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Abstract: Positive Energy Districts (PEDs) are integral to achieving sustainable urban de-
velopment by enhancing energy self-sufficiency and reducing carbon emissions. This pa-
per explores energy balance calculations in four diverse case study districts within differ-
ent climatic conditions—Fiat Village in Settimo Torinese (Italy), Grofischonau (Austria),
Beursplain in Amsterdam (Netherlands), and Lunca Pomostului in Resita (Romania)—as
part of the SIMPLY Positive project. Each district faces unique challenges, such as out-
dated infrastructure or heritage protection, which we address through tailored strategies
including building renovations and the integration of renewable energy systems. Addi-
tionally, we employ advanced simulation methodologies to assess energy performance.
Simulation results highlight the significance of innovative technologies like photovoltaic-
thermal (PVT) systems, application of demand-side actions, and flexible grid usage. Fur-
thermore, mobility assessments and resident-driven initiatives demonstrate the critical
role of community engagement in reducing carbon footprints. This study underscores the
adaptability of PED frameworks across varied urban contexts and provides actionable
insights for scaling similar strategies globally, supporting net-zero energy targets.

Keywords: positive energy district; energy balance; photovoltaic-thermal system; mobility;
demand-side actions; sustainable development

1. Introduction

The global transition toward sustainable urban development has become a critical
priority, motivated by the urgent need to combat climate change and achieve climate neu-
trality in line with international frameworks such as the Paris Agreement. Positive Energy
Districts (PEDs) embody a transformative concept within this transition, focusing on em-
powering urban areas to generate more renewable energy than they consume. A PED is
seen as a district with annual net-zero energy import and net-zero CO2 emissions, work-
ing towards an annual local surplus production of renewable energy [1]. They are seen as
a tool for achieving climate-neutral cities, embedded in integrated urban strategies
providing liveable, sustainable, and inclusive urban neighbourhoods. By leveraging
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energy-efficient buildings, smart grids, and innovative renewable energy technologies,
PEDs significantly contribute to net-zero carbon goals while enhancing urban resilience.
A PED Programme has been aligned with the Driving Urban Transition (DUT) Partner-
ship and has become one of the three DUT Pathways. The programme will continue to
expand its activities, with the aim of initiating 100 PEDs in Europe by 2025. [2]

However, implementing PEDs, particularly in established urban locales, presents nu-
merous challenges. These challenges include the lack of universally accepted methodolo-
gies for assessing energy balances, the complexities of integrating renewable energy sys-
tems into dense and often outdated urban infrastructures, and the pressing need for multi-
stakeholder collaboration to secure local acceptance and ensure equitable development
processes [3,4].

This paper highlights findings from the research project “Supporting Innovative and
Ambitious Cities and Municipalities on Their Pathway to Positive Energy Districts
through Easy, Clear, and Understandable Guidelines, Targets, and Strategies” (SIMPLY
Positive) [5]. Its main goal is to provide a practical overview and outline possible strate-
gies for energy balance calculation within the focus district, which is a key aspect of im-
plementing PEDs.

2. Materials and Methods

2.1. Focus Districts Description

The project considers four focus districts: Fiat Village in Settimo Torinese (Italy),
Grofischonau (Austria), Beursplain in the centre of Amsterdam (Netherlands), and Lunca
Pomostului in Resita (Romania).

The main parameters of focus districts are presented in Table 1.

Table 1. Focus district parameters.

IT, Fiat Village, NL, Beursplain, RO, Lunca

Parameter Unit Settimo Torinese AT, Groschonau Amsterdam  Pomostului Resita
District Area ha 19.0 705.0 3.0 47.0
Population - 3200 450 300 [6] 9900
Gross Floor Area m2 GFA 213,937 401,060 98,941 130,700
District Buildable Plot Area  m?PA 146,000 391,000 30,035 420,859
Floor Area Ratio (FAR) - 1.47 0.15 3.29 0.31
Site Coverage Ratio (SCR) % 26 7 78 18
Net to Gross Floor Area Ratio % 80 70 80 80
Building Storeys (avg) - 5.6 1.5 4.2 4.9
Residential Usage % 98.4 82.2 19.1 76.5
Commercial Usage % 0.2 11.7 29.0 3.9
Primary School Usage % 0.0 5.0 0.0 0.0
Secondary School Usage % 0.0 0.0 0.0 9.8
Others (Retail) Usage % 1.4 1.1 51.9 9.8
Heating Setpoint °C 22 22 22 22
Heating COP Heat Pump (Flex) - 3.5 (4.5) 3.5 (4.5) 3.5(4.5) 3.5 (4.5)
Heating Degree Days °C-d 4786.0 3483.1 3917.9 3877.8
Cooling Setpoint °C 26 26 26 26
Cooling COP Heat Pump (Flex) - 2.5 (5.0) 2.5 (5.0) 2.5 (5.0) 2.5 (5.0)
Cooling Degree Days °C-d 0.4 6.9 1.1 16.4

Primary Energy Conversion

Factors Source [7] (8] [9] [10,11]
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In Settimo Torinese, the district Fiat Village is primarily residential, with most build-
ings over 50 years old, requiring extensive renovations to enhance energy performance.
Goals include establishing a Renewable Energy Community to facilitate local energy pro-
duction and consumption and implementing energy management systems to optimize
energy use across both public and private sectors.

Grofsschonau, a small rural municipality in Austria, is committed to sustainability and
known for its long-standing environmental initiatives. Plans are in place to attain the Posi-
tive Energy Municipality status by 2030, focusing on energy self-sufficiency and innovative
projects, including small-scale wind turbines and a centralized biomass heating network.

The selected area Beursplain in Amsterdam is characterized by old buildings under
heritage protection. Some buildings already feature photovoltaic (PV) systems, with the
primary goal being to achieve a positive energy balance.

In Resita, the focus Lunca Pomostului district combines residential, commercial, and
institutional spaces, although much of its infrastructure is outdated. Efforts in this district
aim to reduce emissions by 20% compared to 1990 levels. Current initiatives focus on urban
redevelopment, including the modernization of public spaces, the addition of green infra-
structure, and improved mobility options such as cycling lanes and pedestrian pathways.

These four districts represent diverse climatic conditions and energy challenges. For
instance, Resita experiences a temperate climate with Mediterranean influences, while Set-
timo Torinese and Amsterdam share moderate climates with varying precipitation pat-
terns. Grofischonau has a relatively dry climate with cold winters. Despite these differ-
ences, all districts prioritize the integration of renewable energy systems, with Amster-
dam and Settimo Torinese emphasizing centralized heating solutions, and Grofsschdnau
showcasing leadership in decentralized renewable energy projects.

2.2. Methodology Description

The core of the definition of Positive Energy Districts (PEDs) lies in establishing a
clear rationale behind their design, which articulates the objectives they aim to achieve.
This design approach [12] begins by defining specific goals and subsequently deriving
criteria for their operationalization based on these objectives.

System boundaries are established from spatial, temporal, and functional perspectives,
in line with the principles outlined in the fundamentals of PED energy modelling [13]:

1. Spatial boundaries: these refer to the geographical limits enclosing included energy
services and supplies;

2.  Temporal boundaries: these represent the balancing period, typically defined as one
operational year;

3. Functional boundaries: these identify specific energy functions, uses, or demands
that are included or excluded based on their purpose rather than proximity.

The functional boundaries and included energy services can be categorized into three
main areas:

1. Operational energy and user electricity;
2.  Mobility aspects;
3. Embodied energy and emissions.
This approach defines three variants or layers of PEDs:
e  PED operation (innermost level): focuses solely on operational energy;
e  PED mobility: expands to include private daily mobility;

e  Climate-neutral PED (outermost layer): incorporates embodied energy related to dis-
trict construction, maintenance, repair, and mobility.
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Each layer adds complexity and introduces uncertainty compared to the previous
one. Access to adequate data is critical for simulation and verification, and these system
boundaries are visually represented in Figure 1.

PED System Boundaries

I__ ___________________________________________ 1
I | — = = = = = = = = —— - 1 I |
I'y! PED Operation | PED Mobility ||
I | = operation | + motorized I I
I ! use (plug-loads) | individual everyday I |
II onsite renewables | mobility !

:

>
o
‘e

. T I
| Climate-Neutral PED e |
I + embodied energy of @ |

construction and maintenance % I

Figure 1. Three expanding functional system boundaries of PED: from operation and use (red) to
including everyday individual motorized mobility (blue) to also include energy and emissions from

construction and maintenance (green).

Under the SIMPLY Positive project, the first step in defining PEDs involved deter-
mining the type of each focus district along with its respective system boundaries. The
spatial boundaries for each focus district align with the geographical borders of the se-
lected regions. The sizes of these districts vary from the large city of Amsterdam to the
small village of Grofischonau. Despite these differences, nearly all self-set district goals
include energy-related key performance indicators (KPIs).

The Romanian focus district set itself the goal of reducing CO, emissions. This can be
reframed as increasing the share of renewable energy, which contributes directly to low-
ering CO:z emissions and aligns it with the objectives of other districts. In the Italian focus
district, two of the three self-set goals are socially oriented, making them more challenging
to quantify; these can be classified as supportive objectives.

Temporal boundaries for all focus districts are set at one operational year, as there
are no additional local or project-specific requirements. The functional boundary type of
each focus district categorizes them primarily as residential areas with a minor proportion
of social buildings (e.g., schools and offices).

The energy simulation was carried out to obtain the annual primary energy balance
KPI and utilizes a simplified model of a single-zone thermal building and is calculated as

iJ

with E;; the energy flow j at hour i over the system boundary (outwards positive)

follows:

weighed with f;; the time-dependant primary energy conversion factor of that energy
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flow and CF representing “Context Factors”, which are virtual balance components de-
rived from top-down model parametrization described in [12]. The context factors depend
on district density, expressed as the Floor Area Ratio (FAR) between the district’s gross
floor area (GFA) and the underlying buildable plot area (PA):

FAR = GFA
~ PA
The context factors used for analysis were operationalized according to the following
[13]:

CFD = Mi (2( o194 ) 53 79) 125) [ Whes
= M\ “\Far v 015 79)123) 1= e

kWh

CFR =15 [ - "E]
MGra

CFR+ D = CFD + CFR

The functional system boundary of the energy balance includes building use of opera-
tion and plug-loads (BUB). A second boundary only includes building operation (BOB) and
is calculated by subtraction of user electricity and plug-loads (UE) from the use balance:

BOB = BUB - UE

Electrical power needs are primarily met by a photovoltaic (PV) system. Any surplus
energy generated can either be redirected to domestic hot water systems as part of de-
mand-side management (DSM) strategies or fed back into the grid to offset overall energy
consumption, with the inverted conversion factor for grid electricity at that time. Unmet
energy demands are supplemented by grid-supporting sources, such as wind peak shav-
ing from nearby wind farms, which are modelled by the use of external wind availability
data (>40% of installed capacity) at which point the primary energy conversion is set to
zero, effectively discounting grid use during these hours. The effect of these measures is
separately shown as “Flexibility Measures”.

Thermal energy demand is defined by the target temperature settings for heating,
cooling, and domestic hot water (DHW) systems. This demand can be satisfied through
electrical solutions, such as heat pumps, or other methods like district heating and natural
gas boilers. Each energy system is evaluated using specific primary energy conversion
factors, which may be obtained from national or regional standards, measurement data,
or projections for future energy systems.

Any excess energy generated through demand-side management can be stored in the
building’s thermal mass, which helps to reduce peak load demands, particularly during
winter nights. The simulation method is illustrated schematically in Figure 2 and de-
scribed in more detail in [14].
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Positive Energy District Boundaries
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Figure 2. Applied simulation components of the PED establishment.

3. Energy Balance Calculation Results

For all the focus districts (FDs) considered, the development scenarios aimed at
achieving Positive Energy Districts (PEDs) emphasize two primary strategies: building
renovations (including insulating walls, roofs, and basements, as well as replacing win-
dows) and the installation of photovoltaic (PV) panels. In regions with relatively cold cli-
mates, such renovations are crucial for minimizing heat loss during winter months. Con-
versely, in southern regions with high solar irradiation, PV installations are particularly
effective, although these areas typically face increased energy demands for cooling during
hotter months.

The most effective development scenarios combine a variety of available strategies,
such as flexible grid usage and the integration of renewable energy technologies. Since
primary energy is a critical factor in assessing PEDs, the effectiveness of these scenarios
can be illustrated through a comparison of primary energy demand and supply, as shown
in Figure 3.

The dashed grey line in Figure 3 indicates the balance point, where energy demand
equals supply —this represents the baseline requirement in the conventional definition of
PEDs.
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Figure 3. Primary energy in focus districts: demand vs. supply with and without accounting for
contexts. BOB (blue): building operation balance; CFR (light green): context factor renovation; CFD
(red): context factor density; CFR+D (green): combination of CFD and CFR. District scenarios with

a final primary energy balance in the green shaded area are considered PEDs in Operation.

However, achieving a comprehensive understanding of PEDs also necessitates con-
sidering contextual factors [12].

In Figure 3, the blue line depicts PED pathways that do not account for these contex-
tual factors, while the orange line illustrates pathways that include such considerations.
The scenarios progress from the current state (represented by the rightmost points)
through various stages, including the following

e  Building renovation: initial energy efficiency improvements;
e  Renovation with PV installation: increasing the integration of PV systems within dis-
tricts;



Energies 2025, 18, 560

8 of 17

¢ Implementation of flexible grid systems: enhancing management and distribution of
energy.

e Adoption of all measures: combining renovations, PV installations, flexible grid sys-
tems, and more efficient energy equipment in the focus districts (represented by the
leftmost points).

By considering these development scenarios, we can better understand the pathways
toward achieving PEDs in diverse urban contexts.

4. Discussion on Further Improvement Areas of FDs Towards PEDs

In this research, focus districts were considered at the PED level of building operation
and used to minimize complexity and uncertainty related to initial data. Several potential
improvements could enhance the study’s outcomes, including the following:

e Integrating a photovoltaic-thermal (PVT) simulation model to better align district
goals with PED standards;

o  Elevating the focus of the study to PED Mobility levels;

e  Evaluating demand-side actions by residents to reduce energy consumption and car-
bon footprints within the districts.

4.1. Improvement of Simulation Results by Integrating PV/PVT Model in PED

One way to enhance the energy balance calculation within the focus districts is to
utilize a more detailed model that accounts for various scenarios incorporating photovol-
taic (PV) systems. In this work, we specifically compare photovoltaic-thermal (PVT) sys-
tems with conventional photovoltaic (PV) and solar thermal (ST) systems. While a PV
module generates electricity, an ST module produces heat. In contrast, a PVT system in-
tegrates both PV and ST functionalities into a single unit, allowing for the simultaneous
production of electricity and heat.

The modelling of these systems is grounded in energy conservation principles and
considers heat exchanges—conductive, convective, and radiative—across each collector
component. Several assumptions are made, including neglecting pressure losses, edge
losses, dust, and partial shading. Additionally, we assume uniform temperature across
components, with the thermo-physical properties of materials treated as temperature in-
dependent. Each collector area is approximately 2 m2 To simplify annual simulations
across the district, we apply a rapid and efficient reduced temperature T« approach [15],
obtaining unique coefficients by solving ordinary differential equations (ODEs), and these
highly detailed models are integrated into the PVMD Toolbox [16]:

Tin—Tam
Trea = ¢ 1)

This approach characterizes the thermal and electrical performance of the system as
functions of operational conditions, which include fluid inlet temperature (Ti), ambient
temperature (Tun), and solar radiation (G). The reduced temperature also influences the
efficiency of photovoltaic (PV) systems, as cell temperature is dependent on operating
conditions; however, this impact on overall PV performance is minimal. The thermal effi-
ciency of the solar thermal (ST) collector, considering unique coefficients, can be expressed
as follows:

Nen = 0.75 = 3.67 Treq 2)

Similarly, the electrical and thermal efficiencies of the photovoltaic-thermal (PVT)
collector are based on the PVMD Toolbox [16] calculated as follows:

Ner = 0.195 - 0.33 Teq, )
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Nep = 0.47 = 10 T,q, 4)

These equations define the efficiencies of the solar collectors, considering several op-
erational parameters, including baseline efficiency and temperature-dependent loss coef-
ficients. Both electrical and thermal efficiencies are calculated on an hourly basis, which
allows us to estimate the electrical and thermal yield of each collector type effectively.

To evaluate the potential for large-scale implementation of PVT systems, we applied
this modelling approach to the Dutch focus district, the city centre of Amsterdam. We
utilized openly available height data [17], processed as a rasterized digital elevation
model (DEM) with a resolution of 0.5 metres. The footprint data from the cadastre [18]
were used to clip the data points corresponding to each building within their respective
polygon shapes.

Subsequently, we employed the Random Sample Consensus (RANSAC) algorithm
[19] to detect suitable planar surfaces of at least 10 m2. The layout of modules on these
surfaces was optimized using a heuristic algorithm designed to fit them in rectangular
formations on sloped rooftops [20], utilizing both portrait and landscape orientations. For
flat rooftops, a maximum fit strategy was used, along with a simple economic model that
determined whether an east-west or south-facing layout was more beneficial. If a building
hosted at least four modules, our skyline-based approach [21] was implemented to esti-
mate solar irradiance as an hourly profile spanning an average year. The required climate
data were procured from the Royal Netherlands Meteorological Institute (KNMI) [22]
over the past ten years.

4.1.1. Key Results

e  Buildings and footprint: There are a total of 16,452 buildings in the focus district,
encompassing a combined footprint area of 2.76 km?2. This area is further divided into
the following;:

o 1.09 km? detected as flat surfaces;
o  1.17 km? categorized as sloped rooftops.

. Module installation potential: on these surfaces, it is feasible to install 333,145 mod-
ules across 11,300 separate systems.

Furthermore, Table 2 presents the results of the geospatial mapping of PV, PVT, and
ST modules throughout the focus district.

Table 2. Results of the geospatial mapping of PV, PVT and ST modules on the focus district.

Module Count Nominal Power Electric Thermal Energy Total

(MW) Energy (GWh/yr) (GWh/yr) Energy (GWh/yr)
PV 333,145 123.3 117.3 0 117.3
ST 333,145 123.3 0 452.6 452.6
PVT 333,145 123.3 121.9 237.5 359.4

4.1.2. Energy Yield Comparison

e  Photovoltaic modules: yield only electricity, with no thermal yield;

e  Solar thermal modules: yield only heat, with no electrical yield;

e  PVT systems: achieve a combined total yield of 359.4 GWh/year, translating to 130
kWh/year/m? when divided by the building footprint area.
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While the thermal yield of PVT systems is lower than that of ST systems, which gen-
erate a specific yield of 164 kWh/year/m? PVT systems are often the most efficient ap-
proach for roofs in terms of energy generation.

4.2. Assessing Mobility in PED

To assess the electricity demand for private e-mobility within the Positive Energy
District (PED), we developed a simulation model based on the parking-based approach
described in the Horizon Europe INCIT-EV Project [23]. This model estimates both the
overall annual energy demand and the temporal distribution of energy requests through-
out the year [24].

The parking-based approach focuses on understanding drivers’ habits and behav-
iours, particularly the timing and duration of parking. Notably, this method does not re-
quire knowledge of the origin-destination trip matrix; instead, it emphasizes modelling
parking and charging patterns to determine energy demand.

4.2.1. Model Inputs
The model utilizes three main categories of inputs:
1. Car fleet characteristics:

o  Average number of electric vehicles (EVs) travelling within the PED (internal),
originating from the PED (outgoing), and heading into the PED (incoming) each
day;

o  Typical daily travel distances.

2. Driver behaviour:

Preferred times and locations for charging;
State of charge (SOC) thresholds that trigger a charging event (initial SOC) and
stop the charging operation (final SOC);

o  These behaviours are represented in the model using probability distributions.

3. Charging infrastructure:

Number and power of charging points available within the district;
Temperature data can also be incorporated to account for variations in energy
consumption due to seasonal temperature changes, which affect battery effi-
ciency.

Once the inputs are defined, the model runs an hourly simulation for one entire year,
processing each vehicle sequentially. Daily average values are used for all days of the
year. It evaluates charging decisions based on the vehicle’s current SOC, its travel or
parked status, and the availability of charging stations. When all charging requirements
are met, the vehicle’s status changes to “charging,” and its energy demand is added to the
current timestep and cumulative annual demand.

4.2.2. Model Outputs
The outputs of the model include the following:

e  Maximum power demand: the peak power demand on the local electricity grid and
the specific time it occurs;

e Total annual energy demand: this provides essential insights regarding the addi-
tional energy supply requirements needed to meet district-wide demand;

e  The model also tracks disservice events where charging requests cannot be fulfilled
due to all stations being occupied.
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As an example, we present the results of the simulation conducted for the focus dis-
trict in Settimo Torinese (Italy), illustrated in Figure 4. The results are shown monthly to
highlight potential annual patterns in energy demand.

Public Consumption [kWh] Maximum public power [kw]
January 455 January 22.0
February 364 February 17.4
March 353 March 16.3
April 336 April 17.5
May 337 May 13.9
June 317 June ilil]
July 323 July 13.9
August 323 August 13.9
September 317 September 13.9
October 339 October 14.7
November 345 November 17.1
December 384 December 17.6

Figure 4. Annual public consumption and maximum public power in Fiat Village, Settimo Torinese.

4.2.3. Findings

e  Seasonal trends: Winter months exhibit higher consumption due to reduced battery
efficiency in cold temperatures. On average, the energy required monthly is approx-
imately 400 kWh, comparable to the consumption of two average Italian-sized fami-
lies [25].

e Maximum power: The maximum power requested from the grid is 22 kW, which the
current infrastructure can easily accommodate. No disservice events were recorded,
indicating that the existing charging infrastructure meets demand effectively.

These results were instrumental in completing the energy balance for the focus dis-
trict of Settimo Torinese, providing a more comprehensive overview of total energy con-
sumption.

4.3. Demand-Side Actions of Residents

Demand-side actions by residents—such as behavioural changes and the adoption of
sustainable technologies—are essential components in the transition towards a PED. A
study conducted in the SIMPLY Positive project evaluates the potential for energy and
greenhouse gas (GHG) reductions through resident-driven actions within the Focus Dis-
trict of Grofsschonau, Austria [26].

Utilizing both qualitative and quantitative methods, the study identified and ranked
scalable actions that contribute to district-wide energy reduction and provide insights for
urban energy planning. Data on energy usage patterns were collected through household
interviews, examining factors such as heating methods, appliance usage, and mobility
practices. Subsequently, energy consumption data and GHG emission metrics were ana-
lyzed, and buildings were sorted based on Austrian typology [27], to quantify the saving
potential.

The following Table 3 ranks best-practice examples by replication potential, which
were identified as the most effective ones, considering the district-wide energy-saving po-
tential.
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Table 3. Most effective identified demand-side actions by replication potential.

GHG Saving Potential
Depending on Energy Mix
[kg COz-Equivalents]

(A) Simple to replicate for everyone and associated with low costs

Energy Saving Potential for the

D -Side Acti
emand-Side Actions Whole Focus District [kKWh]

Energy consultations in residential buildings 135,660 n/a
Regular ventilation of radiators 129,430 n/a
Adapting the room temp?rature to the usage 74,053 3566
and daytime
Reduction in the room temperature by 1 °C 68,304 2139
Conversion to LED technology 55,200 683-15,710
(B)  Possible under certain circumstances and/or low investment required
Switch to e-bikes for going to work 346,090 112,020
Carpooling with at least 2 persons 341,360 110,940
Conversion of street lighting to LED 268,755 n/a
Correct Ve‘ntﬂatlon of w1.ndows'a‘nd shadowing 196,890 1970-45,280
instead of an air conditioner
Conversion from combustion cars 78,000 24,540

to public transport

(C) Costly and/or complex technical adaptation required

Renovate private buildings to passive

house standard 4,060,720 n/a
Thermal renovation as performed in reality 3,401,460 n/a
Renovate public buildings to passive 529,132 95,240
house standard
Conversion from combustion cars to electric cars 421,231 143,900-173,900
Conversion from oil heater to heat pumps 247,823 11,357-17,232

4.3.1. Key Findings

The analysis reveals that significant district-wide energy reductions can be achieved
through several key measures, including the following:

1. Thermal renovation: Upgrading building insulation and installing energy-efficient
windows and doors can dramatically reduce heating and cooling needs. For instance,
a thermal renovation case in GrofSschonau has been shown to decrease energy con-
sumption by over 50%, reducing the energy index from 119 kWh/m?a to 56 kWh/m?a.
With approximately 111 buildings identified as suitable candidates for renovation,
district-wide implementation could result in annual savings of up to 3400 MWh [28];

2. Transition to electric vehicles: Replacing combustion-engine vehicles with electric
cars is one of the most effective strategies for reducing GHG emissions in the trans-
portation sector. The study found that a typical household could save about 7 MWh
and 3 tons of CO:z equivalents per year by switching to an electric vehicle powered
by renewable energy. Scaling this across all inhabitants in Grofischénau could yield
annual savings of about 420 MWh and 174 tons of CO:z equivalents;

3. E-bike and carpooling initiatives: Encouraging residents to shift from personal vehi-
cles to e-bikes or carpooling can significantly reduce energy consumption and emis-
sions. For example, regular carpooling can save around 6 MWh annually, while cov-
ering a daily commute of 16 km on an e-bike instead of using a combustion vehicle
could save approximately 350 MWh and 110 tons of CO: equivalents per year [29,30].
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These actions not only support environmental goals but also provide health benefits
and reduced transportation costs for residents.

4.3.2. Best-Practice Examples

The following measures were identified as having the highest potential for replica-
tion and impact on district-wide energy savings (see Table 3 for details):

1. Thermal renovations;
2. Conversion from combustible cars to electric cars;
3. Conversion to e-bikes and carpooling.

A final ranking provides a roadmap for scalable and impactful strategies that balance
environmental gains with ease of implementation. Some actions, which require minimal
technical intervention, can be readily adopted by most residents and still significantly im-
pact the district’s energy balance. By increasing awareness of energy usage and identify-
ing inefficient appliances or consumption patterns, residents can make sustainable choices
without substantial financial burden [30].

These findings provide a replicable framework for other districts aiming to achieve
PED status, serving as a decision-support tool for public incentives and awareness-raising
measures.

4.4. Integrating the SECAP Methodology to Trigger PEDs Within a City

Given the complexity surrounding the development of Positive Energy Districts
(PEDs), we developed a guideline offering a framework for potential developers, includ-
ing municipalities and private sector entities, focused on leveraging the Sustainable En-
ergy and Climate Action Plan (SECAP) methodology [31]. The guideline emphasizes syn-
ergies and interoperability between the two processes, concentrating on shared principles,
compatible frameworks, common data management, and specific integration points.

The guideline was developed by identifying SECAP steps that facilitate the opera-
tionalization of PEDs during the creation of the SECAP within the focus district in Resita,
Romania. Key elements common to both SECAP and PED processes were determined for
effective planning and monitoring of PEDs, aligned with the PED framework and key
performance indicators.

A fundamental premise of these guidelines is that an SECAP should be initiated prior
to PED development, as PEDs typically represent neighbourhoods within cities where the
spatial boundaries of SECAPs may extend beyond those of individual PEDs.

As PED development does not lend itself to a rigid standardized approach, these
guidelines provide users with a structured framework that can serve as a foundation for
personalized PED development and operationalization. The framework is presented in
four main phases:

1. Initiation phase

a. Political commitment: securing the backing of political leaders to foster support
for PED initiatives;

b. Mobilizing relevant stakeholders: engaging all key players, including residents,
businesses, and civic organizations, to ensure comprehensive participation;

c.  Building support: gaining momentum and endorsement from stakeholders to
facilitate the project.

2. Planning phase

a. Framework setting: establishing the context and guidelines for PED operation-
alization;
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b. Documenting policy synergies: identifying and aligning existing policies that
complement PED objectives;

c.  Elaboration of a PED action plan: developing a detailed strategy to implement
and achieve PED goals.

3. Implementation phase

This phase integrates all planning efforts into actionable steps, ensuring that strate-
gies are executed effectively.

4. Monitoring phase

Implementing monitoring processes to track progress toward objectives and assess
the effectiveness of implemented actions.

Although some SECAP elements may not apply directly to the development and es-
tablishment of PEDs, the maturity of the SECAP methodology has effectively supported
municipal decarbonization planning throughout Europe for over a decade. Furthermore,
these guidelines reference the SIMPLY Positive deliverables, which offer practical ap-
proaches for defining PEDs, operational scenarios, energy balances, key performance in-
dicators, and project monitoring.

By synthesizing the SECAP methodology, as applied in the focus district in Resita,
and the insights from the SIMPLY Positive project, the “Guidelines on How to Use the
SECAP Methodology to Trigger Flagship Positive Energy Districts Within a City” are ex-
pected to significantly aid developers in their PED operationalization processes.

5. Conclusions

This study underscores the critical role of Positive Energy Districts (PEDs) in foster-
ing sustainable urban environments. Through an analysis of energy balance calculations
across four diverse case studies—Settimo Torinese, Grofschonau, Amsterdam, and
Resita—this research highlights the adaptability and efficacy of tailored strategies across
various urban and climatic contexts. Key findings include the following:

e  Significant potential for positive energy balances: despite variations in infrastructure
age, climate, and urban density, all focus districts demonstrated substantial potential
to achieve positive energy balances through targeted interventions, including the in-
tegration of renewable energy sources;

e  Scalable methodologies: The structured framework—with three expanding func-
tional system boundaries—provides a scalable approach to addressing increasing
complexities, from operational energy management to embodied emissions. This
framework ensures that solutions remain feasible and impactful over the long term.

¢ Innovative technologies: innovative solutions such as photovoltaic-thermal (PVT)
systems have shown effectiveness in optimizing rooftop utilization by producing
both electrical and thermal energy, thus meeting diverse energy needs.

e  Community engagement: active community involvement and enhancements in e-
mobility contribute significantly to energy efficiency and emissions reduction, high-
lighting the essential role of resident engagement and behavioural change in the suc-
cess of PEDs.

The findings also emphasize the replicability of the proposed methodologies, pre-
senting a robust framework for other cities aspiring to establish their own PEDs. Compre-
hensive energy simulations, collaborative planning, and adaptive measures are crucial to
the successful implementation of these districts.

This research can serve as a valuable resource for policymakers, urban planners, and
stakeholders focused on developing sustainable, resilient, and energy-positive
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communities. Future work should prioritize the integration of emerging technologies and
advanced simulation techniques to refine the design and functionality of PEDs.

6. Future Work

Future research should focus on the integration of emerging technologies and ad-
vanced simulation techniques to enhance the design and functionality of Positive Energy
Districts (PEDs). This includes exploring the potential of smart grid technology to opti-
mize energy distribution and consumption, as well as incorporating energy storage solu-
tions to manage supply and demand fluctuations effectively. Additionally, investigating
the role of advanced data analytics and machine learning can provide deeper insights into
resident behaviours and energy usage patterns, leading to more personalized and effec-
tive demand-side management strategies. Expanding the scope of case studies to include
a wider range of urban contexts and geographical settings will also allow for a compre-
hensive understanding of how different factors —such as socio-economic conditions and
local policies—impact the implementation and success of PEDs. By focusing on these ar-
eas, future work can build a more resilient framework for urban energy planning and
foster broader adoption of sustainable practices in cities worldwide.
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