”. 291 The Hydrogen and Integration Strategies are
complementary – the Integration Strategy, for example, recommending the use of hydrogen
and other renewable fuels “for end-use applications where direct heating or electrification are
not feasible, not efficient or have higher costs.” 292 Both strategies will be implemented via the
Clean Energy Package of eight directives to be integrated into Member State laws. 293
Although there are limits to the contribution of renewable gas to climate solutions, attempts to
block the roll-out of renewable gas (i.e., hydrogen and biomethane) because of its associations
with the natural gas industry are misguided. Complete decarbonisation of energy systems and
economic sectors by relying on electrification alone is likely to be impractical and uneconomic.
Sectors such as carbon-intensive industry and heavy transport, will be more difficult and
expensive to decarbonise without the contribution of power-to-gas and energy sector
integration.
Research into the regulatory aspects of a dedicated hydrogen network within the EU,
examining options for a regulatory framework for hydrogen infrastructure and markets was
funded in 2020 by the EU’s Directorate-General for Energy. 294

See Alex Barnes and Katja Yafimava, ‘EU Hydrogen Vision: regulatory opportunities and challenges’ (September 2020)
Energy Insight 73.
288 Benoit Decourt, ‘Weaknesses and Drivers for Power-to-X Diffusion in Europe. Insights from Technological Innovation
System Analysis’ (2019) 44 Int J Hydrogen Energy 17411.
289 Martin Robinius and others, ‘Linking the Power and Transport Sectors—Part 1: The Principle of Sector Coupling’ (2017)
10 Energies 956. <https://doi.org/10.3390/en10070956> accessed 1 October 2020.
290 Dia Milani, Ali Kiani and Robbie McNaughton, ‘Renewable-powered hydrogen economy from Australia’s perspective’
(2020) 45 Int J Hydrogen Energy 24125–24145. https://doi.org/10.1016/j.ijhydene.2020.06.041 accessed 1 October 2020.
291 European Commission, 'Questions and answers: An EU Strategy for Energy System Integration', 8 July 2020 Brussels.
292 Commission, ‘Powering a climate-neutral economy: An EU Strategy for Energy System Integration’ COM (2020) 299
final, 2.
293 Ibid, 9.
294 Luc van Nuffel, João Gorenstein Dedecca, Frank Gerard, Sector Integration – Regulatory framework for hydrogen, research
for DG Energy, (2020), Trinomics and Ludwig-Bölkow-Systemtechnik, at http://trinomics.eu/project/5110-sector-integration/.
See also Luc van Nuffel, 'Sector Integration: Regulatory framework for hydrogen' presentation to 34th Madrid Forum
(European Gas Regulatory Forum), 14 October 2020.
287

37

Europe’s strategy has embraced a whole-of-economy approach, with transport viewed as a
large-scale demand driver for Europe’s hydrogen future. This will begin with ‘captive’ uses
where electrification is not possible, such as commercial fleets and local rail networks, before
branching out to more entrenched carbon-heavy sectors like heavy-duty vehicles and trains.
Even near-distance shipping and aviation are brought within the remit of the EU Roadmap,
with a view to decarbonisation that will be clarified by the 2020 Sustainable and Smart Mobility
Strategy. 295

Certification and International Implications
Because 25+ member states in the EU already have a well-established system of national
registries of guarantees of origin for renewable gas in the form of biomethane, it is not difficult
for Europe to take the next steps to expand this, creating similar, linked systems for hydrogen.
The EU is already moving towards a unified certificate approach to enable cross border
biomethane trading under the European Energy Certificate System (EECS) through the
Association of Issuing Bodies. 296
The certification scheme for hydrogen in the EU is being created within the broad framework
set by the Renewable Energy Directive II. The Directive states an intention that “guarantees of
origin which are currently in place for renewable electricity should be extended to cover
renewable gas”. 297 In particular, it states that extending the system of GOOs “would also enable
the creation of guarantees of origin for other renewable gas such as hydrogen”. These GoO
certificates are electronic records with the function of providing energy consumers with
evidence and assurance that a given quantity of energy was produced from renewable
sources. 298
In Europe, the hydrogen certification framework, CertifHy is an industry led hydrogen
certification initiative , in conjunction with compatible renewable gas certification registries
and initiatives at the member state level, and the European Association of Issuing Bodies
(‘AIB’). 299 The AIB , as coordinator of national registries (or ‘issuing bodies’), intends to
“integrate CertifHy as an independent criteria scheme under the European Energy Certificate
System (EECS), and to facilitate the work of Issuing Bodies for hydrogen certificates in the
EECS Gas Scheme”. 300
CertifHy is working on the third phase of its projects relating to certification. Its current project
is to develop harmonised guarantee of origin schemes for EU and to design a system of
certificates for compliance with the renewable fuels provisions of the Renewable Energy

EU Commission, ‘Communication from the Commission on the EU Strategy for a Sustainable and Smart Mobility’
Ref.Ares(2020)3438177 – 01/07/2020 https://ec.europa.eu/info/law/better-regulation/have-your-say/initiatives/12438Sustainable-and-Smart-Mobility-Strategy
296 Association of Issuing Bodies, ‘Guaranteeing the origin of European energy’, AIB, (2021) https://www.aib-net.org/,
accessed 20 January 2021.
297 Directive (EU) 2018/2001 of the European Parliament and of the Council of 11 December 2018 on the promotion of the
use of energy from renewable sources, Preamble para 59, Article 19.
298 Ibid, Art 2(12).
299 COAG, National Hydrogen Strategy (n 28), at 55.
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Directive II. Associated with this is the task of working with the private sector to set up a
market for trade in hydrogen guarantees of origin. 301

Germany’s Nationale Wasserstoffstrategie
Germany’s National Hydrogen Strategy (Nationale Wasserstoffstrategie, NWS), 302 released in
June 2020 and backed by a massive €9 billion budget, heralds an ambition to lead the world in
industrial hydrogen production, market development, and hydrogen equipment manufacture
and sales. The NWS was released concurrently with the start of Germany’s EU Council
Presidency which conferred valuable agenda-setting and European policy coordination powers.
It also builds upon the success of 2019’s HyLand initiative, which funded hydrogen
development at the regional and local levels. 303 This national funding was matched by regional
strategies in Nordrhein-Westfalen, 304 Bayern, 305 Baden-Württemberg, 306 North Germany, 307
and the former East Germany. 308

1. Climate Targets and Existing Energy Law
Hydrogen and Germany’s ‘Energiewende’
Germany’s NWS is explicitly linked to the Energiewende (literally, ‘energy turn’), its planned
massive growth of renewable energy sector, and to ambitious legislated climate change
targets. 309 This is signaled from the outset, with page two of the NWS declaring that
“[h]ydrogen [will play] a central role in the further development and completion of the energy
transition”, 310 the document building upon over two decades of broadly consistent energy
regulation and policy direction in Germany. It must however be understood in the context of
the Erneuerbare-Energien-Gesetz (‘Renewable Energies Law’, EEG), which has provided for
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renewable electricity targets, 311 an auction-based feed-in tariff system, 312 and equalisation for
grid system operators to finance transmission investments in various forms since 2000. 313
In September 2019, Germany’s Klimakabinett (‘climate cabinet’) introduced a revised target
of 65% renewable electricity by 2030 in a bill to amend the EEG (the so-called ‘EEG 2021’).
The draft was agreed upon on 23 September 2020, and entered into force on 1 January 2021, 314
with section 1(2) of the new EEG reading “[t]he aim of this law is to increase the share of
electricity generated from renewable energies in gross electricity consumption to 65 percent by
the year 2030”. 315 EEG 2021 also contains a commitment that production of green hydrogen
from electricity will not be subject to the EEG surcharge, 316 an amount otherwise paid annually
by electricity consumers to finance the EEG’s feed-in tariff mechanism. Coupled with
amendments to the tax code, 317 an economy-wide reduction of German emissions to 55%
below 1990 levels in 2030, 318 and the Kohleausstieg (‘coal exit’), Germany’s hydrogen targets
are tied strongly to both its Paris Agreement obligations and to visions of a carbon-neutral
economy by 2050. 319
Hydrogen Targets and Production Capacity
The NWS sets ambitious base targets, predicting hydrogen demand of 90-110TWh by 2030. It
notes that only renewable hydrogen should be considered in Germany’s long-term future, 320
and envisions 5GW of installed capacity for hydrogen generation from electrolysis (enabling
14 TWh of production hydrogen) by 2030, with an additional 5GW of production capacity
planned for 2035-2040. 321 In context, at the time of writing, the largest individual electrolysers
installed in the World are 10MW, in Wesseling, Germany and Fukushima, Japan. 322

2. Research Investment and Infrastructure
Research and infrastructure funding are closely interwoven with one another throughout the
NWS. The 2013 and 2017 renewable energy strategies offered €400 and €800 million
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(respectively) to support research. 323 The NWS has promised extensive support for pilot
programs and other studies. 324 In addition, the NWS provides for significant augmentation of
network infrastructure. 325 Re-evaluation of gas grid legislation is signposted, 326 a process
which has already begun with the amendment of Germany’s primary distribution instrument,
the Energiewirtschaftgesetz (‘Energy Economy Law’), to include hydrogen in definitions of
and ‘biogas’ and ‘gas’. 327 The Bundesnetzagentur (Federal Network Agency) has stated that
existing legislation is unsuited to the hydrogen economy, and that a tailored
Wasserstoffinfrastrukturgesetz (‘Hydrogen Infrastructure Law’) is needed. 328
Beyond the grid, the NWS lays out extensive plans to reshape Germany’s transport
infrastructure, presently Germany’s third-largest economic sector, 329 to accommodate
hydrogen refuelling in line with regional and European developments. 330 An ambitious €3.4
billion in funding is directed to this end, 331 motivated in part by the groundswell of progressive
petrol/diesel vehicle phase-outs across Europe, 332 that would extend beyond road transit to both
rail and waterways. 333 The transposition of the EU’s Renewable Energy Directive II into
German law, including by reducing transport emission quotas in the BundesImissionsschutzgesetz (‘Federal Emissions Protection Law’), 334 is supposed to drive uptake of
both green hydrogen and Power-to-Fuel or PtX fuel solutions. 335 Practically, especially
considering private and commercial automotive industry trends, 336 such a strictly emissionsbased mechanism without a more specific hydrogen incentive might have the unintended
consequence of entrenching electrification and further sidelining fuel cell technology.
Energy Sector Coupling
Compared to Australia, Germany is already well advanced in its thinking about power to gas,
and energy sector coupling/integration. By contrast with Australia, some German projects have
simplified issues of gas grid injection by undertaking methanation of hydrogen prior to grid
injection. In that way, issues of gas compatibility are minimised by ensuring that the gas that
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is injected meets the natural gas specification. In addition to its federal legislation, Germany is
also be guided by policy in the EU Energy System Integration Strategy (above, Section IV).
Important in regulatory conversations is the question of law reform to address the legal status
of hydrogen projects using electrolysis. Concerns have been raised about situations where the
plant is classified as an electricity consumer, or ‘end user’ and therefore is subject to various
charges such as the EEG surcharge and electricity tax and network charges. 337
In a 2019 discussion paper, the Fraunhofer Institute suggested an “adjustment of the regulatory
framework for taxes, levies and surcharges on electricity to strengthen sector coupling” for the
upcoming NWS. 338 The Energiewirtschaftsgesetz (‘Energy Industry Law’) now goes some way
to achieving this, providing for a 20-year exemption from network access charges for electricity
storage facilities commissioned before 2026. 339
This exemption addresses one of the HyLaw author’s main concerns with regulation of power
to gas plants, that “[PtX] plants are not end users (of electricity) and should not be categorised
as such”. 340 Despite these advances over economies like Australia, which has effectively not
considered the issue, Dr. Friedrich von Burchard has remarked that:
“[Germany’s] legal and regulatory framework for hydrogen is not yet
comprehensive…[T]here is no consistent and complete framework covering the
hydrogen value chain…Regulations and definitions are lacking or unclear. A
framework for carbon capture and storage necessary for the market launch of ‘blue’
hydrogen is lacking completely. Even the fundamental question of whether and, if so,
how the established regulatory system for gas should apply to hydrogen is still waiting
for a reply. All of this will have to be tackled within the context of the implementation
of the [NWS].” 341

3. Certification and International Implications
In contrast to Australia’s National Hydrogen Strategy, and because of the policymaking
constraints of EU membership, Germany may leave some of the important issues of
certification to Europe. 342 However Germany has taken steps to position itself as a net hydrogen
importer and in 2020 signed a Joint Declaration of Intent agreement with Australia heralding
the ‘existentiality’ of such international cooperation for Germany’s hydrogen economy. 343
Despite the promise of such agreements, Australia’s commitment to blue and grey hydrogen
might prevent long-term engagement with both Germany and Europe, unless the hydrogen it
exports is certified as ‘green’. Indeed, Germany has repudiated coal-to-hydrogen outright in its
337
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domestic energy transition. It has chosen instead to auction the rights to decommission and
renewably repurpose its coal-fired plants under the Kohleausstiegsgesetz (‘Coal Exit Law’). 344
Former coal-fired power plants like Moorburg, commissioned as recently as 2015 and already
being converted into a renewable hydrogen project by the very same company that built it
(Vattenfall), 345 exemplify domestically the priorities that Germany’s Energiewende and NWS
are taking to the world stage.

Hydrogen Targets in France and Spain
This section provides a brief review of targets and budgets in French and Spanish hydrogen
strategies. This is useful for comparison with Australia as these nations, along with Germany,
have the most ambitious hydrogen targets in the EU. (Figure 2).
Figure 2: National pledged contributions in GW to EU's 2020 Hydrogen Target 346

1. France – Hydrogen Strategy, Target, and Budget
Comparative examination of hydrogen strategies is well served by review of the French
Strategy as France as perhaps the most ambitious hydrogen targets in the EU.
In September 2020, France launched its latest Stratégie Nationale pour le Développement de
l’Hydrogène Décarboné (‘National Strategy for the Development of Decarbonised
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Hydrogen’), 347 updating both the 2018 Plan de Déploiement de l'Hydrogène pour la Transition
Énergétique (‘Hydrogen Deployment Plan for the Energy Transition’), and its Programme
d’Investissements d’Avenir (‘Investments for the Future Program’). 348 The 2020 Strategy
clearly ties national ambitions for hydrogen production and use to the goal of economic
recovery from COVID-19. Of a €100bn recovery plan, €7bn has been allocated to the green
hydrogen sector by 2030. 349
The French Stratégie explicitly refers to decarbonisation, and implicitly rejects future hydrogen
production from fossil fuels. The 2020 Strategy forms part of its ambition to be the first major
European economy to achieve carbon neutrality by 2050. Much of the French COVID-19
recovery plan is also framed around this ambition. 350
The Stratégie Nationale sets specific goals in relation to decarbonisation of the gas sector. A
goal of 10% of green hydrogen by 2023 was first set in 2018, effectively seeking to double the
market share of green hydrogen (occupying only 5% of the market at the time). 351 This goal
was written into law in 2015 (Loi Relative à la Transition Énergétique Pour La Croissance
Verte; Law on Energy Transition for Green Growth), and updated in 2019 as part of the
transition énergétique (‘energy transition’) 352 alongside a baseline target of at least 10%
renewable gas within the French gas network. 353
In the field of energy law, a lynchpin carbon tax is aimed at dually raising €100bn by 2030 and
achieving carbon neutrality by 2050, 354 with a further climate neutrality law passed by the
French Senate in September 2019. 355 Invoking the notion of urgence (‘emergency’), from July
2023 and every five years thereafter climate targets shall be revised “pour répondre à l’urgence
écologique et climatique” (“to respond to the ecological and climatic emergency”). 356 Some
French commentators have cast doubt, however, on whether hydrogen energy technologies will
be commercially scalable such that these targets can be met. Escande expressed the concern

Ministere de l’Economie des Finances et de la Relance, ‘Présentation de la stratégie nationale pour le développement de
l’hydrogène décarboné en France’, (9 September 2020) <https://www.economie.gouv.fr/presentation-strategie-nationaledeveloppement-hydrogene-decarbone-france> accessed 6 October 2020.
348 Inserm, ‘Inserm and the Investments for the Future Program (PIA)’ < https://www.inserm.fr/en/about-inserm/inserm-andinvestments-for-future-program-pia> accessed 6 October 2020.
349 FuelCellsWorks, ‘French Economic Recovery Package to Include 7 Billion Euros for Hydrogen Industry’, (3 September
2020)
<https://fuelcellsworks.com/news/french-economic-recovery-package-to-include-7-billion-euros-for-hydrogenindustry/> accessed 6 October 2020.
350 Government of France, ‘Media Release - European aspects of France’s recovery plan’, (3 September 2020)
<https://www.gouvernement.fr/en/european-aspects-of-france-s-recovery-plan> accessed 6 October 2020.
351 https://www.gouvernement.fr/en/hydrogen-plan-making-our-country-a-world-leader-in-this-technology-0
352 LOI n° 2015-992 du 17 août 2015 relative à la transition énergétique pour la croissance verte (1)
NOR:DEVX1413992L;ELI:
https://www.legifrance.gouv.fr/eli/loi/2015/8/17/DEVX1413992L/jo/texte
Alias:
https://www.legifrance.gouv.fr/eli/loi/2015/8/17/2015-992/jo/texte
JORF n°0189 du 18 août 2015
353 Art. L. 100-4.-I., Article 1, see also Article 121, https://www.legifrance.gouv.fr/jorf/id/JORFTEXT000031044385/
354 (Decision No. 2019-791 DC of November 7, 2019), the Energy and Climate Act of 8 November 2019 published "Journal
Officiel" November 9, 2019, viewed at https://www.legifrance.gouv.fr/jo_pdf.do?id=JORFTEXT000039355955. In the
original, “les mots: « de diviser par quatre les émissions de gaz à effet de serre» sont remplacés par les mots: « d’atteindre la
neutralité carbone à l’horizon 2050 en divisant les émissions de gaz à effet de serre par un facteur supérieur à six»”.
347

Law n° 2019-1147 on Energy and the climate, Bate Felix, 'France sets 2050 carbon-neutral target with new
law', Reuters, June 28, 2019.
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New Article L. 100-1 A, inserted by Article 2 of Fr. Parl., Law n° 2019-1147 of Nov. 8th, 2019 on climate and energy,
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that “[b]illions are suddenly raining down on technologies which will only be mature in ten
years and whose economic model is unknown.” 357

2. Spain – Hydrogen Strategy, Target, and Budget
The task of comparative examination of hydrogen strategies requires a brief examination of
Spanish initiatives, as it has amongst the most ambitious hydrogen targets in the EU and will
meet 10% of the EU target of electrolyser capacity by itself by aiming for 4GW installed
capacity by 2030. 358
Its ambitious plan is set out in the Hydrogen Roadmap: Hoja de Ruta del Hidrógeno, agreed
by the Council of Ministers in October 2020. 359 A striking feature is its explicit focus on
renewable hydrogen, evident in the subtitle una apuesta por el hidrógeno renovable” (‘a
commitment to renewable hydrogen’). 360 The Roadmap commits to creation of a system of
guarantees of origin of renewable hydrogen (“Garantías de Origen del hidrógeno removable”),
to ensure that hydrogen has been produced from 100% renewable energy. 361
The summary of the decision explains that “deployment of this sustainable energy vector,
which will be key for Spain to achieve climate neutrality, with a 100% renewable electricity
system, no later than 2050.” The estimated cost of the roadmap is an investment of €8.9bn on
this objective prior to 2030. 362 Notably, it calls for 4 gigawatts (GW) of installed power of
electrolysers, and mandates that a minimum of 25% of hydrogen consumption by industry must
be renewable. 363 Immediately, the Spanish government will allocate more than €1,500 million
to promotion of renewable hydrogen until 2023 through the European Recovery Fund. 364
The Hydrogen Roadmap, whose development is contemplated in the Plan Nacional Integrado
de Energía y Clima 2021-2030 (‘National Integrated Energy and Climate Plan), includes 60
measures and sets national objectives – aligned with the EU Hydrogen Strategy – by 2030.

Philippe Escande 'L’Europe gonflée à l’hydrogène »' Le Monde, 6 October 2020, “L’Europe gonflée à l’hydrogène. Les
milliards pleuvent soudain sur des technologies qui ne seront matures que dans dix ans et dont on ignore tout du modèle
économique. Magie de l’argent gratuit fourni à haute dose par les banques centrales….Les largesses actuelles, en pleine crise
économique mondiale, semblent autoriser toutes les aventures.”
358 Isla Binnie 'Spain approves hydrogen strategy to spur low-carbon economy', Reuters (October 7, 2020).
359 Reference of the Council of Ministers, Madrid, October 6, 2020, Agreement by which the Plan "Hydrogen Roadmap: a
commitment
to
Renewable
Hydrogen"
is
approved.
https://www.lamoncloa.gob.es/consejodeministros/referencias/Paginas/2020/refc20201006.aspx
360 Emphasis added in translation.
361 El Ministerio para la Transición Ecológica (MITERD), Hoja de Ruta del Hidrógeno (Hydrogen Roadmap), (2020) at 26-7,
Measure No.4 at https://www.miteco.gob.es/images/es/hojarutadelhidrogeno_tcm30-513830.pdf; Reference of the Council of
Ministers, Madrid, Tuesday, October 6, 2020.
362 Isla Binnie 'Spain approves hydrogen strategy to spur low-carbon economy', Reuters (October 7, 2020),
https://www.reuters.com/article/us-spain-energy-hydrogen-idUSKBN26R2AF, viewed 12 October 2020.
363 Ibid.
364 El Ministerio para la Transición Ecológica, Hidrógeno Renovable: Una Oportunidad para España, Media Release,
19/11/2020.
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Comparative Discussion
This section now draws some comparisons between the national hydrogen strategies of the
jurisdictions examined. In summary we can identify eight main areas of divergence in
hydrogen, energy and climate law and policy. These are:
1.
2.
3.
4.
5.
6.
7.
8.

Hydrogen Targets;
Budgets;
Connection to Climate Law;
Connection to Renewable Energy Law;
Definition of Green or Renewable Hydrogen;
Role of Power-to-Gas;
Competition Law; and
A Global Hydrogen Economy.

1. Hydrogen Targets
A key point of difference is the decision not to include detailed hydrogen targets in Australia’s
National Hydrogen Strategy. Australia has not yet set targets for either GW of electrolyser
capacity or production tonnage. The closest it came to a target was in the Technology Roadmap
2020 where the Federal government specified an aspirational production price target of A$2/kg.
Targets are discussed in another broad sense within the Strategy. It projects four possible future
hydrogen use and production scenarios. These were included for discussion, rather than to set
a national production target. The most ambitious forecast sees an increase in hydrogen
production above BAU by 18 million tonnes by 2050, of which 12 m. tonnes would be
exported. 365
Of interest to lawyers is the question of whether targets will be legally binding in some sense.
Australia’s Strategy says that national and sub-national governments agreed to reject
‘mandatory’ targets for hydrogen use in particular sectors. (see above, Section III) 366 Based
on our knowledge of terms in popular use in Australian energy policy, the term ‘mandatory
target’ is best interpreted as a reference to Australia’s earlier experience with a mandatory
renewable electricity target law, a renewable portfolio obligation system of tradeable
certificates for electricity generators. 367 So, it is quite clear that policy makers do not prefer
expanding the renewable electricity law to encourage the scaling up of hydrogen. Our reading
of the various European Hydrogen Strategies does not indicate European enthusiasm for legally
binding hydrogen production targets (except for Spain).
For comparison, we now briefly describe European targets for GW of electrolyser capacity or
production tonnage. By contrast with Australia, the EU set hydrogen targets between 2020 and
2024 to support installation of 6 GW of electrolysers, and production of at least 1 million tonnes
of renewable hydrogen. For the remainder of the decade, more ambitious targets are 40GW of
electrolyser capacity and production of 10 million tonnes renewable hydrogen. 368

COAG, National Hydrogen Strategy (n 28) at 87.
Ibid at 33, 78.
367 Renewable Energy (Electricity) Act 2000 (Cth), Australia’s national tradeable certificate obligation law.
368 ‘Commission sets out plans for energy system of future and clean hydrogen’, EU Focus 2020, 394, 23-24
365
366
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For Germany, the NWS sets predicts hydrogen demand of 90-110TWh by 2030, with 5GW of
installed capacity for hydrogen generation from electrolysis (enabling 14 TWh of production
hydrogen) by 2030. Long-term planning includes an additional 5GW of production capacity
planned for 2035-2040.
In France, a recent announcement by the Government has set a target of 6.5GW worth of
electrolysers installed by 2030, with policy to drive the development of large-capacity projects
towards an industrial scale. 369 Spain also has a goal of installing 4GW of electrolysers by 2030
and is ambitious in setting a mid-2020s target of 300-600MW installed capacity by 2024. 370
A hasty interpretation of Australia’s decision not to set GW targets for electrolysers or for
production, would be to conclude that it is not as serious about hydrogen as EU nations.
However, elsewhere in this article we have cautioned against a monolithic view of Australia
and have highlighted initiatives by the private sector and by sub-national/regional
governments, as well as innovative funding strategies offered by ARENA and the CEFC.
Australia Australian exporters of hydrogen may benefit from ambitious European and North
Asian targets 371 for hydrogen use and infrastructure targets as confirmation of the global
economic opportunity. Globally significant targets such as in Europe and Asia will bring mass
market growth, that is likely to exert downward pressure on the price of capital equipment such
as large electrolysers.

2. Budgets
A second major point of difference between Australia’s National Hydrogen Strategy and those
of the major European economies concerns respective budgets allocated to hydrogen (see:
Table 3). Out to 2030, Germany has set aside €9 billion, France €7 billion to 2030, and Spain
€8.9 billion.
The EU Hydrogen Strategy sets a target set for Europe wide investment in electrolysers in the
decade to 2030 of €24-42 billion. 372 That Strategy estimates EU investment to 2050 on
hydrogen production capacity of €180-470 billion. 373
In addition to specific purpose hydrogen funding, one must also consider the massive amounts
of funding potentially available to hydrogen under the Green Deal and the new EU Climate
Law. Associated with the former is the European Green Deal Investment Plan (EGDIP), also
referred to as Sustainable Europe Investment Plan (SEIP), a plan to mobilise at €1 trillion to
support ‘sustainable investments’ including least €100 billion of investment under its Just
Transition Mechanism for regions most affected by the transition to climate neutrality. 374

Ministre de L’Europe et des Affaires Etrangeres, ‘French strategy for the development of low-carbon hydrogen #ST25’,
(22 October 2020) < https://au.ambafrance.org/French-strategy-for-the-development-of-low-carbon-hydrogen-ST25>
accessed 23 October 2020.
370 Binnie (n 362).
371 Korea Hydrogen Economy Roadmap 2040, IEA/IRENA Renewables Policies Database. The Korean Hydrogen Economy
Roadmap aims to be “producing 6.2 million fuel cell electric vehicles and rolling out at least 1200 refilling stations by 2040.”
The Roadmap specifies a goal of “at least 35 hydrogen buses in 2019 ramping this number up to 2000 by 2022 and 41000 by
2040. In the energy sector, the goal is “to supply 15 GW of fuel cell for power generation by 2040.”
372 EU Hydrogen Strategy, at 7; see also: Marian Willuhn 'EU hydrogen strategy could drive 120 GW of renewables capacity'
PV Magazine, July 9, 2020.
373 EU Hydrogen Strategy at 8.
374 European Commission, The European Green Deal Investment Plan and Just Transition Mechanism explained, 14 January
2020, https://ec.europa.eu/commission/presscorner/detail/en/qanda_20_24
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Further there may be funding options available from the EU Innovation Fund which operates
with proceeds of the EU’s Emissions Trading Scheme (ETS). This will pool around €10 billion
to support low-carbon technologies over the period 2020-2030. 375
Another key difference between Australia and Europe is the decisions of European nations to
apply COVID 19 recession recovery funding to hydrogen and climate change response.
Whereas Australia’s national government has declared its intention to embark upon a ‘gas fired
recovery’, 376 Europe has earmarked funding for climate change response through its
coronavirus response initiative, NextGenerationEU, a €750 billion temporary recovery
instrument. 377 One indication that part of these funds will be available to hydrogen projects is
that Hydrogen Europe (the hydrogen industry association), has published a guide to Hydrogen
in the EU’s Economic Recovery Plans. 378
Even taken at its absolute highest, Australia’s maximum intended spending on hydrogen (at
the time of writing) stretches to a maximum of A$1.9 billion (€1.21 billion). This includes
A$300 million (€190.58 million) earmarked for hydrogen in the latest Ministerial Mandate
issued to the CEFC in May 2020. A more accurate figure is that of A$570 million
(€362.11million) given by the Energy Minister Taylor in October 2020, in a speech to the 3rd
Hydrogen Energy Ministerial. 379 Further, the Federal Budget of October 2020 allocated A$70.2
million (€44.6 million) over five years from 2020-21 to the Activating Regional Hydrogen
Export Hubs programme. 380 State governments have also offered significant funding for
hydrogen projects, particularly in Queensland, 381 Tasmania 382 and Western Australia. 383
In fairness, any international comparison of hydrogen budgets must consider the background
size of each economy, in GDP adjusted on a Purchasing Power Parity (PPP) basis. However,
even considering this adjustment, the federal spending of A$570 million + A$70.2 million,
totalling A$640.2 million, is a relatively much smaller sum. Table 3 indicates the Australian
ratio of national hydrogen budget to GDP (PPP) x103 is 0.3643 whereas the Spanish ratio is
5.412, the French ratio is 2.552, and German ratio is 2.323.

European Commission, ‘Innovation Fund’, viewed 20 January 2021, at https://ec.europa.eu/clima/policies/innovationfund_en
376
Prime Minister of Australia, ‘Gas-Fired Recovery’ (Media Release, 15 September 2020)
<https://reneweconomy.com.au/morrison-government-passes-laws-to-aid-expensive-brown-hydrogen-experiment-58765/>
accessed 7 February 2021.
377 European Commission, 'Recovery plan for Europe' viewed at https://ec.europa.eu/info/strategy/recovery-plan-europe_en
378
Hydrogen
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Hydrogen
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Recovery
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July
2020.
https://hydrogeneurope.eu/sites/default/files/Hydrogen%20Europe_EU%20Recovery%20Plan%20Analysis_FINAL.pdf
379 The Hon Angus Taylor MP, 'Hydrogen - for growth and lower emissions', Media Release, Canberra, 14 October 2020;
Ministry of Economy, Trade & Industry (METI) and New Energy & Industrial Technology Development Organization
(NEDO),
held
Online
Special
Event
of
the
Hydrogen
Energy
Ministerial
Meeting.
https://www.meti.go.jp/english/press/2020/1015_001.html, 14 October 2020, Tokyo and online.
380 Dept of Industry, Science, Energy and Resources, Budget Statements 2020-21, p.61.
381 Queensland Hydrogen Industry Development Fund $15 million, administered by Department of State Development,
Tourism and Innovation, https://www.dsdmip.qld.gov.au/
382 Tasmanian Renewable Hydrogen Industry Development Funding Program launched May 2020 with $20 million Tasmanian
Renewable Hydrogen Fund and $20 million in concessional loans, administered by Department of State Growth,
https://www.stategrowth.tas.gov.au.
383 WA Department of Primary Industries and Regional Development, $10 million Renewable Hydrogen Fund, launched
September 2019, http://www.drd.wa.gov.au/projects/EnergyFutures/Pages/Renewable-Hydrogen-Fund.aspx.
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Table 3: Comparison of Hydrogen Budgets to 2030 adjusted for GDP Purchasing Power Parity
basis
Hydrogen budget Budget in US$
to 2030

GDP,
(US$)

on

PPP Budget/GDP PPP
x1000
Ratio Comparison
(post conversion
to USD)
US$1.356 trillion
0.3643

Australia

A$640.2 million US$0.49408 billion
(€0.4084 billion)

Germany

€9 billion

US$10.87 billion

US$4.679 trillion

2.323

France

€7 billion

US$8.46 billion

US$3.315 trillion

2.552

Spain

€8.9 billion

US$10.75 billion

US$1.986 trillion

5.4128

Source: World Bank, Eurostat-OECD PPP, https://data.worldbank.org/
Another point concerns research and development spending. Although Australia’s Hydrogen
Strategy uses the word ‘research’ more than 100 times, our review of the text indicates it offers
no new funding. This is point of contrast to European strategies. France plans to spend €646
million on R&D and innovation. This is 19% of its €3.4 billion hydrogen budget to 2023. 384 If
Australia is genuine in its intent to be a ‘world leader’ on hydrogen, 385 it may need to invest
more on research.

3. Connection to Climate Law
It is important to locate hydrogen strategy and policy in each nation within the broader context
of its existing climate and energy law.
At a national level, European nations tend to have higher ambition in domestic climate and
energy law. At the national level, at the time of writing, Australia has relatively low ambition
on climate change response and renewable energy, noting that this may pivot in response to the
dramatic policy shifts introduced by the incoming Biden Administration from January 2021).
Many sub-national jurisdictions in Australia have a much more ambitious targets, for example
the Australian Capital Territory which has already reached a 100% renewable electricity target.
In terms of a comparison of the implications of differing European and Australian legislative
context, we argue that this differing context will have important implications for the hydrogen
sector in each location. It is likely that higher climate ambition is likely to encourage faster
growth in the renewable/ hydrogen sector, because it will encourage the renewable electricity

384
385

Joël Spaes ‘France wants 6.5 GW of hydrogen capacity by 2030’ PV Magazine, September 10, 2020.
Ministers Cormann, Taylor and Canavan ‘Australia to be a world leader in hydrogen’ Media Release, 23 November 2019.
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sector upon which green hydrogen production depends (via electrolysis of water using
renewable electricity).
We argue that a highly problematic aspect of Australia’s Hydrogen Strategy is its disconnection
from a coordinated and legislated response to climate change. Ultimately this puts its plans for
growth in its hydrogen sector at some risk of incompatibility with European approaches to
market development.
By contrast, the EU, Germany, France, and Spain strengthened their climate change response
laws and targets during in 2018- 2020. This has been through the Klimakabinett and Green
Deal processes, as well as in response to massive climate change protests, and debate over
declarations of a climate change emergency. European strategies are directly shaped by, and
refer to, this context for climate response.
The EU has recently moved to strengthen its climate law, with the Parliament voting in October
2020 for a new 2030 target increased to 60% reduction on 1990 levels. 386 Germany has
strengthened its climate and renewable energy targets, aiming to increase the share of
renewable electricity in the grid to 65% by 2030, 387 and to become carbon neutral by 2050. 388
By contrast, Australia’s climate laws largely seek to record emissions 389 and to offer grants to
offset and reduce emissions. 390 There is a ‘Safeguard Mechanism’ which has some similarities
to a baseline and credit scheme in that major emitters are encouraged to buy Australian Carbon
Credit Unit offsets if they exceed baselines set by the Clean Energy Regulator. However, this
has differences from genuine carbon pricing schemes as it has very flexible baselines,
combined with amendments to provide leniency during the COVID pandemic. 391
Australian hydrogen policy and law does not involve pricing of greenhouse gas emissions. The
Technology Investment Roadmap is silent on the issue, avoiding federal oversight, stating ‘[the
Government] will influence and co-invest with the private sector and other levels of
government and encourage a supportive enabling environment’ 392 The Technology Roadmap
has been criticised for its disconnection from any Federal climate change response or target. 393
Ultimately, international momentum will create pressure for hydrogen legislation that
prioritises trade in green hydrogen. This fits with the prevailing view that blue hydrogen is not
sustainable in the long term, 394 and should CCS technologies be built to accommodate fossil
Frédéric Simon ‘EU Parliament votes for 60% carbon emissions cut by 2030’, EURACTIV.com, Oct 7, 2020. See also:
https://ec.europa.eu/clima/policies/strategies/2030_en
387
https://www.bmwi.de/Redaktion/DE/Downloads/G/gesetzentwurf-aenderung-erneuerbare-energien-gesetzes-undweiterer-energierechtlicher-vorschriften.pdf?__blob=publicationFile&v=4
388 BMWi, Entwurf eines Gesetzes zur Änderung des Erneuerbare-Energien-Gesetzes, (i.e., ‘Draft of a law to amend the
Renewable Energy Sources Act’), p.2. Accessed 24.10.2020; discussed in Kerstine Appunn, 'Ministry plans renewables
expansion push to reach Germany's 2030 target', Clean Energy Wire, 02 Sep 2020.
https://www.cleanenergywire.org/news/ministry-plans-renewables-expansion-push-reach-germanys-2030-target
389 National Greenhouse and Energy Reporting Act 2007(Cth).
390 Carbon Farming Initiative Act 2011 (Cth) and Determinations made under that Act.
391 National Greenhouse and Energy Reporting (Safeguard Mechanism) Rule 2015, as amended.
392 DISER, Technology Investment Roadmap (n 153), at 17.
393 Michael Mazengarb ‘Anything but wind or solar: Taylor’s technology plan is “roadmap to nowhere”’
RenewEconomy, 22 September 2020; Mark Diesendorf, ‘Angus Taylor’s tech roadmap is fundamentally flawed - renewables
are doable almost everywhere’, The Conversation, September 23, 2020.
394 Frank Jotzo, Fiona Beck, Tom Longden, ‘For hydrogen to be truly ‘clean’ it must be made with renewables, not coal’,
(2019) The Conversation. https://theconversation.com/for-hydrogen-to-be-truly-clean-it-must-be-made-with-renewables-notcoal-128053
386
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fuel-hydrogen then investors will wish to realise their return. 395 This momentum has been noted
in the EU Hydrogen Strategy, providing for the inclusion of extra-Union participation in
initiatives like CertifHy, the benefits for Australia being easier bilateral trade, simplified
processes, and reduced costs. 396

4. Connection to Renewable Energy law
In comparing hydrogen strategies, it is also important to compare associated renewable
electricity targets, given the importance of electrolysers. Without a strong renewable electricity
sector - guided by sympathetic law and policy - green hydrogen will not move forward rapidly,
given that important role of renewable electricity in producing hydrogen through electrolysis
of water. We note that other policies and factors will influence investment in the production of
hydrogen in other sectors and for other purposes, such as the transport sector or production for
export.
By comparison with EU and Germany, a fourth point of contrast is that, presently, Australia
has no national renewable electricity target beyond a 20% target by 2020. 397 That target was
already met in September 2019. 398 Federal Ministers have stated there is no intention to extend
or expand the target. 399 (Note that, elsewhere in Australia, there are ambitious sub-national
targets in both legislation and policy statements. A 100% renewable electricity target for the
ACT was set by law in 2016 and has already been met. 400 These regional efforts have been and remain - very important for sustaining renewable energy investment in Australia.
By contrast to Australia’s national level approach, in Spain, the hydrogen strategy of October
2020, has the subtitle “a commitment to renewable hydrogen.” This is clearly linked to Spain’s
new targets of 100% renewable electricity by 2050, and climate neutrality by 2050. 401
Other aspects of renewable energy law – apart from targets - are also important to the future of
the hydrogen sector. In Australia there are other problematic aspects of the legal framework
applicable to renewables. These primarily concern issues arising from application of the
National Electricity Rules causing grid connection delays and complications as well as the
curtailment of output, and the writing down of the value of electrical generation via marginal
loss factors applied by AEMO the market operator. 402
If law makers conceptualise hydrogen as an energy storage medium, they are reminded there
are regulatory issues like those applying to other energy storage technologies. Generalised

Eliza Bartlett, ‘The developing hydrogen sector in Australia— taking stock: why hydrogen and why now?’ (2019) 3 (4)
Australian Energy and Resources Law Bulletin 50.
396 Ibid.
397 Renewable Energy (Electricity) Act 2000 (Cth), s.40, regarding the required GWh of renewable electricity.
398 Clean Energy Regulator, '2020 Large-scale Renewable Energy Target capacity achieved', (CER website, 4 September
2019), http://www.cleanenergyregulator.gov.au/About/Pages/News and updates/
399 Dylan McConnell, ‘Australia has met its renewable energy target. But don’t pop the champagne’, (6 September 2019) The
Conversation
<https://theconversation.com/australia-has-met-its-renewable-energy-target-but-dont-pop-the-champagne122939> accessed 14 September 2020’; James Prest and Grace Soutter, ‘The Future of Australia's Federal Renewable Energy
Law’ (2018) 92 Australian LJ 799.
400 Electricity Feed-in (Large-scale Renewable Energy Generation) Act 2011 (ACT), s.9 and associated Disallowable
Instruments.
401 Reference of the Council of Ministers, Madrid, Tuesday, October 6, 2020, Hoja de Ruta del Hidrógeno: Una Apuesta por
el Hidrógeno Renovable, citing Plan Integrado de Energía y Clima (PNIEC) 2021-2030.
402 Cl. 3.6.1 and 3.6.2, National Electricity Rules; Generally, see: Clean Energy Finance Corporation (Australia) Budget
Statements 2020-21, 179.
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renewable energy storage incentive laws, as enacted in California, 403 could offer strong
incentives for investment in hydrogen as a storage technology.
With any regulations or revised national strategies, the question is whether there will be clearcut instances of ‘winner picking’ by governments to support hydrogen rather than energy
storage and other low emissions fuels. Specialised measures to incentivise hydrogen alone raise
public policy questions about the treatment of competing forms of hydrogen storage apart from
liquified hydrogen, such as liquid organic hydrogen storage compounds and ammonia. 404 This
is without evaluating considering competing storage technologies such as battery storage and
biogas/biomethane, and pumped hydro. 405 An alternative to having specialised hydrogenspecific measures is to enact an incentive measure that rewards the benefits provided by energy
storage. 406

5. Definition of Green or Renewable Hydrogen
There is presently no definition of the different classes of hydrogen in Australian law, or any
provisions for a green certificate of origin scheme. If Australia is to prioritise genuinely clean
hydrogen then there would be benefit in enacting definitions of ‘green hydrogen’, or
‘renewable hydrogen’. 407 This would provide a basis for a green certificate of origin for
Australian hydrogen, and indirectly encourage use of renewable electricity to produce
hydrogen, rather than from natural gas. It would also simplify incentive programs for green
hydrogen. 408 Hydrogen Australia, the industry association has taken the initiative to develop a
Zero Carbon Certification Scheme in the absence of government action, partly to prevent
‘greenwashing’ of non-renewable hydrogen. 409 This scheme will assess the embedded carbon
in participating hydrogen, ammonia and metals produced within Australia for domestic and
export purposes. This Guarantee of Origin Scheme will be designed in partnership with
CertifHy, the European certification scheme. 410
In Europe, by contrast, to the Australian national government’s position, references to
guarantees of origin in European hydrogen strategies are aligned with goals for renewable
energy and climate change mitigation. In EU law, the Renewable Energy Directive II (RED

A.B. 2514 of 2010. This required California Public Utilities Commission (CPUC) to determine appropriate targets to
procure energy storage (by each load-serving entity). The CPUC set a target of 1,325 MW storage by 2020, applying to the
LSEs, Southern California Edison (SCE), Pacific Gas & Electric (PG&E), and San Diego Gas & Electric (SDG&E). See
further: https://www.cpuc.ca.gov/energystorage/ viewed 2 October 2020. Similarly, in Massachusetts, H.B. 4568 of 2016 led
to an initial target of 200 MWh set by Dept. of Energy Resources for utilities to procure energy storage systems by 2020. H.B.
4857 of 2018 set a further storage procurement target of 1,000 MWh by 2026.
404 Daniel Teichmann, Wolfgang Arlt and Peter Wasserscheid, ‘Liquid Organic Hydrogen Carriers as an Efficient Vector for
the Transport and Storage of Renewable Energy’ (2012) 37 Int J Hydrogen Energy 18118.
405 Other storage technologies include other hydrogen carrier chemicals (ammonia, methylcyclohexane, other liquid organic
hydrogen carrier chemicals such as toluene) biomethane, biomethanol, biodiesel, batteries (lithium batteries and flow
batteries), compressed air, pumped hydroelectricity, stored heat (from example in solar thermal power stations), stored cooling,
and compressed air storage.
406 R Mauger & M. Roggenkamp, Regulating Electricity Storage: SMILE (Smart Island Energy Systems) H2020 project,
Deliverable D7.1 (Eur. Comm., Innovation & Networks Executive Agency, 2020).
407 Prest (n 406).
408 The conventional route for hydrogen production is via steam methane reformation of natural gas, which is considered (at
present) to be more cost-effective than renewable hydrogen production.
409 As stated by John Grimes, CEO of the Smart Energy Council, interviewed in Sophie Vorrath 'Green hydrogen or greenwash? Industry-led scheme to guarantee origin of supply' RenewEconomy, 3 December 2020.
410 Hydrogen Australia, ‘Smart Energy Council launches Zero Carbon Certification Scheme’, Media Release, 3 December
2020, viewed at https://www.smartenergy.org.au/
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II) 411 uses the term ‘hydrogen from renewable sources.’ 412 It states: “[Guarantees] of origin
which are currently in place for renewable electricity should be extended to cover renewable
gas”. It also supports the “creation of guarantees of origin for renewable gases including
hydrogen, by setting out a framework for a system for guarantees of origin for all renewable
energy products”. 413
The risk for Australia is that trade with the EU may suffer due to absence of a credible guarantee
of origin for exported hydrogen. This will become more difficult as the EU moves ahead with
proposals for a carbon border tax adjustment mechanism, to tax imports not meeting EU
emissions standards. 414
Domestic Gas Law Reform for Hydrogen
Significant law reform is unavoidable in all jurisdictions if hydrogen is to grow at the rates
projected in strategies and other policy documents. Zillman and Smith observe that “when the
existing law was not written with new technologies in mind, lawyers are initially forced to see
whether they can interpret the existing laws to reach a result that endorses the new
technology”. 415 Given this, “the more effective solution is for the appropriate law-making body
to rewrite the existing law with the new technology in mind.” 416
The primary author in a 2018 paper already recommended a national hydrogen law for
Australia be drafted to span the myriad detailed regulatory issues. 417 Likewise, Schweizer
(2020) proposed a German hydrogen infrastructure law, Wasserstoff Infrastrukturgesetz. 418
There is obviously a need for clear setting of standards for safe production, storage, transport
and use of hydrogen in the domestic context. Adaptation of exiting electricity, gas, transport,
and general workplace safety laws will be required to accommodate the entry of hydrogen
technologies and to ensure that unnecessarily rigid regulatory barriers are not presented.
On the other hand, careful attention to safety standards and procedures will be required to
prevent damaging publicity as has occurred in Korea and Norway after accidents at hydrogen
transport fuelling stations in May and June 2019 respectively. 419 Some of the standards can be
developed by technical experts working in, and through, national and international fora, such
Directive (EU) 2018/2001 of the European Parliament and of the Council of 11 December 2018 on the promotion of the
use of energy from renewable sources.
412 Ibid., Article 7, and Annex III.
413 Ibid., Preamble para 59, Article 19. RED II states in Article 2(12): “A Guarantee of Origin is an electronic document which
has the sole function of providing evidence to a final customer that a given share or quantity of energy was produced from
renewable sources.”
414 European Commission, ‘The European Green Deal’ (Communication, Document 42019DC0640, 11 December 2019)
[2.1.1]. European Commission, Communication on the European Green Deal, COM(2019)640;
European Commission, Inception impact assessment for the carbon border adjustment mechanism, 4 March 2020
415 Donald N Zillman & Don C Smith “The brave new world of energy and natural resources development, (2019) 37(1) J
Energy & Nat Res L 3-45, DOI: 10.1080/02646811.2019.1557394
416 Ibid.
417 Prest (n 406)
418 Sarah Schweizer, ‘Federal Network Agency: On the way to the Hydrogen Infrastructure Act?’ (‘Bundesnetzagentur: Auf
dem Weg zum Wasserstoffinfrastrukturgesetz?’) Energiewirtschaftliche Tagefragen, 9/2020, 70 – 71.
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Business News Korea, 24 May 2019. https://pulsenews.co.kr/view.php?year=2019&no=346776 accessed 17 October 2020;
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as the International Standards Organisation (ISO) and International Conference on Hydrogen
Safety, to ensure that hydrogen standards are harmonised, evidence based and practical to
apply.
The most immediate legal issues for scaling up hydrogen in Australia are relatively clear, given
the evaluation of EU and Germany’s regulatory scheme above. 420 On the domestic level, they
concern how hydrogen will be defined and used across Australian gas and electricity law. This
issue is broadly outlined in both National Reports 421 and ARENA’s report Opportunities for
Australia from Hydrogen Exports. 422 These topics were listed into six categories. The first two
are covered in detail in this article. The remainder are issues for regulators and scholars in
future work:

i. gas sector regulation, including hydrogen injection into distribution pipelines;
ii. regulation of power-to-gas projects and relationship between gas & electricity
iii.
iv.
v.
vi.

sectors;
land use planning approval and EIA considerations for hydrogen infrastructure;
pollution controls, including hazardous industry provisions;
workplace health and safety law, including dangerous goods transport law; and
water regulation, especially access to water for electrolysis. 423

Incentives and Other Policy Measures
However apart from safety standards and approval requirements, there is a need to identify
incentives to grow the hydrogen sector. At a conceptual level, we identify seven main models
of policies and laws for injection of green gas:
1. feed-in tariffs for green gas (and/or compensation for electricity FIT revenue
foregone by electrolyser operators);
2. renewables obligation for green gas;
3. grid injection priority (i.e., guaranteed priority of access to gas networks for
renewable gas meeting quality standards);
4. grants for construction of facilities;
5. tax exemptions for construction of facilities;
6. exemptions from green energy surcharges included in retail bills; and
7. facilitation of market growth by certification of production and guarantees of
origin. 424
In more detail, the second point, a ‘renewable portfolio obligation for green gas can be
introduced upon as follows. Analogous to a renewable electricity mandate or portfolio
Johnson Winter (n 71).
Hydrogen Strategy Group, Hydrogen for Australia’s future (n 64); CSIRO, National Hydrogen Roadmap (n 64).
422 ACIL/ARENA (n 64).
423 Melvin Eisenstadt, 'Water Law Problems of Solar Hydrogen Production' (1978) 18 Nat Resources J 521. The question of
access to water is an important issue in many parts of Australia. Dr Finkel, in public presentations about the National Hydrogen
Strategy, appeared to side-step this issue by drawing attention to water use in the coal industry, and by stating that recycled
and non-potable water could be used in electrolysis plants. These questions require further research.
424 Author’s iteration from the energy policy literature. More specifically on hydrogen networks and legal barriers, see: IKEM–
Institute for Climate Protection, Energy and Mobility e.V ‘Legal framework for an H2 subnet: nucleus of a nationwide, public
Hydrogen Infrastructure’, legal study,., September 2019; ‘Toward a competitive hydrogen market - Joint proposal for an
association to adapt the legal framework for hydrogen networks’, position paper by FNB Gas, BDI, bdewm, VIK and DIHK,
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obligation, it is possible to impose such an obligation on gas wholesalers (and their associated
retailers) for renewable gas. Some jurisdictions mandate a minimum level of ‘green origin’ in
their hydrogen supply. 425 One example is California, which legislated a 33% minimum for
renewably sourced hydrogen in 2017. 426

6. The Role of Power-to-Gas
The use of natural gas networks for storage of non-fossil fuel energy offers many technical
benefits for the energy system, particularly in regions or nations beginning to experience
trading periods with higher than usual levels of renewable electricity in their electricity
markets. Internationally, investment in projects for hydrogen injection into gas networks has
been steady, as has the uptake of power-to-gas, with Chechade et al. identifying 192 power-togas projects across 32 countries in 2019. 427
National hydrogen strategies in the EU (July 2020), 428 Germany 429 (June 2020), and Japan 430
(December 2017) set targets for hydrogen sector and have considered power-to-gas strategies
or ‘sector coupling’ enabling integration of electricity and gas networks. There is a primary
focus on power-to-gas as being most promising for the storage of surplus electricity from
renewable energy installations, mitigating issues with intermittent supply and balancing the
grid. 431 EU law regarding energy storage ‘deferring the final use of electricity’ 432 has already
been amended to cover the process of re-conversion of energy via a hydrogen fuel, therefore
including power-to-gas processes. 433
That the EU sees the question of power-to-gas as inseparable from hydrogen is illustrated by
the simultaneous launch of the EU Hydrogen Strategy alongside the Energy Sector Integration
Strategy in July 2020. 434 Developing a regulatory framework to further improve the technical
viability of power-to-gas has been a high-level recommendation for research aimed at
decarbonising the European gas network. 435 The status of national laws in Europe (e.g.
covering gas transportation and storage) and their associated impact on hydrogen is already

Zaher Chehade and others, ‘Review and analysis of demonstration projects on power-to-X pathways in the world’ (2019)
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ranked by the HyLaw database. 436 Barriers to power to gas in Europe are the risk and reality of
double grid charging. 437
In Australia, concepts of power-to-gas, sector coupling, or energy system integration are all
very new to the energy policy debate. They are certainly not mainstream. Although sector
coupling is mentioned in the text of Australia’s Hydrogen Strategy, it is on very general terms
only. Sector coupling is not yet provided for in national electricity or gas law or renewable
energy law, by comparison with the EU. 438 There is no discussion of power-to-gas technology
in the 2020 Technology Investment Roadmap. 439 For completeness, we mention that power-togas is raised in general terms the CSIRO National Hydrogen Roadmap, 440 parts of the National
Hydrogen Strategy dealing with export hubs, and other parts describing State level pilot
projects. 441
Even if there is consensus on promoting sector coupling, choices remain as to whether
facilitative laws should either deal individually with the national electricity market, the national
gas market, the transport sector, or collectively regulate all three. 442 Beyond this dilemma,
however, the regulatory landscape in terms of gas transportation and storage is relatively
conducive to hydrogen, 443 save some necessary but minor adaptations in technical, safety and
environmental codes and standards. 444
In summary, Australian legislatures have yet to engage with legal questions raised by powerto-gas. 445 In Europe, these issues have been extensively researched and discussed, particularly
as European jurisdictions have considerable experience with biomethane production from
biogas (This part of the renewable gas sector has only recently begun to grow in Australia). 446

7. Competition Law as a Barrier to Hydrogen
In the EU, Germany, and Australia, it is evident that economic regulation of the electricity and
gas sectors – which is aimed at control of anti-competitive behaviour in network industries - is
a potential constraint on hydrogen and power-to-gas initiatives (i.e., energy sector integration).
In Australia, ‘ring fencing’ rules affect network businesses that might seek to integrate
electricity and gas networks using hydrogen. Under the National Electricity Rules, distribution

HyLaw, ‘HyLaw Online Database’ (HyLaw, 2018) https://www.hylaw.eu/database accessed 14 October 2020.
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L328/82, preamble, cls 59, 60. It also provides an outline of guarantees of origin for energy from renewable sources that
includes gas, see art 19.
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companies (Distribution Network Service Providers, or ‘DNSPs’) must comply with the
Distribution Ring-Fencing Guidelines. 447 As explained by the Australian Energy Regulator:
“Ring-fencing is the identification and separation of regulated monopoly business
activities, costs and revenues from those associated with providing services in a
contestable market. Ring-fencing obligations that apply to DNSPs generally require the
separation of the legal, accounting, and functional aspects of regulated distribution
services from other services provided by the DNSP.” 448
Ensuring that DNSPs engaged in integration activities do not have an unfair advantage vis-àvis competitors in the provision of novel services is a task of the Australian Energy Regulator.
Similar issues have already been identified in Europe, with power sector integration at odds
with economic regulation of utilities. These issues were identified in passing in the EU
Hydrogen Strategy. It noted that:
“…[E]xisting natural gas pipelines are owned by network operators that are often not
allowed to own, operate, and finance hydrogen pipelines. To enable repurposing of
existing assets, its technical suitability must be assessed as well as a review of the
regulatory framework for competitive decarbonised gas markets should allow such
financing and operation with an overall energy system perspective in mind.” 449
The EU’s Recast Electricity Directive (2019) presents several barriers to establishment of a
power-to-gas strategy in Europe. Article 54 states: “Transmission system operators shall not
own, develop, manage or operate energy storage facilities.” 450 Likewise Art. 36 prohibits
distribution operators from the same. European scholars have argued these provisions require
amendment. For example, Olczak and Piebalgs have argued that “sector-coupling will not be
possible without changing our approach towards energy sector regulation.” 451
In Australia, either legislative amendments or use of existing provisions for exemptions could
facilitate sector coupling. Both the National Gas Law and National Electricity Rules enable
case-by-case waivers from laws for economic regulation of network companies. 452 Generalised
amendments would be preferable.

8. A Global Hydrogen Economy
Australian narratives about a hydrogen future emphasise hydrogen as a product for export. This
is familiar and convenient given Australia’s role as a major energy and resources exporter. This
narrative is promoted in Superpower, a book by economist Prof Garnaut. 453 Similarly,
Australia’s former Chief Scientist Alan Finkel, an articulate promoter of the National
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Hydrogen Strategy, has explained Australia’s ambitions with phrases such as ‘shipping
sunshine’. 454
The result is an odd combination, with Australia positioning itself as an important global
supplier, while simultaneously choosing not to intervene to assert a clear policy or regulatory
position, such as any blueprint for an export certification plan.
Overall, the European focus in hydrogen policy is more domestically focussed, whilst
Australian policy emphasises a long-term export narrative. Both the EU Hydrogen Strategy
and industry efforts mention a hydrogen backbone network, aimed at joining pilot ‘hydrogen
valley’ regions into an effective network and eventual hydrogen economy. 455 Where European
strategies do look internationally, they do so either on the issue of exporting standards and
policies like certification or in concluding agreements for hydrogen supply. Both are predicated
on consistency with the Paris Agreement and commitment to net zero greenhouse gas
emissions by 2050. German narratives involving export concern German exports of hydrogen
related technology, such as proton exchange membrane (‘PEM’) electrolysers, and German
assistance to North African neighbours such as Morocco to assist them to become reliable
suppliers of green hydrogen. 456
In August 2020, Germany and Australia signed a joint Declaration of Intent for a ‘Supply
Chain Feasibility Study of Hydrogen produced from Renewables’. This jointly funded study
will run for two years and will include an “assessment of Australian potential to produce
hydrogen from renewables for export to Germany and associated markets.” 457 It will also
involve “identification of economic, technological and regulatory requirements for the
transport of and trade in hydrogen… produced from renewables”. 458
Australia’s approach is fundamentally different, viewing hydrogen in terms of growing the
export sector. This cautious approach, which explores hydrogen in a pilot project capacity
alongside other ‘low emissions’ technologies like gas, assumes that transition to a fully
hydrogen future will require crossing a fossil fuel bridge. Content to take a more passive role
in driving certification standards, it is also relatively mute on international climate
commitments. Germany and Europe, on the other hand, have committed themselves to a
hydrogen future, going well beyond mere pilot programs to establish a functional hydrogen
economy in the soonest possible time.
Nevertheless, there are exciting prospects for hydrogen in Australia. One of the world’s largest
proposed projects for hydrogen production is the A$50 billion (€31.76 billion) Asian
Renewable Energy Hub, planned for the Pilbara region of North Western Australia. The
proponents intend to build a wind and solar farm with 26 GW of peak generation capacity, of
Australia's Chief Scientist, Speech: ‘Shipping sunshine at scale’, Speech to US Department of Energy, Washington DC, 28
April 2019. https://www.chiefscientist.gov.au/2019/04/speech-shipping-sunshine-at-scale, accessed 23 October 2020.
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which 23 GW of generation will be aimed at production of green ammonia, largely for export
and 3GW to meet local demand. 459 The project would have an estimated 100 TWh of total
annual generation, and has been granted major project status both nationally 460 and in WA. 461
The first 15GW stage received environmental approval from the WA Minister for Environment
in October 2020 for the original version of the project involving HVDC cables to South East
Asia, 462 but a modified application has been lodged for the hydrogen variation of the project. 463

Conclusions
Competing Visions
Hydrogen sits at an interesting intersection of energy law and climate law. It is a site of conflict,
where differing visions of the energy future compete. 464 These perspectives are ‘sociotechnical
imaginaries’, as described by Jasanoff: “collectively held, institutionally stabilized, and
publicly performed visions of desirable futures”. 465
Globally, 2019-2020 saw a proliferation of national and sub-national hydrogen strategy
documents. These hydrogen strategies are surely examples of vision statements for competing
energy futures. In Australia’s case, the National Hydrogen Strategy was in no doubt ‘publicly
performed’, through numerous detailed and thought-provoking speeches and presentations by
the former Chief Scientist, acting as a highly articulate evangelist for hydrogen.
This article compared key parts of hydrogen strategies of Australia, Germany, and the EU. Yet
lawyers often take a sceptical view of government policy documents, strategies, roadmaps, and
vision statements, especially when a topic is ‘flavour of the month’. They know that policy
documents have no formally binding legal significance. 466 Nevertheless, they are relevant to
energy lawyers, as they show directions of government policy and guide future legislative
proposals.
In 2009, Van der Kerkoff et al. engaged with the question of differing positions on hydrogen.
They observed that it remains: “an emerging policy issue that is characterized by scientific
controversies and conflicting interests at stake. The various assumptions and concepts
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regarding the hydrogen economy are still to be unfolded.” 467 More than a decade later, although
there is much more data available about likely hydrogen futures, many of the conflicts remain.
At the core of the differences are the links between climate change response and various
hydrogen pathways. The release of hydrogen strategies has coincided with passage of national
and sub-national climate change laws to set net zero emissions targets by 2050 (or sooner).
Ambitious mitigation laws have been enacted in France, 468 Germany, 469 the Netherlands, 470
New Zealand, 471 Scotland, 472 the UK, 473 and have been proposed in the EU. 474 In Australia,
national leaders are now coming under increasing pressure since the election of the Biden
administration in the USA. At the national level, Australia has avoided ambitious climate
targets, as the politically conservative national government was anxious to appease the Trump
administration’s climate denialist position.
Our purpose has been to identify points of contrast and to derive ideas and inspiration for law
reform for alternative energy pathways, both for Australia and other nations similarly reliant
on fossil fuels. We have drawn attention to Australian leaders’ reluctance to mention the
choices between green, renewable hydrogen and grey or brown hydrogen from conventional
processes, packaged with promises of carbon capture and storage (CCS).
We have identified several profound differences between the recently released national
hydrogen strategies of Australia, Germany, and the EU. Through our close review of the text
of the national strategies we have found that the three most fundamental differences involve:
(i) targets for production capacity and hydrogen production, (ii) budgets for grants and
incentives to encourage scaling up of the hydrogen sector, (iii) and the definition of ‘clean’
hydrogen. Beyond these details, this article depicted stark choices over the different colours of
hydrogen futures.
The Australian hydrogen example has relevance for other nations where sectional interests and
their political allies are clinging on to the fossil fuel paradigm. We have described the aversion
of Australia’s present national government to the terms ‘green hydrogen’ and ‘renewable
hydrogen’. Instead, the Australian National Strategy opts for a vague label, ‘clean hydrogen’.
Whether or not this lack of clarity is due to political tactics to obscure the choices made for
hydrogen, 475 it remains starkly apparent that Australia’s present national leaders envisage an
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ongoing role for natural gas and coal in the local energy mix, and to make hydrogen for export.
The present government’s ambitions to expand the natural gas sector in 2020 is no secret,
having touted a ‘gas-led recovery’ from the COVID recession. 476
These Australian visions of hydrogen export from gas and coal rest on hopeful assumptions
about the availability of low cost and technically effective carbon capture and storage.
Although CCS is not presently occurring in hydrogen production in Australia, the public is
asked to trust this will occur in the future, despite more than A$1.34 billion (€851.28 million)
of investment in largely ineffective CCS projects over a decade, 477 and an economic context
for CCS made more challenging by the repeal of national carbon pricing law in 2014. 478
Australia’s Hydrogen Strategy does mention green ammonia and green steel, but it is careful
to use the phrase ‘clean hydrogen’ in preference to ‘green hydrogen’. 479 Although Europe will
no doubt have debates over the future of CCS, at least its strategies and laws are clearer in
terms of definitions.

Economics and Interventions
In the coming decade to 2030, the relative success of renewable hydrogen and blue and grey
hydrogen from gas and coal will depend on the economics of these competing products. It will
also depend on whether consumers and trading partners will differentiate between the hydrogen
products. 480 The experience of solar and wind sectors is that the enactment of support
mechanisms has helped spur the mass market growth necessary to bring down the price of
renewable electricity generation. It seems likely that similar interventions will be necessary for
renewable hydrogen markets and supply chains to scale up. Market ‘intervention’ in the form
of mandates, incentives, grants, carbon pricing and law reforms targeted at removal of specific
barriers will all be necessary to achieve mass market growth in hydrogen technologies. 481
Institutions, individual and organisational networks are important in market formation and
overcoming market failures to achieve widespread technology diffusion. 482 Research has
highlighted the role of industry networks in progressing innovations in power-to-gas and
energy sector coupling 483 emphasising the importance the technological innovation system.
Our comparison shows that Australian innovation system for hydrogen is not receiving similar
levels of funding and assistance as in Western European nations. In Australia, government
funding cuts to universities combined with revenue losses due to the COVID-19 virus are
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causing a budgetary and staffing crisis with even the top-tier universities cutting staff and not
renewing the contracts of others. 484
In presenting the Australian hydrogen story to an international audience, we wish to caution
against a monolithic view of Australia. There are many different hydrogen visions in Australia.
Within the ruling Federal coalition government, there is a range of views over the direction of
climate and energy policy. 485 At the State and Territory level, particular governments,
particularly those of South Australia and the ACT, have led the development of Australia’s
hydrogen sector. Just as there are ambitious sub-national efforts for renewable energy in the
USA (e.g., in California and New York), similarly in Australia, with many innovative and
significant Australian hydrogen initiatives led by state and territory governments in partnership
with the private sector and universities.
We presented several examples of Australian hydrogen projects, driven by partnerships
between the private sector and research institutions and in some instances funding from
ARENA and CEFC. The largest Australian hydrogen project, driven by venture capital (not by
grants), is the Asian Renewable Energy Hub, a 26GW solar, wind and hydrogen/ammonia
project in north-west Western Australia. 486
If the attention of the national clean energy institutions is not overly diverted in pursuit of the
Energy Minister’s ‘gas-led recovery’, then new pilot and commercialisation projects partly
financed by ARENA and CEFC can greatly help to grow the hydrogen sector in Australia. To
some extent the CEFC is directed towards hydrogen projects by the Minister’s Investment
Mandate given in May 2020 to the CEFC. 487

Influence of Climate and Energy Laws
It is an Australian paradox that whilst renewable energy is actively criticised by some political
and industrial interests, simultaneously there is a consensus of enthusiasm for hydrogen.
Hydrogen is very often promoted as a fuel with zero emissions, central to the clean energy
future.
Across the world, if the hydrogen economy is to develop quickly and with a positive
contribution to national climate change efforts, high ambition in domestic climate and energy
law will be vital. More ambitious renewable electricity targets will bring down the cost of
renewable hydrogen relative to blue or grey hydrogen. The cheaper the electricity being used
to create hydrogen, the cheaper the hydrogen fuel is likely to be.

Ed Johnson 'Australia’s University Funding Crisis is Threatening Innovation', Bloomberg Australia, September 17, 2020.
At present, the faction adhering to the fossil fuel paradigm are in the ascendancy. The former PM, Malcolm Turnbull, was
deposed in a leadership challenge in October 2018 over the direction of climate and energy law. He has since called for stronger
climate change action and renewable energy policy. In September 2020 he described the policy approach of the 2020
Technology Roadmap and its faith in an expansion of natural gas as ‘bonkers’ See: Katharine Murphy ‘'Bonkers': Turnbull
criticises Angus Taylor's $18bn bet on emissions technology’, The Guardian 22 Sep 2020.
486 Asian Renewable Energy Hub, https://asianrehub.com/ accessed 26.10.20.
487 Clean Energy Finance Corporation Investment Mandate Direction 2020, made under s.64(1), Clean Energy Finance
Corporation Act 2011 (Cth). Emphasis added.
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Yet Australia runs the risk that hydrogen may be used to perpetuate the life of fossil industries
rather than hastening their demise. On this basis, Diesendorf (2020) asked whether hydrogen
may be “a Trojan Horse?” 488
The political incumbents in Australia are betting on blue hydrogen – hydrogen produced from
fossil fuels with the resulting emissions hopefully buried in carbon capture and storage projects.
Australia’s National Hydrogen Strategy and Technology Roadmap are best understood in
context of the associated national position in climate and energy law that avoids carbon pricing.
This contrasts with sub-national laws elsewhere in Australia taking a more progressive
approach. However, the national government has deployed the anti-carbon pricing slogan
‘Technology over Taxes’ 489 since mid-2020. 490
A net zero by 2050 goal has not yet been set in national law in Australia, as distinct from the
EU and Germany, France, and Spain. In September 2020, the Australian PM refused to endorse
the net zero by 2050 target, preferring a vaguer interpretation of the Paris commitment of ‘the
second half of the century’.
Australia’s present federal leadership is at risk of being left behind, as potential major trading
partners on hydrogen including Japan, South Korea and Europe have in late 2020 adopted zero
carbon by 2050 emissions targets. 491
Ideally, legal frameworks for the energy transition should be designed to overcome carbon
lock-in to incumbent electricity generation technologies. The concept of ‘carbon lock-in’
advanced by Unruh (2000, 2002) helps explain the difficulty experienced in making these
choices. 492
Critics of hydrogen suggest that hydrogen provides a means to greenwash oil and gas, fracking
and coal projects, by attaching future promises of carbon sequestration and zero emissions
energy. This version of the hydrogen vision is problematic. It is arguably already inconsistent
with long term temperature goals of Article 2, Paris Agreement. With the likelihood of stronger
international climate change agreements, a fossil fuelled hydrogen pathway in future will
become even more inconsistent, particularly through the process of review of NDCs under the
stocktake mechanism requiring progressively increasing ambition to reduce emissions. 493
Whilst strategies illustrate the road ahead, Australia’s government can legislate for the
domestic and international hydrogen future, in coordination with sub-national governments. It
is well-known that investors typically hope for transparency, longevity, and certainty in climate
488 Mark Diesendorf, 'Angus Taylor’s tech roadmap is fundamentally flawed - renewables are doable almost everywhere’, The
Conversation, September 23, 2020.
489 The mention of tax is an implied reference to the (gleeful) repeal of the Federal carbon pricing law in 2014. ‘Gleeful’, refers
to expressions in a photograph by Alex Ellinghausen of frontbench MPs upon repeal of the carbon tax in 2014. It depicts
former Environment Minister Greg Hunt congratulated by colleagues including Christopher Pyne and Kelly O'Dwyer. See:
Mark Kenny and Judith Ireland, ‘Liberals celebrate as carbon tax repeal passes lower house’, Sydney Morning Herald, 26 June
2014.
490 Angus Taylor MP (Energy Minister), ‘Technology-led plan to lower emissions, lower costs and support jobs’, 22 September
2020; Angus Taylor Interview with Fran Kelly, ABC Radio National Breakfast, 21 May 2020.
491 'South Korea Joins Japan in Making 2050 carbon-neutral pledge', Nikkei Asian Review, 29 October 2020; Eamon Barrett
'A carbon neutral future is taking shape in Asia, and Australia needs to catch up', Fortune,
October 29, 2020.
492 Gregory C Unruh, ‘Understanding Carbon Lock-In’ (2000) 28 Energy Policy 817; Gregory C Unruh, ‘Escaping Carbon
Lock-In’ (2002) 30 Energy Policy 317.
493 Paris Agreement, Article 4.
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policy. 494 Logic suggests the same considerations will weigh in the mind of investors who are
evaluating the hydrogen and energy storage law in any country. The aim should be to avoid
short-term approaches subject to frequent partisan variation, to avoid deterring international
investors. 495
To maximise the contributions of renewable energy, the legal framework must catch up with
technological innovation. Hydrogen law reform based on a detailed review of existing energy,
electricity, gas, and transport law is necessary. Amendments will be required to facilitate the
interconnection and interaction of electricity and gas networks in Australia. To facilitate
hydrogen technologies in the stationary energy and transport sectors, it is essential that there
be a clear legislative framework governing the production, storage, distribution, and final use
of hydrogen. In addition, for Australia to participate in an international trade in renewable fuels,
Australia must also participate in the development of an internationally consistent framework
for green guarantee of origin certificates for renewable gas and fuels. The detail of the legal
and policy framework for each of these topics should provide directions for future research and
debate.
A decade ago, Ekins and Hughes observed that: “the future of any kind of hydrogen economy
is far from assured, and doubtless there will be many false starts and hiccoughs along any of
the routes that may be taken towards it.” 496
From our comparison of competing visions for the hydrogen future in Australia, the EU and
Germany, we can see that in Australia, the hydrogen future is far from assured, with much of
the initiative on the topic presently coming from State (sub-national) governments and the
private sector. In Europe, the future of hydrogen seems more certain, at least in terms of the
multi-billion Euro public sector funding being offered for its promotion, if not the guidance of
more ambitious climate and renewable energy targets.
Debates over the definitions of ‘clean hydrogen’ and ‘green hydrogen’ are symptomatic of
deeper divisions over the future of hydrogen. The definitions finally settled upon in legislation
will help set the foundations of different directions for the future hydrogen economy. The
choice is between renewable energy systems or those based on natural gas and coal (even if the
promise of CCS is fulfilled).
The global context is of inexorable movement towards carbon neutrality targets by 2050 or
earlier, especially with the Biden Administration’s recommitment of the United States to the
Paris Agreement. 497
In a context of renewed climate ambition, it is probably an ill-advised choice for other nations
to follow Australia’s approach of vague definitions of ‘clean hydrogen’, especially where they
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might seek to enable hydrogen production from fossil fuels, justified by uncertain promises of
carbon capture and storage.
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