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Executive Summary 
The water tower of Schimmert is an iconic tower that has served the local community for decades. In 

2014 it was decommissioned and currently local companies and authorities are searching for a viable 

business model for this imposing tower. 

The present report examines the feasibility of transforming the water tower into a data center that 

reuses its waste heat to provide sustainable heat to local residential and commercial consumers. The 

reservoir of the tower will be used for storage of the excess heat, in order to balance the mismatch 

between supply and demand. 

Data centers are the enablers of today’s digital society because they form the backbone of the 

internet infrastructure. As the demand of digital services increases, the energy demand and the 

corresponding environmental impact of the data center market intensifies. In addition to that, the 

servers housed in a data center generate heat during their operation and heat disposal is important 

in order to ensure a safe and reliable operation of the IT equipment. Although typically the waste 

heat is dissipated to the environment, there are ways of reusing it in order to improve the overall 

efficiency and provide a secondary source of income for the data center business. The proposed 

district heating system is one of these ways. 

The tower can be retrofitted into a data center of 450kW. The data center with a design PUE of 1.3 

can be divided into 5 vertical compartments that will be built gradually as the IT load grows. In order 

to ensure uninterruptible operation, the proposed equipment resilience level is N+1 for all the 

systems, except for the power of the IT equipment where a 2N resilience is considered. 

The cooling method used for the servers has a significant impact on the quality of the waste heat and 

consequently on the ease of capturing it and reusing it. Although state of the art systems that use 

liquid or two-phase cooling show great potential, in this design air-cooled servers are proposed 

because of maintenance, reliability and flexibility reasons. To achieve the highest possible quality of 

the extracted heat a hot aisle containment is also suggested.  

The captured waste heat is enough to heat 65 houses in the vicinity of the tower in the village of 

Schimmert. The connection of the houses may take place in two phases, firstly the planned 

neighborhood of Bekerhof can connect to the heating grid and secondly houses that lay along the 

main piping system. 

Because the profiles of heat production of the data center and the heat demand of the heat clients 

are not balanced during operation, the reservoir of the water tower can be used as a heat storage 

system by storing any excess heat and covering any heat shortage. Water will be used as a storage 

medium since latent and thermochemical heat storage are still under development and have not 

been tested extensively in field applications. 

In addition to the technical investigation, this report provides an analysis of business opportunities 

for de Reus van Schimmert. There are a number of advantages for the selection of this tower for the 

proposed design, namely its location and the services already in place as well as the possible tax 

benefits and the durable design of the tower itself. The proposed company will be a cooperation 

between different stakeholders, a data center operator and a district heating operator. 

De Reus van Schimmert can be once again a lighting beacon of the area, this time because of its 

sustainable paradigm. It can showcase that although data centers demand massive amounts of 
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electricity and as a consequence are responsible for CO2 emissions, they can put this energy in good 

use by providing sustainable heating to the local area. 

 

 
Figure 1 Infographic of the concept of de Reus van Schimmert 
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1 Introduction 

1.1 Background 
The water tower of Schimmert was built in 1926 to cover the needs of water of not only Schimmert 

but of the surrounding area as well. It was designed by architect Jos Wielders and inspired by the 

architecture of the Amsterdam School. This imposing 38 meters high tower dwarfs any nearby 

buildings, providing a 360o view of the surrounding area and deserves its pseudonym de Reus van 

Schimmert (the Giant of Schimmert). 

Its initial use was to provide water with sufficient pressure, thus the 1.15 million liter reservoir is 

located on a very high level. The tower was renovated in the 1970s and 1990s and more recently at 

the end of 2008. It was finally decommissioned in 2014. 

The tower currently has the status of a national heritage site. It marks the western boundary of the 

Parkstad region and provides a wonderful view of the surrounding area. Recently, the tower was 

bought by a Nuth-based entrepreneur with the aim of preserving the building as an icon of 

Schimmert. 

 
Figure 2 The water tower in Schimmert 

 
Figure 3 The logo of the company Reus van Schimmert 

 

1.2 Problem description 
In the attempt to find a sustainable business model for the iconic building and at the same time to 

preserve its appearance the concept of a green data center has been proposed. The waste heat from 

the data center will be used to power a district heating system in the village of Schimmert and the 

reservoir at the top of the tower will be used for thermal heat storage.  

Prior to the initiation of the project, the feasibility of the concept needs to be investigated by 

proposing a technological design addressing the needs of the different parties involved in the project. 

Research questions to be answered 

The main research question that needs to be answered is: 

Can the water tower of Schimmert be retrofitted into a data centre and can the waste heat be used 

for district heating applications? 

This can be broken down into sub-questions: 

 What are the specifications of the data centre? 

 What are the requirements for a district heating system? 
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 How can the waste heat be stored? 

 What is the ideal combination of technologies? 

 Is there a sustainable business case? 

Deliverables 

 A final report 

 A business plan 

 3 progress reports and presentations 

1.3 Project Scope - Methodology 
First a literature study has been carried out in order to investigate study cases, the different 

technologies used in the field of data centers and district heating systems, as well as the main 

challenges and applications. Furthermore, state of the art technologies were investigated and their 

potential applications. Information was gathered during meetings and discussions with experts of the 

field and relevant stakeholders. 

The integration of the different parts of the proposed system was conducted in the software tool 

Matlab, in order to better understand the behavior and the effects of the different parts of the 

system.  

The development of the business plan was conducted from the point of view of the already 

established company de Reus van Schimmert. Strong partnerships or possibly a consortium built 

around this project are proposed. The main stakeholders are Mijnwater B.V., a company already 

active in the field of district heating, IBA Parkstad, an organization focusing on innovative building 

projects, special exhibits and innovative plans and a data center operator that hasn’t been identified 

at this stage. 

From the author’s perspective an involvement of multiple stakeholders and possible future partners 

was important in order to reach the best outcome. A number of issues were clarified in this way so 

that the target audience could come to a consensus on the priorities and the objectives of the 

project. Conforming to this idea, consultation sessions and discussions were held with 

representatives of Mijnwater, a district heating and cooling system operator, and Alticom, a data 

center provider, to understand the underlying issues and challenges. 

The approach and methodology conducted was intended to capture the key aspects of the 

assignment, a technical and an economic feasibility study. However the project is much more 

complicated and there are a lot of issues that still need to be addressed. A more detailed design from 

a company specialized in the field of data center design is vital as the next step of de Reus van 

Schimmert. 

Besides the objectives and the scope of work discussed above, the overall understanding has been 

translated into a phased methodology to achieve the desired outcome and deliverable, which is 

outlined in Table 1: 
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Table 1 Methodology 

Key area Success factors 

Project Planning Project goals and objectives clearly defined 
Drivers and constrains identified 
Deliverable requirements are specified in sufficient detail 

Project Organization Resources are sufficient to achieve objectives 
Project has the support of management and other key stakeholders 
Effective communication channels are created 
Feedback from the client is promoted and acted upon 

Project implementation Project methodology is appropriate and practical 
Quality assurance mechanisms are effective 

  

Based on the understanding of the key components for the support and the scope of the required 

services of the assignment, the assignment is further segmented as illustrated in Figure 4: 

 
Figure 4 Project segmentation 

1.4 Outline 
The previous paragraphs provided the needed background information regarding de Reus van 

Schimmert, the problem outline, the goals, the project scope and the methodology. The report is 

further divided into three central pillars:  

 Technology introduces information regarding the technologies discussed in the present 

report 

 Design discusses the design conditions and decisions 

 Business describes the business model of de Reus van Schimmert 

Finally, the conclusions of the project and further recommendations are presented. 
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2 Technology 

2.1 Data Centers 
The cloud, mobile services, Big Data, Internet of Things and social media have become important 

services in today’s digitalized society. And data centers are what enables them. The need for IT 

infrastructure is ever increasing and their operation is critical. Although the data center business is 

booming, the growing demand of these services not only directly translates to higher energy demand 

and operating costs but also leads to a more severe impact on the environment. 

However, within these very same Data centers lies the potential to address such environmental, 

economic and societal concerns. Data centers are uniquely positioned at the crossroads of both 

energy and data networks and will have the opportunity to become key players within their local 

sustainable energy systems [1] [2]. 

2.1.1 Key elements of a data center 
A data center is a purpose-built complex technical facility. All to provide a secure, highly efficient 

place to house computer systems, connectivity and storage systems that should function without 

interruptions. A data center is a space where ICT infrastructure, such as servers, storage and switches 

is housed and where the environmental conditions are controlled with the aim of ensuring 

uninterruptible, reliable and safe operation. A data center might consist of a single rack, which is a 

standardized frame, or hundreds of racks, depending on the scale and the needs of the business.  

For this reason, besides the rooms that accommodate the IT equipment, a lot of different systems 

are paramount for the uninterruptible operation of a data center. Cooling is needed to extract the 

heat produced by the IT equipment and heat exchangers to transfer the heat to a heat sink, usually 

the atmosphere. Batteries are usually the first line of emergency backup power, followed by 

generators that pick up the whole load of the data center in case of prolonged power outages. 

Telecommunication equipment is important to connect the data center with the rest of the world. 

Security is also essential due to the sensitive nature of the data that is processed in the facility. 

Finally, the whole facility is monitored by a control station. Figure 5 illustrates a layout of a concept 

data center. 
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Figure 5 Data Center layout [3] 

2.1.2 Data center design considerations 
A data center has a single purpose: to provide a highly efficient and secure place where computer, 

telecommunication and storage systems are located. A data center is one of the most complex design 

topics in the built environment and requires multidisciplinary design of: 

• Design process 
• Space planning 
• Redundancy 
• Site selection 
• Architectural 
• Structural 
• Electrical 
• Mechanical/cooling 
• Fire protection 
• Security 
• Building automation 

 Access providers 

 Telecom spaces 

 Cabinets and racks 

 Cabling pathways 

 Cabling systems 

 Cabling field testing 

 Telecom administration 

 Information technology 

 Commissioning 

 Maintenance 

 

2.1.3 Types of Data Centers 
Depending on size and function there are different types of data centers: 

2.1.3.1 Regional and national data centers  

More and more organizations look towards external housing of their IT infrastructure, because of the 

importance and the complexity of continuous IT operation. A regional data center can provide 

service to regional based organizations such as local businesses, healthcare, local IT service providers 

or software vendors.  

2.1.3.2 International data centers   

The data center space offered mainly consists of retail colocation, i.e. customers leasing space within 

a data center, usually one or more racks or caged-off areas. What is also offered is wholesale 

colocation:  A tenant leases a fully-built data center space.  
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2.1.3.3 Hyperscale data centers  

Hyperscales are huge, single tenant data centers. Build for the world wide operating internet 

companies that are large enough to build their own data center. Hyperscales are usually built in 

remote places where costs are low. 

2.1.4 Energy and Efficiency 
The rising energy costs and the ever-increasing demand for IT services and equipment have increased 

the business focus on operating costs, which to a large extent are tied with the energy use of a data 

center and its efficiency [4]. This, coupled with the attempts to reduce carbon emissions in many 

countries forces many companies to re-evaluate their targets regarding energy consumption and the 

consequent energy efficiency [5]. 

There are multiple metrics that describe the efficiency of a data center. One measure adopted by the 

industry is the power usage effectiveness (PUE) which is determined by dividing the amount of 

power used by the data center as a whole by the power used to run the IT infrastructure within it. 

This metric was created by The Green Grid and it is calculated as an annual average value. It reveals 

the amount of power used by the miscellaneous systems and the losses in distribution and 

conversion. 

 

 

In data centers the energy is needed for data processing and secondly for cooling and other 

supporting equipment. The ratio between them defines how energy efficient the operation of the 

facility is. 

Over the years the design of data centers has evolved considerably. One of the drivers of this 

evolution has been the energy costs. Current designs are generally characterized by a lower PUE 

compared to older, legacy designs, due to the use of more efficient systems and integrated design. 

Older facilities tend to reach PUE values between 2.0 and 2.5, while current design aims at PUE 

values of less than 1.4 [6]. Therefore, a modern data center can reduce energy consumption 

significantly. Figure 6 and Figure 7 depicts a comparison between the electricity needs of the two 

designs in the form of Sankey diagrams. Although the energy consumption of the IT equipment is the 

same in both cases, the different systems of a modern design are operated in a more efficient way 

and thus require less energy per unit of IT power. The leading difference is observed in the needs of 

the cooling equipment and secondly in the electrical losses. 

Power Usage Effectiveness:  PUE =  
Total Power

IT equipment Power
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Figure 6 Typical Energy use: Traditional  design [6] 

 
Figure 7 Typical Energy use: current  design [6] 

It should be noted that PUE can fluctuate depending on IT load and reaches its design value when a 

data center is fully populated and operated in the optimal way.  

Today the data center sector is responsible for 1.1% to 1.5% of the global electricity use and 2% of 

the total carbon emissions, an amount greater than the one generated by the global air traffic [7] [8]. 

Figure 8 illustrates the projection of electricity use of data centers globally and in the USA.  

 
Figure 8 Projection of data center electricity use [4] 

The market of data centers is a market with steady growth and any potential reduction in energy 

consumption can have an impact on sustainability. One of the promising measures to address this is 

waste heat recovery, described in the following paragraph. 

2.1.5 Waste Heat Recovery  
The IT equipment generates heat throughout its operation. Actually 100% of the electricity fed to a 

server is transformed into heat [9] and this heat needs to be removed. For this reason, data centers 

need cooling in order to maintain environmental conditions suitable for the operation of the 

information technology equipment. 

Heat disposal is of paramount concern in the design of data centers. Typically the heat is dissipated 

away from the IT equipment and practically wasted into the atmosphere. However this waste heat 

can be re-used for many applications, providing an extra source of revenue to the data center 

operator while at the same time improving the energy efficiency of the facilities. This has as a result a 
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smaller CO2 footprint and a reduced cost of ownership. In some cases, heat re-use even improves the 

reliability of the whole system [1]. 

Re-using the waste heat from a data center is not a new idea. There are multiple examples of 

companies that use their waste heat. IBM is reusing data center heat to warm a local swimming pool 

[10], while in Finland Yandex and Academica provide heat to 500-1000 homes [11] [12]. 

However, there are two main challenges regarding data center heat reuse: The relatively low quality 

heat that can be extracted and the difficulty of transporting the heat. The return air of a data center 

ranges between 28oC and 35oC, so the range of applications is limited.  

The different technologies that could be used for waste heat recovery are [13] [14] [15] [1]: 

 HVAC / Hot water production 
This is a relatively simple application for the reuse of low quality heat. The temperature 
range is suitable for such applications. 

 District heating 
The data center waste heat can be suitable for district heating, depending on the application. 
Low temperature systems such as air cooled data centers might need heat quality upgrading 
by using boosters, such as heat pumps. 

 Absorption refrigeration 
Absorption refrigeration uses a heat source to provide cooling. It has potential for systems 
with high demand of cooling, but requires higher temperature waste heat of 70-90oC. 

 Biomass processing 
Biomass drying is efficient with temperatures above 60oC, but can be achieved with lower 
temperature of 45oC. 

 Thermoelectrics 
Thermoelectric generation is a technology still under research. It uses a temperature 
difference to produce electricity. These systems are efficient with higher quality heat than 
what a data center can produce. Temperatures of 80oC - 175oC are required. 

 Piezoelectrics 
Piezoelectrics directly convert oscillations in the air flow to produce electricity. Although 
their operation is independent of temperature, they are associated with low efficiency and 
high costs. 

 Organic Rankine cycle 
The organic Rankine cycle works in the same way as the steam Rankine cycle by using organic 
fluids and lower boiling points. However, production requires temperatures above 65oC and 
its efficiency is low, in the range of 5-20%. 

 
In the context of de Reus van Schimmert, district heating has been selected as a waste heat recovery 
application, because it is a tested technology and at the same time addresses the needs of this 
particular project. 
 

2.2 District Heating 
A district heating and/or cooling system is an underground network of pipes that transports heat or 

cold, in the form of hot or cold water. Currently out of the 7 million households about 9% is 

connected to a district heating system in the Netherlands. On the other hand, gas connections 

represent 85% of the dutch households, while the rest 6% cover their needs through local stoves 

[16].  
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2.2.1 Generations of District Heating 
There are four generations of district heating. The first networks introduced in 1880 in New York and 

Paris used steam as a transport medium. The second and third generation systems use hot water to 

transport the heat, with temperatures over 100oC for the first and below 100oC for the latter. 

Another development in these generations was the increased adoption of prefabricated parts i.e. 

prefabricated insulated pipes instead of concrete pipes. Finally, in the fourth generation systems, 

also known as Low Temperature District Heating Systems, the trend of decreasing the temperature 

continues. In addition to that, latest systems incorporate thermal storage solutions and smart energy 

systems and enable the re-use of waste heat. 

Low temperature district heating networks are ideal for reusing the waste heat of data centers which 

is the focus of this report. There are a number of advantages and disadvantages when low 

temperature district systems are considered: 

Table 2 Advantages and Disadvantages of low temperature district heating systems [17] [18] [19] 

Advantages Disadvantages 

Reduced heat losses 
Lower unit heat transport for given flow in the 
system 

Increased system lifetime Low temperature limits applications 
Integration with renewable sources Inappropriate for process needs 
Increased Potential for CHP May require additional heat transfer surface 
Higher efficiency application of heat pumps and 
solar collectors 

 

Easier application of thermal storage  
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3 Design 

3.1 Design Outline 

3.1.1 White Space and IT-Load Calculation 
The floor surface of the tower is 125m2, but only 90m2 are considered as usable floor surface, 

because of the layout and the beams in place. The core of the tower beneath the water reservoir is 

approximately 20m and will be divided into different levels of 4m height each, resulting in an 

available surface of 450m2. However, the space is not entirely available for racks since space needs to 

be reserved for facilities and infrastructure such as partition walls, cooling equipment and internal 

offices. Finally, a dutch industry average of 5 kW/rack [20] is taken into account, resulting in an IT-

Load of 450kW. The design parameters are summarized in Table 3, while in Figure 9 and Figure 10 

the design is illustrated. 

Table 3 White Space and IT Load Overview [21] [22] 

Height of each level 4m 
Number of Levels 5 
Available Space Surface 450m2 
Gross White Space 225m2 
Gross – Net Ratio 80% 
Number of Racks (60cm) 90 
kW/cabinet 5 
IT-Load 450 kW 

 

 
Figure 9 Equipment and infrastructure per level 

 
Figure 10 Data center floor allocation [23] 

3.1.2 Phasing 
The data center will not be constructed in its entirety at the start of the project. The capacity of the 

data center follows the expected sales and gradually grows over the years as additional levels are 

constructed inside the core of the tower. During the first phase (Day 1) the two upper floors of the 

data center will be fully fit and ready for use. Figure 11 illustrates the growth path of the proposed 

data center.  
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Figure 11 Capacity and Load growth of the data center 

3.1.3 Equipment Resilience 
One of the important aspects of a data center is its redundancy level or Tier level. This classification’s 

purpose is to categorize a data center according to its functionality and expected availability and 

performance. There are four levels, ranging from Tier I (99.671% availability) to Tier IV (99.995% 

availability). 

Equipment resilience determines the amount of standby plants provided. N indicates the number of 

units needed to meet the load, while N+1 specifies that there is one additional system on standby, 

ready to cover part of the load in case of a failure or an outage.  

In this design the equipment resilience level is presented in Table 4, indicating a Tier III level, the 

most common level in the Netherlands according to Pb7 Research [24]. 

Table 4 Redundancy levels of the data center components 

IT power: 2N 

UPS N+1 
Generator N+1 
CRAH N+1 
Pumps N+1 
Chiller N+1 
Heat Rejection N+1 

 

3.1.4 Data Center Cooling System 
Data centers need cooling in order to maintain environmental conditions suitable for the information 

technology equipment operation. Heat produced by the servers is removed and transferred to some 

heat sink. 

The cooling process can be divided into four steps: 

1. Server Cooling. Removing heat from the servers 

2. Space Cooling. Removing heat from the space housing the racks 

3. Heat Rejection. Rejecting the heat to a heat sink outside the data center 
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4. Fluid Conditioning. Tempering and returning fluid to the white space, to maintain appropriate 

conditions within the space. 

3.1.4.1 Server Cooling 

IT operation generates heat as the electronic components consume electricity and transform the 

electrical energy to heat. The heat transfers from the electrical components to a fluid (usually air) via 

heat sinks that are attached on the IT equipment. Fans facilitate this heat transfer. There is the 

possibility of using liquids to absorb and transfer the heat from the electrical components and their 

efficiency is greater than the air’s.  

Three different classes of systems exist at this level. Given the nature of this project it is important to 

mention the return temperature of these systems: 

 Air cooled systems usually provide heat at 30-35oC and are considered easy to design and 

install because they are the traditional choice of cooling systems. Efficiency and the quality of 

waste heat are the major challenges. 

 Liquid cooled systems are more efficient and require less space, enabling higher density 

equipment design, higher quality waste heat (50-60oC) and savings in cooling. However, they 

require an increased initial investment and there is not a lot of experience from their 

application. 

Two different methods exist: 

o Liquid contact with a heat sink. A liquid flows through a server and makes contact 

with a heat sink inside the equipment, absorbing heat and removing. 

o Immersion cooling. ITE components are immersed in a non-conductive liquid. The 

liquid absorbs the heat and transfers it away from the components. 

 Two phase cooled systems are state of the art technology. The electrical components are 

sprayed with a non-conductive liquid. The liquid changes phase and takes heat away to 

another heat exchanger, where the fluid rejects the heat and changes state back into a liquid 

They require less pumping power than liquid systems, they enable even greater density 

equipment (>1kW/cm2) and their waste heat is of higher quality (70-75oC). On the other hand 

the initial investment needed is greater and the technology is still considered untested. 

 
Figure 12 Comparison of the different server cooling systems 
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Discussion 

Although the liquid and two phase cooling systems can be more efficient in terms of energy and offer 

waste heat of better quality, they also have serious limitations: 

 More complicated maintenance. For example in the case of immersion cooling, all the 

servers from the rack need to be removed from the coolant in order to perform 

maintenance to only one server, leading to possible disruptions of the IT operation. 

 Significantly higher upfront costs (CAPEX). The improved efficiency leads to savings in 

energy during the lifetime of the equipment in specific cases of very high rack densities. 

Based on the market analysis, the density of such racks is far greater than the average 

rack density recorded in the Netherlands. Densities of such high values generally point 

towards specific applications, such as Supercomputers and High Performance 

Computing. 

 Questionable reliability. These systems have not been tested sufficiently. Given the 

importance of reliability in data centers this further hinders customer acquisition. 

 Decrease of flexibility. In the commercial setting envisioned by de Reus van Schimmert it 

is difficult to find clients possessing IT equipment with the specifications needed from 

these cooling solutions. The answer to this could be to restrict the services offered by the 

venture.  

Given the reasons mentioned above, the competitive nature of the market and the fact that de Reus 

van Schimmert is a new player in this market, it is advised not to use any of the alternative cooling 

methods. 

3.1.4.2 Space Cooling 

In most data center designs, heated air from servers mixes with other air in the space and eventually 

makes its way back to a CRAC/CRAH (Computer Room Air Conditioner/Handler) unit. The air transfers 

its heat, via a coil, to a fluid within the CRAC/CRAH. In the case of a CRAC, the fluid is a refrigerant. In 

the case of a CRAH, the fluid is chilled water. The refrigerant or chilled water removes the heat from 

the space. The CRAC/CRAH blows the air into a raised floor plenum—typically using constant-speed 

fans.  

A major challenge with the above methods is mixing of the hot/cold air streams. The incoming air in 

the IT equipment can be increased because of mixing. To address that, the method of containment is 

used. A physical barrier separates cool server intake air from heated server exhaust air. Preventing 

cool supply air and heated exhaust air from mixing provides a number of benefits, including: 

 More consistent inlet air temperatures 

 The temperature of air supplied to the white space can be raised, improving efficiency 

 The temperature of air returning to the coil is higher, again improving efficiency 

 The space can accommodate higher density equipment 

Ideally, in a contained environment, air leaves the air handling equipment at a temperature and 

humidity suitable for IT operation. The air goes through the IT equipment only once and then returns 

to the air handling equipment for conditioning. 

3.1.4.3 Hot Aisle Containment vs. Cold Aisle Containment 

There are two different methods of containment Cold Aisle and Hot Aisle. In a Cold Aisle containment 

system, cool air from air handlers is contained, while hot server exhaust air is allowed to return freely 

to the air handlers. In a Hot Aisle containment system, hot exhaust air is contained and returns to the 
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air handlers, usually via a ceiling return plenum. Figure 13 and Figure 14 show the difference of the 

two methods. 

 
Figure 13 Cold Aisle Containment [25] 

 
Figure 14 Hot Aisle Containment [25] 

Cold Aisle can be suitable in a raised floor retrofit. The limitation of the cold aisle containment is that 

the volume of air delivered to the IT equipment depends on the raised floor construction. If 

additional cooling needs to be allocated to the servers a retrofit might be needed to increase the 

amount of air that can be delivered, resulting in additional costs. 

Hot Aisle containment on the other hand can increase flexibility. In a properly controlled Hot Aisle 

containment environment, the IT equipment determines the volume of air needed. Also, taking into 

account the requirements of this project, a hot aisle containment application will result in higher 

quality output heat. For these reasons a Hot Aisle containment is proposed. 

3.1.4.4 Heat Rejection 

The heat removed from the server room must be rejected in a heat sink. The removal of heat can be 

done with an air cooled system or a hybrid (air-water) cooled system. An air cooled system uses 

ambient air for ventilating the white space and removing the heat, while a hybrid system uses chilled 

water as medium for removal of the heat. Chilled water is cooled by a chiller or by ambient air. 

Due to the limited available area inside the tower and the architecture requirements, a hybrid 

system using CRAH units with water-cooled chillers and cooling towers is proposed. Water can 

transfer four times more heat per unit than air, thus the heat can be transferred without air ducts 

and with minimal space requirements. The waste heat will be transferred to the reservoir and from 

there to the district heating system or discharged with the cooling towers in case of low demand for 

waste heat. 

3.1.4.5 Economizer Cooling 

Most cooling systems operate using some form of refrigerant-based thermodynamic cycle to achieve 

the environmental conditions required in the IT-room. Economization is the cooling mode during 

which the refrigerant cycle is turned off (either constantly or variably) in order to suppress 

consumption of energy. 

The cool climate of the Netherlands ensures that the cooling system will operate in this mode for the 

majority of the year. With a set point temperature of 15oC, the chillers are in operation for 430 hours 

or 4.9% of the year [26]. 

3.1.4.6 Cooling System Characteristics 

Although the IT power will be 450 kW, the actual cooling load is higher, since the rest of the 

equipment is also producing heat, mainly from electrical losses. Table 5 presents the total cooling 

load of the data center. 
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Table 5 Cooling load of the data center [27] [28] [29] 

White Space 450 kW 

Lights and losses in supporting rooms (1%) 4.5 kW 
UPS system and copper losses (11%) 49.5 kW 
Plant rooms electrical and mechanical (2%) 9 kW 
Total Cooling Load 513 kW 

 

The temperature design characteristics of the cooling system can be found in Table 6: 

Table 6 Design characteristics of the cooling system 

Supply Temperature 22oC 

Return Temperature 34oC 
ΔΤ 12oC 

 

A high supply temperature is needed to maximize free cooling and a high return temperature results 

in higher quality heat transferred to the district heating system. Furthermore, a large temperature 

difference between supply and return decreases the chilled water volume needed for the cooling 

system.  

The ASHRAE (American Society of Heating, Refrigeration and Air-Conditioning Engineers) Technical 

Committee TC9.9 guideline recommends that the inlet temperature at the rack level to be between 

18-27°C and the relative humidity at 20-80% [30]. Uptime Institute recommends a reduction of the 

upper limit to 25°C, in order to allow for a safety margin in case of errors or variable conditions 

during operation. 

However, to account for the uncertainty in the server technology to be used in de Reus van 

Schimmert and the possible lower temperature limits, in addition to the difficulty in ensuring a set 

point temperature so close to the limit, the safety margins are increased and a lower temperature 

supply temperature of 22oC is taken into account.  

3.2 District Heating 
Mijnwater  

Because of the challenges in planning, constructing and operating a district heating system, the 

identification of possible partners was considered important since the start of the project. Mijnwater 

was identified as a possible partner in this process. 

Mijnwater B.V. is a company, founded with the purpose to use the abandoned coal mines in the 

municipality of Heerlen as a geothermal heat source, heat sink and heat buffer. The Mijnwater pilot 

project started in 2008 and has been constantly evolving ever since. The Mijnwater system supplies 

both cold (16°C) and hot (28°C) water to its clients. Currently the clients, divided in clusters, are not 

just producers or consumers of heat, but they have become prosumers. Future plans for Mijnwater 

include a demand-based system that can recognize and predict patterns in the demand, thus 

maximizing further the efficiency.  

The temperature of the waste heat from the proposed data center will be in the same range as the 

hot water of the Mijnwater systems. After discussions, the idea of a district heating system in 

Schimmert is treated by Mijnwater as a study topic and possible future investment opportunity. Their 
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experienced staff and their know-how in terms of planning and operation can be a huge advantage 

to de Reus van Schimmert. 

3.2.1 Heat Production 
The heat originates in the data center from the operation of the IT equipment. Although a data 

center of 450 kW is proposed in the paragraph White Space and IT-Load Calculation, the amount of 

usable waste heat will be different because of losses incurred in the different stages of heat transfer 

through the equipment. In addition to that, data centers do not operate at 100% capacity at all time. 

Their operation is time dependent and the majority of the servers operate frequently at around or 

even below 20% of their maximum capability. However, even at this condition, 60-100% of the 

maximum power is still needed [1]. Consequently, actual prediction of power consumption is not 

possible. In order to calculate the available heat from the data center the computing load profile is 

simulated according to the statistical-based averaged mixed profile of EU RenewIT tool [31] 

presented in Figure 15. In addition to that, Figure 16 depicts the resulting usable waste heat profile 

of the data center for a period of four consecutive days. 

 
Figure 15 Percentage of the maximum IT power consumption 

for different IT load distribution cases [31] 

 
Figure 16 Waste heat profile from the IT operation for 

a period of four consecutive days 

Overall, 6832 kWh of waste heat are produced by the data center daily. 

3.2.2 Heat Load 
The next step in the design process is to match the heat produced with the demand. The district 

heating system is designed for the village of Schimmert. 

Schimmert, located in the dutch province of Limburg, belongs to the municipality of Nuth and is 

home to 3500 residents. Currently, the village has no district heating system and hence, the majority 

of Schimmert’s population uses gas for their heating purposes. 

The heat load of the buildings of the whole village is greater than the amount of heat produced by 

the data center. Because of this, only a segment of these houses can be served by the waste heat. 

Based on the heating profile for a detached house presented in the Appendix and the simulated IT 

load of the data center, the peak demand of 45 houses can be covered by the available waste heat. 

Diversity Factor 

One of the factors to be considered when sizing a district heating system is the percentage of the 

total maximum capacity that the system will require. It is unlikely for every heat customer to use 

their peak load at the same time. The diversity factor is the ratio of peak load really used. The 

diversity factor for large district heating systems is around 0.6, leading to reduced investment cost 



23 
 

per unit of power. However, in the case of de Reus van Schimmert a diversity factor of 0.7 is taken 

into account, expressing the small size of the system, leading to a total number of 65 dwellings to be 

served.  

Figure 17 depicts the load duration curve explaining the above concept. A load duration curve is a 

graphic representation of the power (load) needed and the time duration for which this load is 

needed throughout the year. This figure shows that the peak load exists only for a very short period 

of 85 hours, but in order to cover it, 50% more peak load capacity would be needed (left side of the 

graph).   

 
Figure 17 Load duration curve  for the 65 dwellings 

Heat Pumps 

The temperature of the waste heat will be in the range of 30oC. Although the temperature is enough 

to heat newly built houses with underfloor heating systems, it is not high enough to cover the 

demand of older houses and the needs for domestic hot water. In this case, the heat needs to be 

upgraded to a higher temperature of 60oC using heat pumps. 

One of the design decisions that has to be made is whether a central heat pump will be used at the 

location of the tower or if decentralized heat pumps will be installed at the consumers ‘side. Using 

decentralized heat pumps increases the cost of the project, but offers a number of advantages: 

 Reduced losses in the storage tank and in the distribution system. The heat losses depend on 

the temperature difference, thus a lower temperature in the system, decreases the overall 

losses 

 Increased reliability. In the case of a centralized heat pump, shortages in heat production or 

a possible failure in upgrading the heat quality create a problem to all end users 

 Enhanced flexibility. By using heat pumps at the side of the customer, the heat demand is 

virtually de-coupled from the heat production. A different temperature can be used in every 

house, depending on the specific needs e.g. old houses vs new houses 

Another important parameter is the fact that the Mijnwater system in Heerlen uses decentralized 

heat pumps. Since Mijnwater is considered an important partner for the realization of this project, in 

addition to the reasons mentioned above, decentralized heat pumps are to be used in the proposed 

district heating system of Schimmert. 
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3.2.3 Development Plan 
As far as the possible end users of heat are considered, two study cases were initially identified in 

this project: 

 The Bekerhof neighborhood, still in the development phase, is located at the entrance of 

Schimmert, 860m from the tower and consisting of 22 detached houses 

 Bokenhof, a large mansion that the owners plan to transform into a hotel, located 350m 

south of the tower. 

The district heating system will be more profitable in locations of high energy density, because of the 

high infrastructure costs involved. Even though Schimmert is not densely populated, Bekerhof 

presents a good opportunity, since the main pipes will be passing in front of a lot of houses that 

might opt for connecting to the grid of de Reus van Schimmert. On the other hand, there are only 10 

houses along the route to Bokenhof. 

With this in mind, the neighborhood of Bekerhof was selected as the target area for delivering the 

heat produced by the data center. However, in order to match the heat demand with the heat 

production, more customers of heat are needed. The connection of 43 more houses that lay along 

the route to Bekerhof will form the 2nd phase of the project, with Bekerhof being the 1st phase. Figure 

18 illustrates the two development phases. The water tower is located on the southern part of the 

picture and the main route of the distribution system is illustrated with the red line. Labelled with ”1” 

is the Bekerhof area and with “2” the possible houses to be connected to the heating system during 

the 2nd development phase. 

 
Figure 18 A map of Schimmert with the proposed district heating connections. Designated 
with 1 is the Bekerhof neighborhood and with 2 the expansion phase. The tower itself is 
located at the southern part of this satellite image 
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3.3 Storage 
For most applications of renewable energy, the mismatch between the available energy and the 

demand presents a challenging topic. Waste heat recovery is also considered in this category since a 

difference exists between the time the waste heat is available from the IT operation and the actual 

demand in the houses. 

Storage technology has the potential to give a solution to the challenge of this mismatch, providing 

security of supply without the need of oversizing the system in order to guarantee a continuous 

energy flow. 

3.3.1 Thermal energy storage classification 
Thermal energy storage can be classified into three categories [32] [33] [34] [35]: 

 Sensible heat storage is characterized by the storage of energy by changing the temperature 

of a storage medium. It is the least expensive, the most reliable and the most mature 

technology that has been applied in a substantial number of projects. 

 Latent heat storage uses phase change materials (PCMs) to store heat as latent heat of 

fusion. This technology offers higher energy density than sensible storage, but it is still in a 

development stage, especially with regards to district heating applications. 

 Thermochemical heat storage uses reversible endothermic chemical reactions. This 

technology show great potential with the highest energy density, compared to the sensible 

and latent heat storage. However, it is still under development and not considered further in 

this report. 

PCMs offer some advantages compared to sensible heat storage, such as increased energy density, 

however they also constitute a technology still under development because they have some serious 

disadvantages, such as deterioration of the material in the long term, risk of Inflammability and lack 

of thermal stability, in addition to being expensive and having not been tested extensively in field 

applications. For these reasons, only sensible heat storage is considered in the case of de Reus van 

Schimmert and more specifically the use of water is advised. Rock or other inexpensive materials can 

be used to increase the heat density, but further studies are needed to determine the stress on the 

building itself because of the added weight. 

3.3.2 Current Status and Improvement Potential 
The water reservoir of 1150 m3 at the top of the tower is constructed out of concrete and there is 

walking space between the reservoir and the wall of the tower. The projected heat losses of the 

reservoir at its current status are equal to 9477 W.  

By insulating the cavity wall and the bottom of the reservoir with 40cm and 30cm of glass wool 

respectively, the heat losses can be decreased to 1910 W. Finally by insulating completely the cavity 

wall the heat losses decrease even further to 1566 W. More details on the heat losses through the 

different parts of the reservoir can be found in the Appendix. 

So, although the reservoir losses can be decreased by adding insulation, the heat losses of the 

current situation equal 9.5 kW and constitute only 3% of the heat production of the data center. 

With this in mind, the higher investment and maintenance required for insulation is not advised. 

3.3.3 Operation 
The heat storage of de Reus van Schimmert will be used to balance the mismatch between supply 

and demand. During times of low demand the excess heat is stored in the reservoir while when the 

demand surpasses the supply, the difference is covered by the stored energy. In this way the thermal 
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storage increases the effective generation capacity. Figure 19 showcases this concept of load 

balancing and Figure 20 shows a screenshot of the actual operation of the storage during a 48 hour 

period obtained from the Matlab simulation. 

 
Figure 19 Load balancing using heat storage [36] 

 
Figure 20 Variation between supply and demand of heat during an operation period of 48 hours and the process of using 

the storage as a buffer 

3.4 System Integration 
Almost the whole year the ambient temperature is low enough to provide free cooling when hybrid 

cooling is used. In this period the total cooling capacity can be delivered with the hybrid cooling 

towers. The cooling towers will operate during the whole year. Due to water evaporation on the coil 

the capacity of the cooling tower increases and is capable to provide the required temperature, even 

at higher ambient temperature. When the ambient temperature is too high to obtain the required 

temperature with the cooling towers the chillers start operating. This occurs for 430 hours per year.  

The waste heat from the data center is gathered in an optimal way by using hot aisle containment. A 

connection with the reservoir is made at the return side of the data center, thus the waste heat is 

transferred to the reservoir through heat exchangers. It is possible to store store up to 12000 kWh of 

heat, equivalent to 175% of one day of waste heat production. In the case that the reservoir has 

reached its maximum capacity and there is no excess demand from the district heating side, then the 
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waste heat is directed to the cooling towers. In this way during the summer months, 564 MWh of 

waste heat is still transferred to the atmosphere, because of lack of heat demand. 

Inside the reservoir a second heat exchanger is connected to the district heating system. The heat is 

transported through the district heating distribution system to the houses. At the connection point of 

each house a heat exchanger exists. If the houses are insulated adequately the heat can be used 

directly, otherwise a heat pump is required in order to achieve higher temperatures.  

Figure 21 presents a block diagram of the design. 

 
Figure 21 Block diagram of the integration of the data center, the reservoir and the district heating system 

Overall, a design PUE equal to 1.3 is possible, meaning that although the facility houses 450kW of IT 

equipment, the maximum overall consumption will be higher by 30%, in order to account for the 

equipment that supports the IT operation. However, given the climate conditions of the area and the 

possibility for free cooling as well as the right integration of the different systems, an even lower PUE 

can be achieved. 

3.5 Other Design Considerations – Opportunities for improvement 

3.5.1 Emergency Power 
The IT racks need to be provided with uninterruptable power systems that ensure continuous power 

during an outage of the main electricity grid. Two different methods are described below: 

 Standby Generators with Static UPS system 

 Diesel Rotary Uninterruptible Power Supply (DRUPS) system 

When static UPS systems are considered as is the case in the present design, standby generators are 

also required because the UPS systems can provide power for only a short amount of time. For 

longer periods of time, the standby generators take over the load. 

On the other hand, DRUPS have a rotating flywheel technology connected to the alternator which 

keeps rotating all the time. The constant rotation of the flywheel stores kinetic energy that ensures 

uninterruptible power supply in the event of a mains failure. 

The choice of the emergency power configuration depends on a number of factors, such as 

efficiency, cost, phasing requirements – scalability, etc. Although static UPS systems are used 

traditionally, DRUPS have a number of advantages. A comparison between the two systems is 

presented in Table 7. 

 



28 
 

Table 7 Summary comparison of Static UPS vs DRUPS [37] [38] 

Parameter Static UPS & Generator DRUPS 

Efficiency Mid to Low- dependent on 
UPS type 

Mid to High – dependent on 
utilization 

Reliability Good – assuming constant 
maintenance 

Mid – due to presence of 
upstream breakers 

Scalability Good Medium 
Maintenance High – battery replacement Low – only bearing replacement 
Autonomy Longer – batteries 6-10 min  Flywheel technology – 9-15 min 
Plant Space Larger footprint Smaller footprint 
Costs Lower investment 

High operating costs 
High investment 
Lower operating costs 

  

3.5.2 DC vs AC Power Distribution 
The power distribution system of a data center is responsible for a significant percentage of losses, so 

high efficient systems can have an impact on the total electricity consumption. One of the solution 

that has been suggested is the use of a DC power distribution system. 

However, studies have shown that there is not a large difference between well designed AC systems 

and DC systems [39] [40]. Using DC systems compared to common AC systems, the efficiency may be 

improved by 1.05%, while if state of the art AC systems are to be used, their efficiency is even better 

than DC systems. And although any improvement in efficiency is important in a data center, the 

changes needed in engineering and installation to accommodate DC systems do not seem to be 

reasonable provided that even minor adjustments in the operating settings or in the cooling system 

can have tremendous changes in power consumption. 

3.5.3 Interconnection possibilities 
Because of the similarities of the Mijnwater system and of the proposed design of de Reus van 

Schimmert, the possibility for interconnection of the two was discussed with Mijnwater. This would 

add great value for de Reus van Schimmert, because Mijnwater’s system could act as a large heat sink. 

Any excess heat could be transferred to the mines adding a great degree of flexibility. However, 

currently there is no interest for such a plan, mainly because of the distance involved. Future 

developments could however lower the barriers and provide increased incentives for the 

interconnection. There is already ambition of constructing a large heating network in the area of 

Parkstad [41]. 

3.5.4 Alternative heat sources and heat sinks 
The present design presents a one-direction type of system. Heat produced in the data center is 

directed to consumers. However, during summer the heat surplus is transferred to the environment, 

since the demand for heating is virtually zero during this period. 

Therefore, it is important to find alternative sources of heat and heat sinks, so that the system can 

use optimally the heat and at the same time increase the degree of redundancy by differentiating the 

points of heat production and consumption. In Schimmert there are supermarkets and farmers that 

need to refrigerate their products, a process that produces waste heat. In addition to that, various 

types of customers may exist that require heat even in the summer. Further investigation is needed 

to determine the existence and availability of these types of potential customers of heat: 

 Swimming pools 
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 Greenhouses 

 Industrial processes 

Mijnwater is currently researching the possible heat sinks and heat sources in the Parkstad region. 

One attempt of such a map is presented in Figure 22.  

 
Figure 22 Energy source points in the Parkstad region [42] 
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4 Business 
The company De Reus van Schimmert will be a cooperation between different stakeholders. A data 

center operator will be the main stakeholder in the side of the tower where the data center will be 

housed. On the other hand, Mijnwater B.V. has been identified as a possible partner responsible for 

the operation of the district heating system.  

This investment offers multiple benefits to a data center operator, such as the high floor load design, 

the brownfield development, extended free cooling, proximity to fiber routes and power lines, access 

to an airport, additional profit from selling the waste heat and acquiring know-how in green data 

center design and operation. Because this project aims at re-using an abandoned building in a 

sustainable way, there are possible tax credits involved in addition to potential subsidy schemes. 

4.1 Customer Segments 
Data Center 

There are different types of customers in every data center. In the Netherlands, technology 

companies, such as hosting providers, independent software vendors and digital companies fill 45% 

of all racks and this trend is growing [24].  

  
Figure 23 Customer Segments and their presence in the dutch data center market weighed by net data floor 

space [24] 

De Reus van Schimmert will focus on providing B2B services to: 

 Companies that want to migrate their existing servers to a data center. 

 The local technology community that provide ICT services to third parties.  

 Local public entities such as governmental branches and hospitals by using the above 

mentioned intermediaries. These types of customers occupy already a large percentage of 

the racks in the Netherlands and their share is expected to grow in the future [20].  

 Companies that want to invest into their corporate social responsibility and their green 

image. Recent studies showed that a growing percentage of companies have set CO2 

reduction targets [43]. The IT infrastructure in the tower will be as sustainable as possible, 

thus reducing their CO2 footprint.  

 Companies from bordering countries and especially neighboring Germany because of the 

lower electricity prices in the Netherlands. The price of the electricity is one of the key cost 

factors, bearing in mind the needed volume [20]. For the same operation in a data center in 

Germany the cost of electricity is 76% higher [44].  
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District heating system 

The waste heat produced by the data center will be sold for either commercial or industrial use. 

Bekerhof, located at the entrance of Schimmert, is a neighborhood of 22 detached houses, still in the 

planning phase, has been selected as the starting point. The district heating system will be more cost-

effective when higher energy density areas are considered since the infrastructure is costly. Bekerhof 

presents a good opportunity because the main pipes will be passing through the center of Schimmert 

and more houses that lay along that route can be connected to the system. 

A hotel, the new offices of “New Energy Systems” and an establishment for disabled people, all in the 

planning phase, are other possible customers. In the future, additional houses up to a total number 

of 65 can be connected to the district heating system.  

4.2 Value Proposition 
Data Center 

De Reus van Schimmert will be able to provide reliable and flexible data center services to the 

companies that require servers for their operation, without the increased complexity, the need for 

recruitment of qualified personnel and the large capital expenses associated with running in-house 

data centers. 

Companies that target customers in the area around Schimmert and more general in Limburg will 

also prefer to house their servers in de Reus van Schimmert, since it is important to have their servers 

as close as possible to their customers in order to minimize latency and ensure speed and reliability 

[45]. 

In addition to that, de Reus van Schimmert can offer low CO2 footprint IT services which is an ever 

increasing concern in modern ICT companies [46] [43], because of their perceived public image in 

addition to any carbon taxes involved with their operation. 

As far as customers from Germany are concerned, the reduced electricity costs associated with data 

center services in the Netherlands constitute de Reus van Schimmert a good alternative to data 

centers in their own country. Although located in a different country, de Reus van Schimmert is 

strategically located near Germany.  

Finally, as far as the key activities of the company are concerned, de Reus van Schimmert will offer 

personalized services that cannot be provided by the big players of the market. 

District heating system 

As far as the district heating system is concerned, the consumers will buy heat from de Reus van 

Schimmert for multiple reasons:  

 Affordable heat, cheaper compared to gas. The maximum costs of district heating customers 

in the Netherlands are set every year by the Autoriteit Consument & Markt (ACM). They are 

calculated so that the average cost of a consumer of heat is less than the cost of an average 

consumer of gas [47]. De Reus van Schimmert heat prices are 12% cheaper than the set price 

of ACM. Based on an annual consumption of 40GJ, the heat will be cheaper by €100 - €200 

on a yearly basis compared to gas with an expected payback period of 7 years. 

 Increased property values. A growing number of developers and house owners are investing 

in renewable energy wherever possible in order to reduce long term costs and increase the 

value of their property because by physically removing boilers there is more building space 
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and less noise from mechanical rooms. Experience in places where district heating systems 

are wider implemented testifies for this [48] [49]. 

 Sustainable nature compared to natural gas. Up to 310 tons of CO2 can be saved annually, 

based on an annual consumption of 40 GJ (11.111 kWh) per household and CO2 savings of 

0.43 kg/kWh [50]. 

 Simplified building operations and reduced maintenance costs [49] [48]. There is no need for 

unpredictable repairs/replacements and the reliability is increased.  

 Stabilized heating costs since district heat price is less impacted by fluctuations in fuel prices. 

Gas prices in the Netherlands, as well as in the rest of the world tend to increase [51]. 

 Stimulation of the local economy. 

 Free proposal for a sustainable and feasible renovation. 

 Minimum inconvenience. The new heating system will be behaviorally compatible since 

there is no difference compared to gas boiler applications in the actual operation from the 

point of view of the user.  

 Reduction in risk of fire, carbon monoxide poisoning, and other combustion-related hazards 

associated with gas boilers [49].  

4.3 Key Activities 
Data Center 

Two large groups of services can be identified, housing and hosting, depending on whether a 

company owns the servers or rents them from a data center provider. According to this business plan 

De Reus van Schimmert will offer housing services directly to each customer (B2B) and hosting 

services through outsourcing. However the final decision lies with the data center operator who will 

take up the project and according to their specialization. 

Housing (own servers): 

 Colocation: Delivering facilities (floor space, power, cooling, and network connectivity) to 

enterprises and service providers for housing servers, storage and other computer 

equipment as an alternative for an in-company data center. 

Hosting (renting servers): 

 Dedicated hosting: Delivering computing power and storage via equipment dedicated to a 

specific client but managed by the hosting provider. 

 Shared hosting: Delivering computing power and storage by sharing the resources of physical 

equipment among multiple customers. 

 IaaS: Infrastructure-as-a-Service, delivering computing resources (e.g. servers, storage) 

according to a model that meets the essential characteristics of Cloud computing: on-

demand self-service by the client, measured service (pay-per-use), rapid elasticity (any 

quantity at any time), resource pooling (multi-tenant model) and broad network access 

(infrastructure is available over the network via standardized mechanisms). 

Additional services offered 

De Reus van Schimmert will also offer a range of additional services. Common services that also de 

Reus van Schimmert should offer include on-site support, connectivity, backup facilities and security. 

Apart from these services, there are other possibilities. Figure 24 shows the different kinds of 

services provided by data centers in the Netherlands. 
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Figure 24 Additional services offered by dutch data centers [24] 

District heating system 

Always in collaboration with Mijnwater, de Reus van Schimmert is responsible for connecting the end 

users of heat with the district heating system. Informing the residents of Schimmert and proposing 

their connection is important, especially during the first stages of de Reus van Schimmert. Potential 

consumers need to be identified and contacted. In addition to this, the company needs to identify 

other sources of waste heat and to investigate the feasibility of future collaboration, in order to 

create an even stronger and reliable district heating system in the future. Mijnwater is already 

working towards this goal.  

4.4 Key Resources 
Data Center 

The main resource of De Reus van Schimmert is the equipment of the data center, such as the cooling 

and security equipment, the switchgear, the UPS system and the generator.  

Moreover, the data contained in the servers is of paramount importance to the clients and 

consequently to de Reus van Schimmert. In addition to the physical resources, knowledge and know-

how of IT services is essential. The staff of the parent company should possess the necessary skills. 

Any service not provided directly from de Reus van Schimmert will be outsourced. Except for the IT 

expertise, marketing and communication staff will be important in order to acquire local customers. 

District heating system 

The physical resources of the district heating system are the distribution grid, the systems that form 

the heat storage system in the reservoir and the heat pumps at each house. The knowledge, the skills 

and competences of the Mijnwater staff are also resources to de Reus van Schimmert and are shared 

between Mijnwater and de Reus van Schimmert, as partners.  

4.5 Key Partners 
The project has been registered with IBA (Internationale Bau Ausstellung) Parkstad. The goal of IBA 

Parkstad is to stimulate innovative building projects, special exhibits and innovative plans. Re-using 

the old water tower falls under this category and is an interesting project for IBA Parkstad. Because 

of this they will provide funding, the right contacts and marketing services. 
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In order to deliver the data center services to the end users a partnership with a data center operator 

already active in this field is needed in order to build a viable and reliable business that will generate 

profits in the early stages of de Reus van Schimmert. In this way, de Reus van Schimmert can use the 

knowledge, the client portfolio and know-how of an established player in the market, resources that 

would be too costly, complicated and time-consuming to acquire otherwise. 

The local government can provide further incentives to de Reus van Schimmert and to house owners 

in order to connect to the district heating system. As a result the carbon footprint of the area will 

decrease and at the same time the local economy will grow. There is a drive towards this goal in the 

area e.g. in the nearby city of Maastricht, the municipality has announced its plans to phase out gas 

by 2030 [52]. 

Mijnwater BV is another important partner. They possess the knowledge, the experience, the staff and 

the contacts to build and operate a district heating system, since they are running the district heating 

system in Heerlen. In the future the possibility of interconnecting the district heating grids of 

Schimmert and Heerlen will be evaluated.  

Nico Eurelings as the owner of the water tower will act as the connecting link between the entities 

above. 

4.6 Customer Relationships 
Data Center 

The customers of de Reus van Schimmert can contact the IT staff at a 24/7 hour basis in order to 

solve IT related issues. The staff can be reached either by telephone or from an online platform. In 

case a customer needs physical access to the data center, the personnel will assist if needed.  

De Reus van Schimmert will provide exceptional service levels. It will provide a superior level of 

hands-on technical support, creating value for its customers at every step. Any service that cannot be 

provided directly from de Reus van Schimmert will be outsourced to third parties who will take care 

of the customer’s issues. 

District heating system 

Consumers of heat will receive billing information from de Reus van Schimmert and once per year the 

actual consumption will be measured. In case of technical issues they will be able to come in contact 

with the service desk to provide troubleshooting. A technician will visit them if the issue cannot be 

solved remotely. 

4.7 Channels 
Data Center 

The customers can be reached by a combination of physical and online channels. Online platforms 

will provide information about the activities of de Reus van Schimmert and the services offered. The 

sales and marketing staff will engage in direct sales in order to acquire customers especially from the 

local community of tech companies and government bodies. 

District heating system 

Also in the case of the heat customers a combination of physical and online channels will be used in 

order to provide information about the possibility of connecting to the district heating system, the 

pricing details and the services provided. The local government bodies can also play a part in 

reaching potential customers. 
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4.8 Cost Structure 
Data Center 

A data center involves a high capital investment. A lot of different systems from IT equipment to 

cooling and security systems raise the initial cost. Figure 25 and Figure 26 showcase a breakdown of 

the different costs by system and by type respectively. 

 
Figure 25 Cost by System 

 
Figure 26 Cost by Type 

Besides the capital expenditure needed, the operational costs are also high. Electricity is a major cost 

for data centers, with a cost that reaches 20% of the total cost of ownership during the lifetime of 

the data center [53] [54]. Service and maintenance is also costly accounting for 15% of the total cost 

of ownership [53]. On the other hand, the data center sector is not labor intensive according to Pb7 

Research [24] or e.g. in the case of Alticom, a company providing co-location services throughout the 

Netherlands, a staff of 14 is capable of running 22 data centers [55]. The staff of the data center of de 

Reus van Schimmert will consist of the CEO and 2 experienced technical staff including an operations 

manager. So 3 FTEs of staff are capable of running the facilities, while outsourcing to other 

companies will be utilized when needed.  

District heating system 

The construction of the district heating system can be divided into two phases. In the first phase the 

neighborhood of Bekerhof can be connected to it, while the rest of the consumers will be connected 

in a second phase. The costs related to the installation and construction of the main distribution grid, 

the needed upgrades in the reservoir, the heat pumps and the connection of Bekerhof are 

considered part of the 1st phase. In the second phase only the equipment and installation cost 

associated with the remaining 43 household connections is considered. The total investment for the 

district heating system will be distributed according to Figure 27. 

Cooling

Power

Other

MaterialsInstallation

Design / 
Engineering

Project Mng / Facility Eng



36 
 

 
Figure 27 Capital investment breakdown of the district heating system. 

The operating costs, consist of the following components: 

 Dwelling heating system and piping maintenance 

 Main grid maintenance 

 1 FTE of staff for technical support, heat meter reading, billing, debt collection and general 

operation, in addition to the support of the main staff of Mijnwater 

 Electricity for heat pump operation and the distribution pumps 

4.9 Revenue Streams 
Data center 

De Reus van Schimmert will offer housing services. Depending on the type of service used by the 

customer a different model of revenue will exist. A client can either rent space in a rack or even rent 

more than one rack inside a cage for extra security. 

District heating system 

By investing in a district heating system two additional revenue streams are created. A usage fee for 

the consumed energy and a yearly fixed tariff. The maximum costs of district heating customers in 

the Netherlands are set every year by the Autoriteit Consument & Markt (ACM). They are calculated 

so that the average cost of a consumer of heat is less than the cost of an average consumer of gas 

[47]. De Reus van Schimmert aims at selling heat 12% cheaper than the set price of ACM.  

There will be no fixed cost for tenants, only for housing corporations and house owners. This fixed 

cost is equal to the yearly maintenance costs of boilers that the owners of the buildings would pay if 

they still had boilers.  

4.10 Roadmap 
1. Securing partnerships (2017) 

a. IBA Parkstad will need to decide if they will fund the project, making it in this way a 

far more lucrative business opportunity for the rest of the investors 

b. Local government 

c. The data center operator is the most crucial part of de Reus van Schimmert. Without 

a company specialized in this business, there cannot be a new venture  

20%

9%

28%

43%

Installation of mains Connection of Bekerhof

2nd phase - rest of consumers Tank upgrades
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d. Mijnwater BV 

e. Differentiating heat sources and consumers 

2. Applying for subsidies (2017) 

In practice their success will have a big impact on the profitability of the project. However as 

shown in this business plan, de Reus van Schimmert can be profitable without them. 

3. Designing the data center and the district heating system in detail (mid 2017 – end 2017) 

4. Informing the local population campaigns (2017) 

5. Building infrastructure (2018 - 2019) 

a. 65 houses. There is also the possibility to build the district heating system in two 

steps, first connecting the Bekerhof neighborhood only and then 43 more houses 

later, as a phase 2.  

b. 450 kW data center 

6. Starting the operations (2019) 
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5 Conclusions and Recommendations 
Data centers enable today’s digital society by supporting mobile services, cloud and IoT applications, 

social media and so many other services. As users find more ways to exploit access to vast amounts 

of data, the demand for these services is steadily increasing and with it the need for IT infrastructure 

is also growing. The operation of data centers requires massive amounts of energy to power the 

equipment and as a result heat is produced by the electrical and electronic equipment. 

The waste heat needs to be removed from the data center facilities and in most applications it is 

treated as a problem. However there are ways to reuse the waste heat from data centers and to use 

it as a resource instead of a problem. One of these ways is to use the waste heat for district heating 

applications. Ideal candidates for data center energy reuse are modern district heating networks that 

operate with lower liquid input temperatures. Intelligent combinations of supply, demand and heat 

storage can also reduce the effective carbon footprint of a data center. 

The main goal of the present project was to research the feasibility of retrofitting the water tower of 

Schimmert into a data center and of reusing the waste heat for district heating applications. 

Attention was paid to both technical and business aspects. This report aims to answer some of the 

questions associated with a data center design, a district heating design and the combination of the 

two technologies.   

During this project the different technologies that form the parts of the system were studied. There 

are state of the art systems such as liquid cooling for the servers or phase change materials for heat 

storage that show great potential for future applications. However they are not yet ready for 

commercial applications of this scale. Some applications outside the laboratory exist, but overall they 

have not been tested extensively to a degree that satisfies the reliability and the design requirements 

of de Reus van Schimmert. As these technologies progress and find their way into the market, their 

distinct properties will make the design of data center waste heat reuse for district heating easier 

and more profitable. It is important to see advances in research and development of these systems 

so that the key actors show interest in such developments.  

Nonetheless, even with the present technology, the combination of the data center and district 

heating in Schimmert is possible. This tower offers a number of benefits for the realization of this 

project. The design of the tower with its great floor load and the already present reservoir that can 

act as heat storage offers a good opportunity for brownfield development. Sufficient energy, 

network bandwidth, energy efficient cooling and logistics are other aspects that add to the value 

proposition. The operation of the district heating system creates a second income stream besides the 

services offered by the data center. The local character of the district heating also gives the 

advantage of economic benefits to the local economy.  

The answer to the main question is affirmative. De Reus van Schimmert, the old water tower of 

Schimmert that has lost its function can be given a new identity. It can be turned into a green data 

center, a data center that powers a district heating network that creates value not only for the data 

center operator but for the citizens of Schimmert as well by providing affordable and sustainable 

heat.  

In the past months we also initiated talks with Mijnwater B.V. and they are researching the topic 

from their point of view. However the absence of a data center operator participating in this stage 

hinders the development of a concrete design since many variables depend on the needs of the 

specific company and the services offered by it. 
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Building a data center and selling its waste heat for district heating applications will not be an easy 

initiative. The project is complicated and there are still issues to be addressed. A more detailed 

design by a company specializing in the field of data center design is paramount as a next step of de 

Reus van Schimmert. 

The district heating system presented in this work should also be seen as a screenshot of the bigger 

picture, an indication of the possibilities. The backbone of the system can act as the starting point to 

create a much larger network in the area, by connecting other types of customers and producers of 

heat. Interconnection possibilities with other district heating systems were discussed but no middle 

ground was found at this stage. However there is ambition to create a heating ring in the area of 

Parkstad. 

Furthermore, de Reus van Schimmert could be powered by green power, either bought from the 

market or locally produced by photovoltaics, thus further showcasing the green nature of the 

project. 

This study has been performed specifically for the water tower of Schimmert and the surrounding 

area. Although exact implementation is site specific, the general approach can be applied in other 

applications.  

Currently, heating in the Netherlands is almost entirely provided by gas. Environmental concerns and 

depletion of fossil fuels and rising energy prices point to a much needed energy transition. 

Renewable sources of heat and energy are needed. We are also in need of ideas from the domain of 

circular economy by creating synergies and by using the resources that we otherwise treat as 

byproducts and waste.  

Data centers have the potential to address these environmental, economic and societal concerns, 

since they are situated at the intersection of both energy and data networks. Data center heat reuse 

is not a new idea, but it is an idea that hasn’t been shown the interest that it deserves. Data center 

energy reuse becomes more attractive as energy prices increase and surely in the future we will 

witness the transformation of data centers into key players within their local sustainable energy 

systems. 
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Figure 28 The concept of de Reus van Schimmert 
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8 APPENDIX 

8.1 House Heating Demand 
A detached house of 5 rooms has been taken into account in the simulation process. Table 8 presents 

its design parameters of the reference building based on minimum EPC requirements for dutch 

detached buildings: 

Table 8 Design parameters of the simulated detached house [56] 

Parameter Value 

Rc-Roof (m2k/W) 4 

Rc-Wall (m2k/W) 3 

Rc-Ground (m2k/W) 3 

Window U value 2 
Infiltration (dm3/s/m2) 0.5 

Ventilation (dm3/s/m2) 0.9-1.2 

 

It is 5 zone model out of which 4 are conditioned. Based on the design parameters, the heating 

demand of a single household totals 40 GJ. The heat load was simulated and is presented in Figure 

29. 

 
Figure 29 Hourly heating demand of the simulated detached house for a period of one year 
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8.2 Heat loss of the reservoir 
Table 9 Heat losses in the reservoir in the current state and with different levels of insulation [23] 

 Heat losses at current 
state (W) 

Heat losses with half 
insulation (W) 

Heat losses with full 
insulation (W) 

Periphery    
Convection/conduction 5376.22 1392.5 1048.3 
Radiation interior wall 12.49 16.12 16.12 
Radiation exterior wall 42.27 0.013 0.013 
Top side    
Convection/conduction 104.8 104.8 104.8 
Radiation  0.16 0.16 0.16 
Bottom side    
Convection/conduction 3917.33 372.56 372.56 
Radiation 23.79 23.79 23.79 
Total 9477 1910 1566 

 

8.3 Distribution System 
Given the design parameters of the district heating system, the specifications of the distribution 

system are presented in Table 10. 

Table 10 Distribution system specifications 

Parameter Value 

Volumetric Water Flow Rate (m3/h) 22,85 
Average velocity (m/s) 3 
DN 55 
Length (m) 860 
ΔP pressure drop (bar) 10,23 
Hydraulic power (kW) 6,5 
Pump efficiency 0,8 
Motor power kW 8 

8.4 Data Center Connectivity 
Data centers require high capacity fiber routes with multiple telecommunication carriers to ensure 

competitive rates and network redundancy. One of the high-cost but needed expenses of 

establishing a data center is the fiber glass connectivity. In case that there are no fiberglass networks 

in the vicinity of a data center, new fiber routes will need to be laid, a fact that would increase the 

cost.  

However, there are fiber routes close to the tower and some of them are positioned right next to the 

tower, thus minimizing the incurred cost. Some of the fiberglass providers in Schimmert are 

presented in Table 11. 

Table 11 Fiberglass providers in Schimmert 

Provider 

Eurofiber Nederland B.V. [57] 
KPN [58] 

Stratix [59] 
UNET [60] 

Relined [61] 
Reggefiber [62] 
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8.5 Network-neutral data center  
A network-neutral data center (or carrier-neutral data center) is a data center that offers 

interconnection between multiple telecommunication carriers and colocation providers. The majority 

of network-neutral data centers are operated by a third party who has little or no part in providing 

Internet service to the end-user. This encourages competition and diversity as a server in a colocation 

center can have one provider, multiple providers or only connect back to the headquarters of the 

company who owns the server. One benefit of hosting in a network-neutral data center is the ability 

to switch providers without physically moving the server to another location. Some of the carriers 

that operate in the Netherlands can be seen in Table 12. 

Table 12 Telecommunication carriers operating in NL [63] 

Carriers in NL 

WANBOUND 

SWIFTWAY  

SERVERCENTRAL  
IXREACH IX Reach 

IPTP  

COMPUTERLINE 

 

8.6 Equipment Resilience Levels 
Table 13 Summary of criticalities [64] 

Tier Level Business Characteristics Effect on system design 

1 

 Typically small companies 

 Limited online presence 

 Low dependence on IT 

 Downtime is tolerable 

 Various single points of failure in all aspects 
of design 

 Absence of generator if UPS lasts for 8 min 

 Vulnerable to harsh weather conditions 

 Unable to sustain more than 10 min power 
outage 

2 

 Some online revenue generation 

 Multiple servers 

 Phone system vital 

 Dependent on e-mail 

 Scheduled downtime is tolerable 

 Able to sustain 24 hour power outage 

 Data room separate from other areas 

 Generator backup 

 Some redundancy in power and cooling 
systems 

3 

 World-wide presence 

 VoIP phone system 

 High cost of downtime 
 

 Redundant power and cooling systems 

 Redundant service providers 

 Able to sustain 72 hours power outage 

 One-hour fire rating 

 2 utility paths 

4 

 Multi-million dollar business 

 Electronic revenue mostly 

 Business model entirely dependent 
on IT 

 Extremely high cost of downtime 

 2N power and cooling systems 

 Strict site selection criteria 

 High level of physical security 

 Able to sustain 96 hours power outage 

 Minimum two-hour fire rating 

 2 independent utility paths 
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