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Abstract This study investigates the development and implementation of Positive Energy Districts
(PEDs), focusing on the Hard Community in Winterthur, Switzerland [1]. PEDs are urban areas designed
to achieve a net-positive energy balance by integrating renewable energy sources and energy-efficient
technologies, thus contributing to reducing greenhouse gas emissions and enhancing urban sustainability
[2]. The research encompasses two primary tasks: a comprehensive social analysis and stakeholder
engagement, and the specification and ideation of technical energy solutions. The analysis highlights
community participation and inclusive decision-making processes in successfully implementing PEDs.
The second task focuses on the PED framework's technical aspects of energy management. It includes
detailed evaluations and integration strategies for various renewable energy technologies such as
hydropower, solar power, EV charging stations, solar thermal systems, and heat pumps. An Excel-based
simulation tool is employed to model different energy scenarios from collected and simulated data [3, 4],
for the optimization of energy consumption and production patterns in the Hard Community. The
scenarios explore different combinations of renewable energy sources and energy-saving technologies,
providing a comprehensive understanding of their technical feasibility and economic viability. Key
findings reveal that a successful PED requires a synergistic approach that combines advanced technical
solutions with active community involvement and supportive policy frameworks. The technical analysis
underscores the importance of integrating multiple renewable energy sources and enhancing energy
efficiency to achieve the PED goals. Results from the simulation indicate significant potential for energy
savings and renewable energy generation, demonstrating the viability of achieving a net-positive energy
balance in the Hard Community.

1. Introduction

In recent decades, urban areas have faced unprecedented challenges derived from rapid population
growth, climate change, and resource depletion. This raises challenges such as mitigating environmental
impacts but also enhancing urban resilience and livability. An approach gaining more and more approval
is the concept of PEDs, which represents a paradigm shift in urban development toward achieving net-
positive energy balances within districts. This concept may be misunderstood with other much-discussed
paradigms: the Prosumer [5], a public or private entity that usually has a bigger availability of renewable
energy (generally photovoltaic) than its consumption and can participate actively; and the Energy
Community [6], which in the EU, is defined as a local group of residents and businesses that collectively
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generate and manage energy, they must be connected to the primary transformation house for local
distribution, to avoid stress on the bigger grid and economic losses and are rewarded by significant
incentives on their bills. The distinction is needed because the people in a district do not have to be
necessary prosumers and the PED has to remain independent from the incentive policies of the region
but has to achieve self-sufficiency in terms of energy and economy just employing its sources.

Essentially, a Positive Energy District is characterized by its ability to generate more energy than it
consumes, thereby contributing surplus energy back to the grid or local energy system. This surplus
energy can be derived from renewable sources such as solar, wind, or geothermal energy, combined with
energy-efficient technologies and smart urban design principles. By prioritizing energy efficiency,
renewable energy integration, and holistic urban planning, PEDs aim to reduce greenhouse gas emissions,
enhance energy security, and foster sustainable economic growth [7]. PEDs offer a tangible pathway
towards achieving the SDGs by harnessing the potential of decentralized energy systems, digital
technologies, and community engagement to transform urban areas into vibrant, sustainable hubs. Key
components of a PED include renewable energy generation infrastructure, energy-efficient buildings,
smart grids, energy storage systems, and integrated mobility solutions [2]. By optimizing the interactions
between these components and leveraging advanced monitoring and control systems, PEDs can
effectively balance energy supply and demand, maximize energy utilization, and minimize wastage.
Moreover, PEDs often incorporate innovative financing mechanisms, regulatory frameworks, and
stakeholder participation to facilitate their implementation and scale-up. Despite their potential benefits,
the development and deployment of PEDs face various technical, economic, regulatory, and social
challenges. These challenges range from technological barriers to financial constraints, from regulatory
complexities to societal acceptance. Overcoming these barriers requires a multi-disciplinary approach
that integrates engineering, economics, policy-making, and social sciences [8].

The Hard Community is a non-profit, self-managed corporation in Winterthur, Switzerland. Everyone
who owns a home or a business is a shareholder. This ensures that the local owners have control over the
district. Around 250 people are counted in the district; some live there, some work, and some do
both. There are 45 apartments and 40 businesses in nine historic buildings. Moreover, these citizens are
united by the desire “to live according to ecological principles, to preserve the culturally and historically
significant industrial complex and to continue to develop the Hard Community in a productive
coexistence and togetherness”. The Hard Community requires finances on a large scale: for the
maintenance of the extensive surroundings, for the upkeep of the diverse infrastructure (hydroelectric
power station, utility lines, roads, etc.), for the common spaces, and for the employees. They finance
approximately half of their expenses through the electricity revenues of the hydroelectric power station
and the other half through building lease interest from the house groups (fixed fees per m? of residential
or commercial space). Figure 1 shows a view of the District and Table 1 shows an insight into the
composition of the district.
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Figure 1. Aerial view on the Hard Community of Winterthur, Switzerland

Table 1. Insights on the composition of Hard Community of Winterthur

Classification Buildings

Single households 104, 106

Multifamily apartments 105, 109, 110, 113, 117
Industries 108, 116

General use 112,103, 115

Besides the buildings, the District includes:

- Hydropower Plant: This historical energy source continues to contribute to the community’s
energy production delivering renewable electricity to the power grid, demonstrating the
longstanding sustainability efforts within the district. The historic canal that powers the system
remains operational, providing a consistent energy supply [9].

- Solar Thermal Power and Photovoltaics: The Hard Community has installed a 50 kWp PV system
on its buildings. This system produces solar energy that covers a portion of the community’s
electricity demand. Given Winterthur’s moderate climate, solar generation fluctuates seasonally.
The study recommends increasing the PV capacity by 30-50% to further enhance energy self-
sufficiency and sustainability [1].

- Electric Vehicle Charging Stations: EV charging stations within the district support the transition
towards sustainable mobility. They are integrated into the community’s energy system, allowing
residents and workers to charge their vehicles on-site. The inclusion of EV charging addresses
both renewable energy use and urban mobility goals.

2. Objectives
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Recent projects [9-14] have demonstrated the development of positive energy districts, but there is a need
to demonstrate fully interoperable solutions that include improved energy efficiency coupled with better
integration of local renewables and local excess heat sources within the district. In parallel, the
interoperability of positive energy districts with the urban and renewable energy systems in which they
are embedded needs to be enhanced through effective solutions that will allow interaction and integration
between buildings, the users, and the regional energy, mobility, and ICT systems. To sum up, project
results are expected to contribute to all of the following expected outcomes [15]:

>

>

Increased availability of tools, guides, and interoperable solutions for planning, designing,
developing and managing PEDs.

Improved integration of energy (e.g. distributed renewable energy generation, storage) and non-
energy sectors (e.g. mobility) within PEDs.

Improved integration of PEDs in energy systems and improved contribution of PEDs to energy
grid robustness concerning dependencies to energy supplies.

Increased social entrepreneurship and citizen participation and engagement in energy
communities.

Increased participation of consumers and energy communities in the value chain of the energy
system.

Based on these points, researchers at ZHAW working on the project have drawn up a list of steps that
need to be completed for its successful implementation [15]. As shown in Table 2, the most urgent one
is the definition of a guideline for PED development and, consequently the implementation of a planning
tool and energy management.

Table 2. Priority order for PEDvolution in Winterthur [15]

Priority (1 = solution
most interesting to test)
Dynamic decision support
guidelines for PED
development

PED design and planning
toolset

PED energy manager

PED business models
PED readiness assessment
Data exchange, integration
and interoperability

platform

PED social innovation tool

Comment

Roadmap for PED development

Useful tools to become a PED

Demand side management for
community engagement
Co-develop business model options

Further investigation of the PED
evolution potential

Data exchange partly already
available, and regulations for
blockchain solutions not yet
established

Participation of various actors

The project PEDvolution aims to deliver several significant benefits [15]:

Demonstrator in
Winterthur

Multiple transformation
paths for PED development

Applicable and practicable
tools

Utility dashboard or
service provider dashboard
Engagement of local
businesses

Transition current PED —
future PED

Building on Smart
Metering Infrastructure

Engagement activities with
inhabitants
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1) to reduce the cost of energy.

2) to decrease reliance on fossil fuels and cut CO, emissions (with potential annual savings ranging
from 10 to 30 tons per m?).

3) to increase the proportion of renewable energy sources.

4) to enhance the use of electric vehicles.

5) to foster greater acceptance and enthusiasm for communal resource sharing among participants.

Finally, the Roadmap for PED development of the Hard Community addresses the issues of an expansion
of the PV system on additional roofs, expansion of e-mobility through more EV chargers and patterns of
charging modes, and the switch from gas central heating to a central heat pump or other renewable
heating. These are the necessary improvements addressed to reach a complete integration of renewable
energy sources (in this case hydropower and PV systems) with the energy usage (heat pump, general
electricity, electric vehicles) in the Community. In the following chapter, each improvement will be
presented and analyzed.

3. Methods

The present work has been conducted following first a literature review on the topic and local
characteristics, actors, laws and incentives, then addressing the technical issues related to PEDs and
the relative precedent works and studies, both in Europe and at the Hard Community itself. Finally, to
come up with solutions and proposals, data were either collected from real measurements or simulated
through apposite software. The data collected are made of the electricity and gas bills paid by the
district to the energy suppliers, the electricity consumed by the six EV chargers during the year and the
production of electricity from the hydropower system. The data simulated referred to the PV system’s
output, the profiles of energy consumers, the profiles of charging for different EVs and the heating and
sanitary water needs. The simulations were done through Polysun [16], a software that allows the
definition of a system involving the specific of the building, the consumers, possible energy sources
such as solar thermal or heat pumps and photovoltaic panels, the connection to the grid and many more
parameters, including the randomization of data to avoid bias and errors. Once the system has been
dimensioned, it is possible to export the data either monthly or every 15 minutes. Verifications of these
values were made through comparison with the current values and other software available online
(Swissenergy for solar thermal and Swissolar for photovoltaic). The managing of the whole data
collected for different type and periods required the development of a tool that could filter and organize
the data. A dashboard on Excel has been created, using logic and mathematic functions with dynamic
graphs and tables. It works through several sheets where the data are saved per type. Through some
easily accessible controls in the dashboard is possible to filter only the data needed and display them
in graphs. The control panel aims to give value to the nature of energy systems where the data come
from. The flexibility is therefore preserved and can be looked for through the inputs given. With the
simulation tool developed, it was then possible to recreate some typical situations of study. The selected
ones are chosen to reproduce the most characteristic situations both in an optimistic and pessimistic
scenario. These have been explained one by one and conclusions were drawn. However, the simulation
tool can be used to calculate the outputs of every situation inside the boundaries stated. Moreover, it is
always possible to implement other sources of energy or utilities that consume energy inside the same
tool. This makes the simulation tool a resource that can be tailored to the PED as it develops during
the phases of the project and therefore a method that can be used in the later steps not only to simulate
but for validation or prediction too.

4. Results

4.1 Social Analysis and Stakeholder Engagement
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Achieving PED objectives requires an engaged and informed community. The study highlighted several
strategies for securing stakeholder buy-in and promoting sustained involvement. Social analysis revealed
that most stakeholders support renewable initiatives, as long as they are presented with transparent and
inclusive decision-making processes. The primary stakeholders included are listed in Table 3 [1].

Table 3. Stakeholders list for the PEDvolution-Demonstrator Winterthur Hard [15]

Actor Description

1 Hard Community (the district made of Community of inhabitants and workers (PED

prosumers) residents, PED members and possible PED manager)
2 Smart metering companies Landys+Gyr, Kampstrup
3 Local energy supplier & PED solution Stadtwerk Winterthur

provider

4  City administration & PED promoter Stadt Winterthur (Office of Urban Development, Dept.
of Safety & Environment, Dept. of Construction, etc.)
EV charging operators eCarUp (and Swisscharge, evpass)
6 Local implementation partners (solar Swissolar, SENERO, 3S, Wintisolar
installer, electrician, heating supplier)

)]

7 Researchers & PED planners ZHAW
8 Associations and further stakeholders =~ EBW, myblueplanet

Community Members (Residents and Businesses): The Hard Community members are the key to PED
success. They are collectively organized in a self-managed entity with a mandate to pursue ecological
and economic sustainability goals. Community members prioritize self-sufficiency and ecological living,
making them receptive to renewable energy initiatives. Regular meetings and public consultations ensure
alignment on PED goals.

Stadtwerk Winterthur: The local energy supplier plays a vital role as both a service provider and
regulatory entity, offering energy management models to support community-based self-consumption.
Stadtwerk Winterthur has provided essential infrastructure and financial incentives to encourage self-
consumption and reduce dependency on external energy sources.

Smart Metering Companies (Landys+Gyr and Kampstrup): These companies supply the
community’s smart metering infrastructure, which enables precise tracking of electricity and heating
consumption. Smart meters allow for dynamic energy management and optimization, providing essential
data for achieving energy-positive goals.

Municipal and Urban Development Offices: The City of Winterthur’s departments of Urban
Development, Construction, and Safety & Environment support PED objectives through policies,
infrastructure, and funding. The Smart City Winterthur program collaborates with academic institutions,
including the Zurich University of Applied Sciences (ZHAW), to drive sustainable urban development
projects, making the Hard Community an ideal test case for PED solutions.

EV Charging Operators (eCarUp, Swisscharge, and evpass): EV charging station operators facilitate
electric mobility within the community. Their involvement includes providing easy-to-use payment
solutions, ensuring the infrastructure aligns with PED goals, and offering maintenance and management
services.

4.2 The challenges of stakeholders’ engagement and possible solutions
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The social analysis was informed by European case studies of PED implementations, identifying
common challenges and solutions. Insights from these projects were integrated into the Hard
Community’s PED model to address anticipated issues such as regulatory barriers, financial constraints,
and maintaining long-term community engagement. Stakeholders should work in the direction of the
integration of different systems and infrastructures and for the interaction between buildings, the users
and the regional energy, mobility and ICT systems while securing the energy supply and a good life for
all in line with social, economic and environmental sustainability. However, implementation of the PEDs
is not straightforward and requires a deep understanding and consideration of cities’ contextual
conditions, policies, priorities, strategies, resources and solutions. Different participants may have
contrasting priorities and approaches. An efficient dialogue and cooperation must be pursued to ensure
that the project doesn't fail to materialize in the most profitable manner possible. For planning, designing,
implementation and monitoring, there is the need for appropriate knowledge of the interests of each
stakeholder, also because the replication of PEDs is not possible, since even though many European cities
are addressing the same challenge, there is no joint definition, roadmap or guidelines to ensure the actual
feasibility of PED designs. A literature review has been conducted to check different experts’
perspectives on the need for implementing PEDs [7, 17-24].

To sum up, the following seven challenging topics (described in table 4), representing what is needed to
overcome to support the implementation of PEDs, were identified:

Governance: a need for new and innovative forms of collaboration;
Incentives: a need for social and environmental drivers and motivators;
Social: a need for local community’s support and engagement;

Process: a need for integrated planning and decision-making approaches;
Market: a need for an appropriate market design and tailored business model;
Technology: a need for balancing energy demand and supply systems;
Context: a need for considering regional and local differences;

VVVVVYY

Table 4. The seven challenges to stakeholders’ engagement

Categories Brief description Challenge Solution

Governance Rules and collaborative activities Different actors’ roles and A systematic understanding of the
are backed by shared goals that responsibilities are given in social and political mechanisms by
may or may not derive from legal different stages of planning and which the governance system is
responsibilities. decision-making processes. being processed.

Incentives Different social, economic and Providing the right incentives is so i) A systematic review of the
environmental initiatives should be | complex, they are contextual and context, policies, technologies,
merged in the political system to depend on energy technology, market and local preferences.
support deployment of targeted markets and policies. ii) A collaborative monitoring and
technologies. evaluation model.

Social Energy transmission requires end- There is a lack of engagement Participatory methods and
users to change from passive culture and infrastructure, lack of protocols, knowledge sharing,
consumption to active presumption | public trust and knowledge about market design, right incentives and
and engagement. technology and lack of a joint a funding scheme can increase local
participatory method. support.
Process Dynamic decision-making Decision-making should consider A dynamic, iterative and
approaches are required to the combinations of problems and transparent decision-making
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effectively respond to different
evolving technologies, policies,
actors and processes.

solutions represented by different
actors to avoid the stagnation of a
process.

approach is required to
continuously interact with the
planning processes and to consider
contextual factors.

implementing PEDs should respond
to the specific social, political,
climate, economic, etc.

generic and replicable solution that
is adaptative to the contextual
characteristics.

Market Business models that consider the Different stakeholders adopt their A joint and holistic business model
whole process of building, business model, resulting in is needed to identify revenue
operating and maintaining PEDs to complexity and inefficiency. streams, and policy instruments to
define the stakeholders' roles in mobilize investments.
value creation.

Technology i) A combination of innovative The lack of standard, affordable Common methodology to quantify
solutions to get annual net zero and long-duration energy storage the positivity of the district through
energy import, net zero CO2 systems for heating, cooling and the combination of several
emissions and local surplus electricity, and automation performance indicators. This
production of renewable energy. techniques with different requires advanced measurement
i) Balancing demand and supply to | infrastructures are challenging. and processing technologies.
increase the flexibility and
efficiency of the energy systems.

Context Any generic framework for It is very difficult to develop a A systematic understanding of how

different contextual factors can
affect different topics, challenges
and aspects of implementing PEDs.

4.3 Technical Solutions and Simulation Results

Achieving a net-positive energy district requires a well-integrated mix of renewable energy solutions,
storage, and advanced energy management. This chapter discusses the pathway for the development of
a PED in the Hard Community, stressing the potential of the district. Every energy driver is addressed
singularly. The coupling of different sectors and energy consumers can afterward be investigated with
its benefits and conflicts. The energy analysis of the Hard Community aims to look for flexibility
management and enhance the optimum utilization of renewable energy.

4.3.1 Hydropower Generation

Setup and Production: The hydropower plant in Winterthur’s Hard Community is based on a historic
canal infrastructure that has served the community for decades. Originally built in 1802, the canal
continues to provide a reliable and renewable energy source [25]. The plant’s annual production is
relatively stable, though it can fluctuate seasonally based on rainfall and water flow levels.
Integration with PED Goals: Hydropower is a vital baseline source of renewable energy for the
community. It contributes significantly to the district’s overall energy supply, reducing the need for
grid power imports. By aligning with the district’s peak solar energy production periods, hydropower
adds stability to the community’s energy mix. This integration is essential during periods of high
demand, especially when solar production is limited.

Simulation Results: In Figure 2, a possible prediction methodology is shown that exploits the weather
data of the region [26]. The findings are precise and, even with this first empirical approach, there are
good possibilities to integrate the forecasting of weather conditions to estimate the amount of water
flowing through the turbine in periods of high or low levels and have an indication of the energy
production expected to happen within the district. Simulations showed that hydropower effectively
balances energy demands, particularly during the winter months when solar energy production is lower.
Hydropower allows the Hard Community to achieve a higher rate of self-sufficiency while minimizing
dependency on external electricity sources.
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Figure 2. Graph of the electricity production and rainy days 2021-2023 (source: World Weather
Online [27]).

4.3.2 Photovoltaic System Expansion

Current Installation and Expansion Potential: The Hard Community currently utilizes a 50 kWp
photovoltaic system that provides a portion of the district’s electricity needs. The system is installed
on community buildings and is capable of covering a substantial portion of peak daytime electricity
consumption, particularly in the summer.

Simulation Insights on Capacity Expansion: PVGIS was used to predict the output of a new system
and the results suggested that an increase in PV capacity by 30-50% would significantly enhance the
community’s energy self-sufficiency. Expanded PV installations could be distributed across additional
rooftops within the district, optimizing sunlight exposure, but they could more effectively be integrated
with new EV charging stations as shown in Figure 3. By strategically increasing PV capacity, the
community can generate and store more energy during sunny days, especially in summer, thus
achieving higher net-positive energy output [28].

Seasonal Variations and Storage Implications: The PV system’s output varies with seasonal sunlight
changes, peaking in summer and reducing during the winter. Battery storage was modeled alongside
the PV system to manage these fluctuations. Simulation scenarios showed that pairing an expanded PV
system with adequate battery capacity could store excess energy generated during peak sunlight hours,
ensuring availability during low-sunlight periods. This approach maximizes PV efficiency, particularly
for late afternoon consumption. However, the introduction of a storage system is not considered at the
moment in the district.

The PV system will be located at the coordinates: Lat 47.513; Lon 8.680. The database used is PVGIS-
SARAH?2 and the technology chosen is crystalline silicon. The work could be done together with the
expansion of the parking lots and the construction of EV-chargers integrated with the solar panels.

Table 5. PV-system expansion’s specifics

PV installed [kWp] 25 +50% of the power already installed

System loss [%] 15 Precautionary
Slope angle [°] 36 Optimum for maximum production
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Azimuth angle [°] 10 Given by local constrains and close to the
previous system. (Calculated from south
to west).

With the specifics above shown in Table 5, it is possible to calculate through PVGIS, what will
probably be the performance of the PV system. In Figure 3, a comparison of the best and worst
conditions is reported. This information is needed to calculate hour by hour the photovoltaic renewable
energy production and integrate this data into the final simulation tool. The optimization of the
parameters for the installation is left set by PVGIS to obtain the maximum outcome of electricity
produced but the installer can evaluate some other configurations.

Daily irradiance profile, inclined plane

(C) PVGIS, 2024

Daily irradiance profile, inclined plane
(C) PVGIS, 2024
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Figure 3. Graphs of daily irradiance profiles in July and December [28]

4.3.3 Air-to-Water Heat Pumps for Heating and Hot Water

Selection Criteria and Environmental Compatibility: The Community’s location in a groundwater-
protected area limits the possibility of using geothermal energy [29]. Consequently, air-to-water heat
pumps were selected as the most viable solution for heating and hot water. These heat pumps utilize
ambient air as an energy source, making them a renewable and environmentally compatible choice that
aligns with PED sustainability objectives.

Technical Performance and Efficiency: Air-to-water heat pumps vary in efficiency with changes in
ambient temperature, performing optimally at moderate temperatures. To address potential efficiency
drops during colder months, simulations were run in Polysun to assess the integration of heat pumps
with the existing solar thermal system, which supports hot water needs [16].

Simulation Findings: Air-to-water heat pumps can provide consistent heating and hot water
throughout the year, even during winter. The combination with solar thermal systems showed a marked
reduction in gas usage, replacing it with renewable energy. Simulations indicated up to a 50% reduction
in heating-related emissions and a decrease in overall heating costs, achieving both economic and
environmental goals. Figure 4 shows the monthly electricity consumption and thermal energy provided
by the heating system.
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Figure 4. Thermal needs for heating in the district [simulations run with source 16]

4.3.4 Electric Vehicle (EV) Charging Stations

EV Infrastructure and Integration: The community installed EV charging stations to support the
adoption of electric vehicles among residents and businesses. These stations are located in a shared
parking area, allowing easy access for users. The community’s growing interest in electric mobility
aligns with broader goals for reducing transport-related emissions and enhancing local energy
independence.

Load Management and Optimization: EV charging can create significant demand peaks, especially
during commuting hours. To balance demand, simulations explored various charging profiles (Figure
5), focusing on staggered charging schedules and demand-response techniques [3, 16]. Integrating
charging schedules with peak solar production periods was also analysed, optimizing the use of locally
generated renewable energy.

Simulation Outcomes: Simulation results indicated that managing EV charging demand could reduce
peak loads by up to 30%, which helps maintain grid stability and reduces costs associated with peak
electricity imports. Additionally, by scheduling EV charging to coincide with peak solar production,
the community could increase its self-consumption of renewable energy and reduce the need for grid-
supplied electricity.
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Figure 5. The simulation of EV-charging from Polysun for different types of EVs [simulations run
with source 16]

4.3.5 Battery Storage and Energy Management

Battery storage plays a critical role in ensuring energy self-sufficiency, particularly during periods
when renewable generation is low. The study considered various battery sizes and configurations to
find the optimal balance between storage capacity and cost. Simulation scenarios tested different
storage strategies, including storing and discharging every day. This approach smooths out fluctuations
in renewable energy production, making the energy system more resilient and efficient. Polysun’s
storage modelling tools were essential in determining the right battery size to maximize self-sufficiency
while keeping costs manageable. With optimized battery storage, the Hard Community could reduce
its reliance on external power by approximately 25% annually. The battery system not only contributes
to energy balance but also enhances the resilience of the local grid by reducing demand spikes.

4.3.6 Excel-Based Simulation Dashboard

Purpose and Design: To handle the data generated during simulations, an Excel-based dashboard was
developed. This tool is customized to organize, filter, and visualize different energy production and
consumption scenarios, allowing for real-time analysis and scenario comparison. The tool is developed
in Excel for the easy interface that is accessible also to non-technicians and since the data were mainly
columns of numbers. However, it could be easily reproduced in other programs that allow the graphical
representation of results.

Functionality and User Interface: The dashboard includes a dynamic set of controls that allow users
to select specific data types, periods, and energy scenarios. The dashboard is divided into multiple
sheets, each tailored to a specific energy source or demand profile, enabling in-depth exploration of
each component’s performance. The control panel is mainly a visual interface (Figure 6), where it is
possible to control some highlighted cells which through formulas operate with the data and so the
graphs are modified for the input given. The dashboard could be divided into two parts. One is related
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to the monthly values of energy produced and consumed, while the other is related to the daily values.
Therefore, also the control panels will be slightly different to allow the user to forecast the specific
energy values of the day considered. All the cells highlighted can be modified. The first column in
yellow indicates the number of people who live in the selected building, and it can be adjusted simply
by changing the number itself. In red at the bottom, the total number of people will change too, as well
as the total consumption of the district. In the other column in yellow, the type of consumers (as
described in Table 6) is indicated, and this could be changed from a cascade list with some predefined
cases. Last but not least, the blue column can be set only with ‘connect’ or ‘disconnect’. This will
activate the specific building in the PED or will switch it off, permitting or avoiding account of
consumption and possibly energy production in the whole district. The first choice is the type of people
who live and work in the district. The profiles of the consumers have been exported from the
simulations done with Polysun [16]. This program has a wide catalog of choices and the most
representative ones selected for this case were:

Table 6. Table of the types of consumers [16]

Label Description

PO Couple, younger than 30 years, both work
PO1 Family with 1 son, both work

P04 2 Students

P12 Big family with 2 sons and grandparents
P15 Couple, more than 65 years old

P16 Standard profile from BDEW

Gl General commercial activity

017 Office

The annual consumption of electricity is not significantly affected, instead what changes is the
proportion between the months and during the day. The blue cells work with a logic function. The
whole table of the consumptions of each building is read again and if the control is set to ‘connect’ the
values are saved otherwise substituted by zeros.

Application and Scenario Testing: By using the Excel dashboard, it was possible to test a wide range
of scenarios, including high-sunlight summer days, low-sunlight winter days, and peak EV charging
profiles. This comprehensive scenario testing identified the most energy-efficient and sustainable
configurations for the community. The dashboard also serves as a valuable tool for ongoing PED
management, allowing adjustments as the community’s energy needs evolve.
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Figure 6. The simulation tool for the district of the Hard Community [created by A. Conte]

The study explored multiple scenarios to optimize energy balance and enhance sustainability in
Winterthur’s Hard Community.

The first scenario focused on the consumption in the district and these were estimated as a yearly
electricity requirement of 204,5 MWh, and monthly the electrical needs are above 17 MWh.
Consequently, it was studied how to integrate the EV charging stations to exploit as much as possible
the electricity produced by the PV system. Using just the 50 kWp of the existing PV system a self-
sufficiency of 35% can be reached within the proximity-consumers. However, there is 46% of the
photovoltaic output unexploited and therefore sold to feed the grid, the price paid by the energy
provider for this electricity is 0,14 CHF/kWh and it is lower than the value it could be capitalized for
its own use (at the moment 0,32 CHF/kWh).

Giving priority to the PV system, a scenario for its best utilization was defined. If after the new
installations, all the energy (yearly estimated around 80,45 MWh) is made available for the whole
district, the own use of photovoltaic energy increases to 84% but the self-sufficiency in the district
drops to 33%. However, the renewable energy consumed is augmented from 27,00 MWh to 67,27
MWh. This is because by enlarging the number of consumers involved, and therefore the size of the
district, the renewable sources employed have to increase to keep the positive output too.

Introducing hydropower, the optimum configuration was found. It was demonstrated that there is a
threshold for the energy purchased at around 89,40 MWh because of all the moments in which the
system is not operating. On the other hand, there are periods when the production of hydropower highly
exceeds the consumption in the district, but this energy is valued more if fed into the grid (0,21
CHF/kWh).

The flexibility of enhancing the PV system or the hydropower allows for different management
strategies. Even if, in both cases, it is possible to obtain a self-sufficiency of 51%, the share of the
energy used and sold from the two systems will bring a different economic result. The operating
decisions have to take into account also the impact on the life and maintenance of the energy system.
Regarding thermal energy, the district was considered to have a yearly requirement of 818,00 MWh,
of which 609,83 MWh for heating and 208,18 MWh for producing hot water. Through Polysun was
calculated that with a heat pump system of approximately 600 KW, the Hard Community could cut the
gas consumption for heating (almost 57.000 m® of gas) and avoid emitting 111.500 kg of COs.
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Finally, the last scenario analysed for the ‘totally developed PED’, puts together all these findings. The
final configuration sees the best possible use of renewable energies: the contributions to the total needs
are 47% hydropower, 11% PV, and 3% energy stored, consisting of a significant 61% self-sufficiency.
The positivity of the district is demonstrated because much more energy is sold to the grid than the
amount purchased (respectively 2,44 GWh and 153,02 MWh).

To conclude, the study demonstrated a substantial potential to reduce external energy dependency, a
net-positive energy balance with the lowering of the cost of energy, and the ability to change
environmental and consumption patterns.

5. Discussion and Conclusions

This study showed that PEDs are not only technically feasible but also socially viable when supported
by stakeholder engagement and effective policy frameworks. Winterthur’s Hard Community stands as
a model for municipalities looking to implement PEDs. By prioritizing community involvement and
renewable energy integration, PEDs play a crucial role in reducing urban emissions and promoting
sustainable lifestyles. This study recommends ongoing adaptation and policy support for PEDs to
ensure they can evolve alongside changing energy demands and urban contexts. Moreover, the project
demonstrates the interconnected nature of technical and social factors in sustainable district energy
systems. While renewable energy technology is central to PED objectives, community commitment
and supportive local policy frameworks are equally crucial. Winterthur’s community-centred approach
shows that PEDs can improve urban resilience by encouraging active participation, renewable energy
adoption, and efficient energy management.

Through the analysis conducted, several key strategies and insights emerged. First, the integration of
renewable energy sources, particularly PV systems, has shown to be a viable solution for reducing
external energy dependency and increasing self-sufficiency. However, the variability in solar power
production necessitates careful planning. Even with increased capacity, solar energy alone may not
fully meet all energy demands year-round.

Second, the consumption patterns of different types of users — residential versus commercial —
significantly affect the effectiveness of energy solutions. The simulations showed that commercial
spaces tend to have predictable energy needs, while residential consumption can be highly variable.
This insight underscores the importance of tailoring energy solutions to the specific profiles within the
district, as well as highlighting the value of energy storage systems and demand management to balance
these variations.

The integration of EV charging infrastructure with solar power generation presents opportunities and
challenges. While daytime solar energy can be used for charging EVs, mismatches in energy
production and demand timing can cause inefficiencies. Solutions such as dynamic pricing, incentives
for daytime charging, or energy storage systems can help balance supply and demand eftectively.
Additionally, smart grids and advanced metering infrastructure facilitate better synchronization of
energy supply with consumption, optimizing usage within the PED framework.

The concept of decoupling energy production from exclusive ownership has notable implications for
energy management. This approach allows for the efficient distribution and utilization of locally
produced renewable energy — such as solar and hydropower — based on market prices, making
sustainability more affordable for district residents. This economic model supports energy sharing and
incentivizes the community to maximize resource use.

In conclusion, advancing fully developed PEDs requires a multi-dimensional approach that considers
district-specific characteristics and uses simulation tools for dynamic energy management strategies.
This study’s findings provide a foundation for future developments in sustainable urban living. Moving
forward, increasing stakeholder participation, enhancing storage capabilities, and refining renewable
energy integration will be critical to achieving a self-sufficient energy system. Additionally, policy
frameworks and incentives will be essential in promoting and scaling PED adoption in urban settings.
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