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The GREBE Project

What is GREBE?
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transnational project to support the renewable energy sector. Iti¥adzy RSR 6& (GKS 9! Qa
Periphery & Arctic (NPA) Programnitfocuses 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 countviésstern 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 Sence Park (Norway@nd Innovation Iceland (Iceland).

Why is GREBE happening?
Renewable Energy entrepreneurs working in the NPA area face challanlygtng a lack of critical
mass, dispersed settlements, poor accessibility, vulnerability to climategeheffects antimited

networking opportunities.

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

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

What does GREBE do?
GREBE suppontenewable energy staitips and SMEs

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

1 By suppating diversification of the technological capacity of SMEs and-afastso that they can
exploit the natural conditions of their locations.

1 By providing RE tailored expert guidance and mentoring to give SMEs andpstdhe
knowledge and expertise to gw 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 to

expertise and business supponalable locally and in other NPA regions.

E n Northern Periphery and
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1 To connect with other renewable energy businesses to develop new opportunities locally,
regionally and transnationally through the Virtual Energy Ideas Hub.
1 By conducting research on the processes operatingerstttor to improve understanding of
0KS aSOi2NRna ySSRa FyR YIS G4KS OFasS FT2NJ 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$oy 0 NBE LINB Yy SdzNBE = & G I NI dzLJa
consideringo enter into the renewable energy sphere abdsed in the NPA regiopsirtners 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 deploymerittbe 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, GSHP and ASHP are not deployed on a large scale in Iceland; however, it is

deployed b a certain extent in Scotland, Finland, Ireland and Northern Ireland.

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, regardthgRih
technology may be the optimal choice for the business:

U Costs and economics associated with the relevant technology

U Support schemes availkf) relevant to the technology

U Government allowance/exemptits, relevant to the technology

U Funding available facapital costs of the relevant technology

U 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:
i Biomass CHP
a  Wind
i Solar PV
i Smallg scale §dro(SHP)
i Anaerobic Digestion&\D)

U Geothermal

U Ground source heat pump (GSHP)
U Air source heat pumpASHP)

U Energy storage
U Electrig(batteries)
0 Thermal (heat storage)

0 Chemical (hydrogeqfuel cell and electrolysis).

Q 'RE'BE (‘ Northern Periphery and
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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 anéxiging supply network.

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

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

GSHR ASHP

Economics

Across the NPA |

It is understood that the ultimate source of geothermal energy is radioactive decay occurring deep
within the earth. In most regions, this heat reaches the surface in a very diffuse state. Nevertheless,
due to a range of geological processes, some arealsiding substantial portions of the NPA region,
are underlain by comparatively shallow geothermal resources. The map (Figure 1.) below of global
geothermal use shows that geothermal energgxploitedacross the whole NPA region, mainly

through direct us, with the help of groundourceheat pumps (GSHP).
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Global Geothermal Use

- -

Legend
Based on 2010 asta from the Internabional Geothermal Association
I Direct Use / GHPs Nearly all countnes that produce geothernmal electric power
90 utihze drect use ancior gecthermal heat punps
B ower Generation

Figure 1. Global Geothermal Use I\/i'ap.

Heat pumps offer a means to access and utilize the thermal energy that is contained naturally in air,
water or the groundHeat pumps extract lowgrade energyrom the surrounding environment (air,
water, and ground) and transform it into usable energy at a higher temperature suitable for space

and water heating.

Any kind of heat pump will need to be powered by electricity. Thus, the coefficient of performance
(COP), which is the amount of electricity input, is a very important factor when considering GSHP or
ASHP. For example if takes 1 unit of electricity input to produce 4 units of heat output, the CoP will
be 4. One of the crucial factors for the CoP is #magerature required by the heating system as CoP

is higher when the required temperature is lower {35°C).

! https://geothermal.org/what.html
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Therefore, heat pumps are appropriate for buildings that have these lower temperature heating
systems. As these can be costly to retrofit, fawldings which are already fitted thilow
temperature heating arapt for heatpump technologyFor a GSHP or ASHP system a minimum of

CoP 3 is needed in order to be a viable option offering savings both in costs and C02 emissions.
The Advice Notes witbver Ground Source Heat Pun@SHPand Air Source Heat PunisSHR.

GSHRystems make use of the temperature difference between abgreeind (air) temperatures

and belowground temperatures for heating or cooli®®SHPs take Iadevel heat from solar engly
stored in the earth and convert it to higrade heat by using an electrically driven or-gasered

heat pump containing a heat exchanger. A fluid, mixture of water and antifreeze, is circulated in a
closed loop system, whigticks up heat from the grond and then passes through the heat
exchanger in the heat pump, which extracts the heat from the flbidat pumps deliver heat most
efficiently at about 30°C which isuallyused todeliverspace heating to buildings. GSHPs cover a

wide range of capacities, from a few kWhondreds of kW.

There two different typesf ground pipe systems

9 Horizontal ground loops uses coil pipe system, buried at depth from 1.5 to 2 m depth in
order to avad frosting. Horizontal ground loops require a large space of open @teakey
advantage of horizontal ground loops over borehole systems is the cheaper overall
installation cost and once fittethe ground can be reverted to its normal use.

1 Vertical graind loopsg pipe are installed by drilling a bore hole between 15 and 150 meters
deep, depending on size and ground conditions. Specific site condition should be taken into
account for the design of the pipe system to ensure pipes would not freeze. Ulaless
obtainable from geological survey in thearbyarea, a test hole and/or a geologist survey is
suggestedefore commencing aroject. Bore holes are expensive and are typically
considered when there is not enough space available for horizontasloothe soil is
unsuitable.The viability of the system is greatly reliant on the geological conditions at the
site. The installation of GSHPs requires a large amount of civil engineering works and
installation is best suited to new build properties daethe amount of groundwork

required.

Q 'RE'BE (‘ Northern Periphery and
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The main parameters governing GSHP economics irfclude

1 Capital costs (CAPEKRg investment costs of a GSHject can be separated into two main
OF G SI2NASad ¢KS aALISOAUO 0 NBI | Krigtly depefiderid St R | y |
onsited LISOAUO O2yRAGAZ2Yya YR GKS GeLIS 27F | LILX AO
i CAStR O2aitax AyOfdzRAY3I &dzNFI OS SELX 2NI (A2
management
0 GHP System Sizin@orrect sizing iattained by establishing the peak
heating load of the structure since as the load increases, so does GSHP
system sizing and therefore the cost.
0 Site Geology & Condition®ne of the most restraining factors in
determining GSHP system cost is site geo&ygl/conditions. A key
objective is to attain maximum performance at minimal cost and impact
to site. Different kinds of loops come at different cost.
U Plant costs, including machinery, equipment, design, engineering and civil works.
1 Operational cost (OPEXElectric Power Requirementdhe GSHP compressor is a small
motor demand increases with increase in GSHP size
1 Delivery System Preference&eothermal heating is inherently a lelemperature
technology and heat delivery systemmaist conform to GSHP temperatures in order to be
economically viable
1 GSHP lifetimeGSHFY | y dzF | (pibjenNalifé3pah of 25 to 30 years if the GSHP system
is properly designed, installed and maintainéatdoor components lasipproximately 25
years. Ground loopdast 53100 yearsLife cycle varies for secondary components, such as

circulating pumps, blowers and some electrical parts.

Air-source heat pumps (ASHPwork on the same principle &SHPby taking lowgrade thermal
energyfrom the air (Ising an aksource collector outside of the buildinghd converting it to useful
heat by means of the vapour compression cycle. ASHPs emenimon use in commerciaktale

heating, vetilation andACsystems as they caneetboth heating and coolingemand. Installation

of an ASHP includes fixing an external unit and drilling holes through the building wall with and an
extra pipework may be required. The main steps for deciding if an ASHP iscoeare the

same as those for a GSHP system, withbatrieed for a ground survey.

2Renewable Energy: Technology, and Environment Economics, 2007.
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There are two main types of air source heat pump systems:

1 Air to water heat pump allocates heat via a wet central heating system and can both heat
the space while providing hot water.
1 Air to air heat pump produces heat by sing fans to circulate outside air into the building

and it provides only space heating.

ASHPs are a substitute to GSHPs where lack of space is afnissueparison with GSHP, ASHPs
has the benefit of being cheaper to install, but the drawback thabid weather (very common
problem in the NPA area), the pump thus has to work harder to supply the heat required, and the
efficiency of the system drops ostentatiousihe performance of an ASHP varies with the external
air temperature and this should daken into account when considering the use of such a system.
ASHPs normally require some form of bagkboiler heating systenWith an average CoP of 3.2, air
source heat pumps perform well without wasting ener@prrect sizing of the heat pump and its
radiator or underfloor system is crucial to the effective and efficient operation and will depend on
0KS o0dzAf RAY3IQa Knipbriant tdBdfj gahdNSBIatiGngindl draughipiipofirig do the
building to reach the highest level of efficiency floe ASHP.

The main parameters governing ASHP economics intlude

9 Capital costs (CAPEthe CAPEX for ASHP is half the CAPEX required for GSHP as the field
costs are very low compared with GHSP and the plansaopstcut in half.

9 Operational cost (OPEX)unning costs of an installed system will also vary conditional to
how much heat it needs to deliver, the type of distribution system and the CoP of the
system. Maintenance costs for air source heat pumps are low. They are reliable, work
automatically ad have a long life.

91 Delivery System Preference&eothermal heating is inherently a lei@mperature
technology and heat delivery systems must conform to GSHP temperatures in order to be
economically viable

1 ASHP LifetimeThe fan motor or compressor maged replacing after 10 years, while the
other parts of the system have a sensible life prospect. The actual lifetime will depend on

the quality of the unit and its installation.

® Renewable Energy: Technology, and Environment Economics, 2007.
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Costs and Eébnomics

Costs and Economi&sSHP

Costs and economiesThe expected life of a GSHP is 15 to 20 years, but ground loops can last over
50 years. GSHPs can be expensive to install and generally have high capital investment costs
compared to other renewables technologies; with sigatficcosts for the equipment and any

necessary ground works. The introduction of the RHI has resulted in the typical payback period for a
GHSP dropping from in excess of 15 years to betweggdars. The Energy Saving Trust (EST)
estimates it can cost bet®en£13,000and£20,000to install.

1 CAPEXThe capital cost of a small commercial scale installation (~55kW), will, on average,
be in the region of £9081,050/kW. Total installed costs would therefore be between
£50,000 and £58,000. Assuming a 35% laatbf, a system of this size could produce over
168,000kWh of heat output per yedfor smaller domestic scale systems, in the region of 6
to 11kW, the capital cost would be around £980,830/kW, with typical total installation
costs between £9,000 and 8D00.

1 OPEXGSHP running costs are dependent on the cost of electricity used to power the heat
pump. No maintenance is required for the ground pipes, and the heat pump requires only

standard mechanical equipment maintenance.

The table below shows an awge of the CAPEX depending on choice of groundwork.

2 £16,000 £3,000 £6,000

4 £21,000 £5,00 £13,000
6 £32,000 £8,000 £20,000
7+ £42,000 £12,000 £30,000
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Costs and Economics ASHP

ASHPs tend to be cheaper and easier to install than GSHPs. The cost of a professional ASHP
installation is reliant on the property and location and ranges from about £800 to £1,200 per kW of
peak heat output, excluding the cost of the heat distributiontaysthe price per kW gets lower as

systems get larger.

1 CAPEXbetween £5,000 and £11,000. The costs depend on many factors, including size of
the building, how welinsulatedis, pump size and brand, as well, as
performance/efficiencyf the pump

1 OPEX Approximate running costs for a year are between £1123693

Support Scheme&SHP & ASHP

Renewable Heat Incenti{e Tariffs can be found below for installations

Description Total Installed Capacity (kW) Eligible Tariff (pence per kWh
GSHP All capacities 9.02
ASHP All capacities 2.61

In order to be eligible for the ASHP RHI, the air source heat pump has to be@mvater heat
pump.

Government Allowances and/or Exemption&SHP & ASHP

Earnings from the Feeid Tariff and energy savingse tax free and index linked

* https://Iwww.gov.uk/domestierenewableheat-incentive
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Funding available for Capital Cos&SHP & ASHP

Green Investment Bank (GHBlhe Green Investment Bank was set up by the UK Government as a
public company in October 2012. The Bank has £3 billion to invest in sustginajelets, where
public capital is used to support private investment. Energy from Waste, which includes anaerobic

digestion, is a specific priority area for the bank.

Technology suppliergproducts and services they offe

Supplier Product Services Contact
Information

GreyStone 9 n1 c¢Commnergal  Full installation for the project from Phone:

Energy heat pump. Outputs from 24 start through to completion, deal 01241 856798
540KW in cascade with one contractor, look after Mobile:
configuration ground work and drillinglso. 07944 388 565

DNBeaidz2y$s 9ysng 07597163143
installer, design and service team Email:

have exceptional experience and enguiries@qgreysto
training in heat pumpg Being ne-energy.co.uk
NIBE VIP Installers they offer

extended warranty on their

installations and can monitor and

adjust the settings on the heat

pump from anywhere in the world

via NIBE Uplink.

Glendevon  NIBE Air sourckeat pumps  NIBE VIP Installer Company

Energy NIBE F2300 14 and 20 kW providesto customers an Extendec
with a two-stage ventilator  parts and labour warranty for 7
for higher economy, for large years on all Air Source NIBE heat
properties and commercial pump.

use.
We work with underfloor heating

OCHSNER utilises the heat suppliers, ground works and
source air with heat pumps borehole contractors, and/or

in split constructiorg custome's own contractors/ work
Horizontal Split Evaporator force to ensure a smooth
Technology. With split installation process and the highe:
appliances othe GMLW functioning system.

Series from 5 to 65 kythe
air heat exchanger is
mounted horizontally, these
being decisive for efficiay
and operational safety.
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GSHP & ASHP

Economics

Ireland

Costs and economidSSHP

Cost and economicsThe initial capital costs of installing a geothermal heat pump system is usually
higher than other conventional central heatisgstems. A large proportion of the outlay will be for
the purchase and installation of the ground collecfbine system is among the most energy efficient

and cost effective heating and cooling systems available.

Typically, 3 units of heat are generatedr every unit of electricity used by the heat pump to

deliver it, and the payback is typically about® years. The life expectancy of the system is around
20 years. Once installed a heat pump requires very little maintenance and anyone installing a heat
pump should speak with their installer regarding a maintenance agreement. Heat pumps operate
optimally when a system design approach is taken. It is important that the heat collector and heat

distribution systems are correctly sized/installed.
CAPEXThecapital cost of a small scale installation (8 to 12kW),

0 hLISYy [22L) emuIpnn (2 emnIpnan
o / f24SR [22L) 0BSNIAOIT U emyIdpn (G2 e€eHMIppn
o /| t24SR [22L) 0K2NAT 2y il f0 emnZcpn (2 emn3c

OPEX GSHP running costs are dependent on the cost of electricity used to poweedh@ump.
No maintenance is required for the ground pipes, and the heat pump requires only standard
YSOKI yAOlFf SldzZALIYSYld YIAYyGSylyoOoSo LyydzZl £ YFAYy(S

installation

= REBE n Northern Periphery and
S Arctic Programme




ADVICENOTEE, GSHR. ASHP SEPTEMBER17

Gosts and economic&SHP

Costs and economiesA heat pump that is retrofitted into an existing house or building can save
large amounts of money over many years. It is not uncommon for the payback time to be as little as

four or five years, that is dependent on the cost of thelfyou are currently using.

The annual running cost plus the cost of financing the work usually come to less than the annual

purchase cost of oil or LPG gas, so the benefits are immediately felt.

f  Opex: Average cost for businessesu Mk 5 | & T 2 Wdten 50/waeksiohlie year
g2N) a 2dziyr. I GY eoypnk
T /1't9-Y /280G 2F GKS hNDI /22t 6SE onntid KSFGAY:

cost:e pnn

Support Schemes

None in place

Government Allowances and/or Exemptions

ACCELERATED CAPHIAIOWANCE SCHEMEAAC
TheACAis not a grant, but rather a tax incentive for companies paying corporation tax and aims to

encourage investment in energy efficient equipment.

The ACA offers an attractive incentive whereby it allows companies to write off 100% of the
purchase value of qualifying energy efficient equipment against their profit in the year of purchase.
Eligible equipment can be chosen from the Triple E register ¢6lar databasesTriple B and

includes solar heating and electricity technologies.

Support is available for communities under the SEAI Better Energy Communities Scheme.

http://www.seai.ie/Grants/Better Energy Communities/

Support is available for householders under the SEAI Better Energy Homes Scheme.

http://www.seai.ie/Grants/Better energy homes/

Q R'E'B | : n Northern Periphery and
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Funding available for Capital Costs

N/A

Technology suppliers, products and services they offer

er

Heat  Danfoss | SIG tdzyLla LNBflFYyR Aa CoesRoad

Pumps domestic suppliers of heat pump systems to the residenti¢ Dundalk

Ireland ground source and commercial markets. We offer the broadest Co. Louth
heat pump range of geothermal and air to water heat pump info@heatpumpsirelan
range systems to the construction indtrg and the d.com

renewable energy installer sector.
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Costs and economics GSHP

Average costs of ground sourcegt@umps (GSHP) for households:

6 kW 5500cc Hn AN €
8 kW 5700cc pnn €
10 kW 7000cy nnn €
12 kW (larger estates) 7500¢cy pnn €

Installing costs approximately25Q@ pn € 60F aA 0O Ayaidl tfofIERYSSSLI 4
(average drilling about 16200 meters). For a 1580 m2 house, total system capital exykture
(CAPEX) is about 080-20nnn € Qa & ¢tKS O2aita 2F K2NRIT2ydlt ae

drilled systems.

OPEX GSHP running costs depend on the cost of electricity and the system efficiency. The electricity
consumption compared to prodecenergy varies approximately from 1:3 to IWith electricity

price of 11.5 c/kWh, this would mean abautc n 1 LJS M8 alhogGseba consuming MO

kWh energy annually.

LCOE costsofahousehdlddl £ S D{ It &28aGSY omT pdax dedutign®dS & G YSy (i
installation) is about 6.6 c/kWh. In larger 300 kW system (20 years investment period, 0% support),
LCOE is about 5.2 c/kWh.

Costs and economics ASHP

Average CAPEX of air source, heat pumps installed for househol28 (8B) is approximately 1700

onnn € O0x! ¢ HNO 2209

Average costs of air to water heat pumps for households:

7 kKW 5000cc nnn €
9 kW 5500¢c pnn €
14 kw 8000cy pnn €
20 kW (larger estates) 9000¢1On nn €

= REB 'E n Northern Periphery and
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Installation costs of air to water heat pumps begin fronsi 1, sathe @GPEX is abowfr000-
€12000.

ASHP has limited operational costs, so they are not estimated b€@E of an ASHP is estimated to
be about 66.5. c/KWh (for a heat pump ef o ninvastment cost and operational costs,yt5

calculated lifetime, annual average saving 3000kWh/a).

Support Scheme&SHP & ASHP

Energy support for GSHP is 15%cfumventional technologies (TEM, Ministry of the Employment
and the Economy via TEKES Finnish Funding Agency for Innovation) in energy renovations. New

technologies may receive support between20%.

Heat pump technology investments can receive 15 % invest support (in energy renovations)
and energy efficiency projects (including waste angbtmduct energies) up to 225% (if there is
e.g. ESCo service included). (TEM, Ministry of the Employment and the Economy via TEKES Finnish

Funding Agency for Innation).

ARA provides investment supports for RE in private houses and housing assocgtiwosimately

10-15%, depending on the financing.

Government Allowances and/or ExemptiorGSHP & ASHP

Energy support for GSHP: 15 % (TEM, Ministry dEthployment and the Economy via TEKES
Finnish Funding Agency for Innovation), support is not available if theiggrdconverts from the

district heating to the own system.
The household can receive tax deduction for the installation work.

The Housing Fimee and Development Centre of Finland (ARA) is a governmental agency of the
Republic of Finland operating under the supervision of the Ministry of the Environment. ARA
provides investment supports for RE in private houses and housing associapprsxinately 16

15%, depending on the finamg.
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