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Abbreviations  

 
Technical: 

ATES Aquifer Thermal Energy Storage 
BHE Borehole Heat Exchangers 
BTES Borehole Thermal Energy 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 Geothermal Energy 
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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In troduction  
The objective of this report is to describe where and when a Shallow Geothermal Energy (SGE) system is 

favourable in a building and in a city. Therefore, analysis of the different aspects for consideration with 

respect to the integration of SGE systems in different typologies buildings and in different city zones was 

made. The report consists of three parts, where the first part comprises integration of SGE systems in 

buildings, especially during refurbishment and the second part comprises integration of SGE systems in 

cities. The third part comprises analysis of committed cities in the REGEOCITIES project. 

 

The implementation of SGE and typically GSHP during the phase of refurbishment of existing buildings is 

considered very important since these actuations are expected to dominate the construction sector 

within the next years. Furthermore, according to the recast of the EPBDΣ ǘƘŜ Ƴŀƛƴ ƳŀǊƪŜǘ ŦƻǊ άƴŜŀǊƭȅ 

ȊŜǊƻέ ƻōƧŜŎǘƛǾŜ ƛƴ нлнл ŀǊŜ ǘƘŜ ǊŜŦǳǊōƛǎƘŜŘ buildings. For this reason, in the first part specific aspects 

which can govern the implementation of SGE during the refurbishment of buildings are defined. Also, the 

regulative framework for refurbishment of buildings is considered in the different targeted regions in 

order to decipher any potential interference with the licensing or installation of SGE. 

 

Cities can be subdivided in different zones and the zones have different potential for SGE. First, typical 

zones for a medium/large city were established in order to analyse the implementation of SGE in cities. 

The REGEOCITIES zones are used for the analysis of the potential use of the ground. The aim of the 

analysis of zones is to find out about special aspects and conditions that can be taken into consideration 

for the implementation of SGE systems. Both barriers and possibilities are discussed. The analysis of city 

plans is made for the committed cities and regions by the participating countries and reported in the 

Appendices. For cities where the zoning is different from the REGEOCITIES zones, a table shows how to 

associate these with each other. The access to the ground in the different zones is analysed in order to 

identify zones with low, average and high availability for future recommendations of implementation. 
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SGE in buildings 
The implementation of SGE in buildings is dependent on the type of building and also on the availability 

of the ground. The underground aspects for different zones in a city are covered in the next chapter. For 

the building aspect a list of parameters that differentiates different building types has been developed. 

These are used to assess the possibility for GSHP deployment, especially during refurbishment of 

buildings, and the compatibility of SGE with a specific building type. 

REGEOCITIES building classification  
In table 1, 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 and therefore sets requirements on a SGE system.   

Table 1 Building typologies. 

Category Building Explanation 

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

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

department store etc. 
Hotel Provides lodging 

Public School, Library, Hospital, Central and local 
ŀǳǘƘƻǊƛǘƛŜǎΩheadquarters 

Building designed for certain activity 

Historical Historical building, church Protected building structure 

 

Challenges for SGE installations in existing building stock  
Table 2 summarises general aspects for consideration regarding SGE integration in buildings. These 

aspects, explained in the following text, are to be used for analysis of SGE potential in existing 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 parameters such as those outlined in Table 

2 is essential when evaluating different building types. The first section with parameters in the table 

considers energy demand and energy balance. The energy demand for heating, cooling and sanitary hot 

water determines the requirements and the size of the SGE-system. The buildings energy demands 

depend on the climate as well as the technical characteristic of the building, building type and 

construction. Where a balanced heating and cooling demand exists for a building or a neighbourhood, a 

BTES or ATES system can be considered suitable where the energy demand is high. 
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Table 2 Analysis of building typologies. 

Parameter Proposed answers for evaluation of building 

Energy demand  

Estimated heating and/or cooling demand XX-XX kWh/m2 ,y heating and  

XX-XX kWh/m2,y cooling 

Sanitary Hot Water (SHW) demand XX kWh/year 

Energy balance Heating and cooling relation 

System design  

Available space in building for GSHP apparatus Poor/Good/Excellent 

Existence and covering rate of distribution system; centralised heating system (Hydronic 

system, also known as wet heating, typically radiators) and centralised cooling system 

Yes/No 

How common? 

Heating system supply temperature; 

Above 61 C - high 

Below 60 C ς average 

About 35 C ς low 

Low/Average/High 

 

Existence  of centralised SHW system Yes/No 

Potential for GSHP integration with existing systems Low/Average/High 

GSHP requires new heat distribution system Yes/No 

Potential for low temperature system, 35 C (under floor/ceiling coil deployment/ 

radiator fan coil unit) 

Low/Average/High 

Competing heat sources 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 potential of installing a SGE system, provided that there is space available in the 

building for the heat pump unit, storage tank etc.  

A centralised distribution system is needed for space heating. The temperature level in the distribution 

system is here ranged from high to low, where a low temperature system is the most favourable option 

(highest potential performance) when planning an SGE installation. The heat pump can in most cases 

also provide sanitary hot water. However, this also requires a system design for centralised hot water 

heating.  

Refurbishment could be an opportunity to install a centralised heating system. An under-floor heating 

system is typically designed as a low temperature system. Another alternative low temperature system 

for single family houses without an existing hydronic system is a fan coil unit. That solution requires less 

piping work for installations.  

By considering all the listed parameters in Table 2, an overall potential for a building can be developed. 

The underground potential 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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ǘƘŜ ƴŜȄǘ ŎƘŀǇǘŜǊ ά{D9 ƛƴ ŎƛǘƛŜǎέΦ DŜƻƭƻƎƛŎŀƭ ŎƻƴŘƛǘƛƻƴǎ ŦƻǊ ǾŀǊƛƻǳs European cities are not included in 

detail this project. 

Regulations  for refu rbishment and regulations for GSHP installation  
Regulations and frameworks for refurbishment of buildings have been investigated for interference 

between refurbishment and SGE installations. A conflict between the applications of SGE in the 

refurbishment of buildings has not been seen. The main framework and regulations that currently covers 

the installation of SGE systems is in the transposition of the EPBD. 

In Sweden, Denmark, Netherlands, Belgium, Germany and France the 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 energy efficiency.   

In Sweden, new buildings are considered heated with electricity if the installed power for heating 

(including heat pumps) is more than 10 W/m2. Buildings heated with electricity must use less purchased 

energy than buildings heated with other purchased energy carriers (oil, district heating, etc.).   

In the Netherlands, new buildings have to have a minimum Energy Performance Coefficient (EPC). The 

EPC says something about the minimal energetic quality of a building. The value of the minimum EPC is 

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 choose the methods: extra 

insulation, better installations or the application of renewable energy, like SGE. 

In France, the final energy calculation is expressed in primary energy requirements and not in final 

energy. The conversion coefficient is 2.58 for electricity and it is only 1 for oil and gas. 

Also in Belgium, the energy performances of new buildings are expressed through primary energy and 

the PEF for electricity used is 2.5. The three Regions; Flanders, Wallonia and Brussels have their own 

transposition of the EPBD. Since January 2014, Flanders imposed a minimal share of RES production in 

every new building. For Heat Pumps the obligation in case of installation is the covering at least 50 % to 

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

The German regulations include limits for specific primary energy use both for new and refurbished 

buildings. Because GSHP can achieve primary energy savings over gas boilers etc., the result is an 

incentive for using geothermal heat pump technology. 

The Greek, Spanish, Italian and partly German regulations include quantitative targets for renewable 

energy (included GSHP installations) concerning new buildings and major renovation of buildings. In 

Greece and Spain there are for example requirements on 60 % of the DHW supplied by RES systems, that 
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could be heat pumps that fulfils the requirements on SPF. As above, regulations for refurbishment are 

focussed on improved energy efficiency measures.   

One German state, Baden-Württemberg, has established an obligation that when refurbishing (defined 

as the replacement of the core components of a heating system), a minimum of 10 % 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, typically a GSHP will 

be the only solution. 

In Ireland the compliance of building regulations for domestic buildings and regulations for SGE systems 

sets out operating parameters including COP (2.5) and minimum contribution of a heat pump to the 

overall heating and sanitary hot water (10kWh/m2/yr or better) for new build developments.  

The Irish requirements for new non-residential buildings over 1,000m2 are slightly different with 

consideration of alternative energy systems. This includes: decentralised energy supply systems based on 

renewable energy, Combined Heat and Power (CHP), district or block heating or cooling and heat pumps. 

In Romania, the current legislation set that the specific energy consumption for heating in rehabilitated 

buildings should be below 100 kWh/m2//yr. The regulations on energy audits and Certificates are setting 

the same limit. The current average yearly consumption for heating in Romanian buildings is 

265 kWh/m2/yr (compared with 125 kWh/ m2/yr European average).  
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SGE in cities  
In this section, the different city zones are defined and a common analysis for all cities regarding SGE 

implementation in the different zones is presented. The analysis of participating countries is presented in 

Appendices 6-10. 

REGEOCITIES land area classification  
SGE systems can 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 by SGE system a 

certain volume of underground is needed. The underground space requirement of an SGE system is 

determined by ƎŜƻƭƻƎƛŎŀƭ ŀƴŘ ƘȅŘǊƻ-ƎŜƻƭƻƎƛŎŀƭΣ properties, the heating and cooling demand of the 

building and the use of closed loop boreholes or ground water wells. In urban areas SGE deployment can 

be limited by ƎŜƻ-ǘŜŎƘƴƛŎŀƭ ƛƴǎǘŀƭƭŀǘƛƻƴǎ ŀƴŘ ǎȅǎǘŜƳǎ όƛƴŎƭǳŘƛƴƎ ŀǊŎƘŀŜƻƭƻƎƛŎŀƭύΣ ŀǎ ǿŜƭƭ ŀǎ ŎƭƛƳŀǘƛŎΣ 

ŜƴǾƛǊƻƴƳŜƴǘŀƭΣ ǎƻŎƛƻ-ŜŎƻƴƻƳƛŎŀƭ ŀƴŘ ƭŜƎƛǎƭŀǘƛǾŜ constraints. The layout of this infrastructure and 

services ultimately determines the feasibility for deployment of SGE systems. It is therefore of outmost 

importance for the municipality to have thorough understanding of the location of such installations. 

 

The built environment can be classified in numerous ways based on the land use density (exploitation 

rate, percentage of land use and average building level). This includes residential, commercial and 

industrial zones. The REGEOCITIES project uses the classification in Table 3 to analyse the potential for 

SGE deployment in different parts of a city. The different city zones are also shown in Figure 1.  

In this chapter, the (hydro-) geological characteristics of the underground are not taken into account.  
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Table 3 REGEOCITIES land area classification. 

Zone Zone Explanation 

A Older settlements Older areas of the city, but without 
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 Suburbs, multifamily houses, public 
services, hotels 

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

E Urban development areas Areas with potential for new buildings 
F Commercial operation areas Office complexes, commercial 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, sewage plants etc. 

I Park areas  

J Water areas with waterways  

K Main roads and railroad tracks  
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Conclusions 
SGE systems can be used in all parts of a city, at any scale, from individual single family houses to a whole 

city district as a part of a district heating/cooling network.  

At building level, 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 retrofit, installations 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 

primary energy ƛƴǘƻ ŀŎŎƻǳƴǘΣ ŜƭŜŎǘǊƛŎŀƭƭȅ άƘŜŀǘ ǇǳƳǇ ƘŜŀǘŜŘέ ōǳƛƭŘƛƴƎǎ ƛƴŎƭǳŘƛƴƎ {D9-buildings has 

ƘƛƎƘŜǊ ŜƴŜǊƎȅ ǊŜǉǳƛǊŜƳŜƴǘǎ ǘƘŀƴ ƻǘƘŜǊǎ ƛƴ ǘŜǊƳǎ ƻŦ άǇǳǊŎƘŀǎŜŘ ŜƴŜǊƎȅέ (lesser kWh/m2/yr). Most of the 

latter countries have not yet any specific energy requirements for refurbished buildings.  

At a general level, the indoor installations are of the same size or smaller than a corresponding boiler 

system, but require on the other hand a centralized (hydronic) system for comfort heating/cooling as 

well as for sanitary hot water. For buildings with both heating and cooling demand, the equipment can 

be used for both, saving space and initial investment cost. 

At city zone level, some general aspects on SGE-systems can be found for almost all city zones, even if 

they are more significant in some areas compared with others. As an example, a small visual footprint 

and a low noise level (neither chimneys nor fan-coolers) is in favour for SGE systems in general, however 

it is more important for an area with special attention to be preseǊǾŜŘΣ ƭƛƪŜ ŀƴ άƻƭŘ ǘƻǿƴέΣ ǘƘŀƴ ƛǘ ƛǎ for a 

new commercial centre. Other examples besides low outdoor noise level and small visual exterior 

footprint stated above, is no local air polluting emissions (no chimneys) and the elimination of risk for 

legionella from evaporative roof coolers.  

In denser areas, large SGE seasonal storage systems are more competitive or even necessary to grant 

everyone access to underground heat/cold. Large systems can also be shared between buildings. In 

denser zones with large buildings/ systems nearby less densely built zones like parks can be used for the 

underground part of the SGE installation. 

In sparse urban settlement there is enough space between individual systems for a natural thermal 

recovery, while large systems needs to be thermally balanced as example by annually using as much heat 

as cold, or by recharging with a free source like a solar collector.  

A general barrier for SGE is that the heating/cooling infrastructure in many cases is already in place in 

built areas. This is however more of a problem in older settlements and areas with special attention to 

preservation where a refurbishment of the infrastructure is not easily accomplished. 
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Table 4 is a compilation of all general aspects on SGE in different city zones; it gives an overview, while 

the national reports in the appendices gives the details. The different city zones are shown in Figure 1 

below. 

 

 

Figure 1  The city zones from REGEOCITIES land area classification.
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Table 4 Compiled aspects of SGE potential in cities ς a compilation of general aspects. 

Zone type  In favour for SGE  Barriers for SGE  

A Olde r settlements  Low visual impact  no sound impact compared to other  
technologies. No outdoor fan coolers (for chillers/air -condition) or 
chimneys.  

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 ) or  BTES, 
can be implemented by drilling in building's basement.   

Heating and/or cooling infrastruct ure already  in place . 

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

Older settlements  may have narrow streets  etc.  making it difficult 
to get the drilling equipment in place.  Few spots sui table for wells 
/ 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.  

B Areas with special 
attention to 
preservation.  

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

Heating and cooling are possible with only one system.  

No delivery of fuel by truck.  

 

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 ead with no 
visual impact.  

C Dense urban 
settlements  

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 -condition)  or 
chimneys.  

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

 

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.  

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

If unbalanced heat ing /cooling: a balanc ing  source will be needed 
(i.e. solar coll ector, cooler  or lake/stream ) 
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Zone type  In favour for SGE  Barriers for SGE  

D Sparse urban 
settlements  

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.  

 

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

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

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

Investme nt in 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 -cond ition)  or 
chimneys.  

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.  

 

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 c ontaminated soil (from old industrial 
sites) to groundwater.  

 

F Commercial 
operation areas  

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 - free cooling with COP up to 
20 is possible in that kind of building.  

 

New b uildings can b e designed for SGE from scratch . 

Elimination of health problems related to legionella  from 
evaporative condensers /cooling towers . 

 

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.   
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Zone type  In favour for SGE  Barriers for SGE  

G Industrial area  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.  

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.  

H Areas for the 
technical 
sustainment of 
the city   
 

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

 

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

No buildings to supply wi th thermal energy in the park area . 

Sensitive ecosystems of protected area.  

J Water areas with 
waterways  

Water is a very good balancing source  for heating as well as 
cooling of ATES/BTES .  

SGE can  be used directly in water bodies or in  the underground 

ben eath the water . 

SGE heat transfer fluid can be incompliant with requirements for 
waterwaysô safety considerations and water protection  

Lack of adequate information regarding the quantitative and 

qualitative thermal effects in specific areas, due to 
overexp loitation of aquatic environments from ATES systems.  In 
most cases no overexploitation.  

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

K Main roads and 
railroad tracks  

 

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.  

Road infrastructure design could restrict deployment options.  



 
 

 
 

 

Introduction to Appendices  
Reported in the first part of Appendices (1-5) are analyses of different aspects for 

implementation of SGE in the city zones. This includes examples from committed cities. 

Analyses of city plans were made for the committed cities by the participating countries. For 

cities where the zoning is different from the REGEOCITIES zones, a table shows how to 

associate these with each other. 

The analysis in the second part of Appendices (6-11) gives a general overview of different 

aspects for implementation of SGE in cities in participant countries or specific regions. 
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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 

including existing regulatory examples. 

Land area classification  
The REGEOCITIES zones are applicable to the two cities. The city of Stockholm (approx. 900 000 

inhabitants) and Karlstad (approx. 90 000 inhabitants) has been used for the analysis. 

A. Older settlements 
B. Areas with special attention to preservation  
C. Dense urban settlements 
D. Sparse urban settlements 
E. Urban development areas 
F. Commercial operation areas 
G. Logistic zones and manufacturing 
H. Areas for the technical sustainment of the city  
I. Park areas 
J. Water areas with waterways 
K. Main roads and railroad tracks 

Analysis of the potential for SGE in the zones  
In general there are no restrictions/barriers for SGE systems in a specific or typical for zone A-

YΦ Lƴ {ǘƻŎƪƘƻƭƳ ǘƘŜǊŜ ŀǊŜ ǎƻƳŜ ŀǊŜŀǎ ǿƛǘƘ ǎŜŎǊŜǘ ƛƴǎǘŀƭƭŀǘƛƻƴǎ ǎǳǊǊƻǳƴŘŜŘ ōȅ ŀ άǎŜŎǊŜǘ ȊƻƴŜέΣ 

mainly in central parts. 

There are restrictions for drilling in water protection areas, which include built environment in 

both Stockholm and Karlstad, also in central parts (all type of scenario zones). In Karlstad a 

permit is required for GSHP (and not only a notification) in water protection areas. In 

Stockholm, a permit is obligatory everywhere for GSHP installations. 

It is possible drill on ground not owned by the SGE owner, including municipal owned ground 

like streets and parks. This requires an agreement, a utility easement, with the property owner 

whoever it may be. There are several examples of this in Stockholm both ordinary GSHP 

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 zone A and C). 

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 cables, water 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 objects. Underground garage could be used for installations 

of wells and boreholes, and is not a problem by itself. 

Old historical settlement (zone G) like the old town of Stockholm has restriction to minimize 

vibrations from drilling. Water drilling with lesser vibrations than pneumatic drilling is 

prescribed in the permit by Stockholm City. 

The availability of the ground  
The underground is suitable for GSHP from a geological point of view in most parts of Sweden. 

Only a small percentage has thick layers of clay (as example parts of Gothenburg and Göta Älv 

valley) or other less suitable underground conditions like the island of Gotland that is mainly 

lime rock. Around 15 % of the ground in Sweden consists of permeable ground suitable for 

ATES systems. 

Besides the geological conditions, lack of space between boreholes can become a limiting 

factor as well as lack of thermal underground volume. For zone D (sparse urban settlements), 

i.e. zones with low heat energy density (low building heat energy demand per ground area) like 

single family houses and two floor terraced housing, the distance between boreholes can 

become the limiting factor. The recommendation in Sweden is 20 meters, and 

detached/terraced housing might have small plots. Despite this, close to 100 % can drill and 

install even in these zones. In Stockholm common drilling plans are made for some 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 

SGE-system owner can prove it will be compensated for by a deeper borehole 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 borehole depth 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 an average 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 of built ground it can also get tricky to find locations for the boreholes, but in most 

cases can locations be found on 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 buildings in a block 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 of the underground 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 supplied in different built city typologies/zones.  

¢ƘŜ ŦƻƭƭƻǿƛƴƎ ǘŀōƭŜ ǎƘƻǿ ŀƴ ƛƴŘƛŎŀǘƛƻƴ ƻŦ ά¢ƘŜǊƳŀƭ ǳƴŘŜǊƎǊƻǳƴŘ ǘƛƎƘǘƴŜǎǎέ ŦƻǊ D{It ŀƴŘ .¢9{ 

for different zones, depending on their Floor Area Ratio (FAR) and building energy 

performance.  Floor Area Ratio is the total Gross Floor Area divided with total Gross Ground 

Area.  

For GSHP the recommendation is 20 meters between each installation, but it will start to 

ǘƛƎƘǘŜƴ ǳǇ ŜŀǊƭƛŜǊ ǎƛƴŎŜ ǘƘŜ ƘƻƭŜǎ ŎŀƴΩǘ ōŜ ŘǊƛƭƭŜŘ ǿƛǘƘ ŜǾŜƴ ǎǇŀŎƛƴƎ ŀƭƭ ƻǾŜǊ ŀ ȊƻƴŜΦ CƻǊ .¢9{ ŀ 

percentage 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 ways, etc. (Zone H, I and J), besides sidewalks, parking 

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

be supplied by SGE. ! ǘȅǇƛŎŀƭ ŎŜƴǘǊŀƭ Ŏƛǘȅ ŘƛǎǘǊƛŎǘ ǿƛǘƘ άlarge city blocksέ ƘŀǾŜ ŀōƻǳǘ о-6 floor 

buildings. Typically the Floor Area Ratio (FAR) is about 1.2-2.5 and maybe 25-60 % 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 heat and 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 heat and cooling for all buildings. 

A zƻƴŜ ǿƛǘƘ άsmall town blocksέΣ ǳǎǳŀƭƭȅ ƘŀǾŜ н-3 floors, a FAR from about 0.6 to 1.5 and 

about 20 % to maybe 50-60 % built ground area. The heat energy demand is still too high for 

100 % GSHP zone coverage with current building standard, but for zones with new or energy 

efficient buildings and low density, GSHP could actually supply up to 100 % with some planning 

of borehole locations. 

άMillion programmeέ ȊƻƴŜǎΣ ōǳƛƭǘ мфср-1975, is characterized by three to ten floor buildings, 

an FAR of 0.70 to 1.5 and about 10-20 % 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 about 50 % or more of the buildings in a zone. 

However BTES with recharge (from solar collectors) can supply all buildings. 

άMedium high open zonesέΣ ǳǎǳŀƭƭȅ н-3 floor, ranges from FAR 0.4 to 0.7. These zones have 

less tightness than above zones and good possibilities for SGE. 

! άgarden townέΣ ŎƘŀǊŀŎǘŜǊƛǎŜŘ by dense but low buildings, have a FAR between 0.2-0.4 and 

15-20 % 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 number 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 to 100 % should be able to drill. 

 

  



 
 

 
 

22 

 

 

 
Building performance  Poor Average 

New/ 
Refurb. 

Energy 
efficient 

Heat/Gross Floor Area  
(kWh/m2, year) 240 160 80 50 

Seasonal Performance 
Factor (SPF) 3,5 3,5 3,8 4,0 

 

GSHP average borehole  
distance (m) 

BTES area coverage  
of gross ground area (%) 

Building energy performance Building energy performance 

FAR Poor Aver. New EE Poor Aver. New EE 

3,00 
  

13 
 

16 290% 190% 100% 65% 

2,75 
  

14 17 265% 175% 90% 60% 

2,50 
 

10 14 18 240% 160% 85% 55% 

2,25 
 

11 15 19 215% 145% 75% 45% 

2,00 
 

11 16 20 190% 130% 65% 40% 

1,75 10 12 17 21 170% 110% 60% 35% 

1,50 11 13 18 23 145% 95% 50% 30% 

1,25 12 14 20 25 120% 80% 40% 25% 

1,00 13 16 23 28 95% 65% 35% 20% 

0,90 14 17 24 30 85% 60% 30% 20% 

0,80 15 18 25 32 75% 50% 25% 15% 

0,70 16 19 27 34 65% 45% 25% 15% 

0,60 17 21 29 37 60% 40% 20% 15% 

0,55 18 22 30 38 55% 35% 20% 10% 

0,50 19 23 32 40 50% 30% 15% 10% 

0,45 20 24 34 42 45% 30% 15% 10% 

0,40 21 26 36 45 40% 25% 15% 10% 

0,35 22 27 38 
 

35% 20% 10% 5% 

0,30 24 30 41 
 

30% 20% 10% 5% 

0,28 25 31 43 
 

25% 20% 10% 5% 

0,25 26 32 45 
 

25% 15% 10% 5% 

0,23 28 34 
  

20% 15% 5% 5% 

0,20 30 36 
  

20% 15% 5% 5% 

0,18 32 39 
  

15% 10% 5% 5% 

0,15 34 42 
  

15% 10% 5% 5% 

0,13 37 46 
  

10% 10% 5% 5% 

0,10 42 
   

10% 5% 5% 0% 

0,09 45 
   

10% 5% 5% 0% 

0,08 
    

5% 5% 0% 0% 

0,06 
    

5% 5% 0% 0% 

0,05 
    

5% 5% 0% 0% 
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Alternative heat sources  
There are two main competing heat generators, district heating and air source heat pumps. 

The majority of multifamily buildings are connected to district heating, about 80 %, as well as 
many commercial buildings in city centres. High heat demand density favours district heating, 
but it is even more favoured by a large total heat delivery. The larger the total delivery is, the 
more cost efficient will the production in general be, like combined heat and power plants or 
waste-to-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 town. District heating is however not always the number one alternative, 
there are examples of multifamily buildings disconnecting from district heating and drilling for 
GSHP in central parts of Stockholm.  

For single family houses air source heat pumps are the most popular choice, especially for 
newer houses with higher energy efficiency and a relative low heat energy demand. Air source 
heat pumps are an alternative that have a lower investment cost than GSHP and somewhat 
lower SPF values of operation.  

Commercial buildings have a cooling 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 boilers are the competing 
alternatives. Currently 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 Netherlands and existing regulatory examples are 

analysed. 

Land area classification  
The REGEOCITIES zones are applicable to the most cities in the Netherlands. Based on land 

classification, the cities of Arnhem and 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 areas: 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, commercial, etc.) 

 

For the realization of SGE systems, a set of guidelines has to be followed. Each category has its 

own set of guidelines. 

Municipality of Breda - Master Plan Triple O Campus  

For an area in the municipality in Breda a Master Plan is made in order to organize the 

subsurface for SGE. The organization is needed due to the presence of other interests, like 

contaminations and archaeological sites.  

 

 

  Master Plan area  wells 

interests   cold well 
  contaminated   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 system 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 section describes how the situation in general is in the Netherlands.  

In the Netherlands, we distinguish the following barriers for SGE system. For every aspect is 

described in which type of zone it can be present.  

Groundwater protection areas 

These are in most cases not situated in urban areas, so it 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 commercial 

buildings for ATES). This corresponds to zones C, E, F and G. 

Archaeology/monuments 

Mainly relevant in (old) city centres (even without special attention to preservation, general 

archaeological rules apply). This corresponds to zone A, but sometimes this archaeology and 

monuments are also present in zones C, D and I. In the countryside there are specific 

monumental/archaeological sites too. Those sites generally have a special status, so zone B. 

Nature 

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

urban areas. Only when they have a special status, it can be a barrier for SGE systems, so zone 

B. In most cases though, nature is not a restriction for SGE. You only have to pay a little bit 

more attention to the design of you system.  

Soil/groundwater contamination 

This is relevant in former industrial areas and locations where chemical drycleaners were 

situated, where contamination with chlorinated hydrocarbons (tetrachloroethylene, 

trichloroethylene) are common. Former industrial areas are often development areas (zone E). 

The former chemical drycleaner are often located in older urban areas (zones A, C and D). 

Trenches, dams and other structures for protection against water 

Because a big part of the Netherlands is below sea level, we have a lot of structures that 

protect us from the 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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Special precautions have to be taken for drilling next to big infrastructural object like highways, 

train and metro tracks, which corresponds to zone K. For drilling you also have to pay attention 

to underground garages (zones C, E and F) and cellars (zones C and D). And for ATES system 

you have to pay attention to all these aspects, because of the influence an ATES system can 

have on the groundwater table. 

Cables/pipelines 

This aspect is mainly relevant for the incorporation of drillings in the subsurface. Mainly in 

dense urban areas (zone C); the subsurface is already full with cables and pipeline (gas, electro, 

sewerage, telecom, etc.). This makes it difficult to find location for the wells 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 a so-called master plan. These 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 designated. These plans are often made for 

locations in zone C, E, F. 

 

When you want to drill in municipal land or a ƴŜƛƎƘōƻǳǊΩǎ property, you always have to ask for 

permission of the municipality/neighbour. Only when you get the permission, you are allowed 

to drill. This rule always apply, there is no difference between the different zones.  

 

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 municipalities for BTES 

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 quality) of the subsurface and not to 

the different zones. 

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. These are two types of standard procedures, which are defined 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 underground 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 conditions (province of Zeeland). 

Besides the geological conditions, 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 area for the drilling of holes.  

A. Older settlements 50-90 % 
B. Areas with special attention to 

preservation  
0 % (groundwater protection area) 
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 are present) 
H. Areas for the technical sustainment of the 

city  
80-100 % (depending on how many SGE 
initiatives there are present) 

I. 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 competing alternative heat sources. 

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

Often, these networks are co-financed by the municipalities. Due to the high investment costs 

ƛƴ ǘƘŜǎŜ ƴŜǘǿƻǊƪǎΣ ǘƘŜǊŜ ƛǎ ŀ ǇǊŜŦŜǊŜƴŎŜ ŦƻǊ ǘƘŜ ǳǎŜ ƻŦ ǘƘŜǎŜ ƴŜǘǿƻǊƪǎΦ IƻǿŜǾŜǊΣ ǘƘƛǎ ŘƻŜǎƴΩǘ 

mean that SGE systems are not allowed. Mainly ATES systems are seen as a complementing 

technique on district heating: heat is supplied by the network, cold by the ATES system.  
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Appendix 3: Ireland  -Analysis  of SGE in South Dublin and Cork City  

Land area classification  

Based on the initial zones agreed in the REGEOCITIES project for consideration with respect to 

the integration of SGE systems in cities, the 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 the national Generalised Land Zoning (GTZ) categories in Ireland that 

have been developed 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 Infrastructure/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 level GZT category is intended to provide for zones which 

deal mainly with exploiting the physical resource base. 

Agriculture (P1) is a sub-category intended to provide for zones directed at farming and related 

activities. 

Forestry (P2) would include for example zones 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 example include zones which cover land or water areas 

which are intended to be used for fishing or aquaculture purposes. 

Quarrying/mining (P4) is a sub-category to provide for zones where extraction of stone or 

aggregate is the main intended use. 

Mixed/general primary sector uses, including rural (P5) is a sub-category intended for zones 

which have as a main purpose the provision of any two or more of the other listed Primary 

Sector purposes (agriculture, forestry etc.). Zones which fall into this sub-category would not 

indicate any preference between the zones which fall into the other listed sub-categories. 
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Other primary sector (P6) is a catchall sub-category which is intended to cater for any Primary 

Sector zones which do not fit well into any of the other sub-categories within this Primary 

Sector GZT category. It is not envisaged that this sub-category will be often used as in 

particular the mixed sub-category (P5) would cater for many of the zones which do not easily 

fall within the other sub-categories (i.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 any zoning which has commercial and/or retail 

activities as the main purpose. However retail warehouses would be excluded from this sub-

sub-category. 

Retail warehouse (C1.2) given the prevalence of retail warehouse zonings and the particular 

conditions associated with this use, this type of zone is identified as a sub-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) would provide for any zoning which has these uses 

as the main purpose. However general industrial zones would be excluded from this sub-sub-

category. 

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

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

sub-sub-ŎŀǘŜƎƻǊȅΦ {ƻƳŜǘƛƳŜǎ ǘƘŜ ǘŜǊƳ ΨƘŜŀǾȅ ƛƴŘǳǎǘǊȅΩ ƛǎ ǳǎŜŘ ǘƻ ŘŜǎŎǊƛōŜ ǘƘŜ ǘȅǇŜǎ ƻŦ 

industrial uses which would occur in this zone type. 

Office, business/technology park and related (C3) is a sub-category for zones where office or 

technology/research facilities are the main intended uses. 

Warehouse (C4) is a sub-category where the primary use would be the storage of goods, 

equipment etc. Retail warehouse zones are not included in this sub-category 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) sub-category would cater for zones 

where there is a mix of one or more of the other specific sub-categories (C1 to C5) in a way 

where there is no clear preferences or predominance for any one of the uses indicated in these 

other sub-categories. 
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Other commercial/industrial/enterprise/economic development (C7) is a catchall sub-category 

intended to cater for any commerce/industry/enterprise/economic development use which 

does not fit into any of the other sub-categories C1 to C6. It may be expected that this sub-

category would be infrequently used given the range of other sub-categories (C1 to C5) and 

the mixed sub-category (C6). 

Community Services / Facilities - In essence this broad GZT category is intended to cater 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 include all types of zone where the land would primarily be 

used for teaching or training and would include any type school (pre-primary, 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 

zones in this sub-category. 

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 facility 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 non-commercial state 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 sub-categories). 

Other community services/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. 

Transport is a sub-category related to the movement of people or goods. It is one of the sub-

categories which is subdivided into lower level categories (sub-sub-categories), mainly because 

of the very significant difference between the uses in these sub-sub-categories. 

Road (N1.1) would cover roads but also for example include service stations and bus depots. It 

ǿƻǳƭŘ ŀƭǎƻ ƛƴŎƭǳŘŜ ŎŀǎŜǎ ǿƘŜǊŜ ΨǇǊƻǇƻǎŜŘ ǊƻŀŘΩ ƛǎ ƛƴŘƛŎŀǘŜŘ ƻƴ ŀ ȊƻƴƛƴƎ ƳŀǇΦ 

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 airports can be a source of considerable 

enterprise development. However the primary purpose of an airport zone is to provide for air 

travel and thus the zone should be categorised into this sub-sub-category. 

Seaport/harbour (N1.4) would for example include quays, loading/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 for small 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 sub-sub-category. 

Mixed general transport (N1.5) provides for the case where 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 sub-sub-category which would be used when a zone intended to 

provide mainly for transport uses does not fit well into any of the other sub-sub-categories (ie 

N1.1 to N1.5). 

Water/Wastewater is a sub-category 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, pump station 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 (N2.3) would apply when no distinction is made between 

water and wastewater related facilities. 

Other water/wastewater (N2.4) uses is the catchall sub-sub-category which may be expected 

to be used only infrequently given that virtually all water and wastewater related zones should 

be covered in one of the above three sub-sub-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 which provide mainly for the generation or 

distribution of electricity. Wind farms, pump storage electricity generation facilities would be 

included into this sub-sub-category. If power line routes are designated as zones then they 

would fall within this sub-sub-category. 

Mixed/general gas and electricity (N3.3) 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 cater for any 

zones which relate mainly to gas and electricity matters but which fall outside of the sub-sub-

categories N3.1 to N3.3. 

Telecommunications (N4) would for example provide for zones which relate to 

telecommunications masts. 

Solid waste (N5) would provide for example for zones where the main use would be solid 

waste disposal sites, incinerators, bring banks, etc. 

Other networks and basic infrastructure/utilities (N6) is the catchall sub-category which may 

be expected to be used only infrequently given that virtually all network and services/utilities 

related zones should be covered in one of the other sub-categories or sub-sub-categories (N1 

to N5). 

Residential (R) - New/proposed residential,  

Strategic residential reserve (R1) is a sub-category which applies 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 is undeveloped, and where there is existing housing. The zones related to this latter 

ŎŀǘŜƎƻǊȅ ŀǊŜ Ƴƻǎǘ ŦǊŜǉǳŜƴǘƭȅ ǘŜǊƳŜŘ Ψ9ȄƛǎǘƛƴƎ wŜǎƛŘŜƴǘƛŀƭΩΣ ƻǊ ǎƻƳŜ ǾŜǊȅ ǎƛƳƛƭŀǊ ƴŀƳŜΦ {ǳŎƘ 

zones would be classified into this sub-category. 

Residential, mixed residential and other uses (R3). This sub-category provides for cases where 

residential zones do not fall directly into one of the sub-categories 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 sub-category which could be used in the case of zones which have a 

primary or strong residential intention but which straddle the other residential sub-categories 

Strategic residential reserve (R4). A number of plans identify areas which are intended for 

residential development at some future date. Normally no details regarding the density or 

form of residential development which should occur in these areas are set out in the Plan. 

ΨDǊŜŜƴΩ κ wŜŎǊŜŀǘƛƻƴ κ /ƻƴǎŜǊǾŀǘƛƻƴ όDύ - In essence this broad GZT category is intended for 

ȊƻƴŜǎ ǿƘƛŎƘ ŎŀǘŜǊ ŦƻǊ ΨƎǊŜŜƴΩΣ ǊŜŎǊŜŀǘƛƻƴ ŀƴŘ ŎƻƴǎŜǊǾŀǘƛƻƴ ǊŜƭŀǘŜŘ ƛǎǎǳŜǎΦ 

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 space/park areas 

ŎƻǳƭŘ ƻŦ ŎƻǳǊǎŜ Ŏƻƴǘŀƛƴ ŀŎǘƛǾŜ Ǉƭŀȅ ŦŀŎƛƭƛǘƛŜǎ ǎǳŎƘ ŀǎ ŎƘƛƭŘǊŜƴΩǎ Ǉƭŀȅ ŀǊŜŀǎ ōǳǘ ǘƘŜǎŜ ǿƻǳƭŘ ōŜ 

only a smaller component (say under 30 %) of the overall area involved. Judgement calls may 

be required if the active component exceeds say 30 % as to whether the zone falls within this 

category or the Active open space category (G4). 

Walkway, cycleway, bridal paths (G2) is a sub-category for zones where the main intention is 

to provide for travel by foot, cycle or horse. They most frequently occur alongside rivers but 
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could of course occur elsewhere. In some cases they occur as buffer corridors and could be 

classified into the sub-category G3 mentioned below, but in such cases it would be more 

appropriate to place these zones into this sub-category where there 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 level of conservation, 

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 sources. 

Active open space (G4) is a sub-category into which zones which provide for stadia, GAA 

pitches, golf courses, rugby or soccer fields etc. should be placed. If these facilities are part of a 

much larger open area zone then a judgement call is required to determine if the zone falls 

within this sub-category or the Open space, park sub-category (G1). As a general guide, if more 

than 30 % but less than 50 % of the area would be taken up with the facilities mentioned 

above then it is probably the case that the zone should be classified into this sub-category, 

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 sub-category. 

aƛȄŜŘκƎŜƴŜǊŀƭ ΨƎǊŜŜƴΩΣ ǊŜŎǊŜŀǘƛƻƴ ŀƴŘ ŎƻƴǎŜǊǾŀǘƛƻƴ ŀƴŘ ƻǘƘŜǊ όDрύΦ ¢Ƙƛǎ ŎŀǘŎƘŀƭƭ ǎǳō-category 

is intended to cater for those cases where a zone contains objectives which explicitly straddle 

two or more of the other sub-categories (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 

ƴŀƳŜŘ ΨaƛȄŜŘ ¦ǎŜΩ) or which although having some other name are in effect general mixed 

ǳǎŜ ȊƻƴŜǎ όŜƎ ΨDŜƴŜǊŀƭ 5ŜǾŜƭƻǇƳŜƴǘΩύΦ Lƴ ǘƘŜ ŎŀǎŜ ƻŦ hǇǇƻǊǘǳƴƛǘȅ {ƛǘŜǎ ƻǊ tǊƻǇƻǎŀƭ {ƛǘŜǎ ŀ 

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 specific or more focused 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 categories/sub-categories/sub-

sub-categories. 

City/Town/Village centre or central area (M2). This sub-category 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 sub-category into which various forms of 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 which have already been 

ōǳƛƭǘΦ ¢ƘŜ Ψ9ȄƛǎǘƛƴƎ wŜǎƛŘŜƴǘƛŀƭΩ ȊƻƴŜǎ ǿƘƛŎƘ ƻŎŎǳǊ ƛƴ ǎƻƳŜ tƭŀƴǎ ǿƻǳƭŘ ƴƻǘ ōŜ ŀƭƭƻŎŀǘŜŘ ƛƴǘƻ 
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this sub-category as they invariably have objectives which relate to protecting/enhancing only 

one objective, namely, residential amenity. 

Other mixed uses (M5) is the catchall sub-category 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 sub-categories (M1 to M4). 

Other (O) - This is a final catchall category which would only be used if a zone did not fit 

comfortably into any of the other categories, sub-categories or sub-sub-categories. . 

Strategic Reserve, white land (O1) is to cater for those cases where land is zoned for 

development at some time in the future but no objectives or specific controls are indicated. 

White land is sometimes the term used for land which falls into this sub-category. 

General (O2) This is the final catchall sub-category which is intended to be the place where any 

zone which does not fit into any of the other sub-categories or sub-sub-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 this sub-category. 

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 considered.  The analogies 

between the GZT subcategories and the REGEOCITIES categories are described in the table 

below. 
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REGEOCITIES 
Zone 

Name Other categories - GTZ  
Categories - Ireland 

A Older settlements M2 

B Areas with special attention to 
preservation. 

G3 

C Dense urban settlements S2, S4, S3, M4 (S6-R3-M5) 

D Sparse urban settlements 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 
the city 

N2.1, N2.2, N2.3 - N3.1, N3.2, N3.3, 
N3.4 (N2.4 - N3.4 - N.6) 

I 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 Cork City Centre and in 

South Dublin. 

 

(Extract from myplan.ie - Cork City Zoning - Development Plan 2009-2015) 
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(Extract from myplan.ie - South Dublin Zoning - Development Plan 2011-2017) 

 

Underground infrastructure information in Ireland is available through the statutory 

undertakes in the case of telecommunication, electricity, 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 National Roads Authority and the Council. 

The information with regard this infrastructure 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 is really only the case for 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.  

Current information of large SGE schemes that require and EIA and open loop systems require 

discharge license will be the only ones that are known to local authorities. 

Analysis of the potential for SGE in the zones  
No specific regulations or guidelines in Ireland exist with respect to deploying SGE systems in 

different land zone areas when considering other subsurface users.  The potential barriers in 

the different zones are discussed throughout this document. 

The regulatory framework in Ireland requires that some considerations are given in all land 

zone areas where open loop geothermal systems are proposed.  These include the 

consideration of re-injection to a groundwater aquifer or to a surface water body. Larger scale 

systems proposing to pump above a certain threshold are required to obtain a discharge 

license from the relevant County Council.  Any application will take into considerations the 


































































































