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What is a PED - What needs to be optimized

A district that produces more renewable energy that it consumes

What is? over a year.
g.ﬂ - Based on local generation, smart buildings, energy storage, and
T energy sharing.
- Smart coordination of buildings and energy assets leads to net-
Core Idea

O _

positive performance.

Optimization happens in real time, adapting to weather, demand,
and grid conditions.

Key Components

@ -

Solar PV, storage, EV charging, demand response, district
heating/cooling.

Plus digital platforms that enable monitoring, forecasting, and
intelligent control

Goals of Energy Management

- Coordinate district energy assets in real time to
achieve net-positive performance

Why Optimization is Needed - Variability of renewables

<

- Heterogeneous buildings and systems




Key Challenges

Technical Challenges | Operational Challenges Regulatory a

" Heterogeneous buildings and systems ® Balancing energy efficiency, comfort, = Complexity of lo

with different controls. and cost = Lack of standardiz

= Difficulty predicting and managing - = Real-time coordination of multiple PED governance.
variable renewable generation. . energy assets |

® Limited interoperability between = Uncertainty in demand, weather and
devices and platforms . occupant behavior

Without solving theses issues, PEDs cannot reliably become net—poéitiv

Photovoltaic Smart Grid
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Current State of the Art

Al-Driven Building Control

" ML, RL & MPC algorithms optimize HVAC,
lighting, and storage

® Digital twins simulate scenarios and
improve decision-making

Advanced Energy Management Systems

4]
E8%

® |ntegration of PV, battery storage, EV
charging

® Predictive analytics for consumption and
generation

® Real-time monitoring dashboards for
operators

g
4y

Local Energy Markets & Interope
Ep " Peer-to-peer energy exchang

® Standardized APIs for devices
integration.

® Normalization layers for cross-bu
orchestration

Limitations of Current Approaches\

® Most solutions remain building-level

HHE ® District-level coordination is still emerging
*0
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Future Trends

Scalable PED
Orchestration

District Control ’
= Self-learning control system ® |ntegration of multiple
operating at district scale PEDs into PED clusters
® Real-time adaptation with ® Shared forecasting, load
minimal human intervention balancing, and flexibility
trading
< LLM-Based User > ( . \ Sector Coupling &

Interaction EV Integration

< Autonomous

)

® |ntelligent assistants ® Vehicle-to-grid and vehicle-
supporting occupants and to-building flexibility
operators " |ntegration with heating,

" Personalized comfort cooling, and transportation
recommendations and energy systems. 3
insights

These trends will enable fully optimized, self-managed posi_



Expected Impact of Optimized PED
Energy Management

|
/ Increase \
renewable self-use

1. Increase renewable self-use (20-40%)

2. Reduce district energy costs (10-25%)

3. Improve grid stability Maintain or HEI Reduce
improve energy costs

4. Reduce peak loads comfort

5. Maintain or improve comfort \ \l, : /

Reduce === Improve
peak loads grid stability
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NEUTRALPATH

Climate-neutral PEDs and replica

Rubén Garcia Pajares, CARTIF Technology Centre

Funded by NEUTRALPATH project

- | The European Union ENLIT Europe 2025
Thursday, 20 November 2025




NEUTRALPATH aims at that designed under
principles are cost-effective and

feasible solutions to contribute significantly to the cities’ transformation

towards , allowing to speed up the process to
achieve significant emissions reduction in 2030.

13



NEUTALPATH consortium

€] Zaragoza

YONOVIA

Rubén Garcia Pajares- /-~ ot oo - CARTIF Technology Centre




Overall methodology

CN-Labs

*Mission and vision
*Innovative governance
*Roadmap *CDE strategy

Maximisation of
project impacts

PCED design, Long-term city
implementation transformation
and evaluation «Upscaling (5 PCEDs)
*PCED Zaragoza *Replication

*PCED Dresden

Rubén Garcia Pajares- .- oo - CARTIF Technology Centre




PCED is a district that

Implementing Clean clecrty I
Energy Solutions i system
produces more energy T ‘ ) T
than consumes. et . L Y as
gas I I Heat Apartment npd
Gas well » Delivered  block d‘
. District School
This l’;gg:;:;g ’h’ﬁ’ﬁ
Detached houses

can be shared with
other districts helping
the

of our Cities

Rubén Garcia Pajares - - CARTIF Technology Centre

High performance

BUILDINGS
J
-
RES systems ON-
SITE
J

energy STORAGE }

Energy flexibility &
sharing

i
1
|
4
i

SMART control &
Energy OPTIMIZATION
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Outline how the PCED concept can be integrated in the long-term strategies of the cities:
* Full design process of 3 PCEDs in the fellow cities
Design of 2 additional PCEDs in the lighthouse cities

Selection of the districts, design of the solutions, and definition of financial schemes.

Identification of recommendations on new regulations, policies and for the development of the CCC.

Ghent - Istanbul | Vantaa

* ‘Muide-Meulestede’ and *  One of the Mission “f i . Potential PCED in
‘Mariakerke’ are = Cities. Aviapolis, which is one
implementing projects. «=: * Potential PCED in of the fastest growing

» Potential PCED in : Ghazane. areas.

Muide-Meulestede.

Rubén Garcia Pajares - - CARTIF Technology Centre
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... and monitoring...

Zaragoza (ES)
Dresden (DE)
Istanbul (TR)
Ghent (BE)
Vantaa (Fl)

Rubén Garcia Pajares -

KEY INTEGRATION AREAS

Governance

Financing

Implementation & Technology
ICT/Data Management

Social Innovation

B8 [,
-

- CARTIF Technology Centre
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3 KEY TARGET SECTORS
Building sector

Energy

Mobility



ZARAGOZA demo PCED
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Rubén Garcia Pajares -
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insulation with blowing granules of recycled polyurethane foam from recycled
refrigerators

e -
v’{ . = =y
R o S

'\.u_" ’ - i

=

|07-ENLUT - 15mm
A% Improvement [%]
= A2 Baseline | Refurbished

Thermal transmittance of fagades U 0,585 0,319 56%
[Wimk]

INTERIOR

|0 FABLS - 120mm
|02 AISL10 - 30mm
03:CAMA12 - 50mm
04: CAMAT5 - 20mm
|05: CAMA13 - 10mm
06 FABLG - TOmm

The existing facade is composed of  Rehabilitation of all the facades of the
1/2-foot masonry of exposed brick on residential buildings to improve the
the outside with interior cement insulation of the existing chambers by
plaster, thermal insulation of sprayed blowing granules of recycled
polyurethane foam, 7 cm air chamber polyurethane foam from recycled

and double hollow brick partition of 7 refrigerators. This insulation is suitable
cm, trimmed and plastered inside the for high-capacity thermal insulation.
houses.

Rubén Garcia Pajares - - CARTIF Technology Centre



Improvement of

. . Improvement [%]
Baseline Refurbished

Thermal transmittance of windows U 28 0,88 318 %
[Wim?2k]

* Original windows are hinged, some with a fixed
part, made of wood and double glass, with
interior wooden shutters

* Improvement through a hidden profile window
with great glazing capacity.

Rubén Garcia Pajares -

DAG75 for window

Composicién

Vidrio exterior. Midlron de 6mm, ARIPLAK DAG-T5(#2)

Camara: 16mm, Argon
Vidrio intermedio: Midlron de 4mm

Camara: 16mm, Argon
Vidrio interior: Laminado Midlron 4+Midlron 4 (1,52 PVB),
ARIPLAK Super-E(#5)

Improvement [%]
Baseline Refurbished

Thermal transmittance of glass U [W/m%] 33 0,6 550 %

A high-performance coating with higher visible
transmission, ideal for residential applications has
been developed

The new windowpane will also include “warm edge”
technology, using special glass spacers to achieve
a low linear thermal bridge between the glass and
the window frame.

- CARTIF Technology Centre



Geothermal ring + Water to water heat pumps for

b ™ Ny W A e PN T N N e BT : i
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low temperature (LowEx) geothermal
ring that circulates water from a nearby
existing well to provide a stable source
of heat (15°C approx.) for six water-to-

= . = water heat pumps that will be installed in
B 2Ny o & <~ \# the buildings that are part of the district.

Rubén Garcia Pajares - - CARTIF Technology Centre
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0 Project introduction - partners

FEDECOM

TYPE OF PARTNERS:

« Research centres

- University

- Software developers

- End user

- Energy operator

- DSO

HERIOT
EWATT

UNIVERSITY

B UCLouvain
SENBRO
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0 Project introduction - pilots

FEDECOM

PILOTS

Virtual Green H2 Residential Hydropower Cross-country
Federation Federation e-Mobility Federation
Spain Swiss Benelux / Netherlands

—

'"*"-

Puertollano




0 Project introduction - platform

FEDECOM

ENERGY MARKET COUPLING UTILITY-SCALE SYSTEMS

Energy market
entities

Energy market operator

electricity

GRID-LEVEL

Sector couplmg : - s, SYSTEMS
service provnders )

Improved grid management

* Increased resilience
* Reduced maintenance cost

FEDECOM - 2 PO s | * Lower losses
PLATFORM ] / e S * Smother demand profile

FEDERATION OF #om . . CROSS-VECTOR
COMMUNITIES o\ -~ . INTEGRATION

Sector-coupled energy
community

* Cross-sector aggregation

* RES and energy storage

* Electric & H2 mobility . ] \ 3

* Power-to-X technology A 4 Sector-coupl.ed
(hydro, heat, gas) . = energy community

|Rusirations from freepikcom



0 What does it mean or what context can we obtain from FEDECOM?

FEDECOM

FEDErated “system of systems” approach for flexible and
interoperable energy COMmunities

A new energy market "more open and democratic”

FEDECOM - Enlit Bilbao - Bilbao, November 2025



0 FEDErated “system of systems” approach for flexible and interoperable
il energy COMmunities

How can we achieve this new

electricity market?

P2P

Power to X

Cross vector

Model predictive controls
Digital twins

System optimization

RES/DER

Model Predictive Control

System

Digital Twins Optimization

Consumption

democratic
electnization

Smart Meters Comml.;nity

————— Optimization

FEDECOM - Enlit Bilbao - Bilbao, November 2025
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FEDErated “system of systems” approach for flexible and interoperable

energy COMmunities

What does Power To X and

Cross Vector mean?

Use of RES as primary energy
Implement MPC
Using Forecast Services

Aggregate DER

/ Power-to-X Cross-Vector
= '\(/ ;
D o, ﬁ
Ji “t ' Electrolysis
1 : A
7 * /e ™ <
M‘ / Stf@ge >

Renewable
finer

Industry
Transport

; \ \ ) \)f
I | i \ N\ BY  Agriculture
L =" e

= Synthetic —p Chemical
Fuels Feedtocks ‘® = Ammonia

Synthesis

Electricty

FEDECOM - Enlit Bilbao - Bilbao, November 2025




0 FEDErated “system of systems” approach for flexible and interoperable
il energy COMmunities

Predictive vs. Corrective Control:

Why use MPC? Optimizing Energy, Carbon, and Cost
Predictive Control Corrective Control
Increase of RES as primary energy N LJW
Opftimized operation :
o e
Increaser assets lifetime o o RESPONSE
Reduce OPEX V .--0 Oi
| ‘ .
ANTICIPATORY & [ : ENERGY SPIKES
AWASTE e l '
S l
V 2 e
__& [ proDUCTION o |
=\ cosT | |

FEDECOM - Enlit Biloao - Bilbao, November 2025



0 Expected Impact
FEDECOM

Social:

e Over 20% final energy savings

e Increased local RES hosting contributing to EU 2030 target of 40% share
e Contribute to EU 2030 target for GHG emission reduction of at least 55%
e High consumer satisfaction and solution acceptance

Economic:

e 20 -50% energy cost savings for the final consumers

e Innovative and integral business models for service providers and grid stakeholders, unlocking services
across the energy value chain

e Upto 30% saving in total grid CAPEX and OPEX by cross-energy vector coupling and DR services,
together with improved system stability and reduce grid maintenance

e Increased consumer engagement and joint investments in DR and renewable energy solutions

Scientific & technological:

o« Over 30% of total load available for grid balancing and ancillary services, unlocking demand side
flexibility of energy communities

e Cross-platform and smart grid interoperability, facilitating replication of concepts across stakeholders anc
sectors.



FEDECOM

Thank you

This document and all information contained herein is the sole
property of the FEDECOM Consortium or the company referred to in
the slides. It may contain information subject to Intellectual Property
Rights. No Intellectual Property Rights are granted by the delivery of
this document or the disclosure of its content.

Reproduction or circulation of this document to any third party is
prohibited without the written consent of the author(s).

The statements made here in do not necessarily have the consent or
agreement of the FEDECOM Consortium and represent the opinion
and findings of the author(s).

The dissemination and confidentiality rules as defined in the
Consortium agreement apply to this document.

All rights reserved.
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The Project — Quick Facts

Project Coordinator:

Raymond Sterling - Lorena Sanchez Relano
R2M Solution Spain SL

Project number: 101138047

Project name: INTERoperable cloud-based
solution for cross-vector planning and
management of Positive Energy Districts

Project acronym: InterPED
Start: 01/01/2024
Duration: 36 months
Costs: €6,978,353
Funding: €4.884.847




InterPED challenge: from “Passive Consumers” to “Active Energy Citizens”

« Context: The energy transition requires a change from centralised to
decentralised systems - Positive Energy Districts (PEDs).

 Problem: Technology alone creates infrastructure, but not a community. Top-
down, technocratic solutions often fail to engage end-users.

« Solution: Active participation improves problem diagnosis, ensures legitimacy,
and empowers citizens to modify consumption behaviour - Demand Response

(DR).
Increasingly active energy citizen

é )
: Existin
CIEZSIS Plethora of active energy citizen Adopter Passive energy marke?
Innovation” definitions Veto Power consumer arrangements

\- J




" i
eEngage In
discussions with
community leaders to

Methodology: Participatory design with citizens

eDevelop Participatory A

Literacy Material (e.g.
picture cards-
interactive tools) that
will be used in literacy
session to engage
participants.

J

e Conduct sessions to
enhance participants'
energy literacy

identify key topics
relevant to the
community.
\_ 1. Topic 2. Material
/ Identification Development \
/ Phase Phase \
f L |
f / ,_-—-\:“\7 i
|| L7 W ||
| / 7 |
|I||I )\}‘\:: {/f Illll
| H /
. Phase literacy session
e Analyse participant's
feedback and create
co-dictionary for
energy community -

N8




Strategy adaptation: Solutions tailored to each pilot

. Lugaritz-Matia Community (ES):
Healthcare buildings (vulnerable users) ->
Post-Occupancy Evaluation Survey
(Comfort focus).

2. Findhorn (UK): Residential ecovillage with

high cohesion -> Deep participation & Co-

creation workshops.

3. Arena Innovation Community (CZ):

Residential, commercial sectors and

tertiary sector buildings -> Educational

workshops & Simulation tools.

4. Alba lulia Municipality (RO): Tertiary and

public sector buildings -> Visioning

workshops & Legal framework advocacy.




Case Study 1: Findhorn Ecovillage and the Energy Management Dashboard

e Citizens initially requested complex Peer-to-
Peer (P2P) trading features for the InterPED
platform.

e Workshops revealed confusion about
immediate actions -> Scope simplified to
reflect only current feasible options.

e Result: A user-centered interface co-designed
to support decision-making.

o Real-time Status: Visibility of EV charging
station availability.

o Energy Profiles: Visualisation of generation
vs. consumption and surplus energy.

o Forecasting: Indicators for the best time to
use energy.




Case Study 1: Findhorn Ecovillage and the Energy Management Dashboard

Energy Management Dashboard

& simavi v
Welcome to your community energy platform

Actions Historical

Nor
view Communty

Best time to use Energy over the next 24 hours

Surplus Now- Household
Do not use Household surplus Do not use
. Surplus Now- Community
Do not use Community surplus Do not use

24 hrs label

EV Charging

Availability Now When next Available Availability Now When next Available
EV Charging Station 1 EV Charging Station 2
9ing N 11:30am 99 Y
Daily Profile (Household) Daily Profile (Community)
4 kW @ Generation 4 kW @ Generation
@ Demand @ Demand

kW

kW

orw 24 hrs label 0kW
00h0O 04h00 08h00 12h00 16h00 2000 24h00 00R00 04h00 08h00 12h00 16h00 20h00 24h00

Last updated: Today at 12:45 PM £\ Notifications &) Help




Case Study 2: Arena Innovation Community and the DREAM tool

e Low citizen awareness detected regarding
concepts like Flexibility and Demand Response
(DR).

e Users cannot co-design DR strategies if they
don't understand the trade-offs -> Users
simulating "what-if" scenarios in workshops to
see the impact of behavioural change before
Implementation.

e Result: Development of an interactive Demand
Response Energy Awareness Model (DREAM)
tool for households (web-based simulator):

o Input: building characteristics and flexibility
strategies.

o Qutput: visual impact on costs, CO2
emissions, and thermal comfort.

Identification

Pilot Arena Innovation Community

lUse Case Flexibility simulation tool

Stary Title Economic and Environmental Impact of Adjusting
Heating Selpoint

Story 1D P3 UserStory1

Priority M

User Story

Asa Domestic user utilizing the flexibility simulation

(Actor identification)

tool to assess the impact of adjusting my heating
setpoint temperature

When (Optional) Reviewing the simufation oufputs

[ want to See the estimated economic and environmental
savings compared to not adjusting my thermostat

In order to Understand how profitable it is to lower the
setpoint temperature during peak hours and
determine its impact on my energy consumption
and eleciricity bill.

Acceptance

Acceptance Criteria

The tool should provide a clear estimation of
personal economic savings (e.g., in CHF) and
environmental savings (e.g., CO: reduction or
similar metrics).

The outputs should reflect the impact of specific
flexibility actions on energy consumption (e.q.,
peak shaving) and costs.




DREAM

Step

Case Study 2: Arena Innovation C

Home AboutUs Contact @& English A

‘What is your flexibility potential?

Building Characteristics
Via Suvaia di pozzo 12 6818 Melano

Property Location

0 Ricerca di indirizzi, parcelle o mappe Menu

]

© Dati: CNES, Spot Image, swisstopo, NPOC, UST

Building Information
Data loaded from Federal Building Register

Building type

Building type *
Select the type of building

Single-family
Independent single-family house

Multi-family
Building with multiple apartments

Dwelling morphology and orientation

Building morphology *

Select the number of non-adjoining walls

O Detached house (4 non-adjoining walls)
Completely isolated building

e} Semi-detached house (3 non-adjcining walls)
Building adjoining on one side

o Terraced house (2 non-adjoining walls)
Building adjoining on two sides

Apartment block (1 non-adjoining wall)
Housing unit in a multi-storey building

Building orientation *

Select the main orientation of the building

Select orientation

DREAM Home  About Us

Step

Contact

ommunity and the DREAM tool

®  English v

Flexibility Potential Results

Flexibility Potential Results

Base scenario Heat pump scenario Flexibility scenario

8 Base scenario - Temperature profile

Current scenario with traditional boiler

Typical day Average winter temperature and cloudy
239
o 104

———— T —
00 18:00 19:00 20:00 21:00 22:00

4
00:00 01:00 02:00 03:00 04:00 05:00 06:00 07:00 08:00 09:00 10:00 11:00 12:00 13:00 14:00 15:00 16:00

Time

® Outdoor ® Indoor @ Setpoint

4% Base scenario - Energy consumption profile

Energy consumption analysis by category (heating, EV, appliances, hot water)

Typical day Average winter temperature and cloudy
404
>
> 151

[i1ll Energy Analysis Summary
Comprehensive comparison of energy metrics across

different scenarios

Heat
Base Heat
Metric Pump +
Case Pump
Flexibility

Heat demand
(KWh/m?)
31.28 33.89 34.34
Annual demand

(KWh/m?)

Annual

demand

during DR 1.84 2.83 0.91
window

(KWh/m?)

Energy demand

Annual energy
consumption for
space heating
(kWh)

4287 1366 1362

Annual
energy
consumption
during DR
window
(kWh)

259 11 31

Annual total
household
consumption
(kWh)

3519 4884 4881

Annual EV

energy 2086 2086 2086
consumption

Wk



Conclusions and lessons learnt

v/ Education and awareness must always precede technology deployment.
What users do not understand cannot be automated.

v The lack of a legal framework for energy communities (like in the Alba
lulia pilot) shifts the focus from technology to regulation and
bureaucracy.

v’ Participatory processes are essential to build lasting trust and a long-
term engagement.

v’ Citizens are the main actuators of the PED. Their acceptance defines
the success of its implementation.
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