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 Local Energy System Innovation  
- Can hydrogen deliver value for 

money? 

 
Dimitri Mignard, 

School of Engineering, 

The University of Edinburgh 

The Levenmouth Community Energy Project at the Hydrogen Office in Methil, Fife. 
 

Image produced by Maja Persson, PhD student sponsored by ETP and Bright Green Hydrogen Ltd. 

Partners on the project: Bright Green Hydrogen; Fife Council; Toshiba; Leven Valley 
Development Trust; Fife College; BOC Linde; Green Business Fife; and SHFCA. 

What can we learn from this ‘living laboratory’? 

1. Real life experience of a complex small scale system involving a combination of 
energy sources, technologies and applications in what seems a first in the 
world. 

 
2. An opportunity to record and share the learning experience, e.g.:  
       - on commissioning, things that can go wrong and contingency costs;  
       - on effective operation, technical performance and desirable improvements;  
       - on user behaviour and expectations and feedbacks; on pubic acceptance. 
 
3. Hard data on pattern of use and performance allowing the validation of a  
        dynamic model of the system (in Simulink®?) , to be used in future planning         
        for similar systems and improvements. This is the initial object of our work. 
 
4. The validated model that will be created will also be extended to incorporate 

other applications e.g. heat pumps, batteries etc. in a techno-economic model 
 

5. Ultimately, this model be used  as a tool by the community, to be applied 
when developing other micro-grids that might incorporate hydrogen systems. 

Timescale and coordination with other projects 

 
1. Started April 2017; Levenmouth system commissioned a few weeks later, 

still going through snagging 
 

2. Dynamic model of the existing system and validation using data from the 
site, with some analysis of current performance, completed October 2018 (a 
year worth of data?) 

 
3. Other technologies incorporated within the model, optimisation of the 

performance of the site in an ideal case scenario (“what if we started 
again”), completed April 2019. 
 

4. April 2019 – April 2020: Creative modifications to the model will consider 
national infrastructure, business models and disruptive technologies. 
 

5. Throughout the project, exploiting synergies with activities of other LCEP 
partners and with the IDCORE project focused on EMEC’s hydrogen system 
in Orkney. Can we reuse existing tools, develop and share new ones in a 
coordinated fashion?  

Local energy systems: why hydrogen? 

1. When considering energy storage from low carbon sources, individuals 
and communities are offered a number of competing options. 

 
2. Depending on the provision of services that are required, the patterns of 

supply and of use of the energy, the costs and the business model, the 
inclusion of hydrogen may or may not be adequate to meeting local needs 
in a competitive fashion. 
 

3. Hydrogen has to earn its place amongst the mix of energy solutions that 
will power the communities of tomorrow. 
 

4. In this respect, the project also aims at identifying opportunities and 
innovative solutions that play hydrogen to its strengths. 
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Strengths of hydrogen systems 

1. Decoupling of power and energy rating can lead to cheaper systems 
 
2. Dense energy storage is an advantage when the stores must be sufficiently 

large to cover long periods of time without refill. 
 

3. Away from electricity, not congesting the power grid, into the gas network 
or into vehicles. 
 

4. The charging of fuel cell vehicles is fast. 
 

5. Systems that use gas turbines that burn hydrogen can provide inertial to 
the grid if needed (frequency stabilization) 

Weaknesses of hydrogen systems, 
particularly with respect to local energy systems 

1. Local energy systems are small scale – we’ll see the implications of this 
next. 

 
2. Not every neighbourhood needs its own refuelling station, far from it. 

 
3. Round trip efficiencies are still modest (ca. 30% if not using steam 

electrolysis, perhaps 45% with steam electrolysis?).   

In the next slide, I estimated the installed costs of Li-ion battery systems, compared with 
those a hydrogen system that included electrolysis, compression to 200 atm and storage, 
and regeneration of electricity with a fuel cell. The estimation methods were fairly crude 
(correlated from real data as function of rated capacities and operating conditions, but 
validated too against actual quotes whenever possible, or at least crosschecked against 
other literature data). 

If electricity was free, and the only desired output from the system, how would 
the performance of a hydrogen storage system compare with that of a Li-ion 
based system for storing electricity? 

Conclusion: the larger the storage in number of hours of available output at 
nominal capacity, the more competitive the hydrogen system is. At least 6-8 
hours of storage can start competing with battery systems. 

Opportunities 

1. Hydrogen-based systems may struggle to compete with batteries at small 
scale especially low MWh energy stores (previous graph).  

 
 Reversible electrolysers would help! Inventors needed. 

 
2. Push for improved energy efficiency for electrolysis to help with the  
        previous issue and with affordability and competitiveness of hydrogen  
        systems.  
 
3.    Share detailed operational experience (including snagging and mistakes),  
       methods, tools and results, between projects and between organizations     
       and individuals. This will save time and money to the community. 
 

 

Thanks  
 
– Questions? 


