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The GREBE Project

What is GREBE?
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transnational project to support the renewable energy sector. ItiFary RSR o0& (KS 9! Qa
Periphery & Arctic (NPA) Programnftefocuses on the challenges péripheral 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 (Finlandarvik Science Park (Norway)d Innovaibn Iceland (Iceland).

Why is GREBE happening?
Renewable Energy entrepreneurs working in the NPA area face chaliecfyging a lack of critical

mass, dispersed settlements, poor accessibility, vulnerability to climate change effeclisnaad

networking opportunities.

GREBE will equip SMEs and stgng with the skills and confidence to overcome these challenges
and use place based natural assets for RE to best sustainable @&ffeatenewable energy sector

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

What does GREBE do?
GREBE suppontsnewable energy staitips and SMEs

9 To grow their business, to provide local jobs, and meet energy ddmaf local communities.

91 By supporting diversification of the technological capacity of SMEs aneugmito that they can
exploit the natural conditions of their locations.

1 By providing RE tailored, expert guidance and mentoring to give SMEs andipstaitie
knowledge and expertise to grow and expand their businesses.

1 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
expertise and business support available locally and in other NPA regions.

I 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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1 By conducting reseah on the processes operating in the sector to improve understanding of
GKS aSOi2Nna ySSRa YR YI1S GKS OFasS F2NJ Lzt A

For moreinformation, 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
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The Advice Note aim to provide introductory material ®ry 4 NS LINS Yy SdzNR = & 4 | NJIi dzL
consideringto enter into the renewable energy sphere amésed in the NPA regions partners to

GREBE. The scope of the Advice Note covers regional, trade and industry, renewable energy (RE),
technology information from lIreland, Northern Ireland, Scotland, Iceland and FinlarfdreDif

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 enesggrage 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 Irelaffthermal and chemical storage are in

nascent stagesf 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, iregastich RE
technology may be the optimal choice for the business:

Costs and economics associated with the relevant technology

Support schemes availl) relevant to the technology

Government allowance/exemptis, relevant to the technology

Fundingavailable for capital costs of the relevant technology

List of the relevant to the technology suppliers/developers, with focus on local/regional
suppliers/developers and the products and services they offer

et et et S et A e

The technologies that are covered in the Advice Note are the following:
0 Biomass CHP
Wind
Solar PV
Small¢ scale idro(SHP)
AD
Geothermal
Air source heat pump
Ground source heat pump
Energy storage
U Electrochemica{batteries)
U Chemical (hydrogen fuel cell and electrolysis)
0 Thermal (heat storage)

cooo oo ccCo

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 thenergy 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 energgsources 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 drawbacls are the shortterm variability and low predictability inherento
renewable sources.Thus, when the wind is not blowing and the sun is not shining, the clean
technologies cannot match the demand. Howewghen the resources are availabigjs often the

case that they pduce more energy than require8y storing he energy produced and supplying it

on demand, these technologies can continue to power businessegven when the sun has set
andthe air is still, creating eontinuous, reliable stream of power throughout the d&urthermore,
energy storage systentsan 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 intlay (vhen energy is shifted from lowalue to high

value periods withinhe same 24our period) to interseasonal, where energy s¢ored insummer

when demand is lower and used in winter when demand is gre@entingent on elements such as

I FLFLOAtAGEQa t20FGA2yS dziAf AGe& NI (a8 &autiom grR St SO
facilities to cut energy billsThe use of energy storagman alsaallow greater returns on investment

to be made from deployed renewable energy technolog&israge technologies could decrease the

need to invest in new conventional genémm capacity, resulting in financial savings and reduced
emissions especially from electricity generatibhilisation of storage also means fewer and cheaper

electricity transmission and distribution system upgrades are required
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Value of storage increases very significantly with the
level of penetration of renewable generation
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The Advice Notes will focus on different types of energy stofagelectricity and heatElectricity
storage technologies can be grouped into three main time categories baseddypés of services

that they offer.

1 Shortterm energy storage technologies generally have high life cycles and power densities
but lower energy densities. Those technologies are appropriate for delivering short bursts of
electricityto aid power systemsuting the transient period after a system disturbance, such
as line switching, load changes and fault clearaimbey struggle to compete on the market
due to high costs when compared to their market valAekey economic issue is that use of
this supply $ only occasionaj at most a few times per year.

1 Longterm energy storage technologies are usually associated with high capital Thstg
have the ability to supply or store electrical energy during hours and their application is
mainly related with ensgy 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.

9 Distributed battery storage-Batteries use chemical reactions with two orora
electrochemical cells to enable the flow of electrons. This storage technology can be used
for both short and londgerm applications (both power and energy services) and benefits
from being highly scalable and efficient. However, widespread deployiisenindered 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

managementand ridethrough paver and transportation systems

1 Redox Flow Batteries (RFBis a device that can store and supply energy via reversible
reductionoxidation reactions of electrolytes, either in liquid or gaseous form, that are
stored in separated storage tanks. 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) andaaddium (V/V) redox
batteries have presently tOKSR O2YYSNDAI ft Aal A2y fS@St o wC
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 (500kWhto hundreds of MWh) Thus, RFBs offer a tailored, economical,
2LIGAYAASR aG2N}r 38 aegadsSvyao ! ROLydF3IsSa 2F wcC

flexible economical (especially vanadium can baised) and vanadium, zinc and bromine
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are relatively abuRF yi4 FyR adzadlAylFofS YIGSNAIE® hyS {1
have low energy density.

9 Lithiumbased batteries Liion batteries have beensedin awide-ranging energystorage
applications, a few kWhatteries in residential systemg&oupledwith rooftop solar PV to
multi MWh batteries for the provision of grid ancillary servicddvantages 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 g Disadvantages are high production cost, it
NBIljdzA NB& &LISOAIf OKLF NHA Y 3 -upbrNgdydihgiof likthrR (G K S NB Q:

1 LeadAcid batteries - this is the most established rechargeable battery technology but
considerably poorer in termsf power density to lithiurdon. Lead; acid batteries are used
for large scale energy storage, but due to short life cycle they have limited application in
energy management. Advantagief lead acid batteries arthe low capital cost, maturity of
technobgy and established recycling infrastructure. Disadvantages are the limited life cycle
when discharged and use of unstainable, short of supply materials as lead.

1 Nicketbased batteries; They might not exceeth typical measures such as energy density
or cost, but nickel basedatteries continue to be importantbecause of their simplicity of
implementationdevoid of complex management systems. They are still the preferred option
for telecom or offgrid renewable energy applications, as they offer almosintemance
free operation with respect to the electrolyte. Advantages of nickaked batteries are high
power, energy densities and efficiency, coupled with, long lifetime. On the other hand,
disadvantages associated with them are high capital cost, sild®l andcadmiumhave

diminishing reserves, as wel,anvironmental considerations.

Irrespective of which battery is chosen, a complete energy storage system (operate iragiand
mode/connected to the griyl ¢ has four major components: the storage medium, the control
system, the power conversion system and the balance of plant. The design of these compsnents
contingenton 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 componentst 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 switchgeare 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.

Hydrogenis a tiemicalform of storage of electricity and can be used for long term applications
Electricity is converted into hydrogday electrolysisstored, and then reonverted into the desired

form (electricity, heat, synthetic natural gas, pure hgden or liquid fuel)Hydrogenhas substantial
potential due tothe high energy density, quick response times, and potential for use in-ta@e
energy storage application$he round trip efficiency of the process at present is lowg4806) but
couldincrease 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 sdabe)example, a storage facility of
500,000 metres cubed could store up to 167GWh of hydrogen, equivalent to 100GWh of electricity
Neverthelesshydrogen production and relectrification is currently faced withigh upfront costs,

low overall efficiencie and safety concerns, as well as a lack of existing infrastructure fordeatge

applications.

A fuel cell is an energy conversion device that is closely related to a battery, asnt is a
electrochemical device that converts chemical to electrical gpein 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 oxygn to produce electricity in water. Today, several fuel cell typesraexistence

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:

1 Renewable Hydrogen Production Alkaline electrolysis is a mmatiechnology for large
systems
1 PEM (Proton Exchange Membrane) electrolysers are more flexible and can be usexdlor

decentralised solutions.

The conversion efficiency for both technologies about 6570% (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 performancekafy hydrogen technologie's.

lTechnology Roadmap Hydrogen and Fuel Cells. IEA

E R'E'BE n Northern Periphery and
Arctic Programme




SCOTLAND SEPTEMBER17

Table 9: Current performance of key hydrogen generation technologies

P Initial
Application ower.or Ffficiency* . e Maturity
capacity investment cost

Steam methane 150-300 MW 70-85% 400-600 USD/kW 30 years Mature
reformer, large
scale

Steam methane 0.15-15 MW ~51% 3 000-5 000 USD/kW 15 years Demon-
reformer, small stration
scale
Alkaline Up to 150 MW 65-82% (HHV) 850-1 500 USD/kW 60 000- Mature
electrolyser 90 000 hours
PEM electrolyser Up to 150 kW 65-78% (HHV) 1 500-3 800 USD/kW 20 000- Early market

(stacks) 60 000 hours

Up to 1 MW
(systems)

SO electrolyser Lab scale 85-90% (HHV) - ~1 000 h R&D

* = Unless otherwise stated efficiencies are based on LHV.
** = All investment costs refer to the energy output.

Notes: PEM = proton exchange membrane; SO = solid oxide.

Hydrogen Rélectrificationoptions

1 Combined cycle gas turbine (CC@awer plans (efficiencies as high as 60%)

1 Powerto-Power - store hydrogen,and then use for power generation with internal
combustion engines (ICEgps turbines and fuel cells.

1 Powerto-Gas- inject hydrogen into the natural gas networks, this gas can then @ in
either heat or power

1 Powerto-Transport- use hydrogen for road transportjteer IC engines or fuel cells

1 Powerto-Chemicals- use hylrogen in sutinable chemicals manufacture (ammonia or

methanol).

Main advantage of hydrogen is that it is a flexible enecgyrier; it can be produced from any
regionally prevalent primary energy source and effectively transformed into any form ofyefarg
diverse enduse applications- electricity, heat and transportHowever, despite the potential
environmental and energy security benefits of hydrogen and éadls in eneuse applicationsthe

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

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

chemical energy storage technologfes.

>World Energy Resources¥orage | 2016 World energy Council
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Technologieg Power| Discharge Cycles, | Self Energy | Power | Efficiency| Response
rating | time or dischar@ | density | density time
(MW) lifetime (Wh/1) | (W)

Lrion 0.05¢ | 1 ming 1000¢ | 0.1¢ 200¢ 1300¢ | 85¢95% | < sec

battery 100 | 8h 10000 | 0.3% 400 10000

Leadacid 0.00Z | 1 ming 6¢40 |0.1¢ 50¢80 |90- 80¢90% | < sec

battery 100 8h years | 0.3% 700

Flow battery | 0.1¢ | hours 12000 | 0.2% 20¢70 | 0.5¢2 |60¢85% | <sec
100 C

14000

Hydrogen 0.01¢ | ming 5¢30 |0¢4% 600 0.2¢ 25¢45% | sec- min
100 | week years (200bar)| 20

Thermal Energy StoragdTES)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 necessitiecharacterize 45% of the toth energy use in buildings, thdemandside
applications of TE&nbe of substantialvalue to themanagement of theenergy systenequation

TES can be used to help balance differences in demand requirements with respect to both disparities
that occur in time and magnitudeTES has several advantagagch as storing and using solar
thermal energygenerating 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 wES&dn

be categorized as follows

1 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 quii with no change ophase orchemical
reactions taking lace. Materials like, water, concrete, granite, molten salts, heat transfer oils,
rock, earth, withhigh density and ecific heat capacity can stodarger amountsof heat.
Sensible thermal storage materials store thalnenergy 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 peserve 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 coblbt water tanks are one of the bekhown thermal
energy storage technologies and are fully commercialisedge 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 Powdrdistrict heating systems with

time shifting of heat for periods covering a few houfhere are four main categories of large
scale low temperature thermal energy stores that have been successfully developed over a
number of different site$

Tank thermaenergy stores water is the heat storage medium

Pit thermal energy stores

Borehole thermal energy stores

Aquifer thermal energy stores

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

o O O ©

energy storage materiatarefully 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 la¢ant
Latent heat storage can have substantial advantages of sensible heat sioréggens 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 chdaegwerature.Conversely if a
broader temperature range is likellgen sensible heat storage will be more cost effective.

9 Thermochemical Heat Storageuses reversible chemical reactions to store large quantities of
heat in small volumes. On applying héata material it breaks down into two components that
are then stored separately, when the components are brought back together they recombine
and release heatThe frequently used thermohemical materials are metal chlorides, metal
hydrides, and metal ddes. The advantages of thermehiemical storage are the high storage
energy densities, small heat loss and long storage duration at near ambient temperature,
coupled with, heajpumping capability. At the same time they are novel and complicated system

with a very high capital cost.

Fundamentatechnical issues recognised foonsiderationwhen planning a thermal energtorage
sysem are : the store operationabmperature regime the required heat storage capacityhe

charge/discharge characteristicezquired duation of storage, the energy storage densitgound

% 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 nigfldeiogition- Research
Report (UKERC: London).
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trip efficiency, parioad operation chareteristics, durability andong term cycle stabty, materials
availability,cost, andsystem integration and controlOther significantmatters that influencethe
uptake of thermal stoage systems relate toprerequisite installation skills, maintenance
requirements, usemperception of peformance and acceptability anednvironmental impac and
safety requirements. Aey parameter irRS G SNXYA YAy 3 | &iabidityiiS teQumbes O2 vy 2 Y A

and frequency of chargadischarge cyles

The economic performance of a stge system depends on operatingnditions and system costs,
which can vay depending on required volumepnversion and gneration capacities, and response

times.

A c
Flow batteries

Fiywheel (high speed) Lithium-based batteries

Molten salt % Flywheel (low speed)
Supercapacitor

Ice storage Sodium-sulphur (NaS) batteries

Superconducting magnetic
energy storage (SMES)

Adiabatic CAES
Compressed air energy storage (CAES)

Synthetic natural gas Residential hot water
heaters with storage Underground thermal

energy storage (UTES)

Cold water storage \)\
Pit storage

Thermochemical

Pumped Storage Hydropower (PSH)

v

Research and development Demonstration and deployment Commercialisation
Current maturity level

@ Electricity storage ) Thermal storage

Figure 2. TRL of Energy Storage Technoldgies.

Above some main technologies are exhibited with respect to their related initial capital investment
requirements and technology risk versus their currenhape 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 systenraitace 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.

*World Energy Resources¥orage | 2016, World energy Council
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FIGURE 7: LEVELISED COST OF STORAGE IN 2015 STUDY PERIOD AND

2030 (€ 2014)
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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 Lithidom batteries. The sealled 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 anekngineering progresses.

®>World Energy Resources¥orage | 2016, World energy Council
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