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1. INTRODUCTION
 
Seasonal changes in air temperature are a fact of life in large parts of the 
United States, resulting in a perpetual need for heating and cooling of buildings. 
Whereas the amount of heating and especially cooling is debatable, much 
can be achieved by providing climate control. Over 40% of all U.S. electricity 
production is being used for building climate control, while the electricity 
production itself accounts for over 50% of all fresh water consumption in the 
U.S. As climate change is a growing global issue, these figures demand change 
and invite innovation in building’s energy efficiency.

While neglected or sometimes unknown, in the shallow subsurface at depths 
between 20ft and 600ft, the temperature is constant throughout the year 
and roughly equal to the mean annual air temperature at the surface, with 
the North East and Great Lakes regions between 50 and 60° F. Connecting a 
building’s climate control to a constant and mild temperature in the subsurface 
is prone to be more efficient than connecting it to extreme air temperatures 
outside the building, as conventional or HVAC systems do. The challenge, 
however, is to import the mild temperature from the subsurface into the 
building, while leaving the dirt, sand and groundwater in the subsurface.

Aquifer Thermal Energy Storage (ATES) is the storage and recovery of heat or 
cold in the subsurface for periods up to several months, which is achieved by 
extraction and injection of groundwater from aquifers using groundwater wells. 

ATES creates a comfortable, controlled climate in your building. ATES utilizes 
the Earth’s natural capacity to store and re-use thermal energy and minimizes 
energy use for your building’s climate control. In the Netherlands ATES is 
a proven technology and a standard construction option with thousands 
of ATES systems in operation. An ATES system has at least one cold pipe 
and one heat pipe to the aquifers in the subsurface. Each ATES system 
consists of a combination of known and commonly used installations and 
techniques, namely: pumps to pump water from the aquifer to the building, 
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2. WHY AN ATES SYSTEM?
ATES systems have the potential to reduce energy required for heating/
cooling by 40-65%, a CO2 reduction up to 60%, and can avoid peak power 
usage for heating and cooling by 95%.

In 2014, over 40% of U.S. power was used to heat and cool buildings (EIA, 2014). 
This makes it the biggest energy consumer in the built environment, therefore 
a major focus of both the U.S. Department of Energy and individual state 
governments and agencies. California for instance wants to double energy 
savings in existing buildings and develop clean heating fuels by 2030, according 
to their California’s 2030 Climate Commitment (California Energy Commission, 
2015). New York State has it steep 20% reduction by 2020 (One City: Built 
to Last, 2016). With more and more people start living in cities, their energy 
usage increases and puts a constraint on the electricity grid. Currently we 
predominantly use electricity to power heating and cooling systems, however 
the thermal storage capacity of the Earth harbors huge potential to reduce 
energy used and improve efficiency.

Financially, ATES is a smart and environmentally friendly investment in a 
building’s energy efficiency. The payback period is typically between 4-8 years 
and is attributed to substantial savings in energy costs. The systems are 
longstanding and designed to operate for 20+ years. Energy efficient buildings 
nowadays attract tenants and can increase the value of the real estate.

a heat exchanger, heat pumps, a measuring and control system (computers), 
additional pumps, and valves and pipes in order to create a working system.  
The relationship between the aquifer, the condition of the building and the 
needs of its inhabitants is especially unique.  The Netherlands has significant 
experience with ATES systems and its fine tuning to overcome this complexity. 
ATES systems have a great potential, particularly in the United States.

Dutch-ATES is a co-operative between experienced ATES partners: The 
Netherlands’ government, consulting, engineering and construction firms, 
and knowledge institutes. Dutch-ATES promotes the implementation of ATES 
systems in the United States through the exchange of knowledge with the 
industry, regulatory institutions and knowledge institutes. This document 
contains information on the Dutch policy and instruments related to ATES 
systems. 
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3. WHAT IS AN ATES SYSTEM 
AND HOW DOES IT WORK?
The most common geothermal system in the U.S. is the closed loop system, 
which works well for individual residential buildings.

The storage capacity of the closed loop system is limited because heat is stored 
within a small radius of the wells through conduction only. For residential usage 
a simple well will suffice, however for bigger buildings additional wells are 
needed. The wells consume space and as drilling is expensive it usually kills the 
economic feasibility. In order to efficiently heat and cool bigger buildings using 
thermal storage you need capacity.  The beauty here is that the Earth itself 
already harbors this capacity in aquifers. 

Aquifers, which are subsurface bodies of water and sand, have enormous 
thermal storage capacity. Instead of using the wells as the storage capacity 
(which happens with a closed system), the wells are merely used to transport 
heat and cold between the aquifer and building. The groundwater is used as a 
medium to store energy from/for the building in the subsurface, depending on 
the season. Due to the high heat capacity of water and sand a lot of energy can 
be stored and, thermal conductivity’s weak ability to transfer heat, the losses 
are minimized.

Like a refrigerator or air conditioner, an ATES system uses a heat exchanger 
to force the transfer of heat from extracted groundwater into the building (in 
winter) or, conversely, from the building into the groundwater (in summer). 
Where current geothermal systems only store warm/cold water in the drilled 
wells, ATES systems store heat/cold in the entire aquifer (water and soil). These 
systems require just two wells, one for heat storage and the other for cold 
storage due to their ability store energy within a greater area.  By means of the 
heat exchanger, only the heat or cold, not the groundwater, enters the building. 
As efficiency increases with scale, these systems are ideal for medium to large 
commercial or residential buildings, from 100,000 square feet to 2,000,000 
square feet. 



5

4. FAQ ABOUT ATES SYSTEMS

• Can ATES systems heat and cool buildings year-round? The ATES systems 
can heat and cool buildings and is available year-round in moderate climates 
(Bloemendal et al., 2015);

• Are ATES systems environmental friendly? ATES systems do not use any 
chemicals, it simply borrows the groundwater for its energy capacity; 

• Aquifers aren’t disrupted when using ATES since a balance is required in heat 
and cold extraction from the subsurface. In other words: during winter no 
more heat is extracted from the subsurface compared to heat that is pumped 
into the subsurface during summer. The net heating / cooling by using thermal 
storage is also restricted. The temperature of the reinjected water needs to 
be in a range of 5°C - 25°C (41°F - 77°F). In these ranges the reinjected water 
doesn’t cause negative effects to the subsurface and groundwater (Li, 2014; 
Sommer, 2015);

• Can ATES systems be developed with a solid business model? Yes, ATES 
systems have a solid business model and are also available in 3rd party 
ownership model;

• Are ATES systems a proven technology? ATES systems are a proven technology 
and 2,500+ ATES systems are developed and in use in the Netherlands. The 
Netherlands has made them safe for people and the environment with the use 
of policies and instruments (Heekeren and Bakema, 2015).

• Do ATES systems require external installations on my building? ATES systems 
have a small footprint and don’t require chillers/condensers on the roof. 

• Do ATES systems make noise? No, ATES systems don’t make any noise. 
(Bloemendal and Mathijssen, 2013; NVOE, 2006);
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OUT OF USE 
In order to prevent damage to confining layers in the 
subsurface after reaching technical life expectancy 
of an ATES system, the underground infrastructure 
should never be removed. 
 
 
• An ATES system fallen into disuse should be 

reported to the ATES-tool. This is elaborated upon 
later. 

OPERATION 
During operation the ATES system should 
be monitored and information on its 
performance should be reported by the 
owner to the Province; 

• Monitoring standards and enforcement 
measures are also described in the HUM

DESIGN
To ensure robust, reliable and good working ATES 
systems only certified companies are allowed to design, 
construct and exploit ATES systems.  

• The User Platform Geothermal Energy gives an 
overview of certified companies;  

• The platform “Sustainable Housing” gives information 
on how to purchase geothermal energy systems, and 
it provides a framework for performance contracts.  

FEASIBILITY STUDY
• Provinces and municipalities supply information related 

to the process of developing ATES systems on their 
website, via brochures, and by means of “ATES coaches”;

• Provinces and municipalities also offer support to 
reduce the financial obstacles to reach energy efficient 
solutions.

QUICK SCAN
In the Netherlands the promotion of sustainable 
energy on a national level by using ATES systems 
is mainly facilitated by the Energy Performance 
Coefficient (EPC), a product of the Dutch Building 
Decree (since 1995). This decree is an act that 
sets requirements for energy efficiency of new 
buildings and major renovations. A minimum EPC 
value is designated by law and changes every few 
years until zero energy usage in the year 2023.

• Data and information are made easily available 
by an interactive map called the “ATES tool”. 
This online map shows all ATES systems, 
restrictions and interference areas, as well as 
(urban) master plans www.wkotool.nl ;

• The government provides different ways of 
support in reaching a low EPC value;

• The branch organization “User Platform 
Geothermal Energy” is launched to exchange 
knowledge and experiences.

State level
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Municipal level
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The Dutch policy related to ATES systems 
can be described in policy to stimulate the 
development of ATES systems and policy to 
protect the subsurface and the environment. 

READ  
MORE 
ABOUT:

PERMITTING PROCEDURE 
The subsurface, groundwater, nature 
and the environment are protected by 
several acts. Also the Geo Energy Systems 
Amendment is introduced with the goal to 
improve the quality and reliability of ATES 
systems, improve the planning of ATES 
systems, unify the application of laws and 
to shorten procedures. 
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• To unify the application of acts, guides are 
created for provinces and municipalities about 
how to apply the regulations

• The BUM (BesluitvormingsUitvoeringsMethode 
Bodemenergie or decision making guide 
for permitting geothermal systems) and the 
HUM (HandhavingsUitvoeringsMethode voor 
Bodemenergiesystemen or enforcement 
directive for geothermal energy systems).

• Tools are developed to support the submitting 
party with EPC calculations.

CONSTUCTION 
To ensure robust, reliable and good 
working ATES systems only certified 
companies are allowed to design, 
construct and exploit ATES systems. 

• The User Platform Geothermal 
energy has an overview of certified 
companies.

S

S
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5.2 PROTECTION POLICY

NATIONAL LEVEL - STATE

On the national level several acts are applicable to protect the 
subsurface, groundwater, drinking water, and the environment.
• The National Water Act: Backbone legislation allocating roles and 

responsibilities for water related issues;
• The Soil Protection Act: Controls the soil quality and protects 

against contamination;The Environmental Management 
Act: consists of general rules to prevent environmental 
contamination (i.e. groundwater and greenhouse gas (GHG) 
emissions);

• Environmental Licensing Act: Arranges permitting for building, 
living spaces, spatial planning, and the environment;

• Provincial Environment Act: Designates environmentally 
protected areas and soil remediation regulations.

The Geo Energy Systems Amendment bundles them into one 
single act, simplifying and expediting implementation and 
adoption. The goals of the Geo Energy Systems Amendment are to 
improve the planning of ATES systems, to improve the quality and 
reliability of ATES systems, to unify the application of laws, and 
to shorten procedures. Thus it both promotes ATES systems and 
protects the subsurface and environment in a better way. The Geo 
Energy Systems Amendment also introduced tools to reach the 
set goals, which are elaborated upon as well.
Improvement of the quality and reliability of ATES systems

  Balance of heat and cold extraction from the subsurface  This 
means that during the winter, no more heat is extracted from 
the subsurface than the amount of heat that is pumped back 
into the subsurface during summer. In case of an unbalanced 
extraction, the aquifer(s) will grow in size;

5.1 PROMOTION OF ATES SYSTEMS

In The Netherlands the promotion of sustainable energy on 
a national level by using ATES systems is mainly facilitated by 
the Energy Performance Coefficient (EPC) in the Dutch Building 
Decree (since 1995). This decree is an act that sets requirements 
for energy efficiency of new buildings and major renovations. A 
minimum EPC value is designated by law and changes every few 
years up to zero energy usage in the year 2023.

In 2003 the European Energy Performance of Buildings Directive 
(EPBD) was published and became enforceable by law. The EPBD is 
composed of over 30 European standard practices, which together 
determine the required energy performance of a building. The 
EPBD can be seen as the European EPC directive, and was brought 
into force in the Netherlands in 2008. In order to bring this new 
legislation into force the Dutch Normalization Institute (NEN) 
developed the Dutch Energy Performance Norm for buildings, 
which incorporates the EU EPBD (NEN 7120). ATES systems 
contribute to a lower EPC value and thus more sustainable and 
energy efficient buildings. 

Some provinces have marked ATES promotion areas, including 
policy incentives and requirements. Based on this, municipalities 
can develop geo energy plans and only applications that align with 
these plans are allowed. A correct permit application is required 
in these areas.

Recently the Geo Energy Systems Amendment has bundled 
several acts into one single act that simplifies and expedites its 
application (Schultz van Haegen, 2013). Therefore, it also has a 
contribution to the promotion of ATES systems. However, the 
main goal of the amendment is to protect the subsurface. In the 
next Chapter the Geo Energy Systems Amendment is elaborated 
upon. 

S
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  Out of use 
To prevent damage to waters separating layers in the 
subsurface, the underground infrastructure should not be 
removed after its use. Open ATES systems need to be filled 
with a water-impermeable material. In case of a closed ATES 
systems the antifreeze needs to be removed and replaced by 
water. 

• Data and information are made easily available and 
accessible:  In this way the planning of ATES systems are 
improved and interferences are prevented. To ensure this 
the ATES-Tool was introduced. This online map is where all 
the restricted areas designated by the provinces, interference 
areas marked by the municipalities, and all master plans of 
municipalities are bundled. This gives every potential ATES 
developer an overview of the possibilities nationwide. The 
ATES tool is further explained in 5.3 Tools & Instruments for 
promotion and protection on National Level. 

• Only certified companies and work by protocol: In order to 
ensure robust, reliable and good working ATES systems only 
certified companies are allowed to design, construct and exploit 
ATES systems. The certification of designing, construction and 
management of ATES systems is based on special guidelines. The 
guidelines describe requirements for the design, construction 
and management of ATES systems. Application of the guidelines 
assures a minimum level of quality. ATES systems can only be 
designed, constructed and managed by companies that are 
certified. The guidelines for the certification also clarify the tasks 
and responsibilities of the designer, constructor and manager. 
Communication is an important part in this. Courses and exams 
are used for companies to receive this certification. The courses 
are offered by ‘Bodemenergie NL’, a geothermal energy sector 
association. Examination is coordinated by Cito, a company 
specialized in administering exams. The certification is registered 

  Planning of ATES systems 
In dense urban areas interference with other ATES systems 
and aquifers can occur and can influence the efficiency of 
these systems. Therefore, master plans are developed to 
control and plan the underground infrastructure (Arcadis et 
al., 2011; Bloemendal et al., 2014; Li, 2014);

  Restriction of net heating / cooling by using thermal storage 
The temperature of the reinjected water needs to be in 
a range of 5°C -  25°C (41°F - 77°F). In these ranges the 
reinjected water doesn’t cause negative effects to the 
subsurface or groundwater (Bonte, 2013);

  Energy efficiency of the ATES system 
In order to enforce a minimum performance, the Seasonal 
Performance Factor (SPF) was introduced. The SPF is part of 
the permitting procedure and needs to be reported to the 
province on a yearly basis. The SPF indicates the efficiency of 
the ATES system and is calculated by taking the amount of 
secured energy of the ATES systems, divided by the amount 
of primary energy. This is to ensure that the energy used is 
not greater than energy saved.  In case that the SPF is too low, 
the province demands additional measures to improve the 
efficiency;

  Monitoring of the ATES system 
During operation of the ATES system, the following 
information needs to be monitored by the owner and 
delivered to the Province:Annual statement of the quantities 
of extracted and infiltrated water,the temperatures of the 
extracted and infiltrated water, and the amount of energy 
used;Every 3-5 years an evaluation report needs to be handed 
in to the province containing the following information: 
quantities of extracted and infiltrated water and energy, 
influence on the groundwater temperature, the efficiency of 
the ATES system, the realized energy savings, and the balance 
in heat and cold extraction from the subsurface;

BACK TO OVERVIEW: PAGE 6
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by KvINL, the organization that secures the quality level of 
the installation sector. Enforcement is done by the National 
Government. An ATES system consists of an underground and 
aboveground portion; the requirements for the underground 
part are based on the BRL SIKB 11000 guidelines and the 
requirements for the aboveground part are based on the BRL 
KBI 6000-21 guidelines. 

• Unify the application of laws 
Only certified companies and work by protocol: In order to 
ensure robust, reliable and good working ATES systems only 
certified companies are allowed to design, construct and exploit 
ATES systems. The certification of designing, construction and 
management of ATES systems is based on special guidelines. The 
guidelines describe requirements for the design, construction 
and management of ATES systems. Application of the guidelines 
assures a minimum level of quality. ATES systems can only be 
designed, constructed and managed by companies that are 
certified. The guidelines for the certification also clarify the tasks 
and responsibilities of the designer, constructor and manager. 
Communication is an important part in this. Courses and exams 
are used for companies to receive this certification. The courses 
are offered by ‘Bodemenergie NL’, a geothermal energy sector 
association. Examination is coordinated by Cito, a company 
specialized in administering exams. The certification is registered 
by KvINL, the organization that secures the quality level of 
the installation sector. Enforcement is done by the National 
Government. An ATES system consists of an underground and 
aboveground portion; the requirements for the underground 
part are based on the BRL SIKB 11000 guidelines and the 
requirements for the aboveground part are based on the BRL 
KBI 6000-21 guidelines.

P

• To shorten procedures 
The procedure of permitting takes 8 weeks. 

 
 
REGIONAL LEVEL - PROVINCES

The provinces are the governing authority of the development 
of open loop ATES systems. They are responsible for the 
groundwater up to 500 m below ground level. ATES system permit 
applications are submitted here. They have additional policy 
on which conditions ATES systems can be developed, such as 
prescribed range of depth which depends of the soil composition 
(which aquifer) and restricted areas in case of interference 
with areas for abstraction of drinking water or restricted areas 
for drilling. This is arranged in the Provincial Environmental 
Regulations and the Groundwater Plan. Part of the permitting 
procedure is the Seasonal Performance Factor (SPF), which 
indicates the efficiency of the ATES system to ensure contribution 
to the national energy efficiency goals. In case that the SPF is low 
and a more efficient operation is possible, the province demands 
additional measures to improve the efficiency.

BACK TO OVERVIEW: PAGE 6
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5.3 TOOLS & INSTRUMENTS FOR PROMOTION 
AND PROTECTION

NATIONAL LEVEL – STATE

On a national level Dutch policy promotes energy efficient 
buildings by setting higher minimum standards (EPC) and 
facilitates this by:
• Offering education and support to the building sector. The 

Dutch National building legislation sets standards for the 
energy performance of buildings. Each planning permission 
application for a new building must be accompanied by an 
energy performance calculation for the project under discussion. 
The calculation, known as an EPC, has to be checked by the local 
council’s building regulations department. In order to support 
the sector, the following tools are developed:
  Manuals that provide a guideline for assessing the correctness 

of EPC calculations, mainly for local authorities;
  EPCheck is a computer program to check the submitted EPC 

calculation. This can be used by the local authorities and the 
submitting party to check their calculation;

  Market parties unite to develop guides based on their 
experience;

• Starting pilot projects with EPC zero. In this way experience is 
acquired. For instance, the new office building in Amsterdam: 
The Edge, which is heated and cooled by an ATES system. http://
www.bloomberg.com/features/2015-the-edge-the-worlds-
greenest-building/ ;

• Acting as a launching customer. The Central Government Real 
Estate Agency possesses a considerable amount of real estate, 
such as museums. With big renovations or new construction 

S

BACK TO OVERVIEW: PAGE 6

LOCAL LEVEL - MUNICIPALITIES

Since the subsurface host many purposes proper planning 
is necessary for geothermal energy systems. That is why 
municipalities identify interference areas where they expect 
scarcity of space in the subsurface. These are mostly dense urban 
areas. For these interference areas master plans are developed 
that point where (open and close) ATES systems may be installed. 
The master plans are included in the ATES tool. 
When developing a closed loop ATES system outside a restricted 
area or interference area a permit isn’t necessary and registering 
the ATES system is sufficient. However, when developing any ATES 
system in an interference area or has more power than 70 kW a 
limited environmental assessment study is required. This gives 
this authority more control to govern the use of subsurface space. 
The master plans are included in the ATES tool.
When developing a closed loop ATES system outside a restricted 
area or interference area a permit isn’t necessary and registering 
the ATES system is sufficient. However, when developing any ATES 
system in an interference area or has more power than 70 kW a 
limited environmental assessment study is required. This gives 
this authority more control to govern the use of subsurface space.

M

http://www.bloomberg.com/features/2015-the-edge-the-worlds-greenest-building/
http://www.bloomberg.com/features/2015-the-edge-the-worlds-greenest-building/
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projects they applied ATES systems to these properties, such as 
at the Rijksmuseum. Also the recently build Municipal Office of 
Utrecht has an ATES system;

• Subsidy and later on tax benefits for energy efficient projects. 
With the introduction of ATES systems in the Netherlands 
subsidies for ATES were available. Nowadays, the system has 
proven itself and has a viable business case. 
In general companies that invest in energy efficient systems 
and sustainable techniques such as ATES can take advantage 
of tax rebates. In this way they pay less income/corporate taxes 
because their investments are partly deductible. 
Subsidies on heat pumps does still exist for households and 
businesses (ISDE, Investment Subsidy Renewable Energy). 

The potential of Aquifer Thermal Energy Storage is huge. In 
order to stimulate its development, experiences with ATES 
systems need to be shared with others. Therefore, the User 
Platform Geothermal Energy has been launched (www.
gebruikersplatformbodemenergie.nl). This is intended to bring 
ATES users in contact with each other, so that they can exchange 
knowledge and experiences. It provides information about 
managing an ATES systems and publishes stories by experts and 
users with tips and tricks. 

The platform Duurzame Huisvesting (sustainable housing) has 
developed several tools. For instance, an infographic with seven 
tips on how to buy geothermal energy systems. (http://www.
platformduurzamehuisvesting.nl/infographic-bodemenergie/). 
Also, a Menu Performance Contracts that offers performance 
contracting parties, both client and executing party, a framework 
in the preparation for creating a performance contract for the 
sustainable management of building systems or entire buildings 
and maintenance. (http://www.platformduurzamehuisvesting.nl/
instrumenten/menu-performance-contracts/)

M

REGIONAL LEVEL - PROVINCES

Provinces and municipalities try to supply accurate information 
regarding the process of developing an ATES system. They do 
this on their website, brochures and with step-by-step plans. In 
the ATES-tool restricted areas are marked which makes it very 
easy and fast to discover the opportunities for ATES systems in 
a certain area. In the past, ATES coaches were present to guide 
municipalities, support projects, organize informational meetings, 
and share their knowledge.

In order to reduce the financial obstacles of energy effective 
solutions some provinces have introduced a guarantee for banks 
and offer specialist to help initiators. The specialist helps initiators 
with their business case and preparation before they ask for 
finance from a bank. 

LOCAL LEVEL - MUNICIPALITIES

As mentioned municipalities use the ATES-tool to mark 
interference areas. Subsidies can vary per municipality. The 
website http://www.energiesubsidiewijzer.nl gives an overview of 
the subsidy possibilities in each municipality.

P
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6. EXPERIENCES FROM 20 
YEARS OF PRACTICE
Since 1995 the implementation of ATES systems in the 
Netherlands has grown substantially. Today there are 2,500+ 
systems in place (Heekeren and Bakema, 2015), with a total 
capacity superior to 1,000 MW (3.4 billion BTU). Projections of 
installed systems for the year 2020 surpass the number 20,000, 
contributing to a 10% national reduction of GHG emissions.

Besides direct benefits, including a 40% reduction of heating 
energy consumption, a 65% reduction of cooling energy 
consumption, and a 90% reduction in peak power, an ATES system 
saves building space, increases its value due to higher levels of 
LEED certification, and results in a more stable climate control in 
the building. Depending on size of the system and condition of the 
aquifers, the payback period of an ATES system is between 4 to 8 
years.

Cooperation between industry, government, and knowledge 
institutions has facilitated this expansion and the Dutch are global 
frontrunners in the commercialization of ATES technology.
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