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Abbreviations

Technical:
ATES Aquifer Thermal Energy Storage
BHE Borehole Heat Exchangers
BTES Borehole Thermal Eemgy Storage
COP Coefficient of Performance
DHW Domestic hot water
GIS Geographical Information System
GSHP Ground Source Heat Pump
H&C Heating and Cooling
HVAC Heating, Ventilating, and Air Conditioning
RES Renewable Energy Sources
SGE Shallow Geothermdtnergy
SHW Sanitary hot water
SPF Seasonal Performance Factor
EIA Environmental Impact Assessment

Administrative

EPBD: European Performance of Building Directive
RES Directive:Directive on the promotion of the use of energy from renewable sources
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Introduction

The objectivenf this reportis to describe where and whenShallow Geothermal Energ8GEsystem is
favourablein abuildingand in acity. Thereforeanalyss of the different aspects for consideration with
respect to the intgration of SGEystems irdifferent typologiesbuildings and in different city zonegas
made The report consists of thrgearts, where the first part comprises integration of SGE systems
buildings, especially dumgrefurbishmentand the second pacomprises integation of SGEystemsn
cities The third part comprises analysis of committed cities in the REGEOCITIES project.

The implementation 06GE and typicallgSHP during the phase of refurbishment of existing buildings is
consideredvery important sinceheseactuationsare expected to dominatéhe construction sector

within the next yearsFurthermore, according to the recastofthe BEFB 4 KS Y| Ay Y I NJ S
I SNRé¢ 202SO0GAGS A ybuildings. fFor thisldBasdhn, KnShe RifrFspefic AspektsS R
which can gvern the implementation of SGkiring the refurbishmenof buildings arelefined Also, the
regulative framework forefurbishment of building is considereth the different targeted regions in

order to decipher any potential intéerence with the licensingr installationof SGE

Cities can be subdivided in differeriines and thezones have different potential for SGE. Fitgpical
zones for a medium/large city were established in order to analyse the implementation of SHESN
TheREGEOCITIESes are used for the analysistbie potential use of the ground’he aimof the
analysi®f zonesis to find out about special pects and conditionthat can be taken int@onsideration
for the implementation of SGE systemstBbarriersand possibilities are discussékhe analysis of city
plans § made for the committed cities angkgions by the grticipating countrieand reported irthe
AppendicesForcities wherethe zoning $ different from theREGEOCITIESes, a tableshows howto
associate these with each othérhe &cess to thground in the different zones ianalysedn order to
identify zones with low, average and high availability for future recommendations of implementation.

T2
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SGE in buildings

The implementatio of SGHn buildingss dependent on the type of buildirandalsoon the availability
of the ground Theunderground aspect$or different zones in a citgre coveredn the next chapter For
the building aspect a list of parameters that differentiaté§edent building typeshas been developed.
These are used to assess passibility for GSHP deployment, especially during refurbishment of
buildings and the compatibility of SGE wiélspecific building type.

REGEOCITIE®uilding classification

In tablel, generic building typologies are presented. The building types are categorised as residential,
commercial, public and historical. The categories and the explanation describe the use of the building
which influence the heating and cooling demands aret¢fore setsequirements on a SGE system.

Tablel Buildingtypologies

Category Building Explanation

Residential Single family building House with garden
Multi-family building House with apartments

Commercial Office building Building primarily used for offices
Commerciat, Retail Shopping mall, supermarket,

department store etc.

Hotel Provides lodging

Public School, Library, Hospitalentral and local Building designed for certain activity
| dz{i K 2Héadduartera Q

Historical Historicalbuilding, church Protected lilding structure

Challenges for SGE installations in existing building stock

Table 2summarises gneral aspects for consideration regardiBGE integration in buildings. These
aspects, explained in the follong text, are to be used for analysis of SGE potentiakisting building
types and for comparison with other heat sources such as gas boilers, district heating etc

A detailed analysis of the energy demand and system design pteesseich as those olied in Bble
2 is essential when evaluating different building types. Thedestion with parameters in the table
considersenergy demanénd energy balancelhe energy demand for heating, cooling aaditaryhot
water determinesthe requirements andhe size of the SG&stem. Théuildings energy demands
depend orthe climate as well as the technical characteristic of the building, building type and
construction. Where a balanced heatingdacooling demand exists fortaiildingor a neighbourhooda
BTES or ATES system can be considered suithble whe energy demand is high.
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Table2 Analysis of building typologies

Parameter Proposed answers for evaluation of building

Energydemand
Estimated leating and/or cooling denrad

Sanitary Hot Water (SHWgemand
Energy balance

XX%XX KWh/n y heating and
XXXX KWh/m,y cooling

XXkWhlyear
Heating and cooling relation

System design
Available space in building for GSffparatus

Existenceand covering ra of distribution systemgentralised heating system (Hydronic
system, also known as wet heating, typically radiatarg) centralised cooling system

Poor/Good/Excellent

Yes/No
How common?

Heating system supply temperatyre Low/Average/High
Above 61 Chigh

Below 60 & average

About 35 @ low

Existenceof centralised SHW system Yes/No

Potential for GSHP integration with existing systems Low/Average/High
GSHP requires neleatdistribution system Yes/No

Potential for low temperature system, 35 C (undleor/ceiling oil deployment/ Low/Average/High
radiator fan coil unit)

Competing heat source Examples

Overall SGE potential Low/Average/High

The system design is covered in the second section of the table. The design of the existing heating
system affects the peintial ofinstalling aSGE system, provided that there is space avaiialilee

buildingfor the heat pump unit, storage tank etc

A centraliseddistribution system is needetbr space heating. The temperature level in the distribution
system ishereranged from high to lowyvhere a low temperature system is the most favourable option
(highest potential performancayhen planning an SGE installation. The heat pumprcamost cases
alsoprovide sanitary hot waterHowever, this also requires a system dgsifor centralised hot water

heating.

Refurbishment could be an opportunity to install a centralised heating systemanderfloor heating
system is typicall designed as a low temperature system. Another alternative low temperature system
for single fanly houses without an existing hydronic system faracoil unit That solutionrequires less

piping work for installations.

By considering all the listed paraters in Bble 2 an overall potential for a building can be developed.
The underground poterl beneath (or near) the building is partly due to geological (and hydrological)
conditions, partly due to constraints by the surrounding city. The constraints by the city are discussed in
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detail this project.

Regulations for refu rbishment and regulations for GSHP installation

Regulations and frameworks for refurbishment of buildings have been investigated for intederenc
between refurbishment and SGiastallations. A conflict between the applications of SGE the
refurbishment of buildings has not been sed@ime main framework and regulations that currently covers
the installation of SGE systemsnshe transposition of the EPBD.

In Sweden, DenmarkNetherlands,Belgium Germanyand Francethe building code sets energy
requirements of delivered energy for new buildings. For refurbishment of buildings there are
requirements on components such as isolation and windows that improve the building enécggnef;.

In Sweden new buildings are considered heated with electricity if the installed power for heating
(including heat pumps) is more than 10 WirBuildings heated with electricity must use less purchased
energy than buildings heated with other mmhased energy carriers (oil, district heating, etc.).

In the Netherlands new buildings have to have a minimum EndpPgyformance Coefficient (EPC). The
EPC says something about the minimal energetic quality of a building. The value of the minimam EPC i
regulated by law. SGE systems contribute significantly in obtaining this minimum EPC. However, there
are no rules about how to obtain the minimum EPC. The constructor is free to ctheosethods: extra
insulation, better installations or the applicati@f renewable energy, like SGE.

In France the final energy calculation is expressed in primary energy requirements and not in final
energy. fie conversion coefficient is 2.58r electricity andt is onlyl for oil and gas.

Also inBelgium the energy prformances of new buildings are expressed through primary energy and
the PEF for electricity used is 2.5. The thRagjionsFlanders, Wallonia and Brussels have their own
transposition of the EPBD. Since January 2014, Flanders imposed a minimal stiagepsbduction in
every new building. For Heat Pumps the obligation in case of installation is the covering 80&et

75 %of the heating demand and an SPF above 4.

TheGermanregulations include limits for specific primary energy use both for nesvrafurbished
buildings Because GSHP can achieve primary energy savings over gas boilers etc., the result is an
incentive for using geothermal heat pyp technology.

TheGreek, SpanisHtalian and partly Germanregulations includejuantitative targetdor renewable
energy (included GSHP installations) concerning new buildingsiajod renovation of buildings. In
Greece and Spain there are for example requirementé®#foof the DHW supplied by RES systems, that
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could be heat pumps that fulfils the reqaments on SPF. As above, regulations for refurbishraent
focussednimproved energy efficiency measures

One German state, Badeilrttemberg, has established an obligation that when refurbishing (defined

as the replacement of the core components dfeating system), a minimum @D %of the annual heat
demand has to be provided from renewable sources. This is considered as being fulfilled if a heat pump
with a minimum of 3.5 is installed to cover the whole heating demand; with this SPF, typicalyPar@IS

be the only solution.

InIrelandthe compliance of building regulations for domestic buildings and regulations for SGE systems
setsout operating parameters including COP (2.5) and minimum contribution of a heat pump to the
overall heating and satairy hot water (LOkWh/rffyr or better) for new build developments.

The Irishrequirements fomew non-residential buildings over 1,00Cmre slightly differentvith
consideration of alternative emgy systemsThis includes: decentralised energy suppbktams based on
renewable energy, Combined Heat and Power (CHP), district or blodhdieatooling and heat pumps.

In Romaniathe current legislation set that the specific energy consumption for heating in rétiaddl
buildings should be belo®00 kWHhm?/yr. The regulations on energy audits and Certificates are setting
the same limit. The current average yearly consumption for heating in Romanian buildings is
265kWh/m?/yr (compared with 125 kWhih?yr European average).
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SGHn cities

In this sectbn, thedifferent city zones are defined and a common anailyfor all cities regarding SGE
implementation in the differenzones is presented. The analysis of participatingrddes is presented in
Appendices 4.0.

REGEOCITIE$and area classification

S systeracan be deployed more or less favourably in different parts of a city. The underground is

used for extraction and/or storing thermal energy and for each building supported bgyS@&ia

certain volumeof underground is needed. The undergroundisp requirement of an SGE system is

determined byd S 2 £ 2 3 K ® RN® 2 fy RREbpe@iesf the hedhgand cooling demand of the

buildingandthe use of closed loop boreholes or ground water wells.rban areas SGE deployment can
belimited byd S2GKYy AOF f AyaidltfldA2ya yR adaedaidsSvya oAyOt dR
SYGANRYYSHTO2Y ZY AQION 2 toysRaints. TEAagioltlofithis Bastructure and

services ultimately determines the feasibility for deployment of SGEmgsti¢ is therefore of outmost

importance for the municipality to have thorough understandinghef location ofsuch installations.

The built environment cahe classified in numerous ways based on the land use dgesijoitation
rate, percentage ofdnd use and avage building level). This includessidential, commercial and
industrial zonesThe REGEOCITIES project tneeslassificationn Table3 to analyse the potentiaior
S& deployment irifferent parts of ecity. The different city zoneare also shown ifigurel.

In this chapter, the (hydrd geologicatharacteristics of the underground anet taken into account.

10
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Zone Zone Explanation

A Older settlements Older areas of the city, buvithout
special attention to preservation
Different size and age of buildings.

B Areas with special attention to preservation. For example; Cultural areas,
Environmentally protected areas, water
protection areas etc.

C Dense urban settlements Suburbsmultifamily houses, public
services, hotels

D Sparse urban settlements Single family houses with gardesasd
two floor terraced housing

E Urban development areas Areas with potential for new buildings

F Commercial operation areas Office complexescomnercial buildings

G Industrial area Terminal areas with logistic zones and
manufacturing industries (Handling of
goods, containers and so on), industrial
settlements

H Areas for the technical sustainment of the city Energy production, sevge plants etc.

I Park areas

J Water areas with waterways

K Main roads and railroad tracks

11
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Conclusions
SGE systems can be used in all parts of a city, at anyfsoaiéndividual single family houses to a whole
city district as a part of a district heating/couy network.

At building leve] no legislative barriers or permit related barriers for implementation of SGE systems has
been identified, besides historical buildings / buildings of cultural value which may have general
restrictions in case of retrofitnstallations of new distribution systems, etc.

In Greece, Italy and Spain building codes set minimum requirements on renewable energy sources

including SGE when retrofitting. Regulations in Belgium, France, Germany, Denmark and Sweden take
primaryenergh Y12 | O02dzy iz St SOGNROIf f & & #dldings haddzY LI KSI G S
KAIKSNI SYSNH& NBIjdZANBYSyda K I(gsse? dVK/GME) MdstyoftieS Nya 2
latter countries have not yet any specific energy requirements farrbé$hed buildings.

At a general levelhie indoor installations are of the same size or smaller than a corresponding boiler
system, but require on the other hand a centralized (hydronic) system forazbhdating/cooling as

well as forsanitary hot wate. For building with both heating and cooling demand, the equipment can
be used for both, saving space and initial investment cost.

At city zonelevel, some general aspects on S§fStems can be found for almost all city zones, even if

they are more sigficant in some areas compared with others.akexample,asmall visual footprint

and a low noise levéheither chimneys nor fagoolers) is in favour for SGE systems in general, however

it is more important for an area with special attentontobe pldd8S R~ f A1 S 'y fordat R (2 6y
new commercial centreOther examples besidésw outdoor noise level angmall visuaéxterior

footprint stated aboveisno local air polluting emissiorfao chimney¥ andthe elimination of risk for

legionellafrom evaporativeroof coolers

In denser areas, large SGE seasonal storage systems are more competitive or even necessary to grant
everyone access to underground heat/cdldrge systems can also be shared between buildings.

denser zones with large Hdings/ systems nearby less densely built zones like makbe used for the
underground part of the SGE installation.

In sparse urban settlement there is enough space between indiveisééms foia natural thermal
recovery while large systems needs bethermallybalanced as example by annually using as much heat
as cold, or by rehargingwith a free source like a solar collector.

A general barrier for SGE is thilg heating/coolinginfrastructure in many casesadready in placén
built areas Thisis howevemore of a problem in older settlements and areas with special attention to
preservation where a refurbishment of the infrastructure is not easily accongalish

12
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Table 4is a compilation oéll general aspecten SGE idifferent city zanes it gives an overvieywhile
the national reportsn the appendicegyives the detailsThe different city zones aighown inFigurel
below.

didayy

biua
\k. Lv [ w”“
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0 goyy

Figurel The city zone$rom REGEOCITIE®d area classification.
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Zone type

In favour for SGE

Barriers for SGE

A

B

C

Older settlements

Areas with special
attention to
preservation.

Dense urban
settlements

Low visual impact no sound impact compared to other
technologies. No outdoor fan coolers (for chillers/air
chimneys.

-condition) or

Heating and cooling  are possible with only one system.

If district heating solutions are already used, the impl ementation
of large scale SGE applications can use the preexisting
distribution network.

In certain cases, "open" technology applications (ATES

can be implemented by drilling in building's basement.

)or BTES,

Low visual impact, no sound imp act compared to other
technologies. No outdoor fan coolers (for chillers/air
chimneys.

-condition) or

Heating and cooling  are possible with only one system.

No delivery of fuel by truck.

Higher density favour use of large ground area efficient SGE -
systems (ATES / BETES) , one system for several buildings instead
of individual systems alternatively common ground water

distribution with in  dividual heat pumps connected.

Low visual impact, no sound impact compared to other
technologies. No  outdoor fan coolers (for chillers/air
chimneys.

-condition) or

Elimination of health problems related to
evaporative condensers  /cooling tow ers.

legionella from

Heating and/or cooling infrastruct ure already

Older settlements  may have infrastructure not plotted on
drawings, making drilling risky.

Older settlements  may have narrow
to get the drilling equipment in place.

/ boreholes can be  another difficulty.

Existing /lack of distribution system  might limit SGE deployment
(i.e. lack of centralised/hydronic/wet heating system) depending
on level of refurbishment.

in place .

streets etc. making it difficult
Few spots sui table for wells

Heating and/or cooling infrastructure already in place.

Buildings ma y be extra sensitive to vibration from drilling
Therefore drilling restrictions or extra precautions may be
needed.

Restoration of courtyards and other exterior areas after
installation can be costly. However restoration might be needed
after any form of  refurbishment.

Drilling and digging restrictions due to archaeological importance.

Installation of main flow and return pipes through the exterior
walls or using existing or new holes may not be possible.
However, this could be done below ground level inst
visual impact.

Risk for thermal interference between individual (closed loop)
systems due to their closes proximity can limit SGE deployment
options. This can also be valid for ATES but the risk can be
overcome with proper design.

ead with no

Existing or planned  sub-surface infrastructure like metros etc. has
the potential to restrict deployment options. Therefore, few spots
can be suitable for wells / boreholes.

If unbalanced heat
(i.e. solar coll

ing /cooling: a balanc  ing source will be needed
ector, cooler or lake/stream )

14
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In favour for SGE

Barriers for SGE

Zone type

D  Sparse urban
settlements

E  Urban

development
areas (including
brownfields, i.e.
old industrial
areas)

F Commercial
operation areas

Higher availability of space for wells/boreholes

Enough space between SGE systems for recovery w/o balance
source .

Ease of access for equipment and installation.
SGE systems generally less restricted.

Buildings (individual or neighbourhoods ) can be designed for SGE
from scratch . This approach covers both heating and cooling
needs from the very beginning.

Investme ntin SGE instead of other infrastructure (i.e. gas
network) and heat generators (boiler) and cooling system.

Low visual impact, no sound impact compared to other
technologies. No  outdoor fan coolers (for chillers/air
chimneys.

-cond ition) or

Possibilities to plan large district heating systems with SGE as
heat source in early master plan.

Possibility to decontaminate soil and underground water in
industrial areas by implementing SGE / ATES systems.

Possibility of planning s mall district heating scheme at very low
temperature.

In cold climate: There will be balance between cooling/heating, in
favour of large storage (BTES/ATES) . Large buildings as shopping
malls with high thermal loads; b oth heating and cooling.

Possibility to plan large district heating systems with SGE as heat
source in early stages of planning.

Offices have high cooling demands
20 is possible in that kind of building.

-free cooling with COP up to

New b uildings can b e designed for SGE from scratch

Elimination of health problems related to
evaporative condensers  /cooling towers

legionella from

In some cases, short distance to neighbours (townhouse /
terraced house area)

Possibilities for planning large district heating systems (with other
source than SGE) in early stages of planning

If large scale (large systems and/or many systems) SGE is

expected, some organisation of the subsurface is needed in order
to prevent negative interference between systems and to assure

that every building has the possibility to drill.

EIA are often needed for large systems. This is time consuming
and costly.

Risk of toxic leakage from ¢ ontaminated soil (from old industrial
sites) to groundwater.

Permits and authorization procedures for SGE can be pretty
heavy and not in phase with Building permit procedures.

EIA are oft en needed for large systems. This is time consuming
and costly.

15



Zone type

In favour for SGE

Barriers for SGE

G Industrial area

H Areas for the
technical
sustainment of
the city

| Park areas

J Water areas with
waterways

K Main roads and
railroad tracks

New b uildings can be designed for SGE from scratch

Combination of SGE and heating recovery from industrial
processes.

Possibility to decontaminate soil and underground w ater in
industrial areas by implementing SGE / ATES systems.

Possibility to plan large district heating systems with SGE as heat
source in early stages of planning.

Heating and cooling recovery from industrial processes
be used in H&C GSHP solution.

that can

Large areas of open space are suitable for SGE collector
deployment if buildings are located in the vicinity.

Water is a very good balancing source
cooling of ATES/BTES

SGE can be used directly in water bodies or in
ben eath the water

for heating as well as

the underground

SGE could be used to  melt/de -ice roads ( or only parts of them,
especially ramp or slope areas of the road, in winter or when it is
needed) by placing collector loops under the road. In

summertime, the asphalt serves as a solar collector. This zone
favours deployment in road co mpletion or refurbishment projects.

Risk for ground water from contaminated but stable layers of soil
with toxic waste

SGE sys tems are restricted in the temperature ranges they can
supply to industrial processes. Many of these have high
temperature requirement.

Soil contamination even after remediation could be a constraint
for permits.

No buildings to supply  with thermal energy
Sensitive ecosystems of protected area.

SGE heat transfer fluid can be incompliant with requirements for
waterwaysod saf et yandwatesproteetionat i on s

in the park area

Lack of adequate information regarding the quantitative and

qualitative thermal effects in specific areas, due to

overexp loitation of aguatic environments from ATES systems. In
most cases no overexploitation.

Ground water abstraction might hinder the drilling for geothermal
boreholes in drinking water protection areas.

Road infrastructure design could restrict deployment options.

&
G
)

16



Co-funded by the Intelligent Energy Europe
Programme of the European Union

RE(€]2@,CITIES

Introduction to Appendices

Reported in the first part of Appendic€k5) areanaly®s of different aspects for
implementation of SGE in the city zones.sTihtludes examples from committed cities.
Analyses of city plans wereade for the committed citieby the marticipating countries. For
cities wherethe zonings different from theREGEOCITIESes, a table shows hoto
associate these with each other

The analysis ithe second parbf Appendice$6-11) givesa general overviewf different
aspects for implementation of SGE in citiepanticipant countriesr specific region.
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Part 1 - Detailed examples from committed cities

Appendix 1: Sweden - Analysis of SGE in cities
In this section the challenges for SGE in the city of Stockholm and Karlstad are analysed
includingexisting regulatory examples

Land area classification
The REGEOCITIES zones are applicable to the twoldigesity of Stockholrtapprox.900000
inhabitanty and Karlstadapprox.90 000 inkabitanty has been used fdahe analysis.

Older settlements

Areas with special attention to preservation
Dense urban settlements

Sparse urban settlements

Urban development iieas

Commercial operation areas

Logistic zones and manufacturing

Areas for the technical sustainment of the city
Park areas

Water areas with waterways

Main roads and railroad tracks

ASCTIOMMOO D>

Analysis of the potential for SGE in the zones

In general there are no restrictions/barriers for SGE systems in a specific or typiahédy

YO LY {(i201K2fY GKSNB I NB &a2YS I NBL& 6A0GK &aSONJ
mainly in central parts.

There are restrictions for drilling inatker protection areas, which include built environment in
both Stockholm and Karlstad, also in central péatstype of scenario zonedn Karlstad a
permit is required for GSHBNd not only a notificationin water protection areadn
Stockholm, a pemit is obligatory everywheréor GSHP installations

It is possible drill on ground not owned by the S@Ber, including municipal owned ground

like streets and parks. This requires an agreement, a utility easement, with the property owner
whoever it maybe. There are several examples of this in Stockholm batmaryGSHP
installations and larger aquifer storage used by district cooling utility as short time storage.
Utility easements are as example used for streets in central Stockholm (zone for aodeCA

It is also possible to utilise the underground under main roads and railroads (zone K), but for
practical reasons the installation/drilling is probably made at the side of the infrastructure. The
same goes for underground with tunnels, power cabl@ater pipes, etc. Only a few properties
are 100%blocked by such infrastructure, but sometimes controlled drilling with better
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precision must be used near those objedisidergroundgarage could be used for installations
of wells and boreholesind isnot a problem by itself.

Old historical settlementzpneG) like the old town of Stockholm has restriction to minimize
vibrations from drilling. Water drilling with lesser vibrations than pneumatic drilling is
prescribed in thgpermit by Stockholm City

The availability of the ground

The underground is suitable for GSHP fiigeological point of view imost parts of Sweden.

Only a small percentage has thick layers of clay (as example parts of Gothenburg and Goéta Alv
valley) or otheless sitable undergraind conditions like the island of Gotland that is mainly

lime rock. Around 156 of the ground in Sweden consists of permeabteigd suitable for

ATES systems.

Beside the geological conditionkack of space between boreholes can become a limiting
factoras well as lack of thermal underground volume. For zone D (sparse urban settlements),
i.e. zonewith low heat energy densitflow building heat energy demand per ground aride
single family houseand two floor terraced housing, the distance betweerdholes can

become the limiting factor. The recommendation in Sweden is 20 meters, and
detached/terraced housing might have small plots. Despite thisecto 100%can drill and

install even in these zones. In Stockholm common drilling plans are maden@ of the

tighter terraced housing areas to ensure that everybody gets a chance to drill even though the
20 meter distance is not reached. A shorter distance than 20 meters can also be allowed if the
SGEsystem owner can prove it will be compensatedliy a deepeborehole or active

recharge.

Zone C (dense urban settlements), such as areas with multifamily buildings, is slightly more
complex to analyse than just looking at distance between boreholes. For larger buildings the
maximum practical boreholdepth is utilised, typical about 200 meters. The regulatory 20

meter recommendation to neighbours is still valid, but for heat regeneration a 15 meter
minimum distance might work for passive heat recharge depending on local conditions. For
these areas aaverage distance between boreholes can be calculated as a measure of
tightness for GSHP installations. This has been made in a table below. For zone C zones with a
high ratio d built ground it can also geticky to find locations for the boreholes, but most

cases can locations be found sidewalks, courtyards, etc.

For zone C but also F and G, borehole thermal energy storages could be used. The key for BTES
is a balance between heat and cooling demand. Residential floor area alone will not get this
balance in Sweden making the investment less feasible, but residential floor area in

combination with office, shops or other commercial floor area with comfort cooling demand

might work regardless if it is in the same buildings or a couple of buildiregblotk sharing

BTES. In a BTES up to eight times as many holes are drilled per area compared with GSHP and
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because of recharge more energy can be extracted per gross ground area than for a GSHP. Also
in this case it is possible to calculate how much efuhderground in a zone that must be

used as storage volume of total available underground as a measure of thermal tightness. The
table below give an indication of when it starts to tighten up for GSHP respectively BTES if ALL
buildings were to be supplieid differernt built city typologies/zones.

¢KS FT2fft26Ay3 GlFLoftS aK2é Ly AYRAOFIGAZ2Y 2F G¢KSH
for different zones, depending on their Floor Area Ratio (FAR) and building energy

performance. Floor Area Ratio is ttotal Gross Floor Area dividedth total Gross Ground

Area.

For GSHP the recommendation is 20 meters between each installation, but it will start to
GAIKGSY dzLJ SIF NI ASNI aAyO0S (GKS K2ftSa OFyQid 0SS RNJ
percertage of the underground covered is shown. Please observe that BTES the boreholes can

be drilled with an angel utilising heat in the underground below a building. It is also possible to

use nearby areas, such as parks, water walgs(Zone H, | and J), bieles sidewalks, parking

lots, garages, etc., for BTES installations. In both cases it is calculated as if ALL buildings were to

be supplied by SGE. G & LIA OF £ OSy (i MibefcityDlackse KR AZESHENBOE (dzig ol K &
buildings. Typically the Flodrea RatidFAR)s about 1.22.5 and maybe 260 % of the

ground area is built. As can be seen in the table, the average distance is only 14 meters for

average energy performance building with a FAR of 1.25. BTES has better possibilities to

provide heatand cooling for a good part of the buildings, but underground utilised is exceeds

100% already at a FAR of 1.75 for the average building. With new/energy refurbished or

energy efficient buildings BTES could provide laeak cooling for all buildings.

A2 Yy S @rall tswndlocks >  dza dzl -8 flodrs, KAAR ffom mbout 0.6 to 1.5 and
about 20% to maybe 5@&0 % built ground area. The heat energy demand is still too high for
100% GSHP zone coveragith current building standardbout for zones with ew or energy
efficient buildings and low density, GSHP could actually supply up t&%Mah someplanning
of borehole locations.

&Million programmé 1 2 y S & =-1985d=/kctiafactevizba by three to ten floor buildings,

an FAR of 0.70 to 1.5 and alhdi®-20 % built ground area. In these areas there are in general
easy to find drilling locations between the buildings and if not too poor energy performance or
too high FAR, GSHP could provide heat for abod %0 more of the buildings in a zone.
Howeve BTES with recharge (from solar cdites) can supply all buildings.

oMedium high open zonésX dza3lHodr, faBgesfrom FAR 0.4 to 0.7. These zones have
less tightness than above zonasd good possibilities for SGE.

IMO] uspleo

| garden towrd = OK I Ndy @eiss bk Iéwdildings, have a FAR betweerd®2and
1520 %built ground area. As can be seen, the underground tightness is low, with a long
average distance between holes if all holes are 200 meter deep. If there are many smaller
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buildings, the nurber of holes will increase not because of the zones energy density, but
because of the number of individual installations. This can make it tighter between boreholes,
just as it is for detached housing zones. Still close td®7a8Bould be able to drill.
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New/ Energy
Building performance Poor  Average Refurb. efficient
Heat/Gross Floor Area
(KWh/m2, year) 240 160 80 50
Seasonal Performance
Factor (SPF) 35 3,5 3,8 4,0

GSHP average borehole

BTES area coverage

distance (m)

of gross ground area (%)

Building energy performanc

Building energy performanc|

Poor Aver.

New EE

Poor Aver. New EE
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0% 0%
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Alternative heat sources
There are two main competing heat generators, district heating and air sourd¢gbas.

The majority of multifamily buildings are connected to district heating, alB0%% as well as

many ceonmercial buildings in city cergs. High heat demand density faws district heating,

but it iseven morefavoured by a large total heat delivery. The larger the total delivery is, the
more cost efficientill the productionin general belike combined heaand powerplants or
wasteto-heat boilers. Single districts can because of this get district heating regardless of their
heat demand density. Low heat density villages can be connected by several kilometre long
pipes from a larger towrDistrict heating iqowever not always the number one alternative,

there are examples of multifamily buildings disconnecting from district heating and drilling for
GSHRn central parts of Stockholm.

For single family houses air source heat purgsthe most popular choicesspecially for
newer houses with higher energy efficiency and a relative low heat energy dearshurce
heat pumps are an alternative that haveoavker investment costhan GSHP ansbmewhat
lower SPF values of operation

Commercial buildings havecaoling demand besides heating. District heating in combination
with district cooling are competing technologies for these kinds of buildings.

Outside district heating areas traditional electrical chillers and bodlsxshe competing
alternatives. Cuently electricity is cheaper than heating oil (after environmental taxes) for
these buildings making most of them run on electric boilers. Some larger commercial
complexes use wood pellet fired boilers.
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Appendix 2: Netherlands - Analysis of SGE in cities
In this section the challenges for SGE in the Netherlandsexisting regulatory examplase
analysed.

Land area classification

The REGEOCITIES zones are applicable to the most cities in the Netherlands. Based on land
classification, the cities of Arnheand Breda have made an SGE planning map for (a part of)
the city. These examples are shown here.

Municipality of Arnhem

For the municipality of Arnhem, a land area classification map is made. The municipality is
divided in 8 categories:

Restrictions

groundwater protection area: SGE is not allowed

master plan area: realization follows rules in master plan
ATES areas: in these areas ATES is preferred
urban area, existing buildings

suburban area
urban, area, new building

BTES ams: in these areas BTES is preferred.
urban area

No preference
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urban area
suburban area

For the division in these categories, the following aspects are taken into account:

- high or low energy demand in the area
- potential of the subsurface
- type of development (residential, commerciatc.)

For the realization of SGE systems, a set of guidelines has to be followed. Each d&sdgsry
own set of guidelines.

Municipality of Breda- Master Plan Triple O Campus

For an area in the municipgl in Breda a Master Plan is made in order to organize the
subsurface for SGE. The organization is heeded due to the presence of other interests, like
contaminations anérchaeologicasites.

I:l Master Plan area wells

interests @ cold well
B contaminated e warm well
., possibly contaminated designated areas

former landfill cold well
high archaeological expectation warm well
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New wells have to be positioned in the designated areas for cold and warm wells. In addition,
each new systm has to meet some extra guidelines that are added to this map. These rules
are (for example):

- maximum capacity of a well is 100 m3/h
- maximum depth of each well is 100 m below ground level
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Analysis of the potential for SGE in the zones
This sectiordescrbes how the situation igeneral is in the Netherlands.

In the Netherlands, we distinguish the following barriens$6GE system. For every aspect is
describal in which type ofzoneit can be present.

Groundwater protection areas

These & in most casenot situated in urban ares soit is not relevant

Other SGE systems

This can be relevant in situations where a lot of SGE systems are already present or expected.

This is mainly in areas with a lot of new buildings (houses for BTES, offices and commercia
buildings for ATES). This correspondsdoes C, E, F and G.

Archaeologimonuments

Mainly relevant in (old) citgentres(even without special attention to preservation, general
archaeologicatules apply). This correspondszoneA, but sometimes thiarchaeologyand
monuments are also present aones C, D and I. In the countryside there are specific
monumental/archaeologicasites too. Those sites generally have a special statusrseB.

Nature

Are in most cases not situated in urban areas, buhetime nature areas are adjacent to

urban areas. Only when they have a special status, it can be a barrier for SGE systems, so
B. In most cases though, nature is not a restriction for SGE. You only have to pay a little bit
more attention to the desigrof you system.

Soil/groundwater contamination

This is relevant in former industrial areas and locations where chemical drycleaners were
situated, where contamination withhlorinatedhydrocarbors (tetrachloroethylene,
trichloroethylene) are common. Formendustrial areas are often development areasr{eE).
The former chemical drycleaner are often located in older urban amasg A, C and D).

Trenchesdams and other structures for protection against water

Because a big part of the Netherlands isobekea level, we have a lot of structures that
protect us fromthe water. These structures are situated in all possible places (not only next to
water ways)All zones are relevant here.

Infrastructure
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Soecial precautions have to be taken for drilling hiexbig infrastructural object like highways,
train and metro tracks, which correspondszoneK. For drilling you also have to pay attention
to underground garagezgnes C, E and F) and cellazsr{ies C and D). And for ATES system
you have to pay attetion to all these aspects, because of the influence an ATES system can
have on the groundwateable.

Cables/pipelines

This aspect is mainly relevant for the incorporation of drillings in the subsurface. Mainly in
dense urban areaz@neC) the subsurfacés already full with cables and pipeline (galectro,
sewerage, telecom, etc.). This makes it difficult to find location fomtbks or loops of SGE
systems.

In most cases all systems have the same regulative framework. Only in dense areas, where a
lot of SGE systems are already present or expected, or where there are other barriers present
(for example when the space available for drilling is scarce due to cable and piping present in
the subsurface) the authority can develop acadled master planThese are plans that

organize the subsurface. These plans often contain extra rules for the application of SGE
systems, for example a maximum drilling depth or a minimum distance between systems. Also,
locations for warm and colds wells are sometimes giesied. These plans are often made for
locations inzoneC, E, F.

When you want to drill in municipal land oy/aS A 3 K pré@pdrly,Jpéu always have to ask for
permission of the municipalitpeighbour Only when you get the permission, you are allowed
to drill. This rule always apply, there is no difference between the diffezents.

The application process of ATES systems is different from the application process of BTES
systems: the provinces are the authority for ATES systems and the municifalittcES

system. In general all ATES have the same framework and all BTES too. There are some small
differences between provinces and municipalities, but these differences are related to the
hydrogeological aspects (soil structure and groundwater qualftyhe subsurface and not to

the differentzones.

For ATES systems are two permitting procedures present: if the situation is complex (many
interests) a longer procedure (6 months) is used, in a simple situation a short procedure (8
weeks) is used. Thesee two types of standard procedures, which areided in national
legislation.
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For BTES the following national rules apply: a large system (> 70 kW) needs a permit, a small
system (< 70 kW) only a registration.
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The availability of the ground

The undeground is suitable for SGE from a geological point of view in most parts of the
Netherlands. Only a small percentage has thick layers of clay (around Enschede) or other less
suitable underground auditions (province of Zeeland).

Besides the geological catidns, lack of space between boreholes can become a limiting
factor. In the table below there is an estimation of percentage of the space that is available in
a certain aea for the drilling of holes.

A. Older settlements 50-90%
B. Areas with specialtgention to 0 %(groundwater protection area)
preservation 95 % (environmental protection area)

C. Dense urban settlements 50-90% (depending on how many SGE
initiatives there are present)

D. Sparse urban settlements 100%

E. Urban development areas 80-100%(depending on how many SGE
initiatives there are present)

F. Commercial operation areas 80-100%(depending on how many SGE
initiatives there are present)

G. Logistic zones and manufacturing 80-100%(depending on how many SGE

initiatives there ae present)
H. Areas for the technical sustainment of the 80-100% (depending on how many SGE

city initiatives there are present)
l. Park areas 100%
J.  Water areas with waterways 100%
K.  Main roads and railroad tracks 100%

Alternative heat sources
In general traditional electrical boilers are coating alternative heat sources.

In some municipalities, district heating network are created by energy supply companies.

Often, these networks are efinanced by the municipalities. Due to the high investihcosts

Ay GKS&aS ySiG¢2Nl1ar GKSNB Aa I LINBFSNBYyOS TF2NJ Gf
mean that SGE systems are not allowed. Mainly ATES systems are seen as a complementing

technique on district heating: heat is supplied by the netwodtd dy the ATES system.
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Appendix 3: Ireland -Analysis of SGE inSouth Dublin and Cork City

Land area classification

Based on the initiatones agreed in the REGEOCITIES project for consideration with respect to
the integration of SGE systems in citig land zoning classification have been considered for
Cork City and South Dublin as outlined in the current development plans. This process is
somewhat facilitated by theationalGeneralised Land Zoning (GTZ) categories in Iréed

have been develogd and these are implemented across all local authorities.

The general category classifications are as follows:

P- Primary Sector

C- Commerce / Industry / Enterprise / Economic Development
S- Community Services / Facilities

N - Networks and Basic Infsiructure/Utilities

R- Residential

G- Green / Recreation / Conservation

M - Mixed Use

O- Other

The individual descriptions of each category are provided below and the relevant
subcategories are also included.

Primary Sector In essence this high lev@ZT category is intended to provide for zones which
deal mainly with exploiting the physical resource base.

Agriculture (P1) is a sutategory intended to provide for zones directed at farming and related
activities.

Forestry (P2) would include for examplenes where growing trees for commercial gain would
be the main use. It would exclude zones for the protection of natural wooded areas as these
zones would have a nature conservation or related intended main use.

Aquaculture and fishing (P3) would for exale include zones which cover land or water areas
which are intended to be used for fishing or aquaculture purposes.

Quarrying/mining (P4) is a sulategory to provide for zones where extraction of stone or
aggregate is the main intended use.

Mixed/generd primary sector uses, including rural (P5) is acatiegory intended for zones
which have as a main purpose the provision of any two or more of the other listed Primary
Sector purposes (agriculture, foresetc.). Zones which fall into this stdategorywould not
indicate any preference between the zones which fall into the other listeecatdgories.
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Other primary sector (P6) is a catchall sustbegory which is intended to cater for any Primary
Sector zones which do not fit well into any of the otheb-sategories within this Primary
Sector GZT category. It is not envisaged that thiscsiegory will be often used as in

particular the mixed suoategory (P5) would cater for many of the zones which do not easily
fall within the other sukcategoriesi(e. P1 to P4).

Commerce / Industry / Enterprise / Economic Development

Commercial, retail would include any form of commercial or retail zone where the main aim is
to sell goods or services to the public.

Commercial, retail (C1.1) would provide for anyingrwhich has commercial and/or retail
activities as the main purpose. However retail warehouses would be excluded from this sub
sub-category.

Retail warehouse (C1.g8jventhe prevalence of retail warehouse zonings and the particular
conditions associatedith this use, this type of zone is identified as a-sub-category.

Industrial, enterprise, employment refers to zones where manufacturing and the provision of
related services are the primary intended uses.

Industrial, enterprise, employment (C2.1) wdyrovide for any zoning which has these uses
as the main purpose. However general industrial zones would be excluded from thgalsub
category.

General industry (C2.2) zones would provide for industrial uses which could have a substantial

amenity and oher impact and thus this type of industry is specifically identified as a separate

subsubOlF 6 SI2NE® {2YSOAYSa (GKS GSN¥Y WKSI @& AyRdzAGN
industrial uses which would occur in this zone type.

Office, business/technology paakd related (C3) is a sidategory for zones where office or
technology/research facilities are the main intended uses.

Warehouse (C4) is a sahtegory where the primary use would be the storage of goods,
equipment etc. Retail warehouse zones are notudet in this sukcategory due to their
significant retail function.

Tourism and related (C5) would for example include zones where the main uses would be
hotels, marinas or other types of uses which are directed mainly at servicing tourists/holiday
makers.

Mixed/general commercial/industrial/enterprise (C6) scditegory would cater for zones
where there is a mix of one or more of the other specific-sategories (C1 to C5) in a way
where there is no clear preferences or predominance for any one of theindesited in these
other subcategories.
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Other commercial/industrial/enterprise/economic development (C7) is a catchaitatdgory
intended to cater for any commerce/industry/enterprise/economic development use which
does not fit into any of the otherub-categories C1 to C6. It may be expected that this sub
category would be infrequently used given the range of othersatiegories (C1 to C5) and
the mixed sukcategory (C6).

Community Services / Facilitiedn essence this broad GZT category is intendecater for
the range of social or community services or facilities which are provided mainly but not
exclusively by the public sector.

Education (S1) would for example inclualktypes of zone where the land would primarily be
used for teaching or tiaing and would include any type school (ymemary, primary,
secondary), as well as land zoned for university, institute of technology or other post school
proposes. The means of provision, public or private, is not a relevant factor when viewing
zonesm this subcategory.

Health and related (S2) would for example include hospitals and clinics, whether provided
through public or private means.

Community facilities (S3) would for example include nursing homes, cemeteries, community
halls and any other fality which are intended to provide some form of community service.
Public or private delivery is not a factor in this case.

General public administration (S4) would for example include local authority or government
department offices and nooommercial site agencies uses.

Mixed/general services/community facilities (S5) would include cases where the zone indicates
a range of different possible uses of a community services/facilities nature (ie more than one
of the S1 to S4 sutategories).

Other communityservices/facilities (S6) is a catchall category which would probably only be
used very occasionally but would provide for zones which provided some form of specific
community service/facility which is not covered by the other categories (S1 to S5).

Networks and Basic Infrastructure/Utilities In essence this GZT category is to provide mainly
for the physical engineering services which are needed to support modern living and working.

Transportis a subcategory related to the movement of people or gootiss one of the sub
categories which is subdivided into lower level categories-éslicategories), mainly because
of the very significant difference between the uses in thesesulicategories.

Road (N1.1) would cover roads but also for example irchadvice stations and bus depots. It
g2dzd R Ff a2 AyOf dzRS OFasSa 6KSNB WLINRPLRZ2ASR NRIFRQ

Rail (N1.2) would in addition to rail lines include stations and marshalling yards.
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Airport (N1.3) would include landing strips. Major aifggocan be a source of considerable
enterprise development. However th@imary purpose of an airport zone is to provide for air
travel and thus the zone should be categorised into thissulscategory.

Seaport/harbour (N1.4) would for example include ggidpading/unloading areas and storage
areas which are used mainly for goods storage. It would include facilities related to commercial
fishing and docking of cruise liners or ferries, but would exclude marinas where the intention is
to provide mainly fosmall pleasure craft. Seaports/harbours can provide for substantial
amounts of enterprise activity but as the primary purpose is of a transport nature they should
be categorised into this sukub-category.

Mixed general transport (N1.5) provides for theseavhere a zone would have as a main use
two or more of the above uses (ie of N1.1 to N1.4).

Other (N1.6) is the catchall sidb-category which would be used when a zone intended to
provide mainly for transport uses does not fit well into any of the othdrsub-categories (ie
N1.1to N1.5).

Water/Wastewateris a subcategory intended to cater for any zonings which related mainly to
the purification, storage and/or the distribution of water.

Water (N2.1) would include reservoirs, processing plants, puatws areas. It would include
dams where the primary purpose is as a source of raw water.

Wastewater (N2.2) would provide for zones which relate to sewerage treatment works, pump
stations or other related facilities.

Mixed/general water/wastewater (N2.3yould apply when no distinction is made between
water and wastewater related facilities.

Other water/wastewater (N2.4) uses is the catchall-sub-category which may be expected
to be used only infrequently given that virtually all water and wastewatkteel zones should
be covered in one of the above three ssbb-categories.

Gas and electricity

Gas (N3.1) would provide for any zones which relate mainly to the storage, processing or
distribution of gas.

Electricity(N3.2) would provide for any zones iwh provide mainly for the generation or
distribution of electricity. Wind farms, pump storage electricity generation facilities would be
included into this susub-category. If power line routes are designated as zones then they
would fall within this suksub-category.

Mixed/general gas and electricifiN3.3) would provide for the probably unlikely case of zones
which provide for both gas and electricity uses.
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Other gas and electricity infrastructure/facilities (N3.4) is the catchall category to catenyor
zones which relate mainly to gas and electricity matters but which fall outside of theutub
categories N3.1 to N3.3.

Telecommunicatios (N4) would for example provide for zones which relate to
telecommunications masts.

Solid wastgN5) would providdor example for zones where the main use would be solid
waste disposal sites, incinerators, bring banks, etc.

Other networks and basic infrastructure/utiliti€sl6) is the catchall sutategory which may
be expected to be used only infrequently given thmtually all network and services/utilities
related zones should be covered in one of the other-sategories or sulsub-categories (N1
to N5).

Residential (R) New/proposed residential,

Strategic residential reserve (R1) is a-sabegory which apptis where the zone relates only
to undeveloped land where the intention is for residential development to take place.

Existing residential (R2). Some plans distinguish between residential zones where the land

involved isundeveloped, andvhere there is exting housing. The zones related to this latter

OF iS32NE | NB Y2aid FNBIldSSyidte G§SN¥YSR WOEAAGAYT
zones would be classified into this scétegory.

Residential, mixed residential and other uses (R3). Thisasiggay provides for cases where

residential zones do not fall directly into one of the stdiegories R1 or R2, or when there is a

distinct component of the zone which enables other residential type or related uses to occur in

the zone. It is a catchall sutategory which could be used in the case of zones which have a

primary or strong residential intention but which straddle the other residentiatcatiegories

Strategic residential reserve (R4). A number of plans identify areas which are intended for
residertial development at some future date. Normally no details regarding the density or
form of residential development which should occur in thaeseas are set out in the Plan.

WDNBSYQ k wSONEBL ik2sgence this Broad GZNEsite oy Bsyiieddob 0
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Open space, park (G1) would cater for zones where the intention is to retain areas as

undeveloped and for mainly passive open space related activities. The open spacakas

O2dzZ R 2F O2dz2NES O2yidl Ay FOGAGS LX L& FlIOAtAGASE
only a smaller component (say under @pof the overall area involved. Judgement calls may

be required if the active component exceeds say@is to whether the zone falls within this

category or the Active open space category (G4).

Walkway, cycleway, bridal paths (G2) is a-sategory for zones where the main intention is
to provide for travel by foot, cycle or horse. They most frequently occur aldagivers but
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could of course occur elsewhere. In some cases they occur as buffer corridors and could be
classified into the suoategory G3 mentioned below, but in such cases it would be more
appropriate to place these zones into this stltegory wherehere is specific mention of their
role in relation to walking, cycling or horse riding.

The Conservation, amenity or buffer space, corridor/belt. landscape protection (G3) sub
category is intended for zones where the main aim is to provide some levehsévation,

whether of biodiversity, visual amenity or quite. Natura 2000 sites or other designations in
terms of EU Directives would not be recorded as part of this GZT exercise as this is information
which will be available in DevPlanGIS from other cesr

Active open space (G4) is a stdiegory into which zones which provide for stadia, GAA
pitches, golf courses, rugby or soccer figdtls should be placed. If these facilities are part of a
much larger open area zone then a judgement call is requoretkttermine if the zone falls
within this subcategory or the Open space, park stdtegory (G1). As a general guide, if more
than 30%but less than 5060f the area would béakenup with the facilities mentioned

above then it is probably the case thae zone should be classified into this stdiegory,

with a judgement call being required to make the final determination. However if more than
50%of the land area would be so taken up then the zone would definitely need to be
classified into this subategory.

aAESRKISYSNIrt WINBSYyQs NBONBIGAZ2Y |chiegorD2y & SN
is intended to cater for those cases where a zone contains objectives which explicitly straddle
two or more of the other sulzategories (G1 to G4).

Mixed Use (M) Mixed Use, general development, opportunity/proposal site (M1) is a sub

category which is intended to cater for zones which are specifically mixed use in nature (eg

Y YSR Wa )oEvdieh althau§ithaving some other name are in effect geimaixed

dzaS T 2ySa 6S3 WDSYSNIf 5S@St2LYSyiQue Ly GKS Ol
judgment would need to be made regarding whether or not the intention is to provide for a

wide range of uses, or to give clear preference to a specificone fiocused type of

development (eg residential, commercial), in which case the opportunity/proposal site zone

would be more appropriately allocated to one of the other GZT categoriesiatdgories/sub

sub-categories.

City/Town/Village centre or centrat@a (M2). This subategory is intended for those zones
which cover central parts of cities, towns or villages. In virtually all cases a mix of uses is
encouraged in these zones.

District, neighbourhood centre (M3) is a soéitegory into which various forsnof zonings
related to the establishment of mixed use nodes away from the central area.

Built up area (M4) is to cater for zoning designations which occur only occasionally and which
are intended to cover the wide range of uses which occur in areas \Wwhighalready been
odzAf i ®d ¢KS WOEAAGAY3A wWSAARSYGAITQ T2ySa 6KAOK
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this subcategory as they invariably have objectives which relate to protecting/enhancing only
one objective, namely, residential amenity.

Othermixed uses (M5) is the catchall scategory which can be used in the case of a zone
which clearly has a mixed use objective but which for some reason does not fit easily into the
above mixed use sutategories (M1 to M4).

Other (O)- This is a final cal@ll category which would only be used if a zone did not fit
comfortably into any of the other categories, saategories or susub-categories. .

Strategic Reserve, white land (O1) is to cater for those cases where land is zoned for
development at some e in the future but no objectives or specific controls are indicated.
White land is sometimes the term used for land which falls into thiscauegory.

General (02) This is the final catchall-sakegory which is intended to be the place where any
zonewhich does not fit into any of the other stdategoriesor subsub-categories can be
allocated. Given the extensive nature of the overall GZT classification scheme set out above it
is not expected that there would be many classifications into thiscaggory.

Based on an analysis of the overview of the categories provided for the REGEOCITIES project,
an assessment of the land zoning sub categories in Ireland has been consideredaldogees
between the GZT subcategories and the REGEOCITIES categatessdbed irthe table

below.
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REGEOCITIES Name Other categories GTZ
Zone Categories Ireland
A Older settlements M2
B Areas with special attention to 63
preservation.
C Dense urban settlements S2, S4, S3, M4 (S6-R3-M5)
D Sparse urban settlenmts R2
E Urban development areas R1, R4, M1, O1
F Commercial operation areas C3, C6, C1.1(C7)
G Industrial area C1.2,C2.1,C2.2,C6 (C7)
H Areas for the technical sustainment of| N2.1, N2.2, N2.3 - N3.1, N3.2, N3.3,
the city N3.4 (N2.4 - N3.4 - N.6)
[ Park areas G1, G2 (G5)
J Water areas with waterways
K Main roads and railroad tracks

N1.1, N1.2, N1.3, N1.5 (N1.6)

The maps below represent an example of the zoning categories in ®p&adtre and in

South Dublin.
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(Extract from myplan.ie Cak City Zoning Development Plan 2002015)
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(Extract from myplan.ie South Dublin Zoning Development Plan 201-2017)

Underground infrastructure information in Ireland is available through the statutory
undertakes in the case of telecommunicatioredaticity, gas and water. With respect to
underground tunnels and road infrastructure which only occurs in Cork City centre and Dublin
City centre, information lies with the Nationab&ls Authority and the Council.

The information with regard this infrasicture is available upon request and application.
Where public consultations have taken place with respect to the development of any
underground services, the information with respect to these and planning process would be
publicly available (however this really only the cader strategic infrastructure).

There is currently no register of SGE systems in Ireland. An ongoing initiative by the Geological
Survey of Ireland is in the process of trying to establish a national database of SGE systems.
Curent information of large SGE schemes that require and EIA and open loop systems require
discharge license will be the only ones thag known to local authorities.

Analysis of the potential for SGE in the zones

No specific regulations or guidelines inléred exist with respect to deploying SGE systems in
different land zone areashen consideringther subsurface uss. Thepotential barriers in

the different zones are disssed throughout this document.

The regulatory framework in Ireland requires tisatme considerations are given in all land
zone areas where open loop geothermal systems are proposed. These include the
consideration of ranjection to a groundwater aquifer or to a surface water body. Larger scale
systems proposing to pump above a cémtthreshold are required to obtain a discharge
license from the relevant County Council. Any application will take into considerations the
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