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Summary

Aquifer Thermal Energy Storage (ATES) is a geothermal technique that is an important component in the
transition towards renewable energy in the heating and cooling industry, which accounts for half of the
world’s energy consumption. However, the technology has not yet been implemented in many countries.
The main reason is that extensive preparation and site-specific analysis are required for the implementation
of ATES systems and many stakeholders need to be involved. These stakeholders are typically unfamiliar
with the technology and unaware of the potential applicability. To stimulate stakeholders and the decision-
making process within the ATES sector, several studies emphasise the necessity of examining the potential of
ATES technology on a local level. Such potential studies support ATES decision-makers as they evaluate the
technology, potential scale and its commercial viability.

The objective of this research is therefore to develop a methodology to determine the technical and com-
mercial potential of ATES while incorporating local characteristics. Until now, ATES feasibility studies have
mainly been focused on large-scale ATES suitability. For generating more representative results, however,
this new methodology also incorporates local geohydrological conditions and the interests of and restric-
tions imposed by its local ATES stakeholders. The methodology can be applied globally to every region that
has available aquifers and moderate climate conditions. The developed methodology in this study is applied
to the region of New York State (NYS). High expected energy savings and promising geothermal trends are
among the main reasons for this geographic selection. Moreover, no commercial ATES project is yet in op-
eration in the US, a country of which the potential energy savings are expected to be highest in the world. A
successful introduction of the technology in NYS could therefore function as a valuable use-case for many
other states in the US and also for other countries.

Firstly, the stakeholders in NYS are identified and analysed in this study. They are assessed based on their level
of influence, attitude and their ability to solve current barriers that are preventing ATES from being adopted.
This analysis indicated that geothermal architects are the most influential stakeholders and are therefore es-
sential to engage for the successful implementation of ATES in NYS.

Secondly, the technical and commercial ATES potential are examined by analysing local geohydrological
conditions, building characteristics and the identified requirements from geothermal architects. It is con-
cluded that over 99% of all buildings in Nassau County (around 400,000) could technically receive the re-
quired amount of heat and cold if an ATES system was installed for those buildings. Moreover, it is found that
for buildings with ATES systems, heating is twice as efficient as conventional methods in Nassau County and
cooling is even 10-30 times more efficient, depending on ATES design parameters. Furthermore, it is con-
cluded that ATES is already a commercially attractive solution for 385 separate buildings in Nassau County,
accounting for an estimated 10% of the total heating and cooling demand of buildings in the county. This
number is expected to increase significantly when multiple buildings are connected to a single ATES system.

This research shows that ATES is a technically and commercially viable geothermal solution for buildings in
NYS. Therefore, it is critical that ATES is included in the existing evaluation tools developed and currently
used by the city and state authorities of New York. The methodology developed in this study is characterised
by the inclusion of local characteristics such as the interests and requirements of a region’s key stakeholders
and local geohydrological conditions, which are found to be essential to generate realistic and accurate in-
sights into the technical and commercial potential of ATES. The model that has been developed is scalable
and can be applied to other regions and the accuracy of the model can be increased further by also incorpo-
rating groundwater models in the analysis. All in all, the methodology developed in this study offers valuable
support for local decision-makers and is an effective resource to increase the adoption of ATES technology
worldwide.
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Introduction

1.1. Problem Statement

1.1.1. Situation

To combat climate change and achieve global greenhouse gas mitigation targets, increasing attention must
be paid to the decarbonisation of the heating and cooling industry (Fleuchaus et al., 2018). In 2015, heating
and cooling accounted for half of the world's energy consumption, with three-quarters produced from fossil
fuels. From this consumption, the share of modern renewable technologies is currently estimated at only
8% (REN21, 2017). Due to rising prosperity, population growth and climate change, the demand for thermal
energy (both heat and cold) is only expected to increase further (Fleuchaus et al., 2018). According to the In-
tergovernmental Panel on Climate Change (IPCC), power consumption for air conditioning alone is expected
to rise by a factor 33 by 2100 (IPCC, 2014).

The key challenge of increasing the share of renewables in the heating and cooling sector is attributed to
the seasonal offset between thermal energy demand and supply. The idea of Thermal Energy Storage (TES)
has attracted increasing attention, especially Underground Thermal Energy Storage (UTES), which is char-
acterised by high storage capacities and ef ciencies, to counter this mismatch (Dincer, 2002). Two types of
UTES systems exist, namely closed-loop systems and open-loop systems (Fleuchaus et al., 2018). A closed-
loop system or Borehole Thermal Energy System (BTES), stores or extracts thermal energy in the subsurface
through conduction and consists of closed tubes which contain a transport medium such as water and/or
glycol (Bloemendal et al., 2014). Open-loop systems are also referred to as Aquifer Thermal Energy Storage
(ATES) and store sensible heat and cold temporarily in the subsurface through injection and withdrawal of
groundwater. Figure 1.1 illustrates the basic principles of an ATES system. It shows that depending on the
type of season, either warm or cold water is extracted from the aquifer to respectively heat or cool the build-
ing before reinjection in the opposing well. The integrated heat exchanger (indicated as 'HE' in Figure 1.1)
facilitates the transfer of heat or cold from the groundwater circuit to the building circuit. An additional heat
pump (indicated as 'HP' in Figure 1.1) is required for ATES systems in heating mode to increase the tem-
perature to a suf cient level (Bloemendal et al., 2015). This technique allows buildings to overcome heat
de ciencies in winter by using the heat surplus stored in the summer. Similarly, cooling de ciencies in the
summer are reduced by using the cooling surplus stored in the winter season (Bloemendal et al., 2015). In
moderate climates, this technique leads to signi cant carbon dioxide savings (approximately 60%) for heating
and cooling of buildings (Bloemendal et al., 2015). Particularly when applied to large utility buildings, various
studies report the competitiveness and preference of ATES compared to other geothermal and conventional
heat and cooling systems in terms of nancial, energy and subsequent carbon dioxide savings (Agterberg,
2016; Fleuchaus et al., 2018).

1.1.2. Complication

ATES is applied worldwide and literature shows that its application is growing, even exponentially in some

countries (Bloemendal et al., 2015). It is a proven sustainable technology, especially for relatively large util-
ity buildings (Agterberg, 2016). Despite these facts, the technology has still not been implemented in many
countries. A key reason for this is that the implementation of ATES systems requires extensive preparation
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4 1. Introduction

Figure 1.1: lllustration of the basic working principles of an ATES system in both a heating and cooling season (Bloemendal et al., 2018).

and analyses and many stakeholders need to be involved (Aalten et al., 2018). The ATES sector is therefore
all about mobilising ATES stakeholders to take conducive measures or to at least refrain from opposition
(Agterberg, 2016). Their interests, level of in uence and attitude are therefore of importance (Agterberg,
2016). What is more, to stimulate stakeholders and the decision-making process within the ATES sector,
several studies emphasise the importance of developing ATES potential maps in regions (Bloemendal et al.,
2015; Fleuchaus and Blum, 2017). This is mainly due to the fact that even in markets with relatively high
market-penetration, knowledge regarding ATES potential and applicability is inadequate (Fleuchaus et al.,
2018; Bloemendal et al., 2015). Additionally, researchers con rm that local characteristics should also be
considered when assessing a region's ATES potential. This especially relates to geographical, regulatory, geo-
hydrological and climatic factors.

1.2. Goal of this Research

1.2.1. Objective of Research

To advance ATES implementation globally, the objective of this research is to develop a new evaluation method-
ology for examining a region's technical and commercial ATES potential. To allow for representative assess-
ments, a regions local characteristics and the requirements and interests of key local stakeholders are in-
cluded.

1.2.2. Geographical Scope

The evaluation methodology developed in this study is intended for world-wide application, but the focus of
this study is on the New York State (NYS) region. Several reasons exist for this selection. First of all, this is a
region with the required ATES preconditions of which a moderate climate and the availability of aquifers are
the mostimportant. Moreover, focusing on NYS for improving ATES adoption could result in the introduction

of the technique in the United States. No commercial ATES project is yet in operation in the US, while the po-
tential energy saving from ATES in the country is estimated to be among the highest in the world (Fleuchaus
etal., 2018; Jaxa-rozen et al., 2018).

Scienti c researchers agree that the most promising way to promote ATES technology to a region is the suc-
cessful realization of projects (Fleuchaus et al., 2018; Hattrup and Weijo, 1989; Hicks and Stewart, 1988; Pel-
legrini et al., 2019). This draws public attention and proves technical and often economic feasibility. A suc-
cessful introduction of the technology in NYS could therefore function as a valuable use-case for many other
states in the US and also for other countries.

NYS not only has the required physical preconditions for ATES installation but also shows promising geother-
mal trends that improve the opportunities for ATES. Increasing energy demand and an insuf cient network



1.3. Approach and Report Structure

capacity, which is xed by law, are the main reasons for the rising popularity of geothermal systems in NYS.
Moreover, NYS decided to invest 26.5 million USD for nancing geothermal systems and passed a law in 2015
which made it mandatory to install them in city-owned buildings if it proves to be commercially feasible.
For these reasons, NYS is an attractive entrance region for introducing ATES technology. Finally, this study is
performed in cooperation with Over Morgen, which has established an extensive network in New York State
while leading the Dutch-ATES consortium in previous years. Through this network, it is possible to reach out
to numerous experts within the geothermal industry in NYS, adding signi cant value to this research.

1.2.3. Research Questions to be Answered
To achieve the objective of this research, the following research questions are answered in this report:

* How does ATES work, what is needed for a successful implementation of this technique and what com-
plications often occur?

* Which barriers are currently preventing the realisation of ATES projects in NYS?

» Who are the ATES-stakeholders in NYS and what are their roles, levels of in uence and attitude towards
ATES projects?

* Who are the key stakeholders and what are their interests?

* What are the technical possibilities of ATES and can ATES satisfy the energy demand in NYS?

* What is the potential of ATES in NYS when the requirements and interests of key stakeholders are in-
cluded and what are the main bene ts for these stakeholders?

1.3. Approach and Report Structure

Three subsequent parts in this research lead to meeting the objective by answering the related sub-questions.
Part | describes the components of ATES systems and its boundary and favourable conditions. Also, the ne-
cessity of conducting a sector analysis and ATES-potential analysis for improving ATES adoption is explained
in more detail. Subsequently, in Part Il the ATES sector in NYS is examined. Here, the stakeholders, their roles,
in uence and ability to solve current ATES barriers are examined to eventually identify the key stakeholder
group. The key stakeholder group in this context is the group of stakeholders with the highest in uence on
realising the implementation of ATES systems. In part lll, the technical and commercial potential of ATES
in NYS is examined as this is an important part of the decision-making process within the ATES sector. The
requirements and interests of this key stakeholder group are considered when calculating both the technical
and commercial ATES potential. The overview of the structure of this study is provided in Table 1.1, which
also shows in which part and chapter the research questions listed above are covered.

Table 1.1: Overview of methods and chapters.

| Research Questions | Methods | Chapter

Part| Introduction and Description of ATES

* How does ATES work, what is needed for a successful

implementation of this technique and what complications Literature Study 2
often occur?
Part Il Identi cation of Key Stakeholder Group
« Which i { ing th lisati f .
ich barriers are currently preventing the realisation o Interviews 384

ATES projects in NYS?

» Who are the ATES-stakeholders in NYS and what are their Interviews and surveys 38&4
roles, levels of in uence and attitude towards ATES projects?

Selection based on inuence, attitude

* Who are the key stakeholders and what are their interests? . . 3&4
and ability to overcome barriers
Partlll Geospatial Analysis of the technical and commercial ATES-potential
« What are the technical possibilities of ATES and Technical Analysis using Geographic 586
can ATES satisfy the energy demand in NYS? Information Systems (GIS)
* What is the potential of ATES in NYS when the Technical Analysis using GIS and results 586
requirements and interests of key stakeholders are included from Chapter 4
and what are the main bene ts for these stakeholders?
Discussion & Conclusions
. Al Discussion: addressing limitations 7

concerning all research questions

Al Conclusions: overview of answers to all 8
.
research questions
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As shown in Table 1.1, the rst part of this study describes the ATES technology, its boundary and favourable
conditions and related terminology in Chapter 2. It also discusses the necessity of ATES potential maps and
explains that the requirements and interests of key stakeholders must be included in the analysis. Part Il of
this report consists of Chapters 3 and 4. Chapter 3 explains the methods and materials used to identify the
key stakeholder group and their interests. Chapter 4 subsequently describes its results. Part Il consists of
two chapters. Chapter 5 describes the methods and materials used to calculate the technical and commercial
potential of ATES in the geospatial analysis while including the requirements and interests of the key stake-
holders. Furthermore, methods are described to convert the information on ATES potential to information
of use and interest to the key stakeholders. This is followed by the results in Chapter 6. Finally, in the Discus-
sion in Chapter 7 the limitations of this research and the recommendations for future research are described
followed by the conclusions in Chapter 8.

1.4. Previous Work

In previous years, much effort has been done to introduce ATES technology into the building environment
in the US and particularly in the Northeast US. To this end, in 2015, a Dutch-ATES consortium was formed
consisting of partners from knowledge institutes, governmental entities and private companies. With cur-
rently more than 2500 operating systems, the Netherlands is the global front runner in developing and in-
stalling this technique (Fleuchaus et al., 2018; Van Heekeren and Bakema, 2015) and subsidised by the Dutch
government, this initiative bundled knowledge and expertise together to help promote and introduce ATES
technology into the US East Coast building sector. And even though many intended results were achieved
(such as two promising feasibility studies), the goal of one or more operating ATES systems is not realised.
Harold Maasen, part of the consortium and actively involved in ATES developments in the Northeast US ex-
plained in an interview that within the ATES sector various stakeholders with different authorisations and
interests are involved compared to the Netherlands. Dutch ATES experts must deal with different routines
and decision-making processes for ATES installation. For example, where subsidies in the Netherlands are
granted by the government, US energy and network operators do so in the US (interview Harold Maasen).
A complete stakeholder overview today is still missing for regions in the Northeast US such as NYS, but are
essential to successfully increase the region's ATES adoption.

To increase ATES adoption both the stakeholders and the related barriers they face must be identi ed and
addressed (Pellegrini et al., 2019). On a global scale, barriers based on the level of market maturity were
identi ed by Fleuchaus et al. (2018). In Europe too, barriers were identi ed by Pellegrini et al. (2019). How-
ever, such research and analyses are not yet conducted in the US but are a necessity for successfully applying
market-entry strategies. This necessity stems from the fact that legislation, geohydrological conditions, so-
cietal perseverance and building systems vary strongly per country (Pellegrini et al., 2019). To this end, the
selection of ATES key stakeholders is not solely based on the level of power they can wield regarding ATES
projects, but also on their ability to help solve the barriers currently preventing ATES systems from being in-
stalled in NYS.

Finally, several researchers have analysed the feasibility of ATES on a large-scale (Bloemendal et al., 2015;
Fleuchaus et al., 2018). However, these studies only allow a rst estimation of ATES potential because local
factors are not considered. Even though Bloemendal et al. (2015) indicated that ATES suitability is high in al-
most all developed economies, there is an urgent need for quanti cation of the ATES potential (Bloemendal
etal., 2015; Jaxa-rozen et al., 2018). With an emphasis on local conditions and stakeholders, the methodology
developed in this study differentiates from previous ATES feasibility studies. The new methodology consists

of both a local stakeholder and geospatial analysis and is applied in this study to New York State (NYS).



ATES Components, Applicability and
General Complications

Before examining the ATES sector in NYS, a thorough understanding is required of how the technology works
and what is required for successful implementation. This chapter examines the components of the system
itself, necessary boundary conditions for installation, the ingredients required for establishing a strong po-
sition in the heating and cooling industry and related terminology. Altogether this chapter is meant to get
familiar with the technology, both in what it does and needs and is required for answering the sub-questions
of this research.

2.1. The Components of ATES Systems

Many different ATES con gurations exist, but the working principle remains similar. Depending on the type

of season, warm or cold water is pumped up to respectively heat or cool its connected building and is then
reinjected in the opposing well (see Figure 1.1). ATES systems have at least one cold and one warm well
(called a doublet system), but multiple warm or cold wells could be necessary depending on the geohydro-
logical characteristics of the soil and the thermal energy demand of the buildings (thermal energy refers to
both heating and cooling). Due to the high heat capacity of water (4.2 MJ/kg/K), a large amount of thermal
energy is stored, even for relatively small temperature differences between the warm and cold wells. ATES
systems with groundwater temperatures below 25 °C or 25K are called low-temperature systems (LT-ATES)
and represent more than 99% of the globally installed ATES systems. Globally, only one high-temperature
(HT-ATES) system is in operation since the technique is more complicated than LT-ATES and requires more
con dence before its wide-scale application (Drijver et al., 2012; Fleuchaus et al., 2018). Therefore, in the
remaining of this study, ATES systems refer to LT-ATES systems whereas HT-ATES systems are excluded from
the analyses. Regardless of the type, however, the components of ATES systems generally can be subdivided
into two groups: the subsoil circuit and the building circuit. Both are explained in more detail below.

2.1.1. Building Circuit of ATES Sytems

The most essential components of the building circuit regarding LT-ATES systems are the heat exchangers and
the heat pumps and are illustrated schematically in Figure 1.1. The gure illustrates that the building-circuit
of the system is separated from the groundwater-circuit through the heat exchanger, which transfers thermal
energy between the two piped water systems without the need for physical interaction. Only in heating-
mode (as shown in the right part of Figure 1.1), the heat pump attached to the building-circuit raises the
temperature of the water coming from the heat exchanger to temperatures suitable for heating its building.
The (thermal) energy ef ciency of the heat pump, also referred to as the Coef cient of Performance (COP),
ranges typically between 3-5 (Self et al., 2013). Finally, in order to reduce the relatively high installation costs
of ATES, often the building-circuit is equipped with additional heating (and less often) cooling devices for
meeting its building's thermal energy demand during the coldest and hottest days of the year.
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2.1.2. Subsoil Circuit of ATES Systems: Groundwater Well Components and Hydraulics
The components of ATES systems in the subsoil-circuit consist of the separated cold and warm groundwater
wells. A well is a hydraulic structure which, when properly designed and constructed, permits the economic
withdrawal of water from an aquifer, a water-bearing formation in the subsoil (e.g., a sand layer) (Driscoll,
1987). Wells are an important part of the design of ATES systems, especially since they substantially deter-
mine the quality and costs. Successful wells are designed and built in such a way that (I) the materials used
will provide an ef cient well with a long life-cycle, (Il) the techniques in drilling and well construction take
optimal advantage of the geohydrological conditions, and (lll) the principles of hydraulics are applied in a
practical way to the analysis of wells and aquifer performance (Driscoll, 1987). It is important to understand
the meaning of common terms related to groundwater wells, which are described below and shown in Figure
2.1.

Figure 2.1: Drawdown and de nition of well terms (Davidson and Wilson, 2011).

Well Components

The groundwater well has two main elements, the intake portion and the casing. The latter serves as a vertical
conduit for water originating from the aquifer owing upward to the pump intake and as a housing for the
pumping equipment. Choosing the proper casing diameter for the well is important because it may signif-
icantly affect the cost of the structure (Driscoll, 1987). The diameter must be chosen to satisfy two require-
ments: (1) the well pump must tin the casing, and (Il) it must be suf cient to assure that maximum uphole
groundwater velocities are not exceeded (1.5 m/sec or less) (Driscoll, 1987). The intake portion of ground-
water wells allows water to enter the well and consists of the pump, screen and the plate bottom, which are
discussed next.
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Water Well Pumps

The primary function of a pump is to add hydraulic energy to certain volumes of uid. This is ful lled when
the mechanical energy powered by the electrical grid is transferred to the uid, increasing the pressure on
the uid. This increased pressure, or hydraulic energy, causes water to ow in the well. To this end, pumps
are installed to lift the water to the ground surface and deliver it to the point of use (Driscoll, 1987). Pumps
are generally classi ed into two groups: shallow-well pumps and deep-well pumps. This classi cation refers
to the position of the pump in the well, not to the depth of the well. A shallow-well pump is mounted at
ground level and removes water from the well by suction lift. The deep-well pump must be used for any well
where the pumping level is below the limit of suction lift (approximately 6.1 - 7.6 meter). Commonly used
in ATES systems, a deep-well pump is installed within the well casing, with the pump inlet submerged below
the pumping level. Therefore, the inlet is under a positive pressure head.

Well Screen

A well screen is a ltering component that permits water to enter the well from the saturated aquifer, serves
structurally to support the aquifer material and prevents sediment from entering the well. Well screens are
a critical part of the well when considering the hydraulic ef ciency of it and the long-term cost to its owner
(Driscoll, 1987). The particles from the aquifer are collected at the bottom part of the well screen in a plate
bottom, functioning as a sediment component (Driscoll, 1987).

Well Hydraulics

Next to the physical components of pumping wells described in the previous section, it is important to un-
derstand the meaning of common (hydraulic) terms related to pumping wells. The de nition of the terms
frequently used in the remaining of this study are described below, some of which are illustrated in Figure 2.1.

Static Water Level

The Static Water Level (SWL) is the level at which water stands in a well or uncon ned aquifer when no water
is being removed from the aquifer either free- ow or pumping. Itis expressed as the distance from the ground
surface to the water level in the well (Driscoll, 1987). For example, when the static water level in a well is 5
meters, it means that water stands 5 meters below the measuring point (often the surface) when the pump is
not in operation.

Pumping Water Level
This Pumping Water Level (PWL), also called the dynamic water level, is the level at which water stands in a
well when the pump is in operation (Driscoll, 1987).

Drawdown

The drawdown of a pump is the difference between the static water level and the pumping water level in
meters or feet (Driscoll, 1987). Pumping a well lowers the water level around the well which causes a cone
of depression as shown in Figure 2.1 and of which the shape is dependent on the level of drawdown. As the
distance from the well increases, the in uence of the pump on the static water level becomes less until it
becomes zero. The extent of the cone of depression for a given rate of withdrawal of a pump depends on the
local geohydrological conditions. When multiple pumps are installed within each other's area of in uence,
the drawdown of each pump is ampli ed which must be accounted for if the pumping level or cone of de-
pression should be maintained at a certain level.

Well Yield and Speci ¢ Capacity

Well yield refers to the volume of water per unit of time extracted from a well by pumping, also referred to

as pumping discharge. It is measured commonly as a pumping rate in cubic meters per day or gallons per
minute (gpm) (Driscoll, 1987). Maximum achievable well yields can be derived from the speci ¢ capacity of a
well. The speci ¢ capacity of a well is its yield per unit length of drawdown, usually expressed as cubic meters
per day per meter (m 3/day/m of drawdown). This is derived after a given time of pumping has elapsed,
typically 24 hours (Driscoll, 1987). Dividing the yield of a well by the drawdown (see Figure 2.1), when each is
measured at the same time, gives the speci ¢ capacity. For instance, if the pumping rate is 5000 m  3/day and
the drawdown is 10 meter, the speci ¢ capacity of the well is 500 m  3/day/m of drawdown.
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2.2. Determining ATES Suitability: Required Psychical and Non-physical

Conditions
Many factors determine the suitability of ATES and are of physical and non-physical nature. From a technical
perspective, required geohydrological and climatic conditions must be present. From a market aspect, there
must be a certain demand for ATES systems and nally, from a regulatory point of view, supportive (or at least
non-opposing) legislation must exist for successful ATES installation in a region. These factors are illustrated
in Figure 2.2 and in the following sections, both the physical and non-physical conditions are discussed in
more detail followed by a preliminary assessment of these factors for the region of NYS.

Figure 2.2: Factors determining the success of ATES in a region (compiled by author).

2.2.1. Geohydrological and Climate Conditions Determining ATES Suitability

ATES systems require suitable geohydrological and climatic preconditions (Bloemendal et al., 2015). The
availability of suitable aquifers and favourable climatic circumstances are considered as the most important
preconditions for applying ATES techniques (Bloemendal et al., 2015). The speci ¢ geohydrological proper-
ties on which ef cient operation and design of ATES systems depend are as follows (Bloemendal et al. (2015)):

« Ambient groundwater ow
Aguifers with groundwater velocities are poorly suited to store thermal energy since as its thermal en-
ergy oats away from the ATES wells

« Groundwater quality
The quality of groundwater is an indication of both the life expectancy and required maintenance of
ATES installation. The clogging of well screens and corrosion is likely to occur in aquifers with polluted
groundwater.

« Depth of aquifer
The quality of groundwater usually increases with the depth of an aquifer. This is mainly due to the
swift from aerobic groundwater conditions (oxygen concentrations are present) to anaerobic condi-
tions (no oxygen present) with increasing depth. However, it affects the commercial feasibility as it
induces higher costs for drilling and installation. An optimal depth is therefore a trade-off between the
two.
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» Redox conditions
Related to the depth of the aquifer, special attention must be paid to prevent the mixing of anaerobic
water with aerobic water in ATES systems. Mixing of the two results in severe well clogging through
the formation of iron and manganese hydroxide. This phenomenon is induced by reactions with dis-
solved iron and manganese in the anaerobic groundwater with oxygen from the aerobic groundwater.
To prevent this, complete aerobic or anaerobic conditions are preferred.

 Salinity in groundwater
ATES is suitable for installation in saline groundwater as long as it is secured with additional equipment
to prevent corrosion of the system. However, this negatively affects the economic bene ts of the system
due to the extra measures necessary.

« Composition of the aquifer
The thermal ef ciency of ATES is sensitive to any discrepancies in the aquifer caused by the occurrence
of layering, heterogeneous characteristics, fractures, ssures and faults.

« Balancing seasonal heat storage and extraction
Climate conditions are among the main factors which determine a building's thermal energy demand
and is an essential factor to consider for assessing a region on ATES suitability (thermal energy indicates
both heating and cooling). To allow for sustainable ATES practices, a balanced heating and cooling de-
mand of the connected building are preferred. This prevents uncontrollable growth of either the warm
or cold zone in the subsurface, which ultimately affects the extraction temperature of the other well
jeopardising its thermal system ef ciency. However, if it concerns relatively minor deviations, addi-
tional measures and heating and cooling devices are able to compensate for expected imbalances.

2.2.2. Non-Physical Conditions Determining ATES Suitability

The literature on strategic management demonstrates that the chances of successful adoption of innovative
and sustainable technologies like ATES are increased if the stakeholders willing to introduce the technology
and collaborate in networks or industry clusters to build a favourable (non-physical) environment for the
technology (Planko et al., 2016). The success factors determining a region's degree of ATES implementation
therefore do not only consist of favourable physical geohydrological and climate conditions but also include
conditions that enable market creation and development of a supportive regulatory framework. These are
achieved by joint efforts between ATES stakeholders who are aware of the technology and its applicability.

Looking at NYS, no critical regulatory challenges are expected for ATES implementation, since the use of con-
ventional geothermal open-loop systems is allowed for many years already. Compared to ATES systems, the
main difference of these systems is that it functions as a one-way system for only space heating or cooling.
However, the regulatory boundaries between both systems are similar, as it concerns the withdrawal from
and reinjection of groundwater in aquifers. This creates opportunities for ATES adoption. However, lack of
regulations or transparent policies speci ed for the ATES sector can also inhibit market development even-
tually, as uncertainty in this area can result in a reluctance to invest in the technology. The regulatory frame-
work, therefore, needs to be adapted to enable and support ATES development and to allow market forces
to emerge (Planko et al., 2016). Moreover, it is proven that efforts from governmental authorities to create a
proper legislative framework are indispensable for enabling ATES development in a region (Fleuchaus et al.,
2018). Collaborative networks of stakeholders can lobby to convince governmental actors to put the sup-
port of the new technology on the political agenda (Hekkert et al., 2007). Therefore, market development
is positively affected by a solid and transparent regulatory framework, which again can be supported and
co-developed by its market. These positive feedback loops, however, require at least one or more in uential
stakeholders who are willing to adopt the technology. This currently is found to be most challenging in the
NYS ATES sector.

ATES is not regarded as an established technology in the NYS heating, cooling and air condition (HVAC)
industry. Until today, not one commercial ATES installation is yet realised, even though preliminary studies
in the region indicate highly suitable physical conditions. Planko et al. (2016) explains that one of the core
drivers for increasing market demand for technologies like ATES is that general awareness and understanding
of the technology has to be generated in the rst market phase (Planko et al., 2016). For many emerging ATES
markets in the world, however, this is found to be one of the major barriers preventing ATES from being
implemented. The next section further discusses this barrier as well as the solution strategy to overcome itin
more detail.



12 2. ATES Components, Applicability and General Complications

2.3. ATES Complications and Solutions to Advance ATES Implementation

Emphasised in Literature
Despite experiences and developments in recent decades regarding ATES technology, many countries still
experience many market barriers preventing ATES from establishing a strong position into its heating and
cooling industry (Fleuchaus et al., 2018; Pellegrini et al., 2019). ATES markets are often rather immature, as
is the case for the US and NYS. Corresponding barriers and solution strategies derived from practice and
literature are therefore discussed in this section.

2.3.1. Complications and Corresponding Solution Strategies

Figure 2.3 shows the global distribution of ATES systems. It is concluded from this gure that most of the
global ATES systems are installed in Europe. In attempts to increase adoption in Europe, several studies iden-
ti ed and addressed barriers and potential strategies to overcome them. First of all, it is concluded that many
barriers are not geographically bounded and mainly depend on the size of the region's ATES market (see Fig-
ure 2.4). Secondly, substantial preparation and site-speci ¢ analysis are required for the implementation of
ATES systems and many stakeholders need to be involved (Aalten et al., 2018). These stakeholders are typi-
cally unfamiliar with the technology and unaware of the potential applicability (Fleuchaus et al., 2018). Even

in several countries in Europe with a relatively high ATES market-penetration, lack of knowledge regarding
potential and (future) applicability of ATES is one of the main barriers for its application (Bloemendal et al.,
2016; Bloemendal et al., 2015; Monti et al., 2012; Forsén et al., 2008). Therefore, in order to stimulate the
decision-making process within the ATES sector, several studies emphasise the necessity of examining a re-
gion's ATES potential (Pellegrini et al., 2019; Fleuchaus et al., 2018).

Figure 2.3: Global spatial distribution of ATES (Fleuchaus et al., 2018).
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Figure 2.4: Left: market
barriers limiting ATES development as a function of the market development level (subsurface and climatic conditions are assumed).
Right: market development of ATES in all relevant countries considering new building and renovation segments (Fleuchaus et al., 2018).

2.3.2. Determining the Potential for ATES adoption in New York State

The ATES complications and corresponding solutions for improving ATES-implementation in a region em-
phasised in the literature are considered a foundation for the objective of this research. The objective of this
research is, as mentioned in Chapter 1, to advance ATES adoption in New York State by examining the po-
tential of ATES while considering the requirements and interests of the key stakeholders. One of the main
reasons to consider the key stakeholder's interests and requirements when examining the NYS's ATES poten-
tial is, rst of all, to generate more accurate results. Secondly, successful ATES-implementation strategies
must be built upon the interests and requirements of those stakeholders that have the highest impact on the
successful implementation of it.

2.3.3. Levels of ATES-Potential

The renewable energy potential of a technology such as ATES can be analysed at different levels, consisting of
the resource, technical, commercial, and market potential. The key components for each level are presented
in Figure 2.5. Indicated at the top part of the funnel in Figure 2.5, the resource potential represents the theo-
retically achievable energy generation, considering the renewable source availability (Okioga et al., 2018). In
this context, the theoretical potential is based solely on physical boundaries for ATES adoption such as the
presence of aquifers and suitable climatic conditions. A subdivision of this resource potential is the technical
potential. The technical potential is lower than the resource potential since it represents the achievable en-
ergy generation of ATES given the system performance, topographic limitations, environmental constraints.
Furthermore, key stakeholders may impose additional technical constraints such as limitations on certain
ATES design parameters or suitable locations for installation. The primary bene t of assessing technical po-
tential is that it estimates an upper boundary estimate for the total development potential.

Moving one level further down from the technical potential, the commercial potential incorporates the addi-
tional restrictions caused by the fact that ATES should be a commercially attractive solution for the stakehold-
ers. Since buildings exist in many different types and sizes, the required investment and achievable pro ts
also vary signi cantly (Agterberg, 2016).
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Figure 2.5: Funnel of levels of ATES-potential and corresponding key considerations (compiled by author).

The aim of examining the potential in this research is to support decision-makers in NYS as they evaluate
ATES technology, the potential scale of ATES development and its commercial viability. The analysis of mar-
ket potential would typically involve detailed analyses of the costs for installation, operation and return on
investments of all available heating and cooling alternatives, but is out of scope in this study. By considering
in Figure 2.5 the requirements and interests of the key stakeholders in NYS, the calculations of the technical
and commercial ATES potential become more accurate and realistic. The more accurate the potential maps,
the higher the possibility to effectively stimulate and mobilise important stakeholders in NYS to undertake
essential measures to increase the implementation and acceptance of ATES.
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Methods and Materials Used for Identifying
Key Stakeholders

Four types of analysis are used in this study for the selection of the most in uential ATES stakeholders in
NYS. These analyses are (l) the identi cation of stakeholders and barriers, (II) the assessment of a stake-
holder's in uence and attitude, (1) the selection of key stakeholders (for which | and Il are required) and the
determination of the requirements and interests of this group (V). The necessity of selecting this group is
already touched upon in previous chapters. In uential stakeholders in NYS are essential for their contribu-
tion to ATES implementation and ability to enhance the position of the technology in the heating and cooling
industry. So to improve ATES adoption in NYS, successful market-entry strategies need to focus on the most
in uential stakeholders. This group of key stakeholders is selected based on their level of power, attitude and
their ability to overcome existing barriers for ATES implementation in NYS. All methods for selecting the key
stakeholder group for ATES projects in NYS and its interests are described in this chapter.

3.1. Stakeholder Analysis

ATES experts and local stakeholders are involved in this stakeholder analysis to obtain qualitative and accu-
rate results. For analysing the stakeholders, interviews and questionnaires were used. This section describes
the available methods for stakeholder analyses and substantiates why speci ¢ methods applied in this re-
search were selected. Subsequently, the selected methods are further detailed for application in this study.

3.1.1. Stakeholder Analysis Methods

Several stakeholder analysis methods were derived from literature, these are listed in Table 3.1. A selection
of the methods listed in this table is used in this study to identify stakeholders and corresponding interests
and for the prioritization of stakeholders. Stakeholder identi cation refers to the development of a list of all
stakeholders involved in ATES projects in NYS; stakeholder prioritisation refers to analysing stakeholders' in-
uence on the project and decisions about which stakeholders' interests should be addressed preferentially.
To retrieve comprehensive information on these aspects, a total of three approaches are chosen from Table
3.1: interviews for identifying stakeholders, components of the Stakeholder Circle Methodology for prioritis-
ing the stakeholders and nally questionnaires for retrieving information required for conducting part of the
Stakeholder Circle Methodology. An overview of the selected methods is provided in Table 3.2.

The stakeholder analysis in this study is mainly built upon the methods of the Stakeholder Circle Method-
ology and the required data and information to do so is retrieved from the interviews and questionnaires.
The main reason for using the methodologies in the Stakeholder Circle Methodology is because it is proven
to be an effective method for obtaining the desired stakeholder information in development projects (which
includes ATES projects) without the need of approaching every single stakeholder (Yang, 2014). The meth-
ods used in this study (see Table 3.2) are based on empirical methods, implying that knowledge can only be
gained by experience (Markie, 2017). In this context, the stakeholder analysis relies on the experience of a
(small) group of ATES stakeholders in NYS, called key informants, who occupy a central position, have direct
connections to all stakeholders and have a broad understanding of the ATES sector in NYS. These methods
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3. Methods and Materials Used for Identifying Key Stakeholders

Table 3.1: Practical methods for stakeholder analysis used in previous studies (Yang, 2014).

Table 3.2: Approaches used for the stakeholder analysis in this study.

Approaches Used

Steps Interviews  Stakeholder Circle Methodology — Questionnaires
Stakeholder Identi cation X X X
Stakeholder Prioritisation X X

assume that the key informants have exhaustive information about the other ATES stakeholders. Below, the
three methodologies used in this study are discussed.

3.1.2. Stakeholder and Barrier Identi cation

Several interviews were conducted with ATES experts to identify the stakeholders involved in ATES projects
and the barriers these stakeholders face. The experts were selected for their ATES expertise and regional (US)
knowledge and are listed in Table 3.3. The set up of the interviews was semi-structured and they took on
average around an hour. The key topics to discuss (ATES suitability, incentives, barriers, competition and
stakeholder roles) were shared prior to the interview and were used as guidelines during the conversation.
Through this methodology, the interview could be steered in the intended direction when necessary without
limiting other topics the expert deemed relevant to discuss. The insights from these interviews were reported
and subsequently used in the remaining of the stakeholder analysis.

Table 3.3: List of experts interviewed for the barrier and stakeholder identi cation.

Name Company Details

Craig Wilson M3 Energy Partner at a Local Energy Consultancy Agency

Bas Godschalk IF Technology Published many reports on ATES and is an advisor and designer of ATES systems globally
Frank Agterberg BodemenergieNL | Chairman BodemenergieNL and Chairman of the branch association heat pumps in NL
Gerwin Hop Over Morgen Founder Over Morgen and Coordinator of the Dutch-ATES consortium

Harold Maasen

Engie

Manager ENGIE Energy Solutions (part of Dutch-ATES consortium)

John Rhyner

Self-employed

Geohydrologist in New York and surroundings (did much research on ATES suitability for Dutch-ATES)

Robertjan Spaans

Over Morgen

Consultant and active in geothermal projects in Northeast US

Sanne de Boer

Over Morgen

Involved in realising the Dutch Geothermal WKO Tool initiated by IF technology and later launched by
RVO (used for promotion, information management, registration and permits regarding ATES)

Wil van den Heuvel

Installect (Engie)

ATES engineer with 30 years of experience (also part of Dutch-ATES)
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3.1.3. Rating of Stakeholder Attributes

A method to identify and prioritise the key stakeholders and subsequently develop appropriate stakeholder
engagement strategies is the Stakeholder Circle methodology developed by Bourne and Walker (2008). This
model is built on the stakeholder science model from Mitchell et al. (1997) and identi es three attributes
which should be assessed to highlight stakeholder's relative level of in uence:

« Power: is the stakeholder's power to in uence the work or the outcomes of the project signi cant or
limited?

» Proximity: is the stakeholder closely associated or remote from the work of the project?

« Urgency: what is the anticipated response of the team managing an ATES project to a request from a
particular stakeholder?

Building on the research by Bourne and Walker (2008), a scoring system is developed to assess the attributes
for stakeholders. The different scores for power proximity and urgency are presented in Table 3.4. The scoring
system in Table 3.4 is subsequently integrated into the questionnaire which is discussed next.

Table 3.4: Scoring system for assessing a stakeholder's level of in uence.

1 Relatively low levels of power (cannot generally cause much change)

2 Some capacity to instruct change (e.g., must be consulted or has to approve...)
3 High capacity to cause change (e.g., a supplier with input to design)

4 Very high capacity to instruct change (i.e., can have the work stopped)

1 Very remote from the work (does not have direct involvement with the work)

2 Relatively remote from the work but has regular contact with, or input to, various processes (e.g., some clients)

3 Routinely involved in the work (e.g., part-time members of the project team, external suppliers and active sponsors
4  Directly involved in the work (e.g, team members and contractors working most of the time)

1 Thereis no need for action outside of routine communications

2 Planned action is warranted which must be completed in a relatively long-term time-frame

3 Planned action is warranted which must be completed in a relatively medium-term time-frame
4
5

Planned action is warranted which must be completed as soon as possible (no need to put other commitments on hold immediately)
Immediate action is warranted, irrespective of other work commitments

3.1.4. Stakeholder Questionnaire and Processing of Responses

A gquestionnaire was sent to the selected stakeholder informants (with knowledge on ATES stakeholders in
NYS) who were asked to allocate attribute and attitude scores to each stakeholder identi ed in the ques-

tionnaire. The respondents had the opportunity to provide notes where necessary and could also list other

stakeholders. The questionnaire is provided in Appendix A and below the two requested input entries are

discussed.

Stakeholder Attribute Scores

The respondents were asked to allocate attribute scores to each listed stakeholder according to the scoring
system as shown in 3.4. Besides, the respondents were also asked to identify the importance of power, prox-
imity and urgency in general. This was done by allocating a weighting score to each attribute as part of the
guestionnaire. The options for weighting scores per attribute varied from 1-9, depending on the respondents
perspective. Since the weightings could vary per respondent, a normalization of the results is required. The
total in uence score of each stakeholder was determined according to Equation 3.1.

(fpm Sp)A(fprox o SprOX)A(fu aSy)

Sixmorm ;E(fp o Sp;max)A (fprox @ Sprox;max)A (fu @ Su;max) 1)
Where:
Six:norm = Normalised in uence score from respondent i for stakeholder x (value between 0-1)
fp = Weighting score of power allocated by respondent i (value between 1-9)
Sp = Power score of stakeholder x provided by respondent i (value between 1-4)
fprox = Weighting score of proximity allocated by respondent i (value between 1-9)
Sprox = Proximity score of stakeholder x provided by respondent i (value between 1-4)

fu = Weighting score of urgency allocated by respondent i (value between 1-9)
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Su = Urgency score of stakeholder x provided by respondent i (value between 1-5)
Sp:max = Maximum power score (value = 4)
Sprox:max = Maximum power score (value = 4)
Su:max = Maximum power score (value = 5)

As shown in Equation 3.1, Six:norm represents the normalised in uence score that is given to stakeholder
x by respondent i. This normalization was done by dividing the stakeholder's in uence score by the high-
est possible score that could be assigned, given the respondents attribute weightings (see Table 3.4 for the
highest score per attribute). This normalization enables the comparison of the scores given by the various
respondents. Finally, the average in uence score per stakeholder was calculated with Equation 3.2.

P
( 0 Six ;norm )
Sx;avg;norm AT n 3.2)
Where:
Sx:avg:norm = The average standardised in uence score of stakeholder x retrieved from all respondents
n = Total number of respondents lling in the stakeholder survey

The resulting average scores, Sx;avg:norm , Provide insights in the relative in uence of a stakeholder, contribut-
ing to the identi cation of the key stakeholder group.

Stakeholder Attitude Scores
The attitude of each stakeholder listed could be allocated by the respondents as 'positive), 'neutral' and 'neg-
ative' and therefore range from actively supportive in ATES projects through to its active opposition. This
information is of importance for building ATES market-entry strategies as it provides insights on which stake-
holders, with the related level of in uence, should be approached and engaged more attentively than others
for successful implementation. Prior to calculating average attitude scores of each stakeholder, a positive at-
titude is assigned a score of '+1' a neutral attitude is assigned a score of '0' and nally, a negative attitude is
assigned a score of '-1'. Subsequently, the scores of each stakeholder are averaged according to Equation 3.3.
(PE;EL Aix;avg)

Ax:avg /Ef (3.3)

Where:

Ax.avg = The average attitude score of stakeholder x retrieved from all respondents
Aix;avg = Attitude score of stakeholder x provided by respondent i

n = Total number of respondents lling in the stakeholder survey

3.2. Selecting the Key Stakeholder Group

The results of the interviews and questionnaires are compiled in a Stakeholder Barrier Matrix (SBM). In here,
the stakeholders and their accompanying in uence and attitude scores are presented against the identi ed
ATES barriers in NYS. The relationship between stakeholders and barriers within this matrix is based on the
roles and responsibilities of the stakeholders which are gathered from the stakeholder analysis. The SBM pro-
vides insights in both the in uence and attitude of stakeholders for ATES projects as well as to their ability to
solve current barriers within the sector. From this overview, the key stakeholders are selected. The relation
between a stakeholder and barrier is scored on a scale of 1-4 as shown below:

There is no relationship between the stakeholder and barrier

The stakeholder can contribute to overcoming the barrier

The stakeholder is affected by the barrier

The stakeholder is affected by the barrier but also can contribute to solving it

AODdPE

A stakeholder is affected when a stakeholder's attitude regarding an ATES project is affected negatively, i.e.
the willingness to cooperate in ATES projects becomes less. Two subsequent questions must be answered to
determine the relationship between a stakeholder and barrier as listed above:
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1. Does the stakeholder get a more negative attitude towards ATES projects due to the barrier?
2. Isthe stakeholder able to contribute to the solution of the barrier?

Four sets of answers to these subsequent questions are possible and shown in Table 3.5. The numbers as-
signed to a set refers to the relationship between the stakeholder and barrier as listed above.

Table 3.5: Four possibilities of answering the two questions leading to a number between 1-4.

Answer | Answer | Answer | Answer
1. Does the stakeholder get a more negative attitude
towards ATES projects due to the barrier? YES YES NO NO
2. 1s '.[he stakeholdgr able to contribute to the YES NO YES NO
solution of the barrier?
Number Assigned 4 3 2 1

3.3. Method for Determining the Interests and Requirements of Key ATES
Stakeholders in New York State

Once the key stakeholders have been identi ed, it is essential that ATES systems ful | their expectations for
successful adoption in NYS. Therefore, the requirements and interests of stakeholders of ATES projects in
NYS have been formulated. This was done based on manuals and design and installation guides released by
authorities in NYS. Although these documents do not include information on ATES systems, they do include
alternative geothermal systems such as Borehole Thermal Energy Storage (BTES), standing column wells and
conventional open-loop systems. The design and installation guide 'Geothermal Heat Pump Systems Man-
ual' (NYCDDC, 2012) and the report '‘Geothermal Systems and their Application in New York City' (New York
City Mayor's Of ce of Sustainability (MOS), 2015) are mainly consulted to identify the interests and require-
ments of key stakeholders and the constraints they impose on geothermal projects in NYS. These are included
in the calculations of the technical and commercial ATES potential in the geospatial analysis in Chapter 5 and
6.






Results of the Identi cation of Key ATES
Stakeholders and their Requirements and
Interests in New York State

Geothermal architects are identi ed as the key stakeholders of ATES projects in NYS. This is the result of the
analysis of the stakeholders' in uence, attitude and ability to solve existing barriers, which is presented in
this chapter. These results follow from the methodology discussed in Chapter 3. In Section 4.1 the ATES
stakeholders in NYS are identi ed and the barriers are analysed. In Section 4.2 the level of in uence per
identi ed stakeholder is assessed. Subsequently, for the nal selection of the key stakeholder group, results
from Section 4.1 and Section 4.2 are combined in the Stakeholder Barrier Matrix in Section 4.3. Finally, in
Section 4.4, the interests and requirements of the geothermal architects are provided, which are used in the
geospatial analysis in Chapter 5 and 6 to allow for representative and accurate ATES potential calculations.

4.1. Stakeholder Identi cation and Barrier Analysis

Through the nine conducted interviews and the questionnaires which were sent to ve stakeholder infor-
mants, a complete list of the ATES stakeholders in NYS including their roles is created and presented in Table
4.1. In this table, the stakeholders are categorised into six groups: clients, permitting authorities, consultants
and designers, construction companies, related sectors and nally, utilities and municipal infrastructure.

Furthermore, from the conducted interviews, a list of barriers currently preventing ATES adoption in NYS is
provided in Table 4.2. For comparison reasons, the same table also includes typical barriers found in the liter-
ature for similar market phases. From the interviews, it is concluded that the main ATES barriers are market-
related. The few interested project developers regarding ATES technology expect fully redundant systems in
NYS, which illustrates the low market demand and mistrust in the technology. As, to the policy environment,
there are some uncertainties regarding regulations (reinjection related), but, these are not considered as the
main bottlenecks by the experts. Since one ATES demonstration system is already in operation in New Jersey
(adjacentto NYS) and the fact that conventional open-loop systems are already allowed to reinject groundwa-
ter, no major issues in this eld are anticipated (as mentioned in Section 2.2). The results from the interviews
provide qualitative insights into the severeness of the barriers identi ed. Even though many experts recog-
nise the potential of ATES technology in NYS, the results from the interviews show that the market demand
is still signi cantly low. Explained in more detail in the following paragraphs, the majority of the nine ATES
experts agree that the following ATES barriers in NYS are critical:

Negative image/ bad reputation of ATES

Mistrust in technology

Concerns on environmental impact (groundwater quality)

Unfamiliarity of technology

Improper drilling techniques: low quality and very expensive

Lack of local ATES design, installation and maintenance organizations (preferred all-in-one)

ok wdE
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4. Stakeholder Analysis Results for the New York State ATES Sector

Table 4.1: ATES stakeholder list and the role description in New York State.

# | Listof Stakeholders

| Stakeholder Role

Clients

Non-Residential Building Own-

SO01| ers (e.g. Universities, Hospitals, | Customerand ATES end-user
Commercial Buildings)
Individual Homeowners  or
S02| Condo/Coop Developments Customer and ATES end-user
(HOAS)
S03 Commercial Property Manage- Customer but no ATES end-user
ment Companies
soa| Non-Residential Developer Sell- | o\ i bt no ATES end-user
ing the Property
Residential Development Owners
S05| (Apartment Buildings, Affordable Customer but no ATES end-user
Housing)
Permitting Authorities
S06 NYC and Local Long Istand Gov- Provide work/building permits on a city & local level
ernment
S07| State Government (NYSDEC) Provide ATES well drilling permits on Long Island
S08| Federal Government (USEPA) UIC noti cation on a national level
S09| Local Water Districts Provide input to NYSDEC on effects of ATES on drinking water supply/wells

Consultants and Designers

S10| NYS Registered Architects Serve as Owner's representative/coordinates engineers & consultants on ATES projects
NYS Registered Engineers (Me-
S11| chanical/HVAC, Civil, Geotechni- Design & prepare bid documents for building side of ATES systems
cal)
S12 E‘rr\]zgy/Sustalnablllty Consul- Assess energy ef ciency & sustainability of ATES systems, e.g., LEED
Building-Climate Advisors (Heat-
S13| ing, Ventilation and Air Condi- Involved in designing the internal building climate
tioning (HVAC) experts)
S14| Geothermal System Designers Recommend/design ATES well systems & prepare bid documents
S15| Geohydrologists Assess suitability of site geohydrological conditions for use of ATES systems
S16 3rd-Part¥/Ut|I|ty-Scale Energy Turnkey ATES system nance-design-build-own-operate option
Companies

Construction Companies

S17| Construction Management Firms Serve as Owner's rep/coordinates contractors on ATES projects
S18| Drilling Companies Responsible for drilling ATES wells
S19| General Contractor Prime contractor coordinating all trades for construction of ATES systems
S20 l\g?schanlcal & Electrical Contrac- Responsible for installation of piping & electrical parts of ATES systems
S21| Design-Build Firms Turnkey ATES system design and installation option
S22| Labor Unions Represent workers in the various trades on ATES projects
Related Sectors
S23 Conventional Fossil Fuel Supply homes and businesses with heating oil, propane etc.
Providers ’
S24| Industrial Water Sector Sector that uses groundwater for industrial purposes
S25 Sustainable Energy Sectors (other For example solar, wind, thermal storage, wastewater heat exchange
than geothermal)
S26| Agricultural Water Sector Sector that uses groundwater for agricultural irrigation purposes
S27| Environmental Organisations NGOs monitoring & protecting environmental/ecological resources
Utilities and Municipal Infrastructure
S28| PSEG Electric utility (Nassau/Suffolk Counties) that provides rebates for ATES projects
S29| National Grid Natural gas utility (Nassau/Suffolk Counties)
S30| Con Edison Electric & natural gas utility in NYC (Brooklyn and Queens on Long Island)
S31| Public Transport Agencies Provide approvals to drill wells near public infrastructure (rail, subway, tunnels)

Reputation and Concerns (Barriers 1,2,3 and 4)

From the interviews, it is concluded that the unjusti ed bad reputation associated with ATES systems is the
result of the already installed and so-called conventional open-loop systems. For a century already, ground-
water is pumped up in multiple regions within NYS for building cooling purposes. In contrast with ATES,
however, this is a one-way use of groundwater and does not function as a self-sustaining thermal battery.
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Table 4.2: New York State ATES barrier overview ([1]: Fleuchaus et al., 2018; [2]:Agterberg, 2016; [3]: Pellegrini et al., 2019).

Expert Interviews

Literature Review

Technical Barriers

1 Groundwater pollution affecting quality of ATES systems
(perception that ATES therefore cannot be implemented)

2 Groundwater velocities affecting quality of ATES systems
(perception that ATES therefore cannot be implemented)

3 Relative high energy demand and bad insulation

4 Improper use of drilling techniques for ATES wells
resulting in high costs and low quality of the wells

5 ATES temperatures not optimally compatible

with climate regulating equipment in buildings

» Complexity regarding High-Temperature
ATES systems (>40 °C) [1]

« Lack of experience [1,3]

¢ Design, construction and operation by
unquali ed parties [3]

 Low operational performances due to
inadequate cooperation or lack of a unique
market player taking full responsibility [3]

Economic Barriers

6 Exceptional high drilling costs

7 Imbalance in demand for heat and cold (site-speci c¢)

8 Competition with cheap and 'unlimited' natural gas/oil

9 No company exist that is able to provide full ATES
installation and operation services

10 Low priority regarding the environmental aspect in
decision-making

11 Uncertainty on who is taking the risk of ATES installation

« Decisions for HVAC systems often made
based on capital costs [2]

 Splitincentives (customer is not end-user) [2]
« High capital costs, especially for drilling [1]

« Decision-makers are often not aware of
typical low payback times [1]

» Uncertainty on who is carrying the exploration
and investment risks [1]

Regulatory/Policy Barriers

12Responsibility of cooling lies with tenants

13 Involvement of many stakeholders/decision-makers
14 Expected dif culties with regulators due to the crossing
of property boundaries

15 Expected dif culties with reinjecting ground water

 Restructuring of regulatory infrastructure
is time-consuming [2]
« Lack of adequate legislation [3]

Social Barriers

16 Unfamiliarity of technology

17 General negative image/bad reputation of ATES systems
due to mismanagement of conventional open-loop systems
18 Mistrust in technology on various aspects

19 New technology >no one wants to be rst

« Lack of knowledge [1,3]
« Lack of public awareness [1,3]
 Mistrust in technology [1]

This system is also referred to as ‘pump and dump' and caused two major problems in the past. First, due to
the inadequate separation between the building and groundwater circuit, in some cases chemical refrigerants
originating from the building circuit leaked into the aquifers, which led to severe groundwater pollution. Sec-
ond, because this is a one-way cooling system, heated groundwater is constantly dumped into the aquifers,
resulting in net heating of the subsurface. In some installations, therefore, the heated groundwater reached
the extraction wells after some time, heavily affecting the ef ciency of the systems until it no longer could be
used. Both events led to the perception that cooling with groundwater cannot be done sustainably. ATES, on
the other hand, is a balanced two-way system, where depending on the type of season, either warm or cold
water is pumped and reinjected again (See Figure 1.1). So, although inaccurate, ATES systems are nowadays
associated with these unsustainable conventional open-loop systems. Literature shows that in more cases
a negative reputation of ATES is caused by other types of geothermal systems (Fleuchaus and Blum (2017);
Grimm et al. (2014); Pellegrini et al. (2019)). All in all, before ATES had the chance to enter the market in
the US, it already got a bad reputation. A perception ( rst critical barrier) exists that ATES is not functioning
properly (second critical barrier) and easily could pollute the surrounding groundwater (third critical barrier).
Concerns on the latter point are even ampli ed by the fact that the New York metropolitan area fully relies on
drinking water from the underground (interview John Rhyner). These three barriers are strongly related to
the fact that ATES is associated incorrectly with conventional and unsustainable open-loop systems (fourth
critical barrier).
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