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EU-China Energy Cooperation Platform was launched on 15 May 2019, to support the implementation of activities announced in the “Joint Statement on the Implementation of EU-China Energy Cooperation”. 

The Joint Statement was signed during the 8th EU-China Energy Dialogue that was held in Brussels on 9th April between Commissioner for Climate Action and Energy Miguel Arias Cañete and the Administrator of the National Energy Administration of China Mr ZHANG Jianhua, back-to-back with the 21st EU-China Leaders’ Summit on 9 April 2019 and was witnessed by Jean-Claude Juncker, President of the European Commission; Donald Tusk, President of the Council of Europe and Dr Li Keqiang, Premier of China. 

The start of the implementation of the EU-China Energy Cooperation Platform (ECECP) was included in the EU-China Leaders Summit Joint Communique. 

The overall objective of ECECP is to 


“enhance EU-China cooperation on energy. In line with the EU’s Energy Union, the Clean Energy for All European initiative, the Paris Agreement on Climate Change and the EU’s Global Strategy, this enhanced cooperation will help increase mutual trust and understanding between EU and China and contribute to a global transition towards clean energy on the basis of a common vision of a sustainable, reliable and secure energy system.” 


ECECP is implemented by a consortium led by ICF, jointly with National Development and Reform Commission- Energy Research Institute and China Energy Conservation and Environment Protection Consulting.
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Disclaimer
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The views and opinions expressed in the articles of this magazine are the authors' own, and do not represent the views of ECECP or the European Union.

	[image: image]
	 	[image: image]


[image: image]

Foreword
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Dear Readers,

On behalf of the EU Delegation to China, I have the pleasure to welcome the publication of the June issue of the ECECP Newsletter.

I wish to commend the efforts of the Project Team in preparing yet another very informative and useful publication and ensuring, as usual, high quality in content and design, in spite of the challenges inherent to this special period. 

EU-China cooperation on energy had received strong new impetus following the successful holding, on 22nd of June 2020, of 9th EU-China Energy Dialogue, between Kadri Simson, EU Energy Commissioner, and Zhang Jianhua, Administrator of the National Energy Administration of China.

This year’s Dialogue focused on clean energy policies, in the context of both parties’ efforts to overcome the economic crisis caused by COVID19.  Participants discussed EU Recovery Plan and the European Green Deal, as well as China’s measures to stimulate clean energy development. Bothe acknowledged their shared responsibility to promote green energy investments in third countries. 

Dialogue between Commissioner Simson and Administrator Zhang also touched upon security issues on the global energy markets, diversification of currencies for energy transactions, progress on power market reforms in the EU and China, as well as energy innovation and business cooperation. 

European and Chinese businesses were invited to present their views on the opportunities and challenges of investment in energy sector.

Commissioner Simson and Administrator Zhang reviewed progress on the Joint Statement on the Implementation of the EU-China Energy Cooperation, signed in the margins of the 2019 EU-China Summit. Last, but not least, they took stock of the progress of the EU-China Energy Cooperation Platform, including forthcoming publication of the first batch of comparative studies and reports. They also received information about activities that are planned under the second Annual Work Programme.

As ECECP enters a new stage, we remain confident in its ability to deliver on stated objectives and generate real progress towards our shared goals. In this context, let me remind you that your involvement and support remains essential.

We are looking forward to meeting you again on the EU-China Energy Cooperation Platform.

Octavian STAMATE
Counsellor for Climate Action and Energy
Delegation of the European Union to China 
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Letter from ECECP
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Dear All,

Welcome to the Summer Issue of ECECP Newsletter, which is now renamed the EU-China Energy Magazine.
Summer is here and most of us are still unable to go on our usual holidays, this will be the first time in 21 years that I will not be hiking around the Hallstattersea in late spring / early summer.
In addition to several very interesting articles, we decided to do a feature on a beautiful Austrian town that is much loved by visitors from China and Europe alike. Our Junior Postgraduate Fellow, Marcus Fischer is from Austria and he interviewed the Head of Administration of the City of Hallstatt and learnt how the town/ village succeeded in probably having the highest number of installed heat pumps per capita in Europe.
Just a reminder. Videos of all the lectures from our past workshops are available on the ECECP website and can be watched online.
We hope you will enjoy this issue of the ECECP magazine.
Best regards,
Flora Kan
ECECP team leader 
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1.  What role do energy consumers play in the EU’s climate neutrality? 

[image: image]


– Interview with Marion Malafosse and Jan Steinkohl of the European Commission

On 8 January 2020, Jan Steinkohl presented 'Promoting Investment in Renewable Generation in the EU' at the ECECP workshop in Beijing on "Promoting and Integrating Renewable Energy in the EU: Considerations for China". This article is based on the follow up online interview that took place on 19 February with Jan Steinkohl and his colleague Marion Malafosse, both Policy Officers in the Directorate General for Energy of the European Commission and experts in topics related to energy consumers.

With the European Green Deal, the EU set a very ambitious goal for Europe: to become the first climate neutral continent by 2050. The increasing share of renewable energy in addition to digitalization and other technologies has shifted our world, bringing new opportunities for energy consumers to the surface. 
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In the past ten years, the EU legislation often put “citizens at its core” and is talking about consumer empowerment. How do you define “Consumer Empowerment”?
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[image: image]Jan: “Consumer Empowerment” means shifting the focus of the energy system towards the consumer, to enable the consumer to play a more active role in the energy system, including in the energy markets. The core idea is that the consumer is not only buying electricity from the grid, but that they can also engage in production, 

[image: image]Marion: And even if consumers are still buying electricity from the grid, they will have more power as they are better informed and have access to comparison tools between the different suppliers. Better informed choices will also contribute to consumer empowerment.
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What role do local communities play in the energy transition of the EU?
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Jan: We don’t use the term “local communities”, but we talk about “renewable energy communities” and “citizens’ energy communities”. We will need much stronger deployment of renewables than today to meet our clean energy target. By 2030, we want to reach at least a share of 32% renewables in the EU’s energy mix and that implies a share of more than 50% renewable electricity. By 2050, we want to be climate neutral. All of this means that we need a lot more of renewable generation. And for this, local acceptance of renewable projects is a key element. By giving citizens the opportunity to set up renewable communities and invest in renewables we can significantly increase the acceptance of projects locally. At least, this is what we have seen when we looked at cases when we prepared our legislation. It led us to recognize the concept and make it accessible to citizens in the European Union.
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So the support of Energy Communities would be one tool of the European Union to increase the acceptance on a local level, right?
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Jan: We recognize and establish energy communities in our legislation, which is one tool to increase local acceptance. Our directive needs to be transposed on the national level, but developing energy communities is up to local actors, such as citizens, local authorities and SMEs [Small and Medium Enterprises].
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As we heard before, consumers will play a more active role in the future. How do you define an “active consumer” and what does the “active consumer” of the future in the EU look like?
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Marion: The concept of an active consumer is very much linked to the objective of the clean energy transition of having consumers more involved. Our legislation [the Electricity Directive] in Article 15 recognizes the role of active consumers and sets clear rights and obligations for them to participate in the market. Basically, they can store, sell, and consume their self-generated electricity, but they can also participate in flexibility, for instance through demand-response or energy efficiency schemes. This helps the system to be better suited for the growing share of renewables that we need to reach, and it gives the consumer more power. It also enables them to lower their energy bills, because they will trade their flexibility and they will be able to consume their electricity in the time that is best for them, depending on the price signals. In our legislation, we put into place the right framework to allow consumers to be more active by providing special incentives and removing disproportionate barriers. So what does the consumer of the future look like? They draw on support from the legislation and technological development, such as smart meters and low-cost solar rooftop panels. This way consumers play a more active role in the energy transition.
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Do you think that every consumer is going to be an active consumer in the future?
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Marion: With the Clean Energy for All Europeans Package, the EU creates opportunities for consumers. They will have many options available to become active if they wish. For example, they can produce and self-consume their electricity or they can decide to enter the energy market through aggregation via a third party that helps them combine their consumption load and sell it as flexibility to the markets. 

Jan: Overall we expect greater cost-efficiency of the whole system, which will also benefit those who choose to not participate actively.
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Which role do smart meters play in this development?
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Marion: Smart meters do have a very clear role here. This whole development is linked to better information of consumers. In our legislation we have rules for the roll-out of smart meters with specific technical requirements which will provide consumers with clear price signals based on their actual consumption. All of that will provide information to the consumers to enable them to react. Consumers can also choose to share the information with third parties which will help them adjust consumption through demand-response. This will also bring more flexibility to the system.

If I have rooftop solar, would it be possible to sell this electricity within a small renewable energy community or in a neighborhood?

Jan:  This is a different concept to active consumers. We are not aiming to establish a lot of small local markets. Rather we want to facilitate access to the wholesale market, possibly through aggregation. In this case, the aggregators would try to get all the individual consumers together to play a role in the overall electricity market. However, our legislation gives consumers and energy communities the possibility to share energy.
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How does such an aggregator look like? 
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Marion: An aggregator is usually a third party that will basically be the link between the consumers, supplier and DSO [Distribution System Operator]. The aggregator is combining the different consumption loads of the consumers or flexibility potential and is selling this flexibility to the market. The objective behind all of this in the legislation is linked to the overall context. The energy system is completely profoundly changing. We now have more distributed resources and a growing share of renewables connected to the distribution level. So we put these rules in place to make sure that the system is able to embrace this change with a stronger focus on the distribution side.
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In addition to consumer empowerment, which other energy issues will play a major role in the future?
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Jan: I think overall energy climate ambition in Europe and our objective to reach climate neutrality by 2050. The energy sector plays a major role on the pathway to climate neutrality, but we also look across other sectors, such as agriculture, transport and industry. In terms of next developments, we are thinking a lot about sector integration, for example how we can integrate the different energy sectors, such as electricity and heating. And also the question what role gas may play in the system. All of these are questions that we’re going to address.

by Helena Uhde

ECECP Junior Postgraduate Fellow 
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2.  Investing for tomorrow, because Energy subsidies will decline 25% by 2050 – analysis
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IRENA has modelled energy subsidies to 2030 and 2050 for their pathway to meet the Paris targets. Here, Michael Taylor summarises their findings. Firstly, they estimate today’s global direct energy sector subsidies to be $634bn/year (2017 figures). The vast majority, $447bn, went to fossil fuels. (By the way, he points out that none of these figures include the externality costs – pollution, healthcare, environment – which equate to trillions and would surely be cut substantially by each step taken towards decarbonisation). Total direct energy sector subsidies will decline by 25% by 2050, mostly thanks to cuts to support for those fossil fuels. The other clean energy categories will increase their share of the smaller total, and as their costs evolve so too do their required subsidy as efficiencies, cost reductions, and growing demand register. Taylor looks at renewable power generation, energy efficiency, buildings, renewable heat, nuclear, electric vehicles and more. Given the current crisis, he stresses that governments now needing to stimulate their economies should prioritise the energy sector: though poorly understood in the mainstream media, the clean energy transition was always designed to cut medium to long term costs, just like the best stimulus packages should do.

In these exceptional times, as the COVID19 pandemic has resulted in far reaching impacts on societies and the economy, governments are rightly focused on managing the public health emergency and protecting their citizens. Although the world is, undoubtedly, going to need to manage this pandemic over the months and even years ahead; there will come a point where restrictions on the economy can be relaxed – in a way consistent with minimising the risk of the virus – and governments and policy makers around the world will turn to the next phase – recovery and growth.

When that time comes, policy makers will be looking at how to design a stimulus that can be rapidly scaled up, boost the flow of money in the real economy, create good-quality jobs and provide the basis for long-term economic growth and recovery that mitigates the economic harm done to the average citizen during this exceptional public health emergency. This stimulus when it comes is an opportunity for economies to invest in infrastructure and people that will boost the long-term prospects for sustainable growth, that also make the economy more resilient to the crises of the future. IRENA’s recently released Global Renewables Outlook, highlights a pathway to a sustainable energy future that identifies a range of potential investment opportunities, consistent with a green stimulus.
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The cost of subsidies matter now more than ever
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The contraction in economic activity caused by the lockdowns, necessary to contain the spread of the virus, and the corresponding additional government spending in relief packages to individuals, small businesses and crucial sectors of the economy is going to result in larger public sector deficits and borrowing over the short-term. The formulation of stimulus packages will therefore be influenced by the reduced fiscal margin for maneuver in many countries. Programmes’ abilities to generate jobs and boost long-term productivity growth will also be benchmarked against the fiscal affordability of the policies needed to support some stimulus spending.
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Energy subsidy projections for the transition: trending down, not up
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In this respect, recent analysis by the International Renewable Energy Agency sheds some light on the general affordability of the energy transition (in terms of macroeconomic impacts) and also the evolution of energy subsidies in the energy sector. This is useful, because the acceleration of the energy transition requires a scaling-up of investments in a wide range of areas from innovation in electrolysers, to heat pumps, to the use of alternative fuels in transport. But what they all have in common is an increase in investment over recent trends, effectively a stimulus to the real economy through greater investment in energy supply infrastructure and end-use technologies.

The macro-economic argument over the longer-term of the energy transition is compelling, with a payback of USD 3 to USD 8 for every dollar invested. However, as already noted the potential medium-term strain on public finances may impose constraints that might mean the optimal choices are not possible.

IRENA’s recent analysis of the evolution of energy sector subsidies in the energy transition, however, given reason to be optimistic that this will not be a constraint on ensuring the coming stimulus packages can be green, as well as good for jobs and the economy.
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Current subsidy breakdown
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Before looking at how energy sector subsidies evolve over the medium- to long-term, it’s worth noting that differing boundary conditions and accounting methodologies for energy subsidy calculation mean there is some confusion around what the exact level of energy sector subsidies actually are.

By combining analysis from a number of existing sources, IRENA has estimated direct energy sector subsidies to be, at least, USD 634 billion in 2017 (Figure 1). Of the total,USD 447 billion was attributable to fossil fuels, USD 128 billion to renewable power, USD 38 billion renewable transport (predominantly biofuels) and a placecholder estimate of USD 21 billion for nuclear in the absence of comprehensive global data. However, if the unpriced externality costs from fossil fuels are considered, the total rises significantly to USD 3.1 trillion.
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Total subsidies lower in 2030, 2050
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IRENA has used the analysis in the REmap Case (IRENA, 2020), in conjunction with the current estimates of total energy sector subsidies in 2017, to analyse how total energy sector subsidies out to 2050 might evolve if the world is to stay on track to achieve the Paris Agreement climate goal of restricting global warming to 2 °C or less. The analysisassumes that today’s fossil fuel subsidies would be rapidly reduced by 2030, but not entirely phased out by 2050.

The results show that between 2017 and 2030, total annual energy sector subsidies could decline from USD 634 billion to USD 466 billion per year, according to the REmap Case for the realistic acceleration in the worldwide deployment of renewables, and they would rise slightly to be around USD 475 billion in 2050 (Figure S-2). Total energy sector subsidies in 2050 would therefore be around 25 % lower than in 2017 and 45 % (USD 390 billion) lower than they would be based on a business-as-usual scenario.

This is before considering the reduction in the implicit subsidies from unpriced externalities, which could be reduced by between USD 620 billion to USD 2 160 billion relative to the Reference case in 2030 and between USD 2.5 trillion and USD 6.3 trillion in 2050.
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Fossil fuel subsidies decline significantly
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Direct subsidies for fossil fuels fall from USD 447 billion in 2017, to USD 165 billion in 2030 and to USD 139 billion in 2050 in the REmap Case, as per unit subsidies are reduced and fossil fuel demand declines. Existing subsidy programmes are reduced significantly and by 2050 over 90 % of the subsidies to fossil fuels are to support carbon dioxide capture and storage (CCS) in industrial applications.
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Other subsidies increase, but evolve
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As renewable power becomes increasingly competitive and early high-cost subsidies to solar PV, in particular, expire, the subsidies for renewable power generation decline to USD 53 billion in 2030 and are virtually eliminated by 2050, according to REmap projections.

With more effort to decarbonise the more difficult end-use sectors, their share of subsidies begins to increase. The subsidies needed over and above the Reference Case in Industry by 2050 reach USD 166 billion, with USD 100 billion for energy efficiency and the balance for renewable heat. In the Buildings sector, subsidies grow to USD 28 billion in 2050, predominantly (88 %) for renewable heating, cooling and cooking solutions.
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EU outlook
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The pattern in the European Union is similar to the global outlook: support needs to renewable power generation will peak before 2030, with the ongoing cost declines for solar and wind power technologies.

In the transport sector, the remarkable declines in electric vehicle (EV) battery pack costs mean decarbonisation, in conjunction with an increasingly renewables dominated power generation system, will not require the large subsidies that were required to drive down costs in solar and wind. Subsidies will rise, however, in the buildings and industrial sectors, notably between 2030 and 2050, as these more difficult to decarbonise sectors are tackled.

Overall, the energy transition can be consistent with lower subsidies in the energy sector and significant long-term economic benefits. Incorporating renewables and energy efficiency in stimulus packages is not only consistent with the short-term goals of stimulating investment in the real economy, creating quality jobs, and fostering long-term, resilient economic growth; but should not exacerbate medium-term fiscal challenges.

By Michael Taylor

→Re-posted with permission from Energy Post and IRENA

	[image: image]
	 	[image: image]


[image: image]

3.  Grid Battery tech on track. It now needs re-designed markets, monetisation
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The rapid expansion of variable renewable electricity generation is making cost effective storage more urgent. Sure enough, in Europe several electricity storage projects are under construction and new ones are announced almost on a weekly basis. The battery technology seems to be on track, with estimates of $156/kWh in 2019 dropping to $61/kWh by 2030. But progress is hampered by the lack of a market that recognises and rewards the true value of this utility-scale storage. We shouldn’t just be paying for the electric power delivered. We need markets that also pay for the grid stability it brings (frequency response, flexible ramping, etc.), say Emanuele Taibi, Carlos Fernández and Aakarshan Vaid at IRENA. They start by running through the progress so far. They then describe policy initiatives in Europe to create those new markets, and case studies from the UK and Australia. The authors end by pointing at two global initiatives: The World Bank’s Energy Storage Partnership and IRENA’s own Electricity Storage Valuation Framework.

The current transformation of the power sector calls for a more flexible energy system to ensure that a power system with high shares of variable renewable energy (VRE) can be operated reliably and cost-effectively. The integration of large shares of VRE, such as solar and wind, introduces a number of technical and economic challenges which require various changes in the way that regulators, system operators, utilities and policy makersplan, manage and operate the power system.

In this context, electricity storage is today a prominent solution to address at once multiple challenges that arise with an increasing VRE penetration. This is mostly because, thanks to its unique capabilities of rapidly absorbing, storing and reinjecting electricity, storage is a very suitable technology to provide a range of services that support solar and wind integration.
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Innovations: Vehicle-2-Grid, Smart Charging

[image: image]


Electricity storage can enable rapid decarbonisation in key segments of energy use. In the transport sector, the viability of battery electricity storage in electric vehicles (EVs) is improving rapidly. In many countries globally, cost reductions in renewable power generation have led to electricity becoming an attractive low-cost fuel for the transport sector.

For example, in the Pentalateral region (Belgium, the Netherlands, Luxembourg, France and Germany), there are currently around 730,000 electric vehicles in operation which represent 12% of the global electric vehicle fleet. At times of peak demand, the electricity stored in the battery storage systems of EVs can be fed back into the grid and provide several services. This is also known as vehicle to grid technology (V2G).

Smart charging, which can be defined as adapting the charging cycle of EVs to the conditions of the power system as well as the needs of the vehicle users, can reduce distribution grid investments between 40% and 90%.
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Cost reductions: $61/kWh by 2030
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Among the different electricity storage technologies, pumped hydro has been historically – and still remains – by far the largest in terms of capacity in place. But batteries are today the technology that is making the most rapid progress in performance and cost reduction. This has enabled a multiplicity of services to be delivered by storage instead of generation, more effectively: faster and in the location where they are required. Additionally, BNEF estimates that the prices of Li-ion battery packs will drop from 156 USD/kWh in 2019 to 61 USD/kWh by 2030, a 61% reduction. This is true in the off-grid context, where storage co-located with solar PV mostly eliminates the need for diesel generators, and for grid connected applications where, as an example, utility-scale battery storage can be located to ease transmission congestion and at the same time provide frequency control.
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Grid stability
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Electricity storage can efficiently provide a number of grid services for system operators, including frequency response, regulation reserves and ramp rate control.

Moreover, when paired with renewable generators, electricity storage can provide clean, reliable and cost-effective electricity to off-grid communities and isolated grids. Utility-scale battery storage systems can also provide key services such as black start services, flexible ramping and frequency regulation, that are essential for the operation of a system with high shares of VRE.
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Market design is a key barrier, but reforms are happening
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Although electricity storage is a key technology for the energy transition, current market design is often a barrier for storage participation, hence affecting project viability and ultimately storage deployment. Electricity markets are often still tailored for generation, while electricity storage is both generation and a flexible load resource. Markets need to be adjusted in order to allow storage projects to monetise the different system benefits they provide.

Electricity storage deployment is increasing rapidly around the world as countries are rethinking their electricity markets and adopting new regulations that allow for the translation of system level benefits into project revenues. The European Council approved in May 2019 a new Electricity Directive on common rules for the internal market for electricity. Proposed by the European Commission as part of the Clean Energy Package, the Directive recognises the role of energy storage as one of the key players in the transition and urges Member Countries to address the main barriers for storage deployment.

This Directive, which Member Countries are now integrating into their national laws together with the 32% renewable energy goal by 2030, calls for an increase of flexibility in the power system, with electricity storage being a key option. For this reason, countries like Germany increased in 2019 their battery storage capacity by 41% reaching a total installed capacity of 1.1 GW, being 453 MW utility scale battery storage and 680 MW home battery storage systems.

Today several electricity storage projects are under construction in Europe and announcement of new ones are made almost on a weekly basis. For instance, Total announced this month that they will build the largest battery-based energy storage project in France with a capacity of 25MWh and output of 25MW of power. NEC announced a few days ago the construction of a crowdfunded 12 MW battery projectin the Netherlands that will be providing multiple services to the electricity grid.
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Fostering storage participation: case study UK
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Technology-neutral tenders have been used in early markets like the UK for market discovery, where batteries came up as the main technology of choice. For example, the UK’s system operator, National Grid, developed the Enhanced Frequency Response (EFR) grid service. Defined as a dynamic service where the active power changes proportionally to changes in system frequency, the EFR product was specifically developed for electricity storage assets to provide frequency response in one second or less, once the frequency has crossed a threshold.

To provide EFR in the UK, National Grid launched a 200 MW auction in August 2016. A total of 64 bids were received, out of which 61 were battery storage projects, two were demand response projects and one was for thermal generation. Out of these various bids, National Grid selected 8 battery storage projects that had an average price of GBP 9.44 per MW of EFR per hour. In total, around 201 MW of battery storage was secured for 4 years.

Two specific examples are the Glassenbury (40 MW) and Cleator (10 MW) projects awarded to the UK investment firm Low Carbon. The Glassenbury system has a net capacity of 28 MWh while Cleator’s net capacity is around 7 MWh. A quarter of the total EFR capacity in the UK is currently provided by these two projects which provide a significant contribution in stabilising the frequency in the grid.
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“Stacking revenues” the key for storage project viability: case study South Australia
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Cost reductions of batteries are opening up an increasing number of cost-effective applications, use cases and business models. An example is the 100 MW/129 MWh Hornsdale Power Reserve battery system that Tesla has installed in proximity to the 309 MW Hornsdale wind farm in Jamestown, South Australia. Being the largest Li-ion battery installation in the world at the time it was deployed, this system was commissioned after the South Australian blackout in 2016 to provide frequency control and short-term network security services.

Deployed by Tesla, and operational since December 2017, with a total capital cost of AUD 90 million, the system has already been providing numerous services including energy arbitrage and contingency frequency control ancillary services (FCAS). In 2018 the Hornsdale Power Reserve generated a revenue of about AUD 29 million, exceeding everyone’s expectations. The revenues consisted of AUD 4.2 million in fixed revenue (for 10 years) from the South Australian Government, and about AUD 25 million generated from energy arbitrage and FCAS, showing that the key for storage projects viability is stacking revenue by providing multiple services.
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Figure 1: Hornsdale Power Reserve revenues in 2018 / Source: IRENA
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The role for international cooperation: the Energy Storage Partnership (ESP)

[image: image]


In May 2019, a new international partnership was established to help expand the deployment of energy storage and bring new technologies to developing countries’ power systems. The Energy Storage Partnership (ESP) was established by World Bank Grouptogether with 29 organisations, including IRENA, working together to help accelerate the deployment of energy storage solutions tailored to the needs of developing countries.
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The IRENA Electricity Storage Valuation Framework (ESVF)
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IRENA just released its Electricity Storage Valuation Framework (ESVF). The ESVF aims to guide the development of effective storage policies for the integration of variable renewable power generation. The ESVF and its accompanying modelling methodology describe how to assess the value of electricity storage to the power system and how to create the conditions for successful storage deployment. The framework is organised into three parts: one for policy makers and regulators, the next part presenting a modelling approach to perform storage valuation and a final part looking at use cases in existing projects.
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Figure 2: IRENA’s Electricity Storage Valuation Framework / Source: IRENA

––––––––
[image: image]


By Emanuele Taibi, Carlos Fernandez and Aakarshan Vaid

→Re-posted with permission from Energy Post and IRENA
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4.  DSOs can use digitalisation to empower all grid stakeholders
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Distribution System Operators (DSOs) are in charge of operating, maintaining and developing the distribution network to ensure that electricity is delivered to end-users in a secure, reliable and efficient manner. Harry Taylor, Chris Collins and Erik Rakhou at Baringa Partners spell out what DSOs need to do to take full advantage of digitalisation technologies and processes to make them fit for a rapidly transforming energy system. A growing diversity of technologies are accessing the network. Connection requests are rising fast. Usage patterns are changing in unpredictable ways. Real time analytics and visibility are needed and in demand from existing, new and innovative third parties. It will be an evolutionary process, a journey, where out-of-date models will give way to new ones, and important – sometimes unexpected – lessons are learned along the way. But the authors say that of the 200 biggest DSOs in Europe, only a few from Austria, Finland, Netherlands, Portugal and the UK have a digital customer-centric strategy and senior leadership squarely behind it. Here they detail the wide range of challenges and strategies to hand. The authors emphasise that the DSOs should be driving, not reacting to, change and empowering stakeholders and consumers should be their goal.

The global energy landscape is changing. This is particularly true in EU countries, which are preparing to implement the Clean Energy Package[1]. DSOs (we use the term Distribution System Operator/DSO synonymously with Distribution Network Operator/DNO) have historically had an important role in connecting low carbon generation, but with the pace of decarbonisation and electrification of the energy system they are having to adapt quickly in order to manage:


●  Vastly more connection requests that need to be assessed, approved and implemented

●  More diversity of technologies requiring access to the network

●  Customers using the network in new and less predictable ways

●  More need for real-time network visibility, and analytics

●  Demands to make that network data consistent, transparent and accessible to third parties.


In order to meet these challenges, DSOs are having to make significant improvements to their digital and data capabilities. It is tempting to talk about the digital future of DSOs as a vision for the distant future, that of 2030 and beyond. But these changes will not take the form of a single ‘big bang’ transformation but, rather, a journey of increasing maturity that delivers value at each step along the way. So whilst the final destination is uncertain, the journey needs to start now in 2020.
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Source image: Baringa
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Technology, culture change needs time
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The reaction from Regulators and policy makers has been to push ‘digitalisation’ as a missing piece of the puzzle for decarbonisation and for customer affordability. At times, it is even proffered as a criticism aimed at businesses that have failed to adapt to the modern world. Technology change takes time; those prior investments of the last 2 or 5 years can still be delivering value to the business and should not be undermined. Similarly, culture change is not an overnight process, typically needing a number of years to truly embed and sustain cultural shifts. A phased plan, pointing towards a clear “end state” vision is required. Too often everything ends up on the left hand side of this plan, with little on the right.
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Regulators’understanding of DSOs
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Whilst many regulators can demonstrate a commendable level of digital understanding, their position as policy experts and economists often does not afford them the context and practical understanding of the DSO business. Information asymmetry so far is working in reverse, making regulators consider digitalisation as a once and done, easy answer – it is not – it is definitely a necessity, catalysing the societal wave of energy transition.
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Why is the DSO world changing? 3 factors
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There are three interdependent factors that are driving the need for DSO evolution to an ‘end-state’:

	Decarbonisation and electrification: Carbon reduction targets, such as those within the EU’s Clean Energy Package, and forthcoming Green Deal, necessitate the electrification and decarbonisation of the electricity system, meaning more renewable generation, but also a significant increase in electrical transport and heating loads. In some regions, data centres are also placing additional demands on, in particular, the low voltage networks (for example, in the Netherlands alone, 200 data centres with 4 TWh of annual demand have been connected in recent years contributing to low voltage grid congestion[2]). This is placing increased pressure on the electricity networks, and creating particular challenges at the lower voltage levels.

	Focus on network capex efficiency: DSOs are under pressure to reduce their capital expenditure where opex solutions (such as the use of flexibility arrangements) are more economic (in many instances this is reflected in ‘totex’ regulatory accounting). As the rate of new connections increases, this becomes not only an economic issue, but a practical one: there is simply neither the time nor the resource to build out the network to accommodate the additional load.

	Evolving customer expectations: Network customers (both generators and consumers) and their agents (e.g. suppliers and aggregators) are increasingly looking for faster and cheaper connections, more flexible network access arrangements, and the ability to participate in local and national flexibility markets.
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What changes might DSOs have to make?
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	Flex first: Much of this is focused on managing the network more dynamically, and this includes interaction between the DSO-TSO (i.e. not always simply opting for a capex solution). One part of that is managing the network assets themselves in novel ways (e.g. dynamic switching, intelligent use of data and real-time load flow modelling/measurement and network management). This is as much a cultural transformation as it is a development of engineering strategy.

	Novel connections: This creates a need for novel forms of connection agreements, and the increasing use of Active Network Management (ANM) and dynamic access rights that provide grid flexibility and services to enable optimisation of capex and opex within and across the energy system (giving rise to whole system thinking). Managing the future energy ecosystem means engaging with other stakeholders in a way that avoids creating network issues but that also offers win-win transactions for both parties.

	Live view: This also means DSOs having a more detailed and more “live” view of their networks (particularly at Low Voltage) than ever before. This optimisation and real time understanding will be enabled through open data, automation, analytics and greater organisation agility. These shifts in the business are all characteristics of digitally mature organisations.

	Customer service: The nature of customer service within the DSO is changing – those connecting customers of DER (Distributed Energy Resources) cannot be treated on a ‘connect and forget’ basis. Customers will have ongoing commercial relationships with the DSOs, and via the DSOs with 3rd parties (e.g. aggregators, charge point operators and Electricity System Operators/ESOs). DSOs need to understand their customer base in a way they never have had to before. That in itself will be a challenge requiring detailed understanding of segmentation and personas, as well as the characteristics of each customer’s technology (or technologies).

	Customers as providers: DSOs will need to procure flexibility to manage their networks. No longer will those connected to the DSO’s networks simply be “consumers”. They are also to become service providers to the DSOs, taking on a prosumer role. Again, this involves new relationships, contracts, and hence new contract management systems, monitoring of response, settlement and payment systems – all new territory for the DSOs. The urgency for entering the new territory is also brought about by the rise of the need for enabling real time interaction with Local Flexibility markets and Local “energy communities”[3].
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So why is ‘digital’ key?
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The ask for DSOs is large, but achievable. One of the biggest gaps is in joining up the understanding of the evolving ecosystem (with focus on consumer) and consequentially designing the digital capabilities that will enable an affordable transition that is embarked upon using methods and approaches that inherently adapt to uncertainty and the need to iterate, rapidly[4].

DSOs have a significant journey to travel to change their strategy, culture and outcomes to reflect the needs of the new future energy system customer. But before accelerating through a digital journey DSOs need to re-consider the future ecosystem, its participants and the commercial interactions between parties. With this refreshed understanding, the DSO role in the future digital energy system can be fully defined, and, in turn, the required digital capabilities of the business can be understood, funded and grown.

Culturally, excellence in risk identification and mitigation is held in the highest esteem. Planning and building for the future with no false steps has been the desired approach. There is limited appetite to rapidly test and learn, and despite consistent under-delivery of promised benefits, internal change activity persists under a waterfall methodology. As a result of these cultural and historic norms, DSOs digital capabilities are not at a maturity that is creating value for consumer or for the DSO business.

In many organisations the value of digital is not fully understood at any level, and most importantly not within leadership. It is too often dismissed or assumed to refer to website functionality or rolling out lower cost SCADA (Supervisory, Control and Data Acquisition) assets. In our Baringa experience, digital value for DSOs as the local heart of energy transition is created if[5]:

	Digital business models enable a shift from traditional linear income streamsenabling new exchanges of value

	Digital proposition enables true customer centricity and the ability to delight and adapt to each segment of a customers’ changing needs in a tailored way

	Digitalisation of your processes moves them from disconnected activities to an integrated data rich value stream

	And digitisation of your organisation moves away from large siloed departments to smaller, end-to-end multi-disciplinary skills delivered by empowered employees.
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What progress so far?
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Only recently have DSOs begun to operate differently. Many now evidence the base capability of digital organisations, albeit fewer manifest the cultural traits.

The majority of DSO operations still assume predominantly demand connections, firm capacity allocation, constraint management via reinforcement, focus on capacity, asset health and reactive outage management. Variance or unique requirements break the machine.

However, we are seeing DSO starting to develop Digital Strategies and share with stakeholders.

Based on an informal Chatham House survey across senior stakeholders in European distribution, we have observed that out of nearly 200 of the biggest DSOs in Europe, only a few DSOs from Austria, Finland, Netherlands, Portugal and UK lead the way in digital, and have a digital customer-centric strategy and senior leadership that drive that strategy. The limited uptake of having explicit digital strategies echoes another recent survey published by European Commission. For example, that survey shows that only 28% of European DSOs are ready to handle prosumers[6]:
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Source image: JRC, European commission

As an example of what triggers a digital strategy to come about, in the UK regulatory requirements by regulator Ofgem in late 2019 forced all DSOs to publish their digitalisation strategies, yielding a broad ranging interpretation of scope and ambition. Through this window of learning in the UK we can learn lessons for the benefit of wider Europe as EU DSO harmonisation unfolds, with a focus on Demand Side response, platforms for flexibility and European open data strategy (which has parallels with the UK’s Open Banking and Energy Data Taskforce).

Properly delivered, far from being a potential barrier to delivering the desired future, DSOs should be able to facilitate and indeed to drive the change needed to empower consumers.
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Quo vadis for DSOs: how to be a hero in digital?
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	This means spending time learning from stakeholders to inform a vision of a future ecosystem and understanding the options available to each DSO. Then engaging customers and shareholders so that the DSO’s role (and return) in this ecosystem can be captured. The vision should leave room for uncertainty and optionality but be clear on how this will be managed.

	It means re-thinking or adopting agile work management operating models, embedding AI and optionality into asset management strategy, and embracing automation and enterprise digitalisation across the back office.

	Yes to digitalisation means more telemetry, IoT etc. but we knew that 5 years ago.

	What has worked historically is in many cases hitting the glass ceiling of performance and efficiency. The industry needs to look further afield to other sectors that have already realised significant value such as telecom, water and even oil and gas where data and analytics is starting to transform exploration activity driven by digital tools and data available.

	Data and analytics must be a core competency for DSOs, and at the heart of the business strategy.

	DSOs must evolve to focus on delivering value early and often aggregating this towards delivering network investment plans that are efficient over 40 years, but flexible over 5.
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Quo vadis for DSOs: how to be hero in the energy transition?
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	As surveys have shown, most of the EU DSOs have not yet prioritised building out market led business strategies.

	They do excel at focusing on secure energy supply, and developing network development strategies (with relevant stakeholder input to some degree).

	With a fixed and predictable revenue stream, and historic network usage being highly predictable there has been little need to look over the horizon, or understand the wider

	consumer behaviours and commercial interactions that exist or will emerge within the energy ecosystem.

	The energy transition breaks this habit – and requires improved customer centricity and increased commercial maturity to enable a true ecosystem of partners.

	Growth on the networks has in the past been reasonably predictable, allowing planning to be based on a narrow set of growth projections. But whilst decarbonisation has forced more probabilistic thinking about the future, events such as Covid-19 remind us that the future is always uncertain even if the source of that uncertainty is unknown and unseen.

	A digitally orientated business strategy considers and learns from the new way of doing business in the energy market and open data space.


Hence, a hero ‘strategy’ elements would include:

	Customer led platform based proposition (e.g. co-operation with TSOs or across gas/power/heat in flexibility, services),

	Deep, insight led understanding of customers, driven by data and analytics as a core competency, and

	Servant leadership within an agile organisation. The latter is a critical factor to reinforce the first two elements.
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Final words opening the debate
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Successful digital businesses have leadership teams that ‘get it’. Each DSO will need to navigate its own education and learning path to be heroes of the energy transition and digital space nexus in Europe – and some will fail to do so. The winners in the process though may be reaping the fruits of new services and new revenues, assuming at least a Clean Energy Package framework is there to reward DSOs for empowering consumers in the energy transition. And, the champion role for DSOs in the energy transition is about to become mainstream in 2020-2021, with a European entity for EU DSOs being set-up under the Clean Energy Package alongside the now more known ENTSO-E. So watch those thousands of heroes of the clean energy transition emerge, and enter the debate on how digitalisation and ecosystems should interact externally and within the DSO organisations.

By Harry Taylor, Chris Collins and Erik Rakhou

→Re-posted with permission from Energy Post and  Baringa Partners

For further questions please contact Harry Taylor (networks), and Robert Ward (digital transformation).
Their respective emails are: Harry.Taylor@baringa.com; Robert.Ward@baringa.com .  
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5.  Green Ammonia can replace fossil fuel storage at scale
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What’s the best way to store energy, from industry scale to electric vehicles, replacing the widespread use of fossil fuels? Pure hydrogen is an energy dense alternative, but the gas takes up a lot of space. Liquid ammonia doesn’t, yet it contains the hydrogen and therefore the energy. Ian Wilkinson at Siemens explains the advantages of using ammonia, NH3. Already the world produces 180m tonnes a year, worth €80bn. It’s mainly for agricultural fertiliser and its history of production goes back a hundred years: the Haber-Bosch process won those two gentlemen Nobel Prizes. So producing it at scale is a given. But ammonia today is derived from fossil fuels, both to power the production and to source the hydrogen. Wilkinson describes the Siemens Green Ammonia Demonstratorthat is producing clean ammonia from green hydrogen and nitrogen, all powered by a wind turbine. Ammonia is a hazardous chemical, but existing industry standards should ensure it can be safely processed, stored and transported. He says the next step is to deploy clean ammonia production at scale to learn about the real world issues and costs it may face. Promoted by Siemens

The global energy system is undergoing a radical transition of decarbonisation right across the value chain. The world in general, whether it be politicians, industry or consumers, are pursuing low carbon solutions to power generation, mobility, industrial use and heat. But what will the future energy system look like?

When you consider the current energy system it works very well in many ways. Most of the developed world has access to abundant and affordable energy. The one drawback is the carbon emissions associated with fossil fuel consumption, and much of the focus today is about how to decarbonise the energy supply chain. One strategy that is very popular is electrification and that has great potential in some areas, but it faces several challenges.

The world has made good progress in the adoption of renewable energy for power (electricity) generation – and carbon emissions from this sector have fallen accordingly – but in countries such as the UK, electricity generation accounts for only around one fifth of the total energy consumed. Other energy intensive sectors such as industry, transport and heat have yet to make similar progress in decarbonisation.
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Existing chemical storage: natural gas, petrol, diesel, kerosene
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Take the electrification of cars as an example. First you need to generate the electricity and if you want that to be from a renewable energy source it will require storage so that the power is available even when the sun is not shining, or the wind is not blowing. While the current energy system has a vast amount of storage built into it, the vast majority is in the form of hydrocarbon fuels such as natural gas, petrol, diesel or kerosene– also referred to as chemical energy vectors. Feasible energy systems are likely to require chemical energy vectors, as these give a practical means for storing and transporting energy in bulk. Arguably we will need to make greater use of them if we are to source our energy from renewable rather than fossil sources.
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Pure hydrogen’s volumetric energy density is low
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Ideally, then, the search is on for a chemical energy vector that does not contain any carbon. Here, hydrogen is a great option as it has got the highest energy density by weight of any chemical fuel. The problem with hydrogen is that its volumetric energy density is low: it is difficult to get a lot of hydrogen in a small space.

As an example, fuel cell electric vehicles have a typical hydrogen inventory of 4 – 5 kg to give them a range of 300 miles, but need to compress this hydrogen to high pressure – typically 700 bars – to make the fuel tank small enough to fit in the car. That requires specialist, lightweight tanks. It takes a lot of energy to compress hydrogen to 700bars and unfortunately the technology does not scale – high-pressure tanks of sufficient size that store enough hydrogen (as a gas) to be useful to energy systems on a nation scale are simply impractical. Underground hydrogen storage, e.g. in salt caverns, is feasible, but is limited to those areas with the right geology. What is required is a form of hydrogen – or hydrogen carrier – that can be produced using renewable energy and stored in bulk.
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Looking for a suitable chemical energy vector
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One promising candidate for this role is ammonia; an ammonia molecule comprises one nitrogen atom and three hydrogen atoms (for comparison, a methane molecule has one carbon atom and four hydrogen atoms). Ammonia can be synthesised from raw materials that we have in abundance, namely water and air, using renewable energy.
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Ammonia, NH3
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The Earth’s atmosphere is roughly 78 per cent nitrogen and this can readily be separated out from air. Hydrogen can be obtained from water, via a process called electrolysis. Once the hydrogen and nitrogen are produced, they can be combined in an industry-standard reaction called the Haber-Bosch process to produce ammonia. If renewable energy is used to power these processes, then that energy becomes locked up in the ammonia molecule, without any direct carbon emissions.
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Ammonia production is already 180m tonnes / year worth €80bn
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Ammonia, or NH3 to give it its correct chemical name, is already a significant chemical. Current annual global production is around 180 million tons a year, with a commodity market value of around €80bn a year.

Currently, over 80 per cent of this ammonia is used in the fertiliser industry but there are other far wider uses for it within the energy transition. It enjoys similar storage properties to Liquified Petroleum Gas (LPG) in that it liquefies at -33 degrees Celsius under ambient pressure, and at around 10bar in ambient temperature. While ammonia carries a significant toxicity hazard, suitable equipment and safe handling procedures have been well established over decades of production at industrial scales.

Ammonia is produced in vast quantities worldwide for agricultural fertilisers but currently uses natural gas or other fossil fuels to provide both the hydrogen feedstock and the energy to power the synthesis process. Existing ammonia production plants are a major emitter of CO2, accounting for around 1.6 per cent of current global emissions.
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Green hydrogen boosts ammonia’s potential
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While being cost-effective for today’s industrial uses of ammonia, the use of fossil feedstock and energy sources means ammonia has yet to play a role as an energy vector – but that is now changing. By moving over to green hydrogen, that is hydrogen that is produced with renewable energy via water electrolysis, the carbon emissions from producing ammonia can be negated.
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Siemens Green Ammonia Demonstrator
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Based at the Rutherford Appleton Laboratory in the UK, the Siemens Green Ammonia Demonstrator assembles all the technologies required to demonstrate the complete ammonia energy cycle. The green hydrogen is produced using a 13 kilowatt (kW) Electrolyser, producing 2.4 normal cubic metre per hour (Nm3/hr) of hydrogen. Nitrogen is obtained from a 7kW Air Separation Unit, exploiting the Pressure Swing Absorption principle to produce 9 Nm3/hr nitrogen. Renewable electricity is supplied by a 20kW wind turbine situated at the test site.

The hydrogen and nitrogen are combined to produce ammonia via a custom-built Haber-Bosch synthesis unit with a capacity of 30kg of ammonia a day. The ammonia is stored as a pressurised liquid in a 350kg capacity tank, and then used to power a 30kWe reciprocating spark-ignition Generator set. The whole system is managed by a custom-deployed Siemens PCS7 Control System for unattended operation.

The aim of the demonstrator is to show that not only could this process be used to dramatically reduce emissions from the production of ammonia for conventional uses, but that ammonia can also be a practical hydrogen energy vector, further reducing CO2 emissions across our energy systems by providing for the storage of renewable energy at scale.
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Scale-up technology is already tried and tested
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A particular advantage of ammonia is that the technology required to deploy it as an energy vector already exists at the required scale: industrial air separation processes to produce nitrogen are routine; water electrolysis was performed on an industrial basis before steam methane reforming became a cheaper source of hydrogen; large-scale ammonia tanks and tankers have been in routine service for decades. Fritz Haber won his Nobel Prize for the synthesis of ammonia from its elements in 1918; Carl Bosch was recognised for his efforts to develop this into an industrial-scale process with a Nobel Prize in 1931; and the infrastructure to support the ammonia industry has been optimised on a continuous basis ever since.
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Chemical Energy vs Batteries
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I am often asked which storage technology is the “best” solution for renewable power, my answer is that we need to deploy a range of storage technologies that are appropriate for a given application. Batteries have an important role to play, but one drawback is that the storage cost with batteries is linear: if you need twice the capacity, then it is two batteries.

When it comes to chemical energy storage, first you can decouple power and energy. You can choose the gas turbine to provide the required power, then how long you want to run that engine for determines the size of the tank you need. If you want a large energy capacity, you just need to make the tank bigger, which is relatively cheap – particularly at large scales.
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The future for ammonia
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For storing large quantities of energy, chemical fuels provide an energy dense and convenient medium – it’s why they are ubiquitous today. The challenge with the fuels we use now are the carbon emissions that result from burning them. One way of thinking about ammonia is that it solves the conundrum of replacing hydrocarbon fuels with something that doesn’t contain any carbon, while also overcoming the challenges of storing and distributing hydrogen in bulk. One of the enticing things about ammonia is that there is a very established ammonia industry today.

There have been a lot of studies carried out on our future energy system and while these are useful and informative there comes a time when you have to start building and testing systems in order to learn about the real-world issues in deploying them. And for ammonia as a green energy vector I think that time is now.

By Ian Wilkinson

→Re-posted with permission from Energy Post and Siemens Gas & Power
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6.  Report Takeaways: Oil from a Critical Raw Material Perspective , Geological Survey of Finland
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Oil derived products and services are essential to the supply chain of all industrially manufactured products: today approximately 90% the supply chain depends on it. Due to its diverse usage in energy systems and as raw chemical inputs, a global absence of oil could pose a systemic risk to practically every social system. The purpose of this report is to outline the current dependency of oil, address the industrial implications of a possible supply shortfall and assess how far in the future a supply-to-demand gap could be. 
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Oil and Economy
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-  Oil price correlates strongly with agricultural and industrial output. Oil consumption is highly related to GDP per capita.

-  Oil price fluctuations in the past few decades have correlated strongly with geopolitical events. The largest four oil shocks occurred in 1973, 1979, 2005, and 2010. When comparing US Oil Consumption and Vehicle Miles Travelled, there is a clear peak during each of these shocks. Here, Vehicle Miles Travelled is used as a proxy for activity at the end of the value chain, thus reflecting activity in the economy at large.

■  See page 214, 217, 219, and 223 for more details, on each of these oil shocks, respectively.

-  Oil price could be a good leading indicator for large financial market moves. A list of key events on how oil affects global financial markets can be found on page 260-261. 

■  The year 2005 was highly significant for the oil industry as well as for the industrial ecosystem as a whole. The global financial crisis was a market correction as a consequence of what happened in 2005. See page 243-244 for more information.

■  For a more detailed relationship between oil and the economy, see page 11-17, 21, and 41 of the full report.
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Oil Consumption
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-  Oil is the largest source of energy consumption and will continue to grow for the next few years.

■  In 2018, fossil fuels accounted for 84.7% of primary energy consumption while oil accounted for 33.62%. Europe is currently heavily dependent on oil, making up 86% of energy consumed.

■  Global oil consumption in 2018 was 99.843 million barrels per day, and consumption growth is the strongest since 2010.

■  The three largest economies (US, China, EU) which represent 65% of global GDP remain the  largest oil importers. 

■  Industry and transportation will increase as primary demands, with increases mostly attributed to non-OECD countries. BRIC countries are also big growing markets.

■  More detail on global oil consumption can be found on page 68-82. 

-  Oil is crucial to industry sectors as a fuel and raw material.

■  As of 2017, industries highly dependent on oil oil include transport, fishing, and non-energy use. Of these, transport is the biggest sector of oil consumption: 47.5% of the oil and petroleum products in Europe and 70.56% in the United States are consumed by transport.

■  Oil is made fully usable through refinery, which separates crude oil into useable petroleum products. The lighter chemicals make fuels, and the heavier products are used for manufacturing. US and China make the top 2 countries with the largest refinery capacity, at 18.75% of global refining capacity and 15.65% respectively. 

-  Petrochemicals are rapidly becoming the largest driver of global oil consumption. 

■  Petrochemicals are widely used in the production of fertilizers and pesticides, and as a result, are directly linked with the food industry.

■  In 2018, 14% of oil consumption was used for the production of these plastics, fertilizers, and pesticides in the petrochemical industry. Currently, no viable substitute exists for oil as a raw material for the petrochemical industry. The industry is set to account for more than a third of the growth in oil demand to 2030, and nearly half to 2050. 

■  Petrochemicals are the first link in the supply chain of all industries that use plastic as a raw material, which ultimately includes a wide array of products. Demand for plastics has outpaced all other bulk materials. Packaging is the leading end-use of plastic consumption globally.

■  Details of plastic consumption by sectors and materials can be found on page 49.
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Oil production
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-  The oil market has likely been oversupplied since early 1980s. Conventional crude oil plateaued in January 2005 before it broke the plateau in late 2013. 

-  Global production is highly concentrated. 

■  Approximately 70% of our daily oil supply comes from oil fields discovered prior to 1970. 

■  Almost 74% of the current global oil reserves is geographically concentrated in the Strategic Ellipse. 

■  Up to 94% of known oil is concentrated in fewer than 1500 giant and major fields. The top 100 oilfields contained over 65% of global reserves and over 50% of the world’s production. Most of global oil supply comes from just 10 to 20 huge oil fields.

■  US, Saudi Arabia and Russian Federation dominate 41.2% of global oil supply. 




-  More reserves need to be discovered and developed to maintain current supply. 

■  New oil discoveries have been declining persistently since 1962. Production has surpassed discovery additions to the global oil deposit inventory since 1981. 

■  Global supply in the past decade has relied increasingly on small fields, which typically decline twice as fast as large fields. 

■  OPEC agreed on producing only a proportion of their stated reserves each year in the effort to make these resources reliable for as long as possible. 

-  Conventional oil productivity is declining in most fields 

■  Current oil production includes 60.27% conventional onshore oil, 21.59% conventional offshore shallow water oil, 8.1% conventional offshore deep water oil, 6.93% U.S. fracked tight oil, and 3.1% Canadian tar sands. 

■  Approximately 81% of existing conventional oil producers are declining in production. Saudi Arabia, the market swing producer, was not able increase production enough to meet increasing demand in January 2005 despite increasing its number of operating rigs. Since then, Saudi Arabian oil production productivity has consistently declined.

■  Only 7 countries have the capacity to grow oil production capacity. 

■  Oil quality is degrading with an increased proportion of the heavy sour crude and a reduction in the sweet crude being extracted. 

An introduction to oil quality can be found on page 103.

-  Unconventional oil production including US shale oil is the lifeblood of the current global economy, being the only expanding sector in global oil supply.

■  The US tight oil sector, which applies the horizontal drilling technology to the existing hydraulic fracking industry, accounted for 71.4% of new capacity of global oil between 2005 and 2019. The US tight oil sector is commanded by three large producers in the mid-southwest. These producers account for 85% of US tight oil production and 60% of US oil production. Global demand for tight oil is largely dependent on US production.  

■  The industry is currently struggling to produce positive cash flows in the face of wells’ high declining rate, increasing drilling lateral lengths and increasing water injection. The current market relies on government subsidies, without which operations are not economically viable. Furthermore, upfront capital investments are required to keep production consistent. Page 153-154). 

■  See page 137, 153-154 more information on US tight oil. 
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Investment in the Oil Industry
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-  The oil industry has shifted from a demand-constrained system to a supply-constrained system. The issue stems not from the volume of oil deposits in the ground, but rather the absence of projects that can be developed at an economically viable production cost.

-  The costs associated with the production of crude oil are rising faster than revenues. The costs of exploration for new oil deposits, the CAPEX required to establish a producing oil well, the OPEX and compound annual growth rate involved with oil extraction operations have all been increasing. This issue is exacerbated by the current unfavorable investment environment.

-  Investment returns are decreasing per unit volume. Investment confidence in the viability of return is deteriorating. Energy Returned on Energy Invested (ERoEI) for oil has been declining for decades. Fossil fuels being extracted now are much lower in ERoEI than before, and non-fossil fuel systems being examined to replace fossil fuels are generally lower in ERoEI. 

-  The oil industry is now highly dependent on upfront capital. Because the capital investment needed to maintain production is unlikely to be met by private investors, the government will need to continue to take leadership over the $2 trillion required each year for energy supply investment. 

-  More information on investment in the oil industry can be found on page 166-177.
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Peak Oil
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-  The definition of peak oil is the “moment in time when the maximum rate of oil production is reached globally” (269). After peak oil, production declines indefinitely. Past predictions for the date of peak oil have failed to pinpoint accuracy as a result of highly changing variables affecting the global oil market. The date of peak oil is defined by “the cost of production vs. the market ability to maintain a high price” (269). 

-  Peak oil will be driven by a combination of a window of viability between an oil price low enough for consumers to support where economic growth is possible, and an oil price high enough to be economically viable for producers. It is clear that this window is closing.

-  While the date of peak oil is likely to happen relatively soon, yet there is no sign that demand should peak before 2040 (77). This suggests that oil may become unreliable as a consistent energy supply to support the global industrial ecosystem sometime in the next few years. 

-  There are no real practical immediate alternatives to oil. Our industrial ecosystem will require decades to restructure the demand side to phase oil dependency out. The plans to substitute oil are a much larger task than currently understood. 

-  Predictions on peak oil windows can be found on page 258, 269-270, and 274-276.



For more information, click here to read GTK Oil From a Critical Raw Material Perspective in full. 

Summarized and organized by Brian Yang

ECECP Junior Postgraduate Fellow
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7.  Hallstatt: where innovation and conservation meet
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A crystal-clear lake, snow-covered mountain tops, charming wooden houses. Looking across this beautiful scenery, one would not expect to find true innovation hidden in the ground. Yet there are machines with pipes, valves, and compressors making use of ambient thermal energy that – paradoxically as it may sound – keep the idyll of Hallstatt alive. The Austrian village had long been pioneering residential heat pump technologies before becoming a location popular among Asian tourists. This article gives an overview of the enormous potential of heat pumps, using Hallstatt as a case study to understand how initial barriers can be overcome.  
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About Heat Pumps 
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Heat pumps use ambient thermal energy. They absorb heat from the air, the ground, or a water source, use an efficient technology to raise its temperature and make thermal energy available for hot water and space heating. These systems normally run on electricity, with the ratio of input power to output heat being around 1:3. Under favourable circumstances, this efficiency factor can reach 4 or 5.[1] You can watch this video to learn more about how heat pumps work. 

[image: image]

Heat pumps use the same thermodynamic principles as refrigerators or air conditioning. So, heat pump installations can provide cooling in parallel, making them the most efficient solution when both heating and cooling are required in the same location.[2] The technology can be used for residential, commercial, and industrial purposes. Given the broad array of technologies, functions, and applications, terms such as heating, ventilating, and air conditioning (HVAC) or heat pumping technologies (HPT) are often used. You can read more on different types of heat pumps here. This article will focus on residential heating systems. 

[image: heat-pump-cooling][image: heat-pump-heating]

Source: US Environment Protection Agency
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Benefits
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Heat pumps offer three major benefits. First and foremost considering the current economic recovery is its role in boosting local economies. For oil and gas importers such as the EU and China, fossil fuel heating leads to energy dependence and creates little domestic value. Such systems are often less labour intensive, and a large share of the cost originates from importing fuel. By contrast, employment in the heat pump sector ranges from manufacturing and installation to service, which are typically more sophisticated, local, and safer than fossil fuel extraction jobs. The technology has already created 79,000 jobs in Europe alone.[3] 

Second, there are long-lasting environmental benefits to the use of heat pumps. Heat pumps are an extremely efficient technology. The final energy required for heat pumps is one fifth of that needed for coal (Figure 1).[4] Consequently, both greenhouse gas emissions and air pollution can be reduced substantially with its use (Figure 2). In Beijing, for example, heating from fossil fuels (especially coal) contributes to over 10% of total PM 2.5 emissions.[5] Heat pumps, if powered by electricity from renewables, are completely emissions free. 

This brings us to the third advantage: a key role in building a modern grid. Heat pumps enable a greater integration of variable renewable energy by reducing curtailment. For example, the National Energy Administration (国家能源局) installed electric boilers in Inner Mongolia that use excess wind power to generate heat.[6] Further, heat pumps can provide demand-side flexibility. The EcoGrid EU project demonstrates that remotely controlled heat pumps can reduce peak load, in this case by 1.2 %.[7] In addition, there are numerous other opportunities to promote synergies between heat pumps and renewable electricity, for example through smart-storage heating or self-consumption of rooftop solar.[8]

[image: image][image: image]

Figure 1: Comparison of Final Energy Demand of Different Heating Systems. Source: Thomas Nowak 2018
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Figure 2: Comparison of CO2equivalent Emissions of Different Heating Systems (per kwh). Source: Thomas Nowak 2018
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The heat pump market
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The global heat pump market is focused on China, North America and Europe (Figure 3). While sales more than doubled over the last decade, there is still enormous growth potential. In 2018, around 75% of heating systems sold globally were conventional electric or fossil fuel technologies. According to the IEA, heat pumps supply only 3% of heating in buildings globally, but they could provide around 90%.[9]

The major hurdle to broader adoption is not technology, but awareness and cost. Heat pumps require a high up-front investment, and the current retail prices for electricity are somewhat above those for gas and heating oil in some places. This makes heat pumps look less economically attractive. However, the COVID-19 crisis has shown the extreme volatility of fossil energy commodity prices. Plus, given the extraordinary efficiency of heat pumps, substantially less energy input is required. So, heat pumps are a low risk solution with high initial cost that will pay off over their lifetime. However, consumers often are not aware of these long-term gains.[10] [11]  
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Figure 3: Global Heat Pump Sales. Source: Carbon Brief 2018[12]
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Hallstatt: A case for heat pumps
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Hallstatt is emblematic of the Austrian resort region Salzkammergut, which is a true heat pump pioneer. By 1856, scientist Peter von Rittinger held experiments in the region which led to the invention of the world’s first heat pump. During the 1970s oil shocks, when water source heat pumps were installed, the Salzkammergut again became a leader in developing heat pump technology.  Subsequently in the early 1980s, Hallstatt conducted some initial trials.[13] 

However, early resistance to the new technology was paramount. The broader society had difficulties understanding how it is possible to generate heat from cold water or air. False information, half-truths and absurd arguments were widespread. At a time when there had already been several devices in operation in the village, some amateur engineers still claimed that heat pumps would simply not work in Hallstatt. Neighbours worried about concerns not grounded in science, for example, that heat pumps would be unhealthy. Local heating technicians knew little about heat pumps, therefore showing preference for incumbent technologies. Lastly, authorities had limited experience with the new technology. This led to overregulation and superfluous bureaucracy, making installations unnecessarily time consuming and expensive.[14] 

Thanks to ongoing awareness and information campaigns, more and more heat pumps were installed. Now, more than one third of its heating systems are from heat pumps, with a total capacity of roughly 2.5 MW. With every device installed in Halstatt, it became increasingly clear that heat pumps would bring many advantages. 

Hallstatt‘s environment is suitable for different heat pump technologies. The lake is a heat reservoir, making winters relatively mild. This keeps heating demand low and enables air-based heat pumps. In addition, the lake itself, in addition to enormous groundwater sources, make water-based heat pumps a viable option.[15] By contrast, supplying heating fuel or constructing a central heating system would be difficult due to the village’s remote location and densely built houses. Because the municipality of Hallstatt also operates a small-scale (4.6 MW capacity) hydropower plant, virtually all of its heat pumps use zero-carbon electricity. 

At this point, every public building is equipped with heat pumps. Given that there are less than 700 permanent inhabitants, it is likely that Hallstatt is the place with the most heat pumps per capita in Austria.[16] Consequently, the case for heat pumps in Hallstatt is very clear – both from a practical, an environmental and an economic perspective.[17]

Today, Hallstatt citizens are highly satisfied with the village’s heat pumps. The locals are happy about the low-cost and easy to handle heating systems, and the jobs created through installations. Furthermore, tourists are able to fully enjoy the beauty of Hallstatt uncompromised by visible energy infrastructure, as heat pumps are small enough to not impair the scenery. Moreover, they also help reduce air pollution from fossil fuel heating, making it is easier to enjoy the magnificent view over the lake and mountains.[18] Overall, heat pumps in Hallstatt are a great success story. In the words of Hallstatt’s Mayor Alexander Scheutz, “we have houses put tightly side by side, good environmental conditions and live close with nature here in Hallstatt, so heat pumps have been enormously profitable for us and our visitors.”
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Conclusion
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Heat pumps are a highly efficient technology ready to bring both environmental and economic gains to the world. But they are still far from reaching their enormous potential. The case of Hallstatt shows that, even when a technology is clearly beneficial to society and ready to be implemented, inertia can hold back progress. Nevertheless, information campaigns, together with early positive examples, can drive change. Some 15 years ago, Hallstatt was as beautiful as it is today, but most tourists did not know it. Increased awareness has now made it a top destination. Similarly, the right measures to raise exposure and provide incentives can soon make show consumers what heat pumps truly are: a highly attractive choice for residential heating systems. 




	About Hallstatt, A World Heritage Site
Official Hallstatt site: www.hallstatt.net


Hallstatt is a picturesque village on Lake Hallstatt's western shore in Austria's mountainous Salzkammergut region. Its 16th-century Alpine houses and alleyways are home to cafes and shops. A funicular railway connects to Salzwelten, an ancient salt mine with a subterranean salt lake, and to Skywalk Hallstatt viewing platform. A trail leads to the Echern Valley glacier garden with glacial potholes and Waldbachstrub Waterfall.

In 1997 the region around Lake Hallstatt was selected as a UNESCO World Heritage Site –characterized by breathtaking views, mighty peaks and spectacular caves.

You may not know......

	Hallstatt has under 700 permanent residents but is visited by over 800,000 tourists each year with over 3,000 visitors per day in the peak holiday season.

	It is so loved by visitors from China, that a replica of Hallstatt was built in Luoyang, Boluo County, China. The Hallstatt clone opened in 2012 and is a part of a high-end residential project.

	The public toilets in Hallstatt made gross revenue of over 300,000 euro and provided 120,000 euro net to the town administration in 2019, that is around 170 euro per capita in 2019.

	Hallstatt Bier is brewed by a very small local brewery and this draft beer is not sold beyond Lake Hallstatt. The bottle Hallstatt Das Bier is something different.
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