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ABSTRACT 
 
 In recent years many ATES projects have been built in the Netherlands, and ATES has become a 
standard technique for supplying cold directly and supplying heat by means of heat pumps. Especially 
the reduction in CO2 emission and the sustainable character of the technique are regarded as important 
benefits. Most projects, approximately 50%, are cold storage systems for office buildings with a 
cooling capacity between 500 and 1,000 kWt. These projects often involve a single building or a 
conglomeration of small buildings that add up to this capacity.  
 
 A new development is the application of collective ATES systems for large domestic areas and 
large-scale industrial and office building parks. The largest collective ATES system in Europe has 
recently been put in operation at Eindhoven University of Technology in the Netherlands. This 
publication tries to answer the question: “Big is beautiful?” 
 
 
1. INTRODUCTION 
 
 Eindhoven University of Technology was established in 1956. It is the second large university of 
technology in the Netherlands and hosts about 7,000 students and 3,000 employees today.  Figure 1 
gives an aerial view of the present campus site. 
 Many buildings on the university campus were erected in the early sixties. A central gas-fired 
heating plant in combination with a district heating system would deliver heat to the buildings. 
Cooling was provided to laboratories and offices by groundwater, except when low-temperature 
cooling was required. The groundwater was pumped from wells on the campus site and had a natural 
temperature of 11.8 ºC. After being used for cooling, the groundwater was discharged into the 
Dommel river, which passes the campus.  
 In the eighties the governmental groundwater policy aimed at preserving good-quality 
groundwater for drinking water purposes. As a result, Eindhoven University started to change from 
groundwater- based cooling to chiller-based cooling. It is obvious that this resulted in an increase in 
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electricity consumption for cooling. In the nineties two individual buildings were equipped with 
aquifer cold storage as an alternative to chiller-based cooling.  
 Subsequently, in an agreement with the Ministry of Economic Affairs with respect to the Kyoto 
targets, the university committed itself to improve its energy efficiency by 20% over the period 1996 - 
2006. This commitment and the fact that many of the forty-year old buildings had to be refurbished in 
the period 2000 - 2005, resulted in several studies on the future energy infrastructure of the campus 
site. As a result of these studies, in 1998 the decision was made by the Board of Directors of the 
University to realise a heating and cooling infrastructure based on large-scale aquifer thermal energy 
storage (ATES). Because it was difficult to predict the future expansion of the campus, the ATES 
project was split up in two phases. Phase One was completed by 2002 and allows 20 MWt of building 
cooling load to be connected to the ATES-based infrastructure. Phase Two implies the expansion of 
the building cooling load connected to the ATES system up to 30 MWt. The decision to construct 
Phase Two still has to be made. 
 

 
 
2. PROJECT DESCRIPTION 
 
 The ATES system will supply direct cooling in summer as well as low-temperature heating in 
winter for the evaporators of the heat pumps. In order to be able to charge enough cold in winter, 
cooling towers are used to charge additional cold. Now that Phase One of the ATES project on the 
campus of Eindhoven University of Technology has been completed, the energy demand can be 
supplied of approx. 20 buildings with a surface of 250,000 m2. In the future, after completion of Phase 
Two, the system will supply approximately 30 buildings with a total surface of 350,000 m2.  
 The ATES system in general consists of a main distribution network with two distribution rings 
(one warm and one cold) to which the cold wells and warm wells are connected. By means of this 
main distribution network, cold and low temperature heat are available all year round. For every user 
there is a delivery station, including a heat exchanger and several mechanical components to exchange 
cold and heat with the main distribution network.  
 The system enables the users to exchange cold and heat by means of the distribution network. In 
this case the groundwater functions as energy transport medium. In case of a net cooling or heating 
demand after the energy trade-off between users, groundwater is extracted from the cold or warm 
wells respectively and transported to the users by means of the distribution network. As a result of 
this energy exchange between the buildings, the energy efficiency is further improved. 

Figure 1.  Campus of Eindhoven University of Technology  
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 An overview of the most important features of the ATES system at Eindhoven University of 
Technology is given in the table below.   
 
Table 1. Dimensions of the total ATES system at Eindhoven University of Technology  
dimensions ATES system*  summer 

(cooling) 
winter 

(low-temp. heating) 
capacity MWt 20 (30) 20 (30) 
maximum energy delivery GWht 25 - 30 25 - 33 
max. amount of pumped water m3/a 3,000,000 3,500,000 
maximum flow rate m3/h 2,250 (3,000) 2,250 (3,000) 
average infiltration temperature °C 16 6 
 
dimensions of components*   
number of cold wells # 18 (24) 
number of warm wells # 18 (24) 
number of wells per cluster # 6 (8) 
filter screen depth (below surface) m  between 28 and 80 
length of effective filter screen m 30 
maximum diameter of well mm 700 
maximum flow rate per well m3/h 125 
power consumption per well pump kWe 25 
diameter of main field piping mm 450 
total length of field piping m 1,500 
number of equipment rooms # 6 
*) figures in brackets refer to the situation when Phases One and Two have been completed 
 
 
Soil conditions 
The soil conditions on the campus have been derived from several drillings that were made in the 
past, as well as on the basis of the old ATES systems. The soil consists of a top layer of approx. 28 m 
in which a shallow freatic aquifer is present. At a depth between 28 m and approx. 80 m below 
surface the ‘first aquifer’ is found with a transmissivity of 1,600 to 2,000 m2/day. Below this aquifer 
an aquitard is found of 60 m thickness with an hydraulic resistance of 20,000 days. Deeper aquifers 
are protected by the government as drinking water reserves and therefore are not available to be used 
for ATES. Because of this restriction, ATES is applied to the first aquifer. The hydrological basis is 
found at 370 m below surface. The natural groundwater temperature of the first aquifer is 11.8 °C and 
the groundwater flow of 15 to 20 m/a is directed north/north-west. The groundwater is fresh with an 
amount of chloride of 10 to 40 mg/l. 
 
 
3. ENVIRONMENTAL IMPACTS 
 
 An ATES system of this size may result in a number of environmental impacts of which the most 
important will be treated in this paragraph. 
 

Application of large-scale ATES systems will result in high maximum flow rates and large 
quantities of groundwater that are extracted and infiltrated. As a result, the possible effects on the 
surroundings and the environment can be much larger than from small-scale applications. Therefore, 
special attention should be paid to the configuration of wells. The Dutch government recognizes this 
and for large systems (amount of pumped groundwater > 3,000,000 m3/a) requires a detailed analysis 
of expected impacts on the environment. This analysis should address thermal and hydrological 
effects, as well as possible impacts on other groundwater users, on contaminations that may be 
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preferable option environmentally friendly option technically/economically option 
2d 2e 2f 

2a 2c2b 

present, on nature reserves, etcetera. For Eindhoven University of Technology the total process took 
almost one year in which three options for well configurations were researched: 

1. preferable option: three warm and three cold clusters of wells, existing wells are integrated, 
energy efficiency and impacts have an acceptable level 

2. environmentally friendly option: wells are placed in a matrix structure, with minimal hydro-
logical and thermal impacts on the environment, and investments by approx. 20% higher  

3. technically/economically optimum option: two warm and two cold clusters of wells with short 
distribution network, with a main focus on energy efficiency and low investments (approx. 
10% less). 

 
For all three options the aspects mentioned were studied including an analysis of major 

parameters. The preferable option was finally permitted in 2001 by the government and Phase One of 
the system was constructed during 2001 - 2002. The thermal and hydrological impacts of the three 
options are shown in figure 2. 

 
 
Fig.  2a, b & c: Thermal effects on the surroundings after 20 years of operation of the ATES system 
 2d, e & f: Maximum hydrological effects on the surroundings 
 
 Next to the possible adverse impacts on the environment due to groundwater extraction and 
infiltration, the application of large-scale ATES has certain advantages. Large energy savings can be 
realised whereas the reduction of CO2 and HCFC emissions is substantial. The application of ATES at 
Eindhoven University of Technology reduces the overall electricity consumption and consequently 
the CO2 emission by approx. 20% in comparison with a conventional chiller system. Subsequently, 
the application of ATES guarantees an HCFC-free generation of cooling. 
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4. LARGE-SCALE VERSUS SMALL-SCALE ATES SYSTEMS 
 
 This paragraph describes the advantages and disadvantages of a collective, large-scale ATES-
based heating and cooling infrastructure compared with small-scale ATES systems for individual 
buildings. 
 
4.1 Economic aspects 
 
 One of the advantages of a large-scale system is that the maximum installed heating and cooling 
capacities will be lower than the sum of maximum loads of single buildings connected to the system.  
For the Eindhoven University case, it was estimated that a cooling capacity of 17 MWt (Phase One) of 
the ATES system would be sufficient to meet a combined cooling load of the buildings of about 
20 MWt. This results in a lower investment requirement for wells of the collective system as 
compared with the wells for the single-building systems. However, this does not result in economies 
of scale. The reduction of the investment in wells for the large-scale system appears to be annihilated 
by the additional investments required for the large-diameter central piping and the more complex 
control system. Figure 3 gives the specific investment required for an ATES cold storage system as a 
function of thermal capacity of the store. The specific investment is based on the Dutch price level by 
the end of 2002 and comprises the complete ATES system, including the building heat exchangers, 
control system, licensing procedures, and engineering. Figure 3 illustrates that there is economy of 
scale as regards ATES cooling capacity of up to about 1.5 MWt. 
Another characteristic of large-scale, collective systems is that the major part of investments in 
infrastructure has to be made up front, i.e. at the moment when the first building requires heating 
and/or cooling from the system.  
 

Fig. 3.  Specific investment ATES system 
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4.2 Planning and operational aspects 
 
 The major advantages of a large-scale, collective ATES-based energy infrastructure are found in 
site planning and system operation: 

• By designing a well field for a whole area, undesired interaction between wells of individual 
projects can be avoided. 

• Compared with the single-building system the reliability of the collective ATES system is 
increased by the presence of a large number of wells (a well out of operation for maintenance 
will not affect the system behaviour), the ring-type central piping system, and the professional 
system operation (in many situations ATES systems for individual buildings there is no 
professional staff). 

• Future changes in the occupation of individual buildings, with changes in cooling load as a 
result, are easy to deal with. Only modification of the heat exchanger and the connection with 
the central piping are required. 

• In the Netherlands, utilities are interested to own and operate large-scale ATES systems. This 
has the advantage that the investment required for operating the ATES system is no longer the 
concern of the owners of individual buildings. 

• The interconnecting piping system offers the possibility of exchanging heat and cold between 
individual buildings, which improves the overall energy efficiency.  

 
 
5. DISCUSSION AND CONCLUSIONS 
 
 The overall conclusion of the project that has been built at Eindhoven University of Technology 
is that large-scale ATES projects are within our technological reach.  
 It follows that economy of scale is not the leading reason to apply large-scale systems. The 
application of such systems should follow from other important aspects concerning higher reliability, 
increased energy efficiency, possibilities of professional system operation, flexible energy concept, 
possibilities of outsourcing. 
 In the research and designing process it will be necessary to take into account the different 
aspects that play important roles in the application of large-scale ATES systems. Special attention 
should be paid to the hydrological and thermal impacts on the environment. However, the benefits 
with respect to energy savings and CO2 emission reduction are substantial and can compensate for 
possible adverse impacts, especially when such adverse impacts have been minimized by means of a 
good design.  
 So the overall conclusion concerning the application of large-scale ATES systems may be:  
“Big can be beautiful indeed!” 
 


