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Abstract. This study comprehensively examines the technical manifestation and planning pro-
cess for a shared thermal energy network at a 75-hectare industrial area in Ingolstadt. Unlike
traditional systems, this (6GDHC) network showcases a smart integration of energy flows
across 70 buildings with a yearly heating demand of around 17 GWh and a yearly cooling
demand of around 35 GWh. The network spans over 9,100 meters of piping with diameters up
to 800 mm. With thermal power from various sources including 1.8 MW waste heat from a data
centre and potential for 10 MW from the Danube River, the system epitomizes a dynamic bal-
ance of heating and cooling demands. The paper itself examines the planning process of the
system and encompasses topics such as defining energy requirements and load profiles, as-
sessing potential energy sources and sinks for enhanced system efficiency, and analysing pipe
and network design. Through this investigation, the study provides valuable insights towards
a methodology to facilitate the successful implementation of future industrial 5GDHC systems,
furthering the cause of sustainable energy.

Keywords: 5GDHC Network, Industrial Energy Planning, Sustainable Energy System, Indus-
trial District Heating and Cooling

1 Introduction

The IN-Campus in Ingolstadt, Germany, demonstrates a new era in energy supply with its fifth-
generation district heating and cooling (5GDHC) network. This system distinguishes itself from
traditional district heating by enabling energy sharing among connected entities and balancing
heating and cooling demands dynamically within the same network (see Figure 1). Lower op-
erating temperatures of the network (5-30°C) and the use of decentralized heat pumps to tailor
supply temperature to specific building needs are main characteristics. This approach is pivotal
for achieving the campus’s goals of maximal efficiency and carbon neutrality.

Despite the promise of 5GDHC technology, the current research landscape reveals a notable
scarcity of planning guidelines and operational data, reflecting a nascent field grappling with
standardization [1, 2]. Prior research has often bypassed the critical early planning stages,
focusing predominantly on residential settings and leaving a gap in guidelines applicable to
industrial contexts [3, 4].

This study embarks on exploring previously uncharted territories by providing a comprehensive
description and analysis of the IN-Campus energy system, alongside an examination of its
planning stages. While this work primarily lays the foundation with a systematic assessment,
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it sets the stage for future efforts in developing guidelines and more generalized approaches
for 5GDHC systems.

Addressing Environmental Impact and Technical Challenges

The environmental merits of 5GDHC systems are substantial, particularly in their capacity to
harness renewable energy sources and waste heat more efficiently than conventional district
heating systems that typically rely on fossil fuels (see Figure 1). This inherent efficiency stems
from their ability to operate at lower temperature levels, thus paving the way for a more sus-
tainable energy future by significantly reducing carbon emissions and enhancing energy con-
servation.

The application of a 5GDHC system on the scale of an industrial area like IN-Campus is pio-
neering, introducing a degree of uncertainty due to the lack of precedents. Additionally, indus-
trial settings often demand high-temperature levels for specific processes, contrasting with the
lower temperature regime of 5GDHC systems. Despite these challenges, the versatility of
5GDHC systems to meet varied demands — including traditional space heating and cooling for
offices, laboratories, and test benches — underscores their potential to revolutionize energy
solutions in non-residential as well as in residential areas.

Description of the IN-Campus Energy System

Strategically engineered to serve a 75-hectare industrial park for research and development,
the IN-Campus 5GDHC network is planned to span over 9,100 meters of piping. Gradually
expanding over four construction phases it will connect up to 70 non-residential buildings like
offices, laboratories or test benches when reaching its final dimensions. The network itself
combines properties of a heat source and sink, and a thermal energy storage. In terms of
additional heat sources, the system capitalizes on the thermal output of a data center, effec-
tively converting its waste heat of 1.8 MW in the initial phase and up to 4 MW when reaching
the final expansion into a valuable energy source. Groundwater wells, serving dual roles as
thermal sources and sinks, complement the system with a thermal capacity of around 1 MW.
The thermal exploitation of the nearby Danube River for cooling as well as heating purposes
is also possible.
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Figure 1. Comparison of Conventional Linear and IN-Campus Smart Energy Systems (following [5]).
Panel (a) illustrates the conventional linear energy system characterized by unidirectional flow and iso-
lated energy pathways (for electricity, heat and cold), lacking integration between different energy
types. Panel (b) showcases the IN-Campus smart energy system, highlighting the central role of the
5GDHC network and distributed heat pumps in facilitating dynamic, interactive energy exchanges. The
figure also hints at the system’s enhanced flexibility through the integration of diverse heat sources
and sinks (like waste heat from a data center, river water, ground water or ambient air).
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Besides that, firefighting water tanks equipped with plate heat exchangers are utilized as ther-
mal energy storage. With a combined volume of 3,150 m?, they possess a substantial energy
storage capacity of 130 MWh. Additionally, the construction of a seasonal thermal energy stor-
age (sTES) utilizing available basin infrastructure from the former refinery site is planned.

The 5GDHC network’s design underscores its ambition for thermal autonomy, complemented
by links to existing local heating and cooling networks for enhanced resilience and adaptability.

2 Research Question and Methodology

Central to the inquiry is understanding the intricate process behind the planning and deploy-
ment of such advanced energy systems. Specifically, the aim is to uncover:

What are the key process steps involved in planning of a shared thermal energy system
(6GDHC) in an industrial area considering the IN-Campus as a case-study?

This question not only navigates through the technical and operational facets of 5GDHC sys-
tems but also aligns with broader objectives of energy sustainability, efficiency, and adaptabil-
ity in industrial applications.

To dissect this complex question, the methodological framework is divided into three distinct
yet interconnected segments (see Figure 2):

1. System Description and Preliminary Analysis:

The introduction presented a conceptual description of the IN-Campus’s 5GDHC network. This
exploration is anchored in a qualitative assessment of the available planning documentation
and three on-site inspections. It ensures a holistic grasp of the system’s design, functionality,
and potential, setting a solid foundation for subsequent analysis.

2. In-depth Planning Process Examination:

The planning process underwent a thorough examination, informed by a wide array of planning
documents, including research reports, decision-making documents, general planning docu-
mentation, informational presentations, documentation on variant comparison, summary doc-
uments, functional descriptions, requirement specification documents, and simulation data
from the planning phase. Additionally, insightful exchanges with key figures such as the tech-
nical project manager for the IN-Campus planning, the project manager for the IN-Campus
control system, and the Head of Technical Consulting of the planning office were instrumental
in mapping out the sequential steps to realize the 5GDHC concept. This in-depth scrutiny was
crucial for uncovering the unique challenges and opportunities presented by implementing
such systems in an industrial context.

3. Summarizing Key Planning Steps:

Following the comprehensive analysis, a significant effort was dedicated to summarizing the
planning process and identifying crucial process steps. These steps, now presented in this
conference contribution, encapsulate the core elements of planning and deploying a 5GDHC
system within an industrial setting like the IN-Campus.

Analysis of planning On-Site  Analysis of planning  Exchange
documentation  visits documentation  with experts
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Figure 2. Methodology of the study.
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3 Planning Process of 5GDHC Networks

This chapter investigates the planning process essential for deploying 5GDHC networks in the
context of industrial areas. It outlines the sequential planning steps, initiating with the formula-
tion of energy requirements and load profiles from the demand side.

The essence of any planning process, particularly evident in the planning of the IN-Campus,
underscores the imperative for swift action. At the project’s inception, the focus is on identifying
overarching solutions rather than delving into detailed intricacies. Quick, broad-stroke strate-
gies are preferred, recognizing that they offer more value than lengthy, detailed, and expensive
efforts aimed at perfecting every aspect.

Furthermore, the planning approach is characterized by a minimal need for detailed input in-
formation. Acknowledging the challenges in obtaining comprehensive data — whether due to
financial constraints or the practical infeasibility at the early stages — this method leans towards
a pragmatic and flexible strategy.

Importantly, each step in the planning process (especially for the IN-Campus) is tailored to
meet specific needs of industrial environments. While some tools may find application across
various sectors, a nuanced approach is indispensable for addressing the unique challenges
and requirements of industrial settings, distinguishing them from other applications.

In essence, the planning steps outlined in the following share a common ground based on the
three aspects mentioned above. These principles collectively form the backbone of a prag-
matic and effective planning process for 5GDHC networks in industrial applications.

3.1 Identification of Energy Demand and Development of Load Profiles

The planning of the IN-Campus 5GDHC system started with a critical initial step which is the
development of load profiles. From the beginning, detailed information about demand was
scarce, largely because the project was a greenfield initiative, starting from scratch with no
existing infrastructures to guide demand assumptions. This scarcity of information, reflective
of the evolving characteristics of industrial environments, necessitated initial designs to be in-
herently flexible. They were crafted to accommodate the changes inherent in the various con-
struction phases, which can span years, highlighting the importance of a planning phase that
is adaptable to future demand uncertainties and physical developments with minimal initial
information available.

In contrast to traditional fourth-generation district heating (4GDH) systems, the IN-Campus
5GDHC network is characterized by entities assuming dual roles as both producers and con-
sumers of heat, so-called prosumers. This dynamic required a meticulous approach in con-
structing load profiles tailored specifically to the needs and capabilities of the IN-Campus.

Systematic Approach to Developing Prosumer Profiles

This section outlines the systematic method employed for developing prosumer profiles within
the IN-Campus setting, delineated into four integral steps:

1. Definition of Archetypes (Energetic Blueprinting):

The process initiated with “Energetic Blueprinting,” where distinct energetic archetypes for
buildings within the IN-Campus were identified. These archetypes integrated key characteris-
tics such as normalized heating profiles and specific cooling demands. For the IN-Campus
project, two primary archetypes were established: one for a workshop/test bench facility and
another for an office building. These archetypes, designed to reflect the range of building types
within the industrial area, provide generalized but detailed values for heating/cooling demands
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and maximum heating/cooling powers, alongside a normalized demand profile based on hourly
consumption.

2. Profile per Building (Archetype Fusion):

Subsequently, the “Archetype Fusion” phase utilized the IN-Campus development plan to cre-
ate nuanced profiles for individual buildings, merging archetypes to reflect the complex struc-
tures found in an industrial setting like the IN-Campus (see Table 1). While simple structures
might align with a single archetype, more complex facilities, such as laboratories with office
spaces, merge archetypes to form a comprehensive profile.

When additional information (e.g., density of people, room height, ventilation, or internal heat
gains) is available these profiles can be further refined to better match specific thermal de-
mands, as illustrated in adaptations for the powerhouse’s demands or the multipurpose hall
(see Table 1). What is kept then from the archetypes is the relative temporal distribution of
demands.

Ultimately, by scaling these profiles to the total area of each building, the aggregated heating
and cooling demands are calculated.

Table 1. Overview of building types, their respective shares of archetypes and resulting thermal
energy demands. [5]

Construc- | Building Office Workshop | Specific heating | Specific cooling
tion Type Archetype | Archetype demand demand
Phase [kWh/m?a] [kWh/m?g]
1 Office 100 % 0 % 34 25
1 Security | 449, 56 % 29 78
centre
1 Power 17 % 83 % 34 12
ouse
1 High-rise | 490 o, 0% 34 25
building
4 Multipur- -1 400 o, 0% 48 7
pose hall

In addition to the energy demands, the temperature level at which heat or cold is provided is a
crucial consideration in this planning step. Although not listed among the initial planning steps,
temperature level considerations were integral to the overall design of the IN-Campus energy
system. From the outset, a key decision was made to ensure that all heating and cooling re-
quirements were met efficiently at low temperature levels. This decision was for example man-
ifested in the design choice to ouffit all buildings with thermally activated building structures.
Moreover, the planning for the IN-Campus implicitly excluded production processes that typi-
cally demand high-temperature heating. This strategic exclusion allowed the energy system to
focus on meeting non-process-related heating demands.

3. Combination with Heat Pump Model (Energetic Transformation):

The “Energetic Transformation” phase integrated the developed heating demands with a heat
pump model, translating the diverse heating and cooling demands into electricity demand. At
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the same time, this step considered the potential impacts on the district heating network, which
serves as the primary side of the heat pump, thereby transforming building-specific needs into
values that can easily be formed into a cohesive system model for the IN-Campus.

4. Combination to Network (Holistic Synergy):

Finally, the “Holistic Synergy” phase saw the amalgamation of individual building profiles into
a comprehensive network (see Figure 3). This step enabled a holistic assessment of the IN-
Campus energy scenario, facilitating a thorough evaluation of system performance and effi-
ciency.
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Figure 3. Resulting charging and discharging power for the network and accumulated energy within
the network as the result of the holistic thermal energy demand of distributed heat pumps
of the IN-Campus [5].

Figure 3 shows that throughout the year the combined energy demand of the IN-Campus un-
dergoes significant fluctuations. The winter months see a net energy deficit due to heating
needs, while from mid-April, as cooling demands rise, the network experiences a net energy
gain. This cyclical pattern highlights a predominant cooling demand, necessitating the integra-
tion of external sources and sinks to balance the system, a strategy further explored in Chapter
3.2.

In addition to the holistic assessment depicted in Figure 3, it's important to note that the figure
primarily displays the net thermal charging or discharging of the network. It filters out thermal
loads that are internally balanced within the network, such as simultaneous cooling and heating
demands in different buildings. This internal energy sharing, particularly pronounced during
transition periods, contributes significantly to the network’s efficiency and economic benefits.
(Work is underway to develop a detailed overview of these internally balanced energy flows,
further highlighting the IN-Campus network’s operational efficiency.)

Legal Obligations and Energetic Development of New Buildings

In the intricate process of 5GDHC system planning for industrial areas, accommodating evolv-
ing legal standards is paramount, especially when considering the energy requirements of new
buildings. This necessity becomes evident during the archetype fusion phase, where specific
adjustments to key energetic properties, such as cooling demand, are made based on availa-
ble information and anticipated legal developments.
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Anticipating future regulatory changes is crucial for orchestrating an energy system designed
to evolve over years, if not decades. In the initial planning stages of the IN-Campus around
2016, the framework for non-residential buildings was heavily influenced by several critical
documents: the Energy Saving Ordinance (EnEV), Renewable Energies Heat Act
(EEWarmeG), and the Energy Performance of Buildings Directive (EPBD). These regulations
set the course for energy-efficient construction, with the EPBD mandating the shift towards
Nearly Zero Energy Buildings (NZEB) from 2021 onwards. [6]

To align with the EPBD’s stipulations for primary energy demand, which advocate for the inte-
gration of renewable energy sources and efficiency improvements [5], various calculations
were undertaken. Utilizing the DIN V 18599 standards, these assessments explored potential
consumption reductions in office spaces under different construction and system technology
scenarios. Each construction phase was evaluated with specific assumptions, guided by the
EnEV, insights from ongoing projects, and the ambition to reach or even exceed the Passive
House standards [5]. (The Passive House standard is a rigorous, performance-based energy
standard aimed at achieving high-efficiency buildings with minimal heating and cooling de-
mands, through optimizing insulation, air tightness, and solar gains, adaptable across all cli-
mate zones [7].) The planning embraced a holistic vision towards achieving a “zero-energy
campus”, characterized by minimal to negative primary energy consumption and CO, emis-
sions, reflecting a dedication to advanced technological innovation.

The outcomes, depicted in Figure 4, illustrate a nearly constant assumption for specific cooling
demands across future construction phases. In contrast, specific heating demands are pro-
jected to decrease significantly, a trend driven by impending legal requirements. This projec-
tion underscores the importance of incorporating such legal and technological considerations
into the planning stages to ensure not only compliance but also efficiency.
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Figure 4. Assumptions about development of final energy demand of non-residential buildings until the
year 2030 (following [5]).

This proactive approach to planning, which intertwines legal foresight with technological pro-
gression, offers a holistic view of the energetic development of new buildings. Such an ap-
proach is vital for establishing a sustainable and efficient energy system, ready to meet the
demands of the future.
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3.2 Evaluation of Local and Sustainable Energy Sources and Sinks

The planning of the IN-Campus’s 5GDHC network has involved a thorough examination of
various local and sustainable sources and sinks, assessing their potential to supplement the
network’s heating and cooling demands. This evaluation is pivotal in harnessing environmental
resources efficiently, aligning with the network’s temperature limits to not exceed 30°C in sum-
mer and maintain at least 5°C in winter.

Figure 5 illustrates the location of these thermal sources and sinks, providing a visual guide to
their integration within the campus area.

Danube River

Data Center A% = 7 » ‘ 2

Recooling plant

Groundwater well

S ™
e~
S

Figure 5. Location of thermal sources and sinks on the IN-Campus area (following [5]).

Danube River:

The Danube River emerges as a significant thermal source and sink, with a regulatory
maximum temperature cap of 30°C for discharge. Operational constraints allow for
cooling purposes only when the river's temperature remains below 25°C [8]. Leverag-
ing a temperature differential of 9.5K and a volume flow of 900 m3h, the river offers a
substantial thermal potential of 10 MW under optimal conditions. [5, 9]

Groundwater Wells:

Groundwater wells present another crucial source, with a usable temperature differ-
ence of 5K and an initial volume flow rate of 170 m?h, translating to a thermal power
of 1,000 kW. This source/sink is particularly notable for its consistent temperature pro-
file, providing a reliable baseline for heating and cooling applications. [5, 9]

Data Center Waste Heat:

The data center’s waste heat is identified as a key contributor, offering an initial thermal
power of 1,830 kW for heating. This reuse of waste heat not only exemplifies the
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5GDHC network’s sustainability ethos but also enhances the overall energy efficiency
of the IN-Campus. [5, 9]

Recooling Plant:

The air-based recooling plant, primarily intended for emergency or redundancy pur-
poses, plays a crucial role in the IN-Campus’s cooling strategy, especially during the
summer months. With a cooling capacity of 2.25 MW, this facility is designed to mitigate
heat accumulation within the network, ensuring balanced thermal conditions through-
out the year. [5]

Table 2. Overview of thermal sources and sinks connected to the IN-Campus energy system with in-
formation about volume flow, available thermal power, and limitations.

Source / Limitations Volume flow Available
Sink Thermal
Power

Danube Maximum feed-in temperature of 30 °C,

River limited by a river temperature below 25 °C. 900 m3/h 10 MW
Allowed temperature difference of 9.5 K.

Ground- Allowed temperatu_re dlfferepce of 5 K be- 170 m3/h. 1 MW

water Well tween extraction and discharge.

Data Availability of waste heat is secondary to (dgleeﬁlglc,eon (Initial Phase):

Centre operational security of data centre. sF,)izing) 1.83 MW

Recooling Limited by outdoor air temperature (deF Iee)r(liglseon (Summer):

Plant y P Sf’izing) 2.25 MW.

While this chapter outlines the foundational planning and potential of incorporating these
sources and sinks into the 5GDHC network, further analysis is required to fully quantify their
impact on the overall energy balance. It is already evident that the maximum required thermal
power, such as the cooling power during summer months of 15 MW (see Figure 3), cannot be
solely met by the external thermal sources/sinks. To address this discrepancy, the network
itself will operate as a thermal buffer storage, alongside other storage facilities discussed in
Chapter 4. Such analyses will shed light on the complex interactions within the network, setting
the stage for an in-depth study focused on optimizing the energy flow and sustainability of the
IN-Campus’s heating and cooling infrastructure.

Influence of Fluctuating Temperature Levels on Source and Sink Efficiency

The operational efficiency of the 5GDHC network, serving as both a source and sink for de-
centralized heat pumps, is significantly influenced by its inherent temperature fluctuations.
These variations, primarily driven by seasonal load profiles, play a pivotal role in determining
the effectiveness of each thermal source and sink within the system.

During the winter months, the network faces heat deficits, triggered by increased heating. Con-
versely, summer brings about heat surpluses which increases the so to say thermal state of
charge, potentially resulting in elevating the network’s overall temperature. The heat surplus
in summer is attributed to buildings with high cooling demands injecting thermal energy into
the grid, thereby increasing its temperature level. This phenomenon not only reflects the net-
work’s adaptive response to changing demands but also enhances the efficiency of cooling
during warmer periods. The temperature profiles of available sinks during this time demon-
strate a self-regulating effect; as the network’s heat surplus (and temperature) increases, the
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usable temperature difference to most sinks also rises, enabling more efficient cooling opera-
tions (see Figure 6, Marking 2).

Similarly, starting in October, the network experiences an uptick in heating demand, leading to
a decrease in the grid’s thermal state of charge and temperature level. This reduction benefits
the network’s efficiency since the temperature delta required to be bridged from heat sources
to meet the demand of the grid decreases (see Figure 6, Marking 1).

soc —@
A
\ — |dealized thermal state of charge

of the network

_, Trend of idealized thermal state
of charge
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=== |dealized avg. waste heat temp.
Idealized avg. ground water temp.

=== |dealized avg. river temp.
Idealized avg. outdoor air temp.

=+ Trend of idealized avg. temp.

Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Figure 6. Development of thermal state of charge of the network (top)
and idealized temperature levels of sources and sinks (bottom).

The qualitative overview (illustrated in Figure 6) indicates the network’s capacity for self-regu-
lation, balancing between heating and cooling demands through natural temperature adjust-
ments. However, it's crucial to acknowledge that while the network’s ability to modulate its
temperature is beneficial with view to external thermal sources and sinks, there are practical
limits to these fluctuations as well as effects on the overall energy system efficiency (including
decentralized heat pumps and buildings). To prevent undue strain on the infrastructure — such
as the risk of freezing — and to optimize the overall system efficiency (including the demand
side), additional control strategies are implemented. These strategies are designed to moder-
ate the network’s temperature levels, ensuring that the system operates within its optimal range
and maintains its structural integrity.

3.3 Analysis of Pipe Design

In the engineering of piping infrastructure, alongside hydraulic considerations, the thermal
characteristics, particularly insulation, play a pivotal role. The energy system related to the first
phase of construction provided an opportunity for an in-depth examination of this aspect.

Insulation’s Impact on Energy Efficiency

Insulation’s role in modulating heat losses to the surrounding soil is multi-faceted. In winter, it
proves beneficial by reducing heat loss, thus enhancing system efficiency. However, during
summer, its ability to impede natural cooling due to soil contact presents challenges, given the
increased cooling demands. Additionally, insulation significantly affects the network’s general

10
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ability to function as a source/sink for low-temperature cooling or heating. This influence ex-
tends beyond seasonal efficiency, impacting the network’s overall operational flexibility.

Figure 7 gives a qualitative overview on the seasonal heat dynamics. Winter’'s heat pump op-
eration and the resulting network temperature leads to heat transfer from the groundwater
towards the thermal network and from the network and pipes towards the ambient air. Summer
sees a higher temperature level of the network and therefore increased heat discharge from
the thermal network towards both groundwater and air.

T [°C]! .
Winter Summer
30°C +
I
Avg. Ground water temp
mm Avg. 5GDHC network temp
Avg. Outdoor air temp
& Resulting heat flow
I
0°C

Figure 7. Qualitative overview of temperature levels of 5GDHC network, groundwater and air, and re-
sulting heat losses (following [5]).

Simulation studies from [5] quantified the impact of insulation on the mentioned heat flows,
demonstrating a reduction in annual energy losses from 245 MWh to 120 MWh with insulation
implementation. Yet, only 50 MWh of reduced heat losses are achieved during the winter sea-
son as presented in Figure 8. The other 75 MWh of reduced heat losses occur during the
summer half-year and are therefore equivalent to increased cooling demands. The diminished
heat dissipation capabilities during the summer, highlighting a critical efficiency-cost trade-off.

Winter Summer

Heat loss l Heat loss
95 MWh ' O 150 MWh
Uninsulated ‘
Insulated
Heat loss Heat loss
45 MWh ‘ ' 75 MWh

Effect of Lower heat loss Additional cooling demand
insulation 50 MWh 75 MWh

Figure 8. Energetic effect of insulation of pipes of the IN-Campus network (following [5]).

Economic Considerations and Recommendations

The economic analysis constitutes a critical phase in evaluating the advisability of implement-
ing insulation within the thermal network. To elucidate, the analysis involved quantifying the
financial implications of the (before mentioned) insulation-induced reduction in heat losses and
the corresponding increase in cooling demands. These variables were then contextualized
within different heating and cooling cost scenarios.

11
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For the IN-Campus thermal network, analysis revealed that the incremental costs incurred from
insulating the network tend to outweigh the anticipated benefits. Although operational costs for
cooling can decrease with lower electricity prices in the future, the overall economic viability
remains doubtful. In a scenario assuming heating costs at 40 €/ MWh and cooling, leveraging
the low-cost potential of the groundwater wells, at 4.5 €/ MWh, the analysis indicated savings
under €2,000 per annum for the first construction phase. This outcome, derived from balancing
the costs of saved heating energy against additional cooling energy expenses, underscores
the conclusion that further insulating the network for energy savings is economically unfeasible
[5]. The recommendation against additional insulation is grounded in both its marginal eco-
nomic benefits and its mixed impact on system performance, particularly during summer
months.

This comprehensive evaluation of insulation within the 5GDHC network’s pipe design illus-
trates the necessity of a nuanced approach to infrastructure engineering. It calls for a strategic
balance between enhancing energy efficiency and maintaining system adaptability to seasonal
demands, all while navigating the constraints of economic viability.

4 Thermal Storage Capacities of the IN-Campus Energy System

The IN-Campus energy system incorporates various storage capacities to balance energy de-
mand effectively. Firstly, the network itself, with a water volume of approximately 2,200 m3,
acts as a primary thermal buffer. Secondly, firefighting water (sprinkler) tanks, connected via
plate heat exchangers and totalling a volume of 3,150 m?3, provide about 130 MWh of energy
storage capacity for buffering short-term peak demands. Lastly, the most significant thermal
capacity comes from seasonal thermal energy storage, repurposed from existing infrastructure
on the site. These storages, part of the advanced fifth-generation of seasonal storage systems
[10], hold about 30,000 m?® and can supply up to 428 MWh of thermal energy. This capacity is
based on a 30 K temperature difference, matching the network’s temperature profile.

The first phase of this innovative use case, starting in 2024, is part of the EU Horizon Europe
project INTERSTORES (https://interstores.eu/), exemplifying a sustainable approach by inte-
grating reused infrastructure into modern energy solutions.

5 Conclusion and Outlook

A comprehensive examination of the IN-Campus’s 5GDHC network was presented, empha-
sizing its innovative approach to energy efficiency and decarbonization. It ensured a holistic
grasp of the system’s design and functionality.

The successive study anchored in a qualitative assessment of the available planning docu-
mentation and meticulously outlined the planning process, from defining energy requirements
and load profiles to assessing potential energy sources and sinks. Through this analysis, op-
portunities of integrating renewable and local energy sources and waste heat to enhance sys-
tem efficiency were addressed, as well as technical challenges inherent in scaling such sys-
tems for industrial applications.

The critical role of insulation in influencing the network’s energy balance was also analyzed,
demonstrating its dual impact on reducing heat loss during winter and posing challenges for
natural cooling in summer.

However, this investigation encounters limitations that shape the scope and future direction of
the research:

1. Data Accessibility and Project Specificity: The reliance on internal, non-public docu-

ments limits the generalizability of findings. Insights are specific to the IN-Campus, po-
tentially requiring adjustments for application in other settings.
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2. Insulation Analysis: While insightful, the study’s focus on insulation does not encom-
pass all design aspects of the network, such as pipe configuration (two/three pipe sys-
tem), flow operation modes (active/passive), and pipe dimensioning, which are critical
for a comprehensive network design.

3. Energy Source and Sink Integration: While initial planning analyses focused on broad
energy flows and balance, detailed simulations are poised to offer granular insights into
optimizing energy distribution and managing thermal peak demands. Such simulations
are vital for understanding how best to leverage the network as a thermal buffer and
for operationalizing thermal energy storages effectively. Coupled with the analysis of
operational data, detailed simulations are a crucial next step in refining the system's
efficiency and sustainability.

The groundwork laid by this investigation offers a robust foundation and can be enhanced with
future research in the following directions:

1. Planning Guidelines and Transferability: An essential future step involves a compara-
tive analysis of the IN-Campus’s planning process against traditional approaches. This
comparison aims to identify unique planning steps required for industrial 5GDHC sys-
tems and formulate comprehensive guidelines for their transferability. Such analysis
will be pivotal in developing a methodology that facilitates the adaptation and broader
application of 5GDHC systems across diverse settings.

2. Operational Analysis and System Performance: The in-depth examination of the plan-
ning process provides a solid basis for assessing the system’s operational efficacy.
Future studies will delve into comparing simulation predictions with actual operational
data from the IN-Campus’s initial construction phase. This comparison aims to validate
the planning assumptions and explore the causal relationships between planned effi-
ciency and real-world system performance. Enhanced by detailed simulation analyses,
this future research will contribute significantly to refining S§GDHC systems’ design and
implementation strategies, ensuring their alignment with sustainability and efficiency
goals.

The exploration undertaken in this study not only enriches the scientific discourse on sustain-
able industrial energy systems but also charts a course for future investigations to build on
these insights. The anticipation of regulatory changes, coupled with the strategic integration of
sustainable sources and sinks, exemplifies the proactive planning essential for the successful
deployment of 5GDHC networks. As such, this research paves the way for advancing sustain-
able energy solutions in industrial contexts, contributing to the broader objectives of energy
sustainability, efficiency, and adaptability.

Data availability statement

Data supporting the findings of this study are derived from internal planning documents and
gray literature associated with the IN-Campus 5GDHC system, which are not publicly available
due to confidentiality and proprietary considerations. These documents include detailed project
plans, technical specifications, and internal analyses, which are property of the respective pro-
ject stakeholders. Importantly, some of this gray literature was co-authored by authors of this
paper, ensuring that the interpretations and conclusions presented herein accurately reflect
the original planning intentions and analyses. For further inquiries about the data or to request
access to specific information under appropriate confidentiality agreements, please contact the
corresponding author.
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