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1. Introduction

This paper illustrates the positive results and outcomes achieved to date through the development of what is believed to be a unique hydrogen infrastructure project to harness hydrogen produced from biogas derived from municipal waste. It is the first project of its type and size delivered in the Outer Hebrides of Scotland covering the whole value chain of H2 technologies: renewable H2 production from biogas, H2 storage, H2 filling station and H2 use in both stationary and transport applications. 
The paper starts by briefly describing Comhairle nan Eilean Siar’s vision for a local hydrogen economy, as expressed in its Outer Hebrides Hydrogen Strategy. A key element of the vision is the aspiration to create the Hebridean Hydrogen Park, to be achieved in three phases. Phase 1 established Scotland’s first research and teaching laboratory, the Hydrogen Lab, at Lews Castle College in May 2006.  Phase 2 is the H2seed project which will establish the infrastructure necessary to support early adoption of commercial scale use of hydrogen in this island community. Phase 3 will implement a commercialization strategy to ramp up the use of hydrogen within the Outer Hebrides.
The current status of the Hebridean Hydrogen Park will be described, focusing on the H2seed project. This will be followed by the different learnings from the project, especially highlighting the difficulties faced by the project management team during the implementation phase. The strategy behind the commercialization phase will also be highlighted showing that the achievements of Phase 1 and 2 will allow a quick ramp up of the hydrogen technologies in the Outer Hebrides. Finally, an economic analysis of the current project will be given, including a number of hints as to what the Outer Hebrides Hydrogen Strategy has already provided in terms of economic benefit to the region.

In summary, we describe the impetus for, and the aims of, the H2seed project.  We share our experience of the technology selection process and show how the H2seed project is helping to build capacity just before the commercialization of hydrogen technology. Also, we demonstrate why investment by local authorities in remote islands and communities can provide a simple and quick route for early commercialization of hydrogen technologies.
2. Project Vision

In creating the Hebridean Hydrogen Park, Comhairle nan Eilean Siar aspired to establish a project of international, national, regional and local significance that would provide an early demonstration of a hydrogen economy.  In doing so this would place the Outer Hebrides at the leading edge of the global drive to create a low carbon and self sufficient economy.

3. Background

In common with other Scottish island groups, the Outer Hebrides relies almost entirely on imported energy – in 2003/04 approximately 97% of the energy consumed was imported.  The cost of this energy to the regions 26,500 inhabitants exceeds the UK average by over 13%, for example diesel retails at $2.4 per litre as of March 2008.  It is not surprising that the region experiences the greatest incidence of fuel poverty in the UK (fuel poverty is defined as a household spending more than 10% of its income to maintain a satisfactory heating regime). With the changing economic climate of energy supply it is anticipated that imported fuel costs will continue to rise. 

Ironically the Outer Hebrides are surrounded by the richest renewable energy resources in the world. Exploiting these resources for electricity generation and transmission is effectively prevented by the local electrical transmission infrastructure operating at capacity – the islands have a single 32kV sub-sea connection to the UK National Grid.  The economics and logistics of fuel supply in the Outer Hebrides create a unique opportunity for the early deployment of hydrogen infrastructure for demonstrating the pre-commercial hydrogen economy.
In this context, the Comhairle nan Eilean Siar (CnES) has developed an Outer Hebrides Economic Strategy that aims to
:

· Grow and develop the creative industries sector in the Outer Hebrides.

· Assist the creation and growth of creative industry businesses.

· Encourage creative individuals and businesses to locate to the islands.

· Promote the Outer Hebrides as a creative place at a national and international level.

· Increase the number of employment opportunities in the sector.

To this end, CnES has identified that hydrogen technologies can play a major role in addressing the above aims and resolving some of their grid issues as well as improving on their fuel poverty status. 
4. The Project phases
The Hebridean Hydrogen Park consists of three phases. Phase 1 established Scotland’s first Hydrogen teaching, training and research laboratory - a collaboration between the local municipal authority (Comhairle nan Eilean Siar - CnES) and the local university (Lews Castle College, University of the Highlands and Islands).  The Hydrogen Lab, which consists of 25 fuel cells and a combined heat and power (CHP) fuel cell system, trains students in the application and integration of fuel cells. Facilities continue to be enhanced – a recent addition being an off-grid renewable energy powered electrolyser to enable training and research into the integration of renewable and H2 technologies with electrical networks. This was funded by the Scottish Government through the “Scottish Renewable Hydrogen & Fuel Cell Support Programme” and designed and supplied by project partners Pure EnergyTM Centre. Figure 1 shows the equipment currently installed at the Lews Castle College.
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Figure 1. The Hydrogen Lab, Lews Castle College (UHI).
Phase 2, the H2seed project, aims to establish the infrastructure required to support commercial scale use of hydrogen in the remote island community of the Outer Hebrides. The scheme produces hydrogen from renewable electricity sources and provides an innovative solution to a problem common to island regions where transmission networks are typically considered to be “weak”.  This means that existing infrastructure is operating at near capacity levels and cannot support any additional power generation connections. 
The biogas engine at the Comhairle’s recently commissioned Integrated Waste Management Facility was unable, therefore, to export its generated power. The strategy developed by the CnES to resolve this problem was to produce hydrogen from the output of the biogas plant. The hydrogen is then used to fuel a number of vehicles. The project is currently supported by both national and local government - the Scottish Government has invested $500,000, Comhairle nan Eilean Siar has invested just under $1,000,000 - and the local research establishment, Lews Castle College has invested in kind contribution. One emphasis for the H2seed project has been the selection of technologies that are available on the market and have been previously proven. 
Phase 3 of the Hebridean Hydrogen Park is to build capacity, to transfer knowledge to the islands and to take the learnings from Phase 1 and 2 to speed up the commercialization of hydrogen technologies in the Outer Hebrides. Currently the strategy is to increase the number of niche hydrogen applications within the Western Isles, demonstrating their suitability for local use. By demonstrating a number of applications, the Comhairle will build capacity and transfer knowledge locally through encouraging research and development work to be undertaken. By doing so, the CnES will increase the demand for hydrogen, the demand for more application and start the transition from hydrocarbon fuel to hydrogen based applications. 
5. Current status
The Hebridean Hydrogen Park is at the implementation stage - phase 2, the H2seed  Project. The H2seed project is intended to be the leading global example of the infrastructure solutions required to respond to the inevitable long term decentralisation of energy generation, which will be created as global oil reserves decline and security of supply reduces. 

The H2seed project in conjunction with the Integrated Waste Management Facility will provide a world-class hydrogen infrastructure and a unique process to transform household waste into clean fuel for vehicles through hydrogen technologies. The H2seed project itself is an international example of a low carbon, sustainable and high energy efficiency facility for fuelling cars. Built to future hydrogen standards of “iconic” design, with a very low environmental footprint and low energy life cycle costs, the objective is for the facility to encourage exemplar work and research into low carbon energy systems.

5.1 H2seed Project Description

The H2seed project is the world first hydrogen infrastructure project to harness H2 produced from biogas derived from municipal waste. It is also the first project of its type and size delivered in the Outer Hebrides covering the whole value chain of H2 technologies: renewable H2 production from biogas, H2 storage, H2 filling station and H2 use in both stationary and transport applications. H2seed is currently in its final implementation phase, which will provide an innovative solution to the problem of not being able to export electricity produced by a biogas engine at the Integrated Waste Management Facility, whilst forming the starting point for the creation of a hydrogen infrastructure in the island. 

It is intended that the proposed sophisticated on-site hydrogen production will increase the lifetime of the biogas engine currently installed at the Integrated Waste Management Facility. With the overall aim of producing a new, renewable, autochthonous and clean fuel (H2) to be used in vehicles, the H2seed system will also have the capacity to balance the import and export of electricity to the grid if fuel cell or ICE engines are used in the future. This will therefore solve one of the major Island problems, that is the lack of grid connection potential for renewable energy generation s.
The fundamental principles behind the practical operation of the H2seed project in line with the desired principles of the Outer Hebrides Hydrogen Strategy:

1. Creation of an embryonic hydrogen infrastructure in the islands that has the potential to grow in the near future with other renewable energy sources, such as wind energy.

2. Raise public awareness, especially with the high visibility of the H2 public vehicle fleet.

3. Provide training in state-of-the-art H2 technologies and the establishment of a specialist skills base in the Outer Hebrides (the islands suffer from a high rate brain drain as people pursue better education and job opportunities, whilst at the same time the islands’ secondary school educational attainment is double the UK average).

4. Creation of an attractive (innovative, environmentally friendly, dynamic) image of the islands that would be beneficial in terms of tourism, attraction of industry / investments, promotion of the islands as a potential “HY-COM” community.

5. To be capable of being tested without impacting upon the operation of the Integrated Waste Management Facility.

The schematic showing the H2seed project is shown in figure 2 below.
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Figure 2. The H2seed project

The Hydrogen System (HS) proposed in the H2seed will demonstrate the effective use of wasted/excess electrical energy by converting it to hydrogen as a potential energy storage technology. The HS will also show how a wider hydrogen economy could be implemented across the UK and remote communities and how to provide energy security to remote communities and grid constrained areas.
5.2 Project learnings
The methodology chosen for implementing the H2seed project has proven to be successful. The methodology was based on three (3) phases to ensure the successful delivery of the HS:

· Phase 1 – Design

· Phase 2 – Construction

· Phase 3 – Operation & maintenance.

Within each of these three phases several key items have had to be addressed including, but not limited to, the following:

1. Connection to the CREED Waste Treatment Plant

2. Safe Hydrogen Generation

3. Connection to the Compressor and Hydrogen Storage

4. Control system to switch ON/OFF the electrolyser and for monitoring information
5. Electrical Connection and integration issues.

The most difficult issues needing the full attention of the project management team was to handle the planning application, waste water and to prove that the equipment were safe for installation and commissioning as well as how to protect them from third party vandalism. During this process a number of UK bodies were involved, including the Health and Safety Executive, the Planning department of the Council, the Scottish Environment Protection Agency and the Water Utility.
For each one of the above, the main difficulty was to operate with no standard, legislation or regulation for hydrogen systems. For each agency approached by the project management team, there was a need to prove that the installation was safe, that waste water will be directed to the water system and not flood it, that the equipment was protected from vandalism and that they could not harm workers, visitors and other piece of equipment.
The above process took most of the implementation time and it was at times difficult to progress with purchase of equipment without having a formal answer from a given agency. Another difficult problem was encountered when trying to quickly shortlist the equipment suppliers. The main issue faced was European legislation which the Council must comply to. Though EU legislation is fairly straightforward to comply with, the team found that its implementation is not as straight forward as one would expect. The main difficulty was found in the time required to select a supplier. There is a requirement of 52 days from the date that the Invitation to Tender (ITT) is issued to the date of selecting the supplier. Hence, the long bidding process made project delays inevitable.
6. Commercialization & economics
As aforementioned, the last phase of the Hebridean Hydrogen Park project is commercialization. The Outer Hebrides have developed a very clear path to achieve a successful commercialization phase. The first and second phase (described above) of this commercialization has been to develop the infrastructure required for training engineers on H2 technologies and learning how to operate a real life hydrogen equipment through the H2seed project. The next stage is to acquire further equipment for demonstrating the technology and learn what works and what does not work. When this will be achieved, the Outer Hebrides will work with a set of partners to further develop products. During the product development process the Outer Hebrides will aim at identifying, with its partners, a number of potential patents, protect the generated IPR and build up a portfolio of trade secrets. This will allow the Outer Hebrides to work with its partners in licensing the patents to other companies and hence generating further income to re-invest into further product development.

During the commercialization process, the CnES will aim at publishing several articles on the new infrastructure and developed systems to help ramping up the commercialization. The CnES will also aim at contacting government agencies, financial institutions and other lenders to inform them on the potentials that hydrogen technologies offer and to develop the institutions knowledge. These will help the institutions to develop further lending mechanisms such as soft lending and more advance grant proposal which will help the industry as a whole. 
It is obvious that when mentioning commercialization that there is a need for price drop on the equipment and its installation costs. If such prices do not drop, then one can hardly anticipate how the industry will shape up in the near term. Currently it is difficult to see how a drop in price will be achieved without a major shift within the industry. In summary there are several challenges that require to be addressed in order to achieve a full commercialization potential, including but not restricted to:
· The risk is still too high on the customer, hence the need to mitigate this risk to help customers in buying the technology.
· There is no incentives (whether financial or policy based) for customers to subscribe to the technology.

· The high technical and financial risk lead to inaction.

The Outer Hebrides have already benefited economically from the H2S project. The main economic benefit to the Outer Hebrides in using hydrogen technologies is found in the way that the technology can unlock the grid. In other words, without hydrogen technologies, the Outer Hebrides would not be able to use its renewable to its full potential. In case this potential is exploited, then the Outer Hebrides will not be a near 100% importer of energy but could become in the near term a completely energy neutral Island, meaning that all the energy required for the island would be produced locally for local use. This method is probably the best way of implementing an Energy Efficiency Policy as nothing is better than ‘local production for local consumption’.
Economically, the above have major implications for the islands. The most important implication will be on the Council budget for fuel. For instance, the budgets set for importing the hydrocarbons required for fuelling the Council fleet of vehicles will not be required. Hence this budget will be used to invest in further hydrogen technologies to further ramp up the commercialization. In addition, jobs will be created for maintaining the equipment. 
The current plan for the Council is to develop a hydrogen conversion kit for Internal Combustion Engines which will promote the use of hydrogen in the Islands. This will also allow to develop a genuine hydrogen infrastructure for the local population, where all the fuel will be produced locally. This will allow for the local income to stay locally adding to a method for re-investing income into the local population.

Currently, the intangible economical return through the learnings and training are invaluable. As the cost of oil carries on increasing and energy security is becoming a thing of the past, the CnES is now in a very good position to face any energy black out. When such black out will happen, then the main action for the CnES will be to develop on its learnings for using its local renewable energy resources such as wind, wave, tidal and ocean current and produce all of its energy locally. This will be invaluable economically. 

7. Conclusions 
This paper has shown that hydrogen technologies can benefit remote communities. It has shown that hydrogen can help unlocking the grid while providing a solution to fuel poverty. 

The paper has discussed the current successful hydrogen strategy employed by the CnEs. It showed that building capacity and installing equipment are central to the successful commercialization of hydrogen technologies. 
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