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The GREBE Project 
 

What is GREBE?  

Dw9.9 όDŜƴŜǊŀǘƛƴƎ wŜƴŜǿŀōƭŜ 9ƴŜǊƎȅ .ǳǎƛƴŜǎǎ 9ƴǘŜǊǇǊƛǎŜύ ƛǎ ŀ ϵмΦттƳΣ о-year (2015-2018) 

transnational project to support the renewable energy sector.  It is co-ŦǳƴŘŜŘ ōȅ ǘƘŜ 9¦Ωǎ bƻǊǘƘŜǊƴ 

Periphery & Arctic (NPA) Programme. It focuses on the challenges of peripheral and arctic regions as 

places for doing business, and helps develop renewable energy business opportunities in areas with 

extreme conditions.  

The project partnership includes the eight partners from six countries, Western Development 

Commission (Ireland), Action Renewables (Northern Ireland), Fermanagh & Omagh District Council 

(Northern Ireland), Environmental Research Institute (Scotland), LUKE (Finland), Karelia University of 

Applied Sciences (Finland), Narvik Science Park (Norway) and Innovation Iceland (Iceland).   

Why is GREBE happening?  

Renewable Energy entrepreneurs working in the NPA area face challenges including a lack of critical 

mass, dispersed settlements, poor accessibility, vulnerability to climate change effects and limited 

networking opportunities.   

GREBE will equip SMEs and start-ups with the skills and confidence to overcome these challenges 

and use place based natural assets for RE to best sustainable effect. The renewable energy sector 

contributes to sustainable regional and rural development and has potential for growth.   

What does GREBE do?  

GREBE supports renewable energy start-ups and SMEs:  

¶ To grow their business, to provide local jobs, and meet energy demands of local communities. 

¶ By supporting diversification of the technological capacity of SMEs and start-ups so that they can 

exploit the natural conditions of their locations. 

¶ By providing RE tailored, expert guidance and mentoring to give SMEs and start-ups the 

knowledge and expertise to grow and expand their businesses. 

¶ By providing a platform for transnational sharing of knowledge to demonstrate the full potential 

of the RE sector by showcasing innovations on RE technology and strengthening accessibility to 

expertise and business support available locally and in other NPA regions. 

¶ To connect with other renewable energy businesses to develop new opportunities locally, 

regionally and transnationally through the Virtual Energy Ideas Hub.  
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¶ By conducting research on the processes operating in the sector to improve understanding of 

ǘƘŜ ǎŜŎǘƻǊΩǎ ƴŜŜŘǎ ŀƴŘ ƳŀƪŜ ǘƘŜ ŎŀǎŜ ŦƻǊ ǇǳōƭƛŎ ǇƻƭƛŎȅ ǘƻ ǎǳǇǇƻǊǘ ǘƘŜ ǎŜŎǘƻǊΦ  

For more information, visit our website: 

 http://grebeproject.eu/         

 

Follow our Blog:  

https://greberenewableenergyblog.wordpress.com/ 

 

Like us on Facebook:  

https://www.facebook.com/GREBEProject/ 

 

Follow us on Twitter:  

https://twitter.com/GREBE_NPA 

 

http://grebeproject.eu/
https://greberenewableenergyblog.wordpress.com/
https://www.facebook.com/GREBEProject/
https://twitter.com/GREBE_NPA
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The Advice Note aim to provide introductory material for ŜƴǘǊŜǇǊŜƴŜǳǊǎΣ ǎǘŀǊǘǳǇǎ ŀƴŘ {a9ΩǎΣ 

considering to enter into the renewable energy sphere and based in the NPA regions partners to 

GREBE. The scope of the Advice Note covers regional, trade and industry, renewable energy (RE), 

technology information from Ireland, Northern Ireland, Scotland, Iceland and Finland. Different 

partner regions have different level of deployment of the various RE technologies covered by the 

Advice Notes. Thus, the level of information will vary depending on the level of deployment for each 

technology. For example, different types of energy storage are deployed on different scales across 

the NPA. Electric storage is not deployed on a large scale in Iceland; however, it is deployed to a 

certain extent in Scotland, Ireland and Northern Ireland. Thermal and chemical storage are in 

nascent stages of deployment across the partner region; however, show a promising future.  

 

The focus of the Advice notes is to provide regional partner information on some of the main 

economic characteristics, sited as imperative, when making an informed choice, regarding which RE 

technology may be the optimal choice for the business: 

ü Costs and economics associated with the relevant technology 
ü Support schemes available, relevant to the technology 
ü Government allowance/exemptions, relevant to the technology 
ü Funding available for capital costs of the relevant technology 
ü List of the relevant to the technology suppliers/developers, with focus on local/regional 

suppliers/developers and the products and services they offer. 
 

The technologies that are covered in the Advice Note are the following:  

ü Biomass CHP 
ü Wind 
ü Solar PV  
ü Small ς scale Hydro (SHP) 
ü AD 
ü Geothermal 
ü Air source heat pump 
ü Ground source heat pump 
ü Energy storage  

ü Electrochemical (batteries) 
ü Chemical (hydrogen ς fuel cell and electrolysis) 
ü Thermal (heat storage)  

 

The selection of the right RE technology will also be determined by the balance of energy demand of 

the business, the prospect to exploit local natural resources and the existing supply network. 

Assessing the energy mix assists in determining which RE technology is apt for your business. Those 

matters will be discussed in depth in the Renewable Energy Resource Assessment Toolkit. 
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Energy Storage  

Economics  

Across the NPA 
 

Some of the renewable energy resources are classified as intermittent in nature, meaning that the 

corresponding technologies produce electricity/heat depending on the availability of the resource. 

Two of the main drawbacks are the short-term variability and low predictability inherent to 

renewable sources.  Thus, when the wind is not blowing and the sun is not shining, the clean 

technologies cannot match the demand. However, when the resources are available, it is often the 

case that they produce more energy than required. By storing the energy produced and supplying it 

on demand, these technologies can continue to power the businesses even when the sun has set 

and the air is still, creating a continuous, reliable stream of power throughout the day. Furthermore, 

energy storage systems can shift consumption of electricity from expensive periods of high demand 

to periods of lower cost electricity during low demand.  

This can be over different timescales, from intra-day (when energy is shifted from low value to high 

value periods within the same 24-hour period) to inter-seasonal, where energy is stored in summer 

when demand is lower and used in winter when demand is greater. Contingent on elements such as 

ŀ ŦŀŎƛƭƛǘȅΩǎ ƭƻŎŀǘƛƻƴΣ ǳǘƛƭƛǘȅ ǊŀǘŜǎΣ ŀƴŘ ŜƭŜŎǘǊƛŎŀƭ ƭƻŀŘΣ ŜƴŜǊƎȅ ǎǘƻǊŀƎŜ Ŏŀƴ ōŜ ŀƴ apt solution for 

facilities to cut energy bills. The use of energy storage can also allow greater returns on investment 

to be made from deployed renewable energy technologies. Storage technologies could decrease the 

need to invest in new conventional generation capacity, resulting in financial savings and reduced 

emissions especially from electricity generation. Utilisation of storage also means fewer and cheaper 

electricity transmission and distribution system upgrades are required. 
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The Advice Notes will focus on different types of energy storage for electricity and heat. Electricity 

storage technologies can be grouped into three main time categories based on the types of services 

that they offer. 

¶ Short-term energy storage technologies generally have high life cycles and power densities 

but lower energy densities. Those technologies are appropriate for delivering short bursts of 

electricity to aid power systems during the transient period after a system disturbance, such 

as line switching, load changes and fault clearance. They struggle to compete on the market 

due to high costs when compared to their market value. A key economic issue is that use of 

this supply is only occasional ς at most a few times per year. 

¶ Long-term energy storage technologies are usually associated with high capital costs. They 

have the ability to supply or store electrical energy during hours and their application is 

mainly related with energy management, frequency regulation or grid congestion 

management. These, most often larger scale systems, are usually for high energy use and 

thus on the scale of MWh of storage. 

¶ Distributed battery storage -Batteries use chemical reactions with two or more 

electrochemical cells to enable the flow of electrons. This storage technology can be used 

for both short and long-term applications (both power and energy services) and benefits 

from being highly scalable and efficient. However, widespread deployment is hindered by 

challenges in energy density, power performance, lifetime, charging capabilities, and costs.  

Batteries can be widely used in different applications, such as power quality, energy 

management, and ride-through power and transportation systems. 

¶ Redox Flow Batteries (RFB) - is a device that can store and supply energy via reversible 

reduction-oxidation reactions of electrolytes, either in liquid or gaseous form, that are 

stored in separated storage tanks. e. Redox flow batteries are considered as being able to 

work at high levels of depth of discharge but have lower energy densities. Various redox 

couples have been tested but only Zinc Bromine (Zn/Br) and all-vanadium (V/V) redox 

batteries have presently reŀŎƘŜŘ ŎƻƳƳŜǊŎƛŀƭƛǎŀǘƛƻƴ ƭŜǾŜƭΦ wC.Ωǎ ŘŜǎƛƎƴ ŦƭŜȄƛōƛƭƛǘȅ ŀƭƭƻǿǎ ŦƻǊ 

separation of power and energy. Power can be tailored to the load/ generating asset (from 

10kW to 10MW), while storage can be individually tailored to the energy storage 

requirement (500kWh to hundreds of MWh) Thus, RFBs offer a tailored, economical, 

ƻǇǘƛƳƛǎŜŘ ǎǘƻǊŀƎŜ ǎȅǎǘŜƳǎΦ !ŘǾŀƴǘŀƎŜǎ ƻŦ wC.Ωǎ ŀǊŜ ǘƘŀǘ ǘƘŜȅ ƘŀǾŜ ƘƛƎƘ ŎȅŎƭŜ ƭƛŦŜǘƛƳŜΣ 

flexible economical (especially vanadium can be re-used) and vanadium, zinc and bromine 
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are relatively abunŘŀƴǘ ŀƴŘ ǎǳǎǘŀƛƴŀōƭŜ ƳŀǘŜǊƛŀƭΦ hƴŜ ƪŜȅ ŘƛǎŀŘǾŀƴǘŀƎŜ Ŧ wC.Ωǎ ƛǎ ǘƘŀǘ ǘƘŜȅ 

have low energy density.  

¶ Lithium-based batteries - Li-ion batteries have been used in a wide-ranging energy-storage 

applications, a few kWh batteries in residential systems, coupled with rooftop solar PV, to 

multi MWh batteries for the provision of grid ancillary services. Advantages of lithium based 

batteries include high power density and efficiency, reasonable cycle life only if they are not 

operated over a wide state of charge range. Disadvantages are high production cost, it 

ǊŜǉǳƛǊŜǎ ǎǇŜŎƛŀƭ ŎƘŀǊƎƛƴƎ ŎƛǊŎǳƛǘ ŀƴŘ ǘƘŜǊŜΩǎ ƴƻ ŜǎǘŀōƭƛǎƘŜŘ ǎŜǘ-up for recycling of lithium. 

¶ Lead-Acid batteries - this is the most established rechargeable battery technology but 

considerably poorer in terms of power density to lithium-ion. Lead ς acid batteries are used 

for large scale energy storage, but due to short life cycle they have limited application in 

energy management. Advantages of lead acid batteries are the low capital cost, maturity of 

technology and established recycling infrastructure. Disadvantages are the limited life cycle 

when discharged and use of unstainable, short of supply materials as lead.  

¶ Nickel-based batteries ς They might not exceed in typical measures such as energy density 

or cost, but nickel based batteries continue to be important because of their simplicity of 

implementation devoid of complex management systems. They are still the preferred option 

for telecom or off-grid renewable energy applications, as they offer almost maintenance-

free operation with respect to the electrolyte. Advantages of nickel- based batteries are high 

power, energy densities and efficiency, coupled with, long lifetime. On the other hand, 

disadvantages associated with them are high capital cost, since nickel and cadmium have 

diminishing reserves, as well as, environmental considerations. 

Irrespective of which battery is chosen, a complete energy storage system (operate in stand-alone 

mode/connected to the grid) ς has four major components: the storage medium, the control 

system, the power conversion system and the balance of plant. The design of these components is 

contingent on the energy storage application and the power rating required. For higher power 

requirements, several power converter systems can be connected in parallel to provide dynamic 

control of active and reactive power flow in both directions. Furthermore, monitoring and control 

systems that allow manual and automatic operation of all components must complement the energy 

storage system. Communication protocols support remote control and monitoring and may provide 

load and weather forecasts. In addition to the system components, BOP equipment such as 

transformers, protection equipment and switchgear are needed to ensure a safe and reliable grid 

connection and operation of the system. The broad range of available electricity storage 
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technologies differ with respect to capacity, duty cycle, response time to full power, and load 

following capability. 

Hydrogen is a chemical form of storage of electricity and can be used for long term applications. 

Electricity is converted into hydrogen by electrolysis, stored, and then re-converted into the desired 

form (electricity, heat, synthetic natural gas, pure hydrogen or liquid fuel). Hydrogen has substantial 

potential due to the high energy density, quick response times, and potential for use in large-scale 

energy storage applications. The round trip efficiency of the process at present is low (30ς40%) but 

could increase up to 50% as more efficient technologies are developed. Even with this low efficiency, 

the attentiveness of hydrogen as energy storage is growing due to the higher storage capacity 

compared to batteries (small scale) or pumped hydro (large scale). For example, a storage facility of 

500,000 metres cubed could store up to 167GWh of hydrogen, equivalent to 100GWh of electricity. 

Nevertheless, hydrogen production and re-electrification is currently faced with high upfront costs, 

low overall efficiencies and safety concerns, as well as a lack of existing infrastructure for large-scale 

applications.  

A fuel cell is an energy conversion device that is closely related to a battery, as it is an 

electrochemical device that converts chemical to electrical energy. In a battery the chemical energy 

is stored within, whereas in a fuel cell the chemical energy (fuel and oxidant) is provided externally 

and can be constantly refilled. The overall reaction in a fuel cell is the spontaneous reaction of 

hydrogen and oxygen to produce electricity in water. Today, several fuel cell types are in existence 

and can be categorized by the use of electrolyte and its operational temperature. Hydrogen is the 

fuel required for all low and medium temperature fuel cells such as: 

¶ Renewable Hydrogen Production Alkaline electrolysis is a mature technology for large 

systems. 

¶ PEM (Proton Exchange Membrane) electrolysers are more flexible and can be used for small 

decentralised solutions.  

The conversion efficiency for both technologies is about 65ς70% (lower heating value). High 

temperature electrolysers are currently under development and could represent a very efficient 

alternative to PEM and alkaline systems, with efficiencies up to 90%. 

Below is a table of the current performance of key hydrogen technologies.1 

                                                                 

1
 Technology Roadmap Hydrogen and Fuel Cells. IEA 
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Hydrogen Re-Electrification options  

¶ Combined cycle gas turbine (CCGT) power plants (efficiencies as high as 60%) 

¶ Power-to-Power - store hydrogen, and then use for power generation with internal 

combustion engines (ICEs), gas turbines and fuel cells.  

¶ Power-to-Gas - inject hydrogen into the natural gas networks, this gas can then go into 

either heat or power  

¶ Power-to-Transport  - use hydrogen for road transport, either IC engines or fuel cells 

¶ Power-to-Chemicals - use hydrogen in sustainable chemicals manufacture (ammonia or 

methanol). 

Main advantage of hydrogen is that it is a flexible energy carrier; it can be produced from any 

regionally prevalent primary energy source and effectively transformed into any form of energy for 

diverse end-use applications - electricity, heat and transport. However, despite the potential 

environmental and energy security benefits of hydrogen and fuel cells in end-use applications, the 

development of hydrogen generation, T&D and retail infrastructure is challenging.  

The table below shows a comparison of technical characteristics between electrochemical and 

chemical energy storage technologies.2 

                                                                 

2
 World Energy Resources E-Storage | 2016, World energy Council 
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Technologies Power 

rating 

(MW) 

Discharge 

time 

Cycles, 

or 

lifetime 

Self-

discharge 

Energy 

density 

(Wh/I) 

Power 

density 

(W/I) 

Efficiency Response 

time 

Li-ion 

battery   

0.05 ς 

100 

1 min ς 

8h 

1000 ς 

10000 

0.1 ς 

0.3% 

200 ς 

400 

1300 ς 

10000 

85 ς 95% < sec 

Lead-acid 

battery    

0.001-

100 

1 min ς 

8h 

6 ς 40 

years 

0.1 ς 

0.3% 

50 ς 80 90 - 

700 

80 ς 90% < sec 

Flow battery  0.1 ς 

100 

hours 12000 

ς 

14000 

0.2% 20 ς 70 0.5 ς 2 60 ς 85% < sec 

Hydrogen  0.01 ς 

100 

min ς 

week 

5 ς 30 

years 

0 ς 4% 600 

(200bar) 

0.2 ς 

20 

25 ς 45% sec - min 

 

Thermal Energy Storage (TES) store energy for later use as heating or cooling capacity. Their 

applications can be on both the demand and the supply side of the energy system. As heating and 

cooling necessities characterize 45% of the total energy use in buildings, the demand-side 

applications of TES can be of substantial value to the management of the energy system equation 

TES can be used to help balance differences in demand requirements with respect to both disparities 

that occur in time and magnitude. TES has several advantages such as storing and using solar 

thermal energy, generating and storing heat at periods of low demand and regenerating at periods 

of high demand, improving energy efficiency by utilising heat that would have been wasted.TES can 

be categorized as follows: 

¶ Sensible heat storage - is the most mature form of heat storage system presently with most 

working major thermal energy storage installations based on this approach. Sensible heat 

storage relies on the storage of heat in a solid or liquid with no change of phase or chemical 

reactions taking place. Materials like, water, concrete, granite, molten salts, heat transfer oils, 

rock, earth, with high density and specific heat capacity can store larger amounts of heat. 

Sensible thermal storage materials store thermal energy by raising (heat storage) or reducing 

(cold storage) their temperature. The volume of stored thermal energy in a mass of material is 

equal to the product of its specific heat capacity and the temperature change. Insulation layer is 

essential to preserve the storage material and prevent losses of thermal energy. Accordingly, 
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material is required to have high heat capacity, compatibility with the insulation, long term 

stability under thermal cycling and, low cost. Hot water tanks are one of the best-known thermal 

energy storage technologies and are fully commercialised. Large scale low temperature (<100 

degrees) thermal energy storage systems have been designed to either provide a short term 

balancing function when used with Combined Heat and Power and district heating systems with 

time shifting of heat for periods covering a few hours. There are four main categories of large 

scale low temperature thermal energy stores that have been successfully developed over a 

number of different sites3 

o Tank thermal energy stores - water is the heat storage medium 

o Pit thermal energy stores  

o Borehole thermal energy stores  

o Aquifer thermal energy stores 

¶ Latent Heat Storage ς materials go through a change of phase (from solid to liquid) with the 

energy storage material carefully chosen contingent on the temperature of application. Due to 

the change of phase from solid to liquid, the phase change material (PCM) is different from the 

heat transfer fluid. Energy released or captured during the phase change is called latent heat. 

Latent heat storage can have substantial advantages of sensible heat storage in terms of the 

potential energy storage density and required volume for the store, can be realised if the 

temperature range of the application is close to the phase change temperature. Conversely if a 

broader temperature range is likely then sensible heat storage will be more cost effective. 

¶ Thermochemical Heat Storage ς uses reversible chemical reactions to store large quantities of 

heat in small volumes. On applying heat to a material it breaks down into two components that 

are then stored separately, when the components are brought back together they recombine 

and release heat. The frequently used thermo-chemical materials are metal chlorides, metal 

hydrides, and metal oxides. The advantages of thermo-chemical storage are the high storage 

energy densities, small heat loss and long storage duration at near ambient temperature, 

coupled with, heat-pumping capability. At the same time they are novel and complicated system 

with a very high capital cost.  

Fundamental technical issues recognised for consideration when planning a thermal energy storage 

system are : the store operational temperature regime,  the required heat storage capacity,  the 

charge/discharge characteristics, required duration of storage, the energy storage density,  round 

                                                                 

3
 Eames, P., Loveday, D., Haines, V. and Romanos, P. (2014) The Future Role of Thermal Energy Storage in the 

UK Energy System: An Assessment of the Technical Feasibility and Factors Influencing Adoption - Research 
Report (UKERC: London). 
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trip efficiency, part load operation characteristics, durability and long term cycle stability, materials 

availability, cost, and system integration and control.  Other significant matters that influence the 

uptake of thermal storage systems relate to prerequisite installation skills, maintenance 

requirements, user perception of performance and acceptability and environmental impacts and 

safety requirements. A key parameter in ŘŜǘŜǊƳƛƴƛƴƎ ŀ ǎȅǎǘŜƳΩǎ ŜŎƻƴƻƳƛŎ viability is the number 

and frequency of charge/ discharge cycles. 

The economic performance of a storage system depends on operating conditions and system costs, 

which can vary depending on required volume, conversion and generation capacities, and response 

times. 

 

 

 
 
 

 

 

 

 

 

 

 

Figure 2. TRL of Energy Storage Technologies.
4
 

Above some main technologies are exhibited with respect to their related initial capital investment 

requirements and technology risk versus their current phase of development (i.e. R&D, 

demonstration and deployment, or commercialisation phases).  

Understanding the economics and costs of energy storage is challenging due to the different 

technologies and applications. In general, energy storage systems are rated by power capacity (kW 

or MW) and potential energy output (kWh or MWh). 

The figure below shows the LCOS in 2015 and the expectation for LCOS for 2030.5 

                                                                 

4
 World Energy Resources E-Storage | 2016, World energy Council 
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Energy storage is often regarded in terms of high capital costs, but the results of the analyses 

indicate a clear trend in the cost development. For several storage technologies, there is reason to 

believe that costs will fall as production volumes increase. This belief is supported by historical cost 

developments such as the one for Lithium-ion batteries. The so-called experience curve, which can 

be seen above is based on the observation that for manufactured products the cost decreases as 

production output increases. This correlation can be credited to economies of scale, as well as 

manufacturing and engineering progresses. 

 

                                                                                                                                                                                                       

5
 World Energy Resources E-Storage | 2016, World energy Council 
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