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The Smart Cities Marketplace is an initiative supported by
the European Commission bringing together cities, industry,
SMEs, investors, banks, research and other climate-neutral
and smart city actors. It supports cities of all sizes in de-
veloping sustainable projects by providing information free
of charge, technical assistance, consulting, and match-
making financing. Services include funding calls, financing
masterclasses, and tailored support.

The Smart Cities Marketplace Investor Network is a growing
group of investors and financial service providers who are
actively looking for climate-neutral and smart city projects.
The Smart Cities Marketplace has thousands of followers
from all over Europe and beyond, many of which have
signed up as a member. Their common aims are to improve
citizens’ quality of life, increase the competitiveness of Euro-
pean cities and industry as well as to reach European energy
and climate targets.

The Smart Cities Marketplace is offering a series of over
20 solution booklets?, short practical and example-rich
guides to help city officials to address key issues related
to securing a sustainable and green urban future. We hope
that this solution booklet will help you focus on climate
risks and solutions that are relevant to your city context.

Explore the possibilities, shape your project ideas, and close a
deal for launching your smart city solution! If you want to get
in touch with us, please use info@smartcitiesmarketplace.eu.

1 smart-cities-marketplace.ec.europa.eu/insights/solutions

WHAT IS THE SMART
CITIES MARKETPLACE?

WHAT ARE THE AIMS
OF THE SMART CITIES
MARKETPLACE?

WHAT CAN THE SMART
CITIES MARKETPLACE
DO FOR YOU?

© Oliver Cole, Unsplash
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WHAT & WHY

Positive Energy Districts (PEDs) are gaining im-
portance, both as urban innovation labs and as
concrete, on-the-ground projects for creating
future-proof, energy-positive and climate-neu-
tral urban living environments. Where do they
come from and why should PEDs be developed
in one’s own city?

The need to transition to sustainable and cli-
mate-neutral cities and districts is a major driver
for developing PEDs. They provide a net positive
energy balance over the year by producing more
renewable energy than needed to fulfil the dis-
trict’'s own demand.

More importantly, they reply to multiple sustain-
ability needs. They are envisaged as affordable,
inclusive and future-proof urban living environ-
ments where people wish to reside or work and
see a safe and healthy future taking shape.

PEDs are not exclusive (energy) islands within a
city. They are strongly embedded in their urban
and regional context, as much from the energy
perspective as from a more holistic point of view.
They are a part of sustainable urban development.
PEDs will often come in the form of urban renewal
projects rather than through newly built districts,
which adds to the challenges and the complexity
of their implementation.

Today, the EU’s weighted annual energy renova-
tion rate remains low at around 1%. Across the
EU, deep renovations that reduce energy con-
sumption by at least 60% are carried out only
in about 0.2% of the building stock per year.

With the EU’s climate goals in mind, such retrofit
needs to become more prevalent. PEDs can have
an instrumental role in this effort, and like this,
contribute to realising the Green Deal’s Renovation
Wave? targets.

At the same time, buildings should evolve from
being unresponsive and highly-energy-de-
manding assets to becoming highly-efficient
micro-energy-hubs embedded in PEDs: consum-
ing, producing, managing, storing and supplying
energy in an intelligent way, making the system
more flexible and efficient. PEDs will also supply
their surplus energy to neighbouring areas where
deep retrofit remains a bottleneck, for example
in an area with heritage buildings. They can then
“carry” those buildings and help prioritise local
generation and retrofit where it is most viable.

2 energy.ec.europaeu/index_en

Positive Energy Districts Solution Booklet What & Why

This solution booklet cannot summarise everything
related to PEDs. Therefore, the booklet is conceived
as an umbrella, referring to other solution book-
lets and relevant sources where appropriate. The
themes addressed will vary from citizen engage-
ment and urban planning to the technical matters
of district heating and cooling networks, refurbish-
ment, local energy generation or home and district
batteries. Innovative business models and financial
schemes are also considered.

Hereby, the present booklet focuses on the follow-
ing questions:

How can a PED be set up?
- Which factors are important?
- Who should be involved, and when?

- What are the main issues to consider for its
energy system?
How can costs and benefits be fairly shared
through business models that are fit for this
purpose?
How to secure qualitative aspects like social
inclusion and spatial quality?
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The concepts of Positive Energy Blocks (PEBS)
and Positive Energy Districts (PEDs) have initial-
ly emerged from the EU Horizon 2020 Smart
Cities and Communities project calls® and from
the Strategic Energy Technology Plan, of which
an action was dedicated to realising 100 PEDs
throughout the EU by 20254 In 2021, the Eu-
ropean Commission introduced the concept of
Positive Clean Energy Districts (PCED)>, promot-
ing not only energy positivity but also the aim
of climate neutrality.

All these initiatives are underpinned by the EU’s
long term climate and energy strategies and
derived policies like the Clean energy for all
Europeans package®.

3 cordis.europa.eu/programme/id/H2020_LC-SC3-SCC-1-2018-2019-2020
4 jpi-urbaneurope eu/wp-content/uploads/2021/10/setplan_smartcities_
implementationplan-2.pdf

5 cordis.europa.eu/programme/id/HORIZON_HORIZON-MISS-2021-CIT-02-04
6 eur-lex.europa.eu/legal-content/EN/TXT/HTML/?uri=CELEX:52016DC0860

The EU Green Deal (adopted in 2019) remains
the overarching policy framework, complement-
ing and regrouping such objectives’, and the
EU climate law is in vigor. More recent packag-
es—such as Fit for 558 and REPowerEU—have
translated and strengthened these objectives
through updated legislation and implementa-
tion measures This sets the scene for increasing
ambitions and a tighter agenda for all involved
actors.

Meanwhile, the PED concept is picked up by
other initiatives and organisations as well.
Like this, there was a European COST Action
on PEDs® with partners from public and private
sector that has been set up and produced a
database!® on PED projects, and at the inter-
national level, the International Energy Agency
created an annex to work on PED definition and
development: [EA Annex 83 Positive Energy
Districts't. The DUT partnership (formerly JPI
Urban Europe) was charged with developing a
European PED definition.

7 commission.europa.eu/strategy-and-policy/priorities-2019-2024/european-
green-deal_en

8 commission.europa.eu/topics/climate-action/delivering-european-green-deal/
fit-55-delivering-proposals_en

S cost.eu/actions/CA19126

10 peddatabase dutpartnership.eu

11 annex83.iea-ebcorg

Positive Energy Districts Solution Booklet What & Why

Republica in Amsterdam related to the Atelier project. © Han Vandevyvere
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A working definition for PEDs

In the framework of the already mentioned
SET Plan Action 3.2, the PED Programme (SET
Plan Implementation Working Group 3.2) was
implemented via JPI Urban Europe and has
since continued under the Driving Urban Tran-
sitions (DUT) Partnership as the PED Transition
Pathway. Building on this work, the EERA Joint
Programme on Smart Cities contributed to de-
tailing an operational definition of PEDs.

The DUT PED Framework (v3.0) states:

Positive Energy Districts are energy-efficient and energy~flex-
ible urban neighbourhoods or areas of connected buildings
and facilities, that produce local renewable energy, achieve
net zero greenhouse gas emissions, and actively contribute to
overall climate neutrality. Core aspects are renewable energy
production, affordability, and financial sustainability, enabling
PEDs to unlock their full potential as drivers of systemic trans-
Jformation. By integrating diverse systems and infrastructures
— such as mobility and ICT systems — and fostering interac-
tions between buildings, users and regional networks, PEDs
align with a clear mission toward sustainability. Through en-
gagement at all levels of governance, the empowerment of
local energy communities and alignment of initiatives, PEDs
secure enerqy supply and a good life for all in line with social,
economic and environmental sustainability 2.

12 dutpartnership.eu/news/ped-framework-30-policy-guide-advance-positive-
energy-districts-europe

Beyond energy: sustainable
districts and cities — setting
the targets towards a carbon-
free 2050

PEDs are a powerful concept, but at the same time,
they are only one piece of the urban low-carbon
puzzle. PEDs are moreover not exclusively about
energy and climate. According to the concept, it
is important to adopt a whole systems approach
and aim at realising integrated sustainabil-
ity, a principle which is already reflected in the

Positive Energy Districts Solution Booklet What & Why

definition above. Given this broad set of conditions,
other solutions and strategies than a PED may
exist, depending on the specific urban context at
stake. Nevertheless, PEDs may be instrumental for
progressing beyond the current urban planning prac-
tices: they connect the visionary with the practical.

About Us Strategic Research Agenda External Collaboration Events News & Resources Contact

EERA JPSC contribu
innovation in smart

i and ind

fundamental research, innovation and

/. partners, and in sh

7



Positive Energy Districts Solution Booklet What & Why 8

© Han Vandevyvere



CITY CONTEXT

From near-zero energy buildings (NZEBs) over
PEDs to Positive Energy Regions and back: com-
bining bottom-up and top-down approaches.

One could try to make a city energy positive and
climate neutral by bringing every single building
separately to the near-zero energy building (NZEB)
standard. Yet, such a city with separate NZEBs
would miss many opportunities for technical and
financial optimisation, for scale advantages, the
use of district energy systems, energy flexibility
services and collective energy production and stor-
age. In a similar vein, from a non-technical point
of view, a city is not merely an accumulation of
buildings. The goal of integrated urban functioning
is of utmost importance, regardless of the per-
spective chosen.

PEDs are thus the next logical evolutionary step
following NZEBs. Once a city has buildings that
start to generate surplus energy part-time or all
the time, a step change occurs and these buildings
can be integrated in a different way into the energy
system in the case of plus-energy buildings, the
surplus energy has to be shared with others. They
can then not only fit potential. Local interconnec-
tions can also reduce stress on the grid and lead
to larger urban rejuvenation projects. Moreover,
the district-scale energy evolution from PEDs to
Positive Clean Energy Districts (PCEDs) highlights
the clean and environmental approach, advancing

aspects like embodied energy, air pollution, circu-
larity, biodiversity, and carbon sequestration.

This scale integration can be progressively ex-
tended, but an overall strategy working in the
opposite direction is also necessary.

Solving the urban clean energy puzzle is indeed
best done in a combined bottom-up and top-down
way. In fact, the regional sustainable and renew-
able energy potentials (within the urban texture
as well as in the surrounding hinterland) define
the overall envelope of possibilities to realise a
fully decarbonised system. Hereby, heat can be
sourced from up to some tens of kilometres away,
while electricity can - if needed be brought in from
hundreds or thousands of kilometres away. But
the closer the energy sources can be located, the
better.

Positive Energy Districts Solution Booklet City Context

District
Operation

Energy Research, Future Energy Efficient Buildings & Districts

Regional
Operation

Figure 1. Energy from district to regional integration and beyond. Scheme adapted from the Whitepaper Transformation Swiss Energy System — Swiss Competence Centre of

National
Operation
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Therefore, a natural hierarchy emerges where NZEBs
are complemented by Positive Energy Blocks (PEBs),
PEDs and eventually Positive Energy Cities and Pos-
itive Energy Regions. Hereby, the use of renewable
energy sources changes the energy production
and consumption paradigm fundamentally from a
centralised, hierarchical system with off-site power
plants to a connected, combined centralised decen-
tralised system with a myriad of on-site prosumers
complementing the larger off-site production units.
From the business model point of view, citizens are
empowered to occupy a central role in (Local) Energy
Communities (LECs). LECs thus fully support PEDs as
a new energy market model. Note that the European
Commission rather speaks of Energy Communities!?,
referring to the same concept.

The need to integrate these new energy infra-
structures well into the urban design and planning
processes sharply increases renewable energy
sources need space. Their substantial functional and
visual impact within the (urban) public space and
landscape is at best turned into a quality of its own.

A multitude of actors, including the local au-
thorities, energy utilities, grid operators, private
property developers, building owners and occu-
pants, civil society organisations and other relevant
stakeholders will need to be involved in the devel-
opment of PEDs.

13 energy.ec.europa.eu/topics/markets-and-consumers/energy-consumers-and-
prosumers/energy-communities_en

Local Energy Communities

Local Energy Communities (LECs) are an overall
concept. The EU regulatory frameworks provide
two definitions embodying the same principle,
yet with slight differences: Renewable Energy
Communities!* (RECs — under the Renewable
Energy Directive) and Citizen Energy Commu-
nities> (CECs — under the Electricity Directive).
See the RESCOOQOP platform?®, and learnings
from smart-city pilots on local energy commu-
nities, focusing on scalability and scaling up?’.

14 eur-lex.europa.eu/eli/di/2018/2001/ojleng

15 eur-lex.europaeu/eli/di2019/944/oj/eng

16 rescoop.eu/toolbox/g-a-what-are-citizen-and-renewable-energy-
communities

17 smart-cities-marketplace.ec.europa.eu/insights/publications/local-energy-
communities-smart-cities-piloting-scalability-and-scaling

Positive Energy Districts Solution Booklet City Context

Solar Settlement. © Rolf Disch Solar Architecture, Freiburg, Germany
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From energy and carbon to
integrated sustainability

Transforming the urban energy system cannot go
without engaging all concerned stakeholders in the
process and having a shared vision of where to go.

The role of a city's (energy) vision is to define and
settle the long-term energy planning that will be
implemented in the city to achieve its 2050 cli-
mate goals. Such planning will come in the form
of a set of actions identified after a thorough anal-
ysis of the city’s situation, its renewable energy
potentials, strategies, plans (short term and mid-
term plans, Sustainable Energy and Climate Action
Plans'®, Sustainable Urban Mobility Plans'®, etc.)
and after technical and financial viability assess-
ments have been done, to ultimately foster the
required energy transition by 2050.

Urban stakeholders like citizens, enterprises, knowl-
edge institutes and, of course, local authorities
themselves, shall be involved in this envisioning
and planning process so that all concerned parties
can take ownership of the identified actions. This
implies that a proper governance structure is put
in place, assuring the legitimacy of the actions and
securing the long-term engagement of all relevant
stakeholders.

18 eu-mayors.ec.europa.eu/en/Support/Planning
19 urban-mobility-observatory.transport.ec.europa.eu/sustainable-urban-mobility-
plans_en

The city’s energy vision will most preferably be
integrated in a wider narrative, including a capti-
vating ‘Leitbild’ (quiding vision), envisioning the
city’s future as the vibrant and future-proof
place where people want to live and work.

Resulting commitments need to trickle back down
into concrete actions in different activity sectors
(residential and tertiary buildings, transport, servic-
es and food, etc.), all of them focused on reaching
the 2050 goals and, equally important, realising
the high-quality urban life that its citizens aspire
to reach. These actions underpin the PED concept.
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City (Energy) Visions and Roadmaps:
setting the beacons towards the future

In Amsterdam, Lighthouse City of the ATELIER
SCC Lighthouse project, the city connects to
New Amsterdam Climate, the city’s roadmap
towards climate neutrality in 2050%°.

The Leuven 2030 roadmap?! illustrates how
one can integrate concrete urban projects into
the urban roadmap as part of its climate action
plan.

Groningen, Lighthouse City of SCC Lighthouse
project MAKING-CITY, has set its environmen-
tal and energy vision 2050 - “The Next City"??
that was further developed within the project
from the experiences of testing and implement-
ing PEDs, but also through a broad participatory
process with residents and stakeholders.

20 smartcity-ateliereu/app/uploads/RoadmapAmsterdam-Climate-Neutral-
2050-full-version-ENG.pdf

21 enleuven2030be/roadmap-towards-a-climate-neutral-leuven

22 gemeente.groningen.nl/omgevingsvisie
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THE ENERGY SYSTEM OF A PED

At the core of a PED is the physical energy
system. The main objectives of a PED are en-
ergetic: a high level of local urban renewable
energy and of energy efficiency. This section
highlights the main aspects of the PED energy
system, but does not attempt to be complete.
The large number of energy technologies that
can be applied in the PED, in combination with
a wide variety of required energy services, leads
to a large number of energy system designs,
which require a specific assessment.

What is an energy system?

An energy system is a physical system designed

£0 supply energy services to end-users. It in- POSITIVE ENERGY DISTRICT ENERGY SYSTEM
cludes all interconnected components related X 2w
to production’ conversion’ Storage, delivery’ ‘QI‘QV g‘? SMART-GRID ENERGY MANAGEMENT SYSTEM, SENSORS, CONTROLS AND METERING

and use Of energy’ A PED IS an energy SYStem’ RENAWABLE ENERGY ENERGY DEMAND ENERG\/ EFFIC\ENC\/ FLEXIBILITY

and, at the same time, a component of a wider z .
: -

energy system (urban and regional). 7 L ,,q[: ;\

: . HIGH PERFORMANCE FLEXIBILITY STORAGE
The overlaying control and management systems o I N A UIDINGE | O OAD SHIFTING
can be considered as a part of the energy system g - —

w PRODUCTION BUILDINGS
as well. These systems are used by the system 2

. - [ | a—

operator to control the way the services are deliv z Iil o2 & '_ i?G i=_ e
ered, such as ICT-based smart grid management E 1 1%
systems and building energy management sys- e STORAGE APPLIENCES AND EV END-USER BEHAVIOUR

tems, and by the end-user to control the demand
for energy services, such as the manual radiator
controls. SURPLUS RENAWABLE ENERGY EXPORTED INTO REGIONAL ENERGY SYSTEM

Figure 2. Simple graph energy system PED in wider context | Adapted from Amsterdam University of Applied Sciences



Boundaries to PED energy
systems

A PED is characterised by achieving a positive
energy balance within a given boundary. Defin-
ing the boundaries of the PED energy system
is not straightforward. Such a boundary can be
geographical or virtual. In all cases, the energy
system boundary will include a virtual compo-
nent through connection to a smart grid.

Geographical boundary. The energy system is
constrained within a geographical area that does
not include other independent energy systems. The
PED achieves a net positive yearly energy balance
within the geographical boundaries of the PED and
allows/requires dynamic exchanges with the wider
energy systems to compensate for momentary
surpluses and shortages.

Virtual boundary. Disaggregated energy systems
are connected by a smart grid and managed by
a common energy management system. For ex-
ample, renewable energy generation sources
dedicated to the PED can be located outside the
geographical boundaries of the district. The PED
achieves a net positive yearly energy balance
within the virtual boundaries of the PED and
allows/ requires dynamic exchanges with the hin-
terland to compensate for momentary surpluses
and shortages.

Positive Energy Districts Solution Booklet The Energy System of a PED

The optimal design of a PED and the corresponding
level of surplus energy can only be determined
with a wider energy system context and within an
upscaling strategy. Boundaries need to be set for
the design of the smart grid and interconnections,
as well as for the evaluation of impact and per-
formance. However, it should be considered that
these boundaries are temporary and, to some
extent, ambiguous. A strict focus on setting spe-
cific boundaries, within which the PED pilot must
be energy positive at all costs, could even hinder -
upscaling. Instead, a PED should be inherently
growth-based.

Thomond Weir

—e Site of new UL city campus

Sarsfield Bridge
(Shannon Rowing Club)

DA GEORGIAN INNOVATION
DISTRICT

—e DS02 Limerick Youth Service

DS01 Gardens International
DS05 Craft Hub

DS04 General Post Office
DS03 Ulster Bank

—* D506 The Engine

D508 University of Limerick
D509 University Hospital Lin

DS10 Limerick Institute of
Technology

—= D511 Narrative 4

—= D512 Belltable Arts Centre
—* D515 Limerick City Gallery o
—= D507 Colbert Railway Statio

—e DS14 Limerick Georgian Hot
Garden

—= D513 The Crescent

Aerial view of the +CityxChange Limerick PED with the Gardens International anchor Avirtual PED in Limerick (+CityxChange) where some electricity for the historic
building and the historic Georgian Innovation district. Photo source: Limerick2030 / city centre blocks will be sourced from a turbine in the Shannon river, about one
Limerick City and County Council, © Eugene Hogan kilometre away. The turbine will be part of the PED energy management system

and smart gﬂd More: cityxchange.eu/our-cities/limerick
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<« Two virtual PEDs in Trondheim, Norway (+CityxChange), which include all relevant
elements of the PED definition above, including local and remote generation of
electricity and heat, energy retrofits, local batteries, and mobility with V2G. The
DA2: BRATT@RA system is operated through a PED management system that includes a live energy
W PEB+ LEM: market and a flexibility market, and is one of the first fully operational PEDs with
real energy trading between buildings and assets.
=+ cityxchange.eu/trondheim-has-established-two-positive-energy-blocks
=+ cityxchangeel ige-base/d5-11-trondheim-dp
— Brattarkala 17, Powerhouse - cityxchange euknowledge-base/d5-6-trondheim-flexibility-mark

— Brattarkada 15 (office)
| Bratterkaia 16 [office)
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Four components of PED
energy systems

A high level of energy efficiency and renewable
energy production are the obvious components
in PED design. As a complementary component,
energy flexibility aims to allow a higher level of in-
tegration of renewables in urban areas. In terms of
e-mobility, the charging infrastructure and charg-
ing demand as well as e-mobility services, should
also be integrated in the energy systems. As this
will be the case in most cities that are considering
PEDs, e-mobility is emerging as the fourth com-
ponent of a PED.

High level of
energy efficiency

High share of local
renewable energy

in providing the production (100%
energy services to
PED inhabitants

and businesses.

or more of PED
energy demand).

vas
@,

VY

(e

ALl
1. ENERGY 2. RENEWABLE
EFFICENCY SOURCES
4. ELECTRIC 3. ENERGY
MOBILITY FLEXIBILITY

® D
= it
Integration of
electric mobility
charging
infrastructure and

Flexibility in energy

production and demand
to allow higher local
integration of RES.

services in PED
energy system.
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1
Component 1: Energy efficiency

A district’s or building’s energy performance

can be improved in several ways. This includes:

Choosing a suitable building design
(compact structure, optimum orientation
and daylight, using passive climate control
measures like solar shading devices)

Improving the thermal insulation (high-
performance windows and insulation
systems to protect the building envelope -
roofs, walls and floors)

Optimised construction (thermal bridge
free, airtight constructions and connections)
Ensuring energy-conscious user behaviour
(visualising consumption, smart metering,
adaptive controls, energy-awareness, etc.)

Energy efficiency may be further improved by:

Low heating system temperatures (and
hence low heat losses)

Short pipe lengths in heating, warm-water
and ventilation systems (and hence lower
heat losses and less energy for driving
pumps and fans)

Avoiding hot water circulation,

Including heat recovery systems in
ventilation and wastewater systems

Hydraulic balancing of all systems (and
hence less energy for driving pumps and
fans)

Using demand-controlled heating and
ventilation systems (to avoid the oversupply
of spaces with fresh air and heat)

Using high efficiency domestic appliances
and space lighting (LED or energy-saving
lamps in conjunction with demand-
responsive control systems)

Increasing energy efficiency in the existing building stock is one of the biggest challenges in the energy
transition and is, therefore, a high priority in city energy and climate plans. In new buildings, a higher
level of efficiency can be achieved with less effort and lower costs. In addition, it is easier to integrate
RES and storage into new construction during the design stage. Addressing the existing building stock’s
energy performance is without doubt the bigger challenge, and PEDs will have to address this.



Component 2: Renewable energy production

Energy systems for PEDs will require a higher share
of renewable energy sources for heating, cooling
and electricity, compared to current regulations
and business-as-usual practices. This is achieved
by: 1) integration of renewable energy sources
into buildings and their immediate surroundings,
such as PV roofs and 2) adding stand-alone RES
production facilities to the PED, such as PV-plants.
The latter production units can eventually be located
outside the group of buildings or districts composing
the PED, as far as they are part of the PED within
its virtual energy system boundary.

Sources of renewable energy can be integrated
into buildings actively and passively. For instance,
passive solar gains through windows will reduce
the heating energy demand and reduce the energy
demand for lighting by using daylight. Actively, re-
newable energy may be sourced via photovoltaic
panels, thermal solar collectors, biogenic fuels,
small-scale hydropower, wind, geothermal energy
or environmental heat and waste heat recovery.
Within this system, energy storage units are of high
importance. The energy surplus in buildings supplied
by electricity-generating systems, like photovoltaic
systems or wind turbines, can be stored for flexi-
ble use or fed back into the energy providers’ grids.
Apart from the classical hot water storage tanks,
buildings and the underground can also serve as
low-temperature heat buffers.

Renewable energy in PEDs

In Evora and Alkmaar, as part of the POCITYF
project, renewable-energy solutions are piloted for
historically protected districts, including a central-
ised Community Solar Farm to explore PED virtual
boundaries and building-integrated PV (BIPV). Spe-
cifically, the application of BIPV technologies core
objective is to maximise the use of urban surfaces
that are traditionally overlooked for energy gener-
ation, while ensuring seamless visual integration
into the cityscape. By embedding PV technolo-
gies directly into architectural elements, POCITYF
demonstrates how protected heritage areas can sig-
nificantly expand local renewable-energy production
without compromising historical aesthetics.

9 pocityf.eu/city/evora
9 pocityf.eu/city/alkmaar

In Amsterdam, as part of the ATELIER project, a PED
is developed with a high share of RES production.
This is achieved through, amongst others, the inte-
gration of PV into the buildings, heat and electricity
storage, connection to the PED smart grid and de-
ployment of a sophisticated energy management
system (EMS).

9 smartcity-ateliereu/about/lighthouse-cities/amsterdam
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In Bilbao, also as part of the ATELIER project, a
geothermal ring supplies low temperature space
heating to the buildings within the PED with plans
to expand to surrounding areas. smartcity-atelier.

9 smartcity-atelier.eu/about/lighthouse-cities/bilbao

In Groningen, as part of the MAKING-CITY project,
the heat demand of Mediacentrale building was
balanced by solar thermal panels connected with
geothermal heat pumps that used the temperature
of the ground.

£ makingcity.eu/groningen

In Oulu, as part of the MAKING-CITY project as
well, heat for hot water was recovered from
sewage water from apartments in the PED.

2 makingcity.eu/oulu

In Trondheim, as part of the +CityXChange project,
the fjord was used as a source of heating, while
the unused roof space of commercial warehouses
was used for PV.

9 cityxchange.eu/our-cities/trondheim
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3. ENERGY
FLEXIBILITY

Energy flexibility in PEDs aims to contribute to the
resilience and balancing of the regional energy
system, with the optimal benefit for the regional
energy system in mind. Also, PEDs manage any
interactions between the urban districts and the
regional energy system, such as to enable carbon
neutrality and 100% renewable energy in the local
consumption, and an additional surplus of renew-
able energy over the years.

An energy system is flexible if it can cost-effec-
tively, reliably, and across all time scales meet
the peak loads and peak net loads and avoid loss
of load. For this purpose, the system maintains
the balance of supply and demand and has suf-
ficient storage capacity (both electricity storage
and, through sector coupling, renewable heat and
gas) to balance periods of high variable renewable
energy generation and periods of high demand but
low generation. More information can be found in
the following references.

less electricity

less PV from grid

injection
in grid

2 o ...
NN

“.L

+

. electricity use from PV

. electricity use from the grid
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Within a PED energy system, energy storage is
indeed of high importance. Energy storage provides
the basis for flexibility within the energy system.
Storage supports the integration and optimisation
of intermittent renewable energy into the system
by storing excess renewable energy during peri-
ods of peak production to align with periods of
peak demand. Storage has the potential to reduce
energy consumption, emissions and costs, while
increasing overall system efficiency.

Energy can be stored in many ways. Electrical stor-
age options include pumped hydro-electric storage
and batteries, including large grid systems through
to building-level systems and more recently, the
inclusion of vehicle batteries (V2G). Thermal stor-
age systems including water tanks, underground
systems, phase changing materials and differ-
ent types of gas storage including hydrogen and
compressed gas systems. However, also the dis-
trict heating network itself, as well as the thermal
masses of buildings, can be seen as energy stor-
age and utilised in thermal energy balancing.

Figure 3. Peak load shifting using a battery. (Source: SCM Solution Booklet PV and Battery)

Traditionally, energy infrastructures, such as
electricity or heating and cooling systems and net-
works, have mostly been operated and optimised
separately. However, there is much technical and
economic potential in taking advantage of synergy
effects between the different sectors and networks.
Due to the high density of infrastructures in com-
parison to rural areas, this is especially true in the
urban context. Sector coupling will become increas-
ingly important in the near future. One example of
technologies that enable sector coupling is heat
pumps. They can convert energy between power
and heat or cold and are used frequently in single
buildings and at a larger scale in district heating
networks.

Further reading:

® Report on Power system flexibility for the
energy transition

% Report on D3.4 Interoperability of holistic
energy systems in Espoo (SPARCS)

% Demand management factsheet

(NetZeroCities)
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3. ENERGY
FLEXIBILITY

Component 3: Energy flexibility
Energy storage and flexibility in PEDs

Battery systems are used in many PEDs. In Am-
sterdam, as part of the ATELIER project, a large
central battery system is used in combination
with other flexible energy assets and heat storage.
These are integrated through an advanced energy
management system. As a result of this, the pilot
was able to successfully tackle grid congestion
issues.

9 smartcity-atelier.eu/about/lighthouse-cities/
amsterdam

In Oulu, as part of the MAKING-CITY project, for
increasing the energy content of the conventional
water-based thermal storage, phase change ma-
terials were utilised to increase the energy content
of the tank. These phase change materials were
commercial and were made of either salt-based
material or organic materials. As the temperature
rose, the material changed its form from solid to
liquid.

9 makingcity.eu/oulu

In Groningen, as part of the MAKING-CITY project,
HeatMatcher is a real-time matching solution for

heating and cooling systems. It determines the
optimal balance between producers (supply) and
consumers (demand) of heat and cold. It is able to
handle many energy consumers and producers at
the same time, which is expected to be a prereq-
uisite for heating and cooling networks in the near
future.

9 makingcity.eu/groningen

In Nuenen, as part of the LEGOFIT project, locally
generated electricity can be temporarily stored
in home batteries and potentially in EV batteries,
to be utilised later on-site or exported to the grid.
Storage can help cope with peaks and troughs
in supply and demand and reduce stress on the
electricity grid.

2 legofit.eu/pilot-sites

In Leipzig, as part of the SPARCS project, a Virtual
Power Plant (VPP)—a virtual energy community—
was tested. The VPP served as a central platform
for data collection and processing, supporting fore-
casting and optimisation. It connected municipalities,
energy operators, service providers, and end users.

Positive Energy Districts Solution Booklet The Energy System of a PED

This digital infrastructure enabled holistic energy con-
trol across energy-positive blocks, optimising demand
and supporting business models for aggregation and
demand-side management (incentives or automat-
ed control). Over time, it can help systems respond
near-real time to fluctuations and support better
decisions.

9 ec.europa.eu/research/participants/
documents/downloadPublic’document-
Ids=080166e5f9f2f258&appld=PPGMS
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3. ENERGY
FLEXIBILITY
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demand
i local

LEGOFIT aims to design, implement and validate
an advanced, dynamic and integrated approach to
accomplish Energy Positive Homes (EPH) based
on smart and innovative solutions with a high po-
tential for scalability and replicability for building
construction and renovation. This will be achieved
by developing an innovative, holistic design plat-
form that brings together energy positive services,
tools. It will integrate active and passive strate-
gies. Moreover, it will investigate innovative routes
for promoting minimum environmental impacts.
Lastly, it will foster a more sustainable building
stock through the Smart Readiness Indicator (SRI).

2 legofit.eu

Adaptable technological solutions
based on early design actions for the
construction and renovation of

Energy Positive Homes . .

._ n. @/5?\“}_
¥

NEUTRALPATH is funded under the EU Cli-
mate-Neutral and Smart Cities Mission and
supports cities in designing and delivering Positive
and Clean Energy Districts (PCEDs). The project
works across five cities, with Dresden and Zarago-
za acting as lighthouse cities for implementation,
while Ghent, Istanbul and Vantaa develop their
own pathways toward climate neutrality. Through
five Climate-Neutral Labs, NEUTRALPATH enables
co-creation among residents, public authorities,
industry and researchers. The project combines
technical innovation with improved governance,
establishes shared metrics for annual energy and
CO; balances, and promotes upscaling and repli-
cation so that PCED solutions can be transferred
to other urban contexts across Europe.

2 neutralpath.eu

DBIRENA

elels: dnewation Lands

Further reading on energy system flexibility
and local trading:

% SCM on PV and Battery (solution booklet)

W Introduction to power system flexibility by
IRENA (report)

= Introduction to the flexibility market in
Trondheim by +CityxChange (report)

W An introduction to peer-to-peer energy
trading by IRENA (brief)
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https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2020/Jul/IRENA_Peer-to-peer_electricity_trading_2020.pdf
https://www.irena.org/-/media/Files/IRENA/Agency/Publication/2020/Jul/IRENA_Peer-to-peer_electricity_trading_2020.pdf

4. ELECTRIC
MOBILITY

Component 4: E-mobility charging infrastructure and PEDs

Many cities have adopted local objectives on cli-
mate, including energy, as well as the expansion
of electric mobility in the city. This creates a new
significant electricity demand to be served by a
local charging infrastructure for e-vehicles. There-
fore, the design of PEDs and their roll-out in cities
should consider this increased demand for electric-
ity and integrate charging infrastructure into the
PED energy system.

Smart charging (SC) facilitates the integration
of e-mobility into the PED. This implies that the
charging load is matched with the capacity of the
grid. Electric vehicles can also provide energy stor-
age and grid support during periods of grid failure
or spikes in demand. Although few EVs today are
designed to supply energy back into the grid, ve-
hicle-to-grid (V2G) cars can store electricity in
car batteries and then transfer that energy back
into the grid later. This concept is being piloted
throughout Europe, including in some PED demon-
stration projects.

While local energy needs for mobility in any form
should be considered in a PED, this can become
difficult to track, as most vehicles/means of trans-
portation will cross districts. No clear quideline
has emerged yet, but an inclusion of, for example,
all charging stations, can be a sufficient approx-

imation, unless there are specific circumstances.
Since some chargers will be within buildings, this
also is easier to track as overall energy demand.
In case energy demand from charging is high in
the PED area, it will become very difficult for a PED
to remain energy positive. However, in this case,
this becomes irrelevant as a benchmark because
a wider scope (city) needs to be addressed.

Beyond serving the energy demand from e-mobil-
ity, the PED should also aim at reducing mobility
demand through urban planning and promoting
efficient transport solutions such as car-sharing
and well-designed public transport. Soft transport
modes (walking, biking) can greatly enhance the
PED’s mobility solutions and local quality of life.

B
w

Flexpower Amsterdam project | SEEV4-City: Smart, clean Energy and Electric
Vehicles in Amsterdam
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© Javygo, Unsplash
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4. ELECTRIC
MOBILITY
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Component 4: E-mobility charging infrastructure and PEDs

Integration of e-mobility in PEDs

In Trondheim, as part of the +CityXChange project,
e-buses were charged within the harbour area PEB,
smart V2G chargers were connected to buildings
and the PEB management system, and a shared
e-mobility-as-a-service scheme was trialed.

9 cityxchange.eu/knowledge-base/d5-13-trond-
heim-emaas-demonstration

In Espoo and Leipzig, the SPARCS project demon-
strated how to integrate e-mobility hubs into PEDs
by developing large-scale EV charging systems.

The Sello block in Espoo was developed into a
e-mobility hub connecting local and long-dis-
tance trains, city e-buses, and a new fast
tramline. The EV-charging and its power man-
agement was optimised with the energy demand
and the virtual power plant of the Sello block by
utilising load prediction, demand response services
as well as control and charging strategies based
on business models.

9 sparcs.info/en/actions

In Evora and Alkmaar, as part of the POCITYF pro-
ject, a range of e-moability solutions is deployed to
integrate electric transport into the PED energy
ecosystem, enabling smart charging and local
flexibility provision. One showcased solution is
smart lamp posts with embedded EV charging,
managed by optimised control algorithms and a
user app, expanding charging access with minimal
spatial and visual impact—particularly relevant in
heritage-protected or space-constrained districts.

9 pocityf.eu/city/alkmaar
2 pocityf.eu/city/evora

POCITYF is a European Horizon 2020 smart city
project supporting historically protected cities in
their clean energy transition. The project develops
and demonstrates Positive Energy Districts (PEDs)
by integrating renewable energy, grid flexibility,
e-mobility and ICT tools in the Lighthouse Cities
of Evora (Portugal) and Alkmaar (Netherlands). Six
Fellow Cities will replicate these solutions, helping
to build a network of sustainable and citizen-cen-
tred positive energy districts across Europe.

2 pocityf.eu

eq
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e

Global EV
Outlook 2025

Expanding sales in diverse markets

Energy Agency

International

Further reading on mobility and PEDs:

% A global outlook on e-mobility by the
International Energy Agency
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Targets and calculating the
energy performance of a PED

The optimal design of a PED and the corresponding
level of surplus energy can only be determined
within a wider energy system context. Generic tar-
gets on the level of energy positivity cannot be set.
For example, in some cities with potential for large
central renewable production in the urban area or
in the region around the city, near-zero energy dis-
tricts may be enough in reaching the city’s targets.
In other cities, without complementary RES poten-
tial, achieving energy positivity is more important.

Nevertheless, it is necessary to measure the
energy performance of a PED in comparison to
a reference case or baseline. This supports PED
design and evaluation, through annual energy bal-
ances. To this purpose, standardised calculation
methods, such as the EC’s Building Energy Spec-
ification Table (BEST), can be applied. In parallel,
improved PED-specific methodologies are being
developed to better reflect the characteristics of
PEDs. In the ex-ante evaluation or ex-post monitor-
ing of PED energy performance, however, the scope
and limitations of the calculation methodology
used need to be considered in relation to the local
and city-level impact and objectives of the PED.

Calculation of the energy balance in PEDs is com-
plex since it includes several parameters regarding
RES on-site, primary energy factors, deciding if a
resource is an input or not for calculation and so
on. To reach an annual positive energy balance,
buildings involved in the district have to manage
their energy consumption and the energy flow be-
tween them and the wider energy system.

DECIDE YOUR
DISTRICT BOUNDARIES

CALCULATE YOUR
ENERGY NEEDS

Positive Energy Districts Solution Booklet The Energy System of a PED
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Further reading on calculating PED energy
performance:

% The EC’s Building Energy Specification
Table template used for assessing
the performance of the Horizon 2020
Lighthouse PED demonstrators

% Improved and extended guidelines to
calculating energy performance. MAKING-
CITY: Guidelines to calculate the annual
energy balance of a PED.

CALCULATE YOUR
ENERGY USE

Virtual? Geographical? Continous?
Discontinous? Functional?

CALCULATE YOUR
ON-SITE RES PRODUCTION

Software tools? Technical specifications?

Test data? Standards? covered

Consumption from the electric

Available data? Energy modeling?
Statistics? Standards?

ESTIMATE YOUR
ENERGY DELIVERED

Remaining energy (to be

Statistics? Standards?
Technical specifications

(e.g. performance)?

CALCULATE YOUR
PRIMARY ENERGY
BALANCE

National Total primary energy
factors? How positive is your PED?
% RES? CO, emissions?

)? Non-RES systems?

and gas grids? DHC networks?

Figure 4. The steps in calculating the energy performance of a PED. Adapted from MAKING-CITY guidelines.


http://ec.europa.eu/research/participants/data/ref/h2020/grants_manual/amga/h2020-best_en.xls
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http://makingcity.eu/wp-content/uploads/2021/01/MCGUIDE-6.pdf
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ICT APPLICATIONS
IN PEDS

© Glitch Lab App, Unsplash



ICT APPLICATIONS IN PEDS

Information and Communication Technologies
(ICT) are instrumental to the functions and
smart solutions in PEDs.

They benefit from the rapid developments in ICT,
such as in Artificial Intelligence (Al), data visual-
isation, GIS use, interoperable data platforms,
and Big Data processing. Optimal operation of
PEDs requires high interoperability among various
stakeholders’ systems and equipment, including
systematic data exchange through application
programming interfaces (APIs), with defined on-
tologies.

First, ICT supports the planning, design, construc-
tion and operation of buildings, infrastructure, and
urban components, regardless of PED or not. Nev-
ertheless, ICT plays a crucial role in enabling the
following PED innovations:

F’Q Energy system management. Oper-
Q«-’ ating a highly interactive and flexible

multi-commodity energy system cannot
be done by hand. Smart energy management sys-
tems will control and optimise the flows of energy,
connecting and balancing the local demand and
supply of RES, including EV charging infrastructure
for load shifting and energy storage.

Local market operation. Many PED
pilots’ experiment with setting up local
energy communities, local (peer-to-
peer) energy trading platforms and local trading
in flexibility services. Some pilots have explored
distributed-ledger approaches for trusted trans-
actions, but most focus on interoperability,
cybersecurity, and privacy.

Q

LN
F 2

Citizen engagement. Smart user in-

terfaces can be used to raise awareness

with the inhabitants and to actively
engage and empower them as energy citizens.

City data management. Many cities
are developing urban data platforms to
support fact-based policy making and
increase transparency for the citizens.

tt

- Digital twinning and visual 3D

HEE models. Recent developments move

from visualising buildings to turning the

3D models into a rich source of information related
to the urban landscape and built environment.?*

23 Smart City Platform Enabling Digital Twin. Available from: mysmartlife.eu/
fileadmin/user_upload/publications/FVH HEL [EEE-IS2018 Smart City Platform
Enabling_Digital Twinpdf
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Interoperability and integration are
|I|I important in any complex smart city

project. In the case of PEBs, the com-
plexity from control systems from multiple vendors
in multiple buildings with various owners, up to
energy companies and cities, means that systems
need to work together, and partners need to agree
on the use of suitable standards. Cities and oper-
ators can foster this by demanding interoperability
and open data access in tenders.

© Uriel Lu, Unsplash
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While ICT is an enabler for these innovations, the
actual impact of the flexibility and trading meas-
ures on energy and environment performances
remains to be validated, as these approaches are
still at a relatively early stage of implementation.
These products and services are mainly technology
and commercially driven at the moment. Given the
complexity of these ICT products, lock-in of sup-
pliers is a serious risk for cities, to be addressed
when piloting these products. The use of open
standards and open ecosystems can partially mit-
igate this issue. Ideally, such requirements are also
part of tendering offers. Finally, data and system
security and privacy requirements need to be com-
plied with.

dea

Data hasa'better

© Franki Chamaki, Unsplash

ICT for PEDs

Oulu, as part of the MAKING-CITY project, has
developed an interface as “Visualisation Units”
to study human behaviour regarding the energy
consumption, in which participants can access
their energy consumption, water consumption,
evaluate their comfort and provide feedback on
it, as well as information on their environmental
impacts. D4.1 Methodology and guidelines for

PED design.

+CityxChange followed an open architecture
and open ICT ecosystem approach, with a
strong focus on open standards and open APIs
used between partners, up to the inclusion of
Open Data repositories from the cities for KPI
data.

In Betzdorf (Luxembourg), the pilot man-
ages PV-based electricity production and
storage at neighbourhood scale, enabling
shared consumption and EV charging within a
virtual community. In parallel, a BIM-enabled
post-occupancy evaluation approach is ap-
plied—combining sensor measurements and
occupant feedback—supported by the POESY
tool.

legofit.eu/pilot-sites
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Further reading on ICT and PEDs:

% Ready4SmartCities’s innovation and
research roadmap for ICT in energy
systems of smart cities

& +CityxChange’s Smart City Ecosystem
Enabling Open Innovation

% Smart Cities Marketplace, solution booklet
on citizen engagement
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https://makingcity.eu/wp-content/uploads/2021/12/MakingCity_D4_1_Methodology_and_Guidelines_for_PED_design_final.pdf
https://makingcity.eu/wp-content/uploads/2021/12/MakingCity_D4_1_Methodology_and_Guidelines_for_PED_design_final.pdf
http://legofit.eu/pilot-sites
https://cris.vtt.fi/en/publications/ict-road-map-for-supporting-energy-systems-in-smart-cities/
https://cris.vtt.fi/en/publications/ict-road-map-for-supporting-energy-systems-in-smart-cities/
https://cityxchange.eu/knowledge-base/a-smart-city-ecosystem-enabling-open-innovation/
https://cityxchange.eu/knowledge-base/a-smart-city-ecosystem-enabling-open-innovation/
https://smart-cities-marketplace.ec.europa.eu/insights/solutions/solution-booklet-citizen-engagement-0
https://smart-cities-marketplace.ec.europa.eu/insights/solutions/solution-booklet-citizen-engagement-0
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SOCIETAL AND CONSUMER ASPECTS

Stakeholder support and
citizen engagement

The success of implementing PEDs will not only
depend on the availability of technical solutions
but also on social, political and business com-
mitment. The energy transition is a multi-level
phenomenon, involving cultural and societal
aspects next to planning and finance, for exam-
ple. To achieve a truly sustainable and ‘smart’
energy system that is secure and affordable for
all citizens, the social dimension needs to be
addressed upfront and throughout.

Citizen and stakeholder engagement is an impor-
tant means through which to achieve this. Putting
the goals and aims of the engagements first, dif-
ferent methods, tools and forms of participation
can be suitable and effective. From activating
awareness through events, to co-creation interven-
tions and citizen science projects. The SCM solution
booklet on Citizen Engagement?* and the Citizen
Engagement Playbook?® of the +CityxChange
project gives an elaborate overview of means,
methods and best practices.

24 smart-cities-marketplace.ec.europa.eu/insights/solutions/solution-booklet-citizen-
engagement-0
25 cityxchange.eu/knowledge-base/delivery-of-the-citizen-participation-playbook

Considering a citizen and stakeholder engage-
ment approach in PED projects, the following
considerations are especially relevant:

7 Working in a setting of new and existing

QA o .

yo\ﬁ buildings over larger parts of neighbour-
hoods makes it important to build good

connections to citizens and stakeholders, to include

their ideas, concerns, and contributions, and to

make them partners in the transition.

To improve energy-conscious inclusive
i,g‘i citizen services, it is required to take

measures such as shifting their energy
consumption to periods with surplus renewables
or using shared e-mobility instead of private cars.
This calls for extensive and innovative citizen
engagement and co-creation methods, resulting
in citizens who understand, trust, use and feel
ownership of the integrated energy and mobility
solutions offered in their district.

! , Citizens in a PED may even become
= energy prosumers. What does that mean

~ for them? What do they need to live and
work in a PED? What does it mean to have a form
of ownership of your energy consumption and

market?

N\

% Can we, also beyond the individual PED

> demonstrators, engage more citizens

in the energy transition: increasing citi-

zens’ knowledge level and motivation and growing

support for, and informed appreciation of, energy
transition measures?


https://smart-cities-marketplace.ec.europa.eu/insights/solutions/solution-booklet-citizen-engagement-0
https://smart-cities-marketplace.ec.europa.eu/insights/solutions/solution-booklet-citizen-engagement-0
http://cityxchange.eu/knowledge-base/delivery-of-the-citizen-participation-playbook
http://cityxchange.eu/knowledge-base/delivery-of-the-citizen-participation-playbook

Setting up urban living labs

To generate more long-lasting impact and to be
able to innovate with and in PEDs, it is crucial to
tap into or to build new sustainable innovation
ecosystems. Creating such innovation ecosystems
helps to structurally work on challenges with
the stakeholders in the energy transition. Urban
labs, field labs or living labs are interesting forms
for creating such innovation ecosystems, on the
ground, within neighbourhoods. The Urban living
lab approach offers a way to foster new collab-
orative, trans-disciplinary ways of thinking in
urban planning and development, and provides a
real-world testing ground for urban innovation and
transformation. Such living labs bring inventive-
ness and audacity: going beyond the traditional
comfort zones and discovering new potentials,
collaborations, business models, governance and
legitimacy.

Think E Battery Lab in Oud-Heverlee, Belgium
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Figure 5. Map of recurring conditions for the development, implementation, and replication of innovations to be supported by urban living labs.
Adapted from Amsterdam Institute for Advanced Metropolitan Solutions



A PED can be seen as a typical urban living lab,
being a real-life setting for co-creating and de-
veloping innovations leading to a positive energy
district. The Amsterdam Institute for Advanced
Metropolitan Solutions states:

The goal within our urban Living Labs is to make an impact
by developing new products on a small scale — be it an
object, a service, a technology, an application, or a system
- and to find solutions that can be implermented on a larger
scale. This is done in a real-life and co-creating setting in
which different stakeholders give shape to the innovation
process. The actors are users, private and public actors, as
well as knowledge institutions. In the process, the feedback
gathered from use and evaluation of the product is used
to accelerate further development. As the product is imple-
mented in a real-life setting and validated by the involved
actors, it is more likely to be adopted smoothly and swiftly
by all involved and subsequently have a large impact on
the city quickly.

Further reading on urban living labs:

% Examples and guidance for urban living labs

X Urban Living Labs: A Living Lab Way of
Working AMS Research report, 2017
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Citizen and stakeholder engagement

In Zaragoza and Dresden, as part of the
NEUTRALPATH project, a series of co-creation
workshops is being facilitated to identify needs,
priorities and expectations of citizens and
stakeholders related to the city’s climate neu-
trality and to support the design of PCEDs and
the definition of the Climate City Contract (CCC)
within the Climate-Neutrality Labs (CN-Labs).

W neutralpath.eu/cities

Urban planning co-creation with citizens © SCIS

Think E Living Lab in Oud-Heverlee, Belgium
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https://neutralpath.eu/nl/
http://lup.lub.lu.se/search/ws/files/27224276/Urban_Living_Labs_Handbook.pdf
https://www.ams-institute.org/news/urban-living-labs-living-lab-way-working/
https://www.ams-institute.org/news/urban-living-labs-living-lab-way-working/
https://smart-cities-marketplace.ec.europa.eu/insights/solutions/solution-booklet-citizen-engagement-0

Impact: primary and
secondary benefits for society

Talking about the impact of PEDs, it is relevant
to keep in mind the primary benefits, but also
the more indirect or secondary benefits. They
are vital for local acceptance and can also
become crucial in securing regulatory approval.
Starting with the primary benefits:

Energy and carbon emission savings;

financial savings in the operation-

al phase. Moreover, energy-efficient
technologies are made available for the PED
stakeholders/residents, and thanks to the process
of engagement, information is provided, increas-
ing the social acceptance of new technologies.
New skills (how to use the new technologies) are
learned and new habits are initiated if they settle,
they might lead to a behavioural change.

+.+ A PED can be seen as an experiment
where it is possible to try out new ideas

and solutions. To implement innovative
solutions, most times, exceptions in policy, legal,
and planning regulations need to be made to
allow for these innovations. This idea of PED as
a catalyser, as a “safe ground”, where innovation
can take place, can be seen as a primary benefit.
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Stakeholders and inhabitants can reap
€ - . o
III additional economic benefits, including

increased value of real estate or addi-
tional revenue from delivering specific energy
services.

At the root of a successful PED there
are innovative governance structures
that, at the same time, enable and are
made possible by a thick and overlapping network
of stakeholders in the PED and in its wider context.
One of the primary benefits of a PED is to make
this set-up available. A successful PED will be the
one able to maintain and develop this governance
structure in time, especially after the pilot phase
has ended.

© Han Vandevyvere
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But also, the following secondary benefits could
be achieved in PEDs:

PYe Activated community, feeling of own-

@ ership of energy use and energy system,

leading to active energy communities
inside and outside the PED.

dependency, more comfortable homes

and more well-being, a healthier urban
environment, more greenery and less urban heat
island effects, less traffic congestion.

¢ Less energy poverty and fossil fuel

P Understanding of “what is normal” for

0\‘ the new urban life of the future, i.e.

social norms are shaped in these PEDs,

and it is up to the successful scaling-up of PEDs

that these lessons spread to other areas of the city
or to other cities.

New challenges and solutions in areas

‘I such as policy, regulation, market organ-
isation and business models.

q Increased awareness of the impor-
‘ tance of reducing energy consumption
] .
and development of more sustainable
lifestyles and behaviours within the PED, but also
in the surrounding areas.

Positive Energy Districts Solution Booklet Societal and Consumer Aspects

Improved health outcomes (e.g. better

indoor thermal comfort and reduced air

pollution), including lower heat-related
and respiratory risks.

Greater climate resilience and a re-
duced ecological footprint, by lowering
energy demand/emissions and reducing
vulnerability to heatwaves and extreme events.

-

These secondary impacts can only be
established building on existing social
structures, innovation ecosystems and
interventions that are embedded in the context
of the PED.

oy

© Han Vandevyvere
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ENERGIZE, a co-created board game. © NEUTRALPATH.
neutralpatheu/news/energize-a-new-game-helping-citizens-explore-the-future-of-energ
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A co-created board game

NEUTRALPATH developed ENERGIZE, an edu-
cational board game that helps citizens and
local stakeholders understand how Positive
and Clean Energy Districts (PCEDs) work in
practice. Using gamification, it turns complex
choices—such as energy efficiency measures,
local renewable generation, mobility options
and everyday behaviours—into tangible neigh-
bourhood-scale decisions. Co-created and
tested within the project’s local labs, ENERGIZE
has been used in workshops and public events
to support awareness-raising, dialogue and
more informed participation, strengthening cit-
izen engagement throughout PED planning and
implementation

£ neutralpath.eu/news/energize-a-new-game-
helping-citizens-explore-the-future-of-energy

Further reading on citizen engagement:

& Citizen engagement is ideally part
of a more extensive quadruple helix
open innovation model, meaning there
is intensive cooperation between
stakeholders from research, industry,
government, and society. How this can
be done is illustrated in the SCM Citizen
Engagement Solution Booklet

X The How to PED +CityxChange Cookbook
provides an overview of individual
solutions and their interplay and further
explores co-benefits’ experienced by its 7
cities.

% The Scalable Cities expert report on
tackling barriers to citizen engagement
examines why inclusive citizen
engagement in European smart city
projects often falls short and how to fix it.
Drawing on eighteen projects, a literature
review, focus groups, stakeholder
interviews, and a survey, it maps barriers
from both institutional and community
perspectives and identifies ways to
overcome them



http://neutralpath.eu/news/energize-a-new-game-helping-citizens-explore-the-future-of-energy
http://neutralpath.eu/news/energize-a-new-game-helping-citizens-explore-the-future-of-energy
https://smart-cities-marketplace.ec.europa.eu/insights/solutions/solution-booklet-citizen-engagement-0
https://smart-cities-marketplace.ec.europa.eu/insights/solutions/solution-booklet-citizen-engagement-0
https://cityxchange.eu/knowledge-base/how-to-ped-cookbook/
https://smart-cities-marketplace.ec.europa.eu/insights/publications/scalable-cities-expert-report-tackling-barriers-citizen-engagement-european
https://smart-cities-marketplace.ec.europa.eu/insights/publications/scalable-cities-expert-report-tackling-barriers-citizen-engagement-european
http://neutralpath.eu/news/energize-a-new-game-helping-citizens-explore-the-future-of-energy
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BUSINESS MODELS & FINANCE

Setting up a PED is a complex process. It in-
volves many stakeholders, each with their own
interests, constraints and agendas. Managing
this requires a high degree of coordination.

This is why the large-scale deployment of PEDs
requires the inclusion of sustainable business
models that consider the whole process of build-
ing, operating and maintaining PEDs.

There is no predefined single business model for
the successful development of a PED. Instead, a
combination of different business models must be
found for each stakeholder involved. This applies
to each of the pillars of the PED energy system
(energy efficiency, renewable energy production,
energy system flexibility and electric mobility).
For each stakeholder involved (cities, real estate
developers, building owners, providers of innova-
tive technologies, energy infrastructure operators,
inhabitants...), the PED has to bring a value proposi-
tion that meets the stakeholders’ needs and wishes.

-~ )
' t '

© Patrick Perkins, Unsplash

'y

Therefore, an important step in the development of
business models for PEDs is the identification and
mapping of stakeholders involved in PEDs, their
individual interests and their interactions, repre-
senting the PEDs’ complex ecosystem, e.g.:

+CityxChange’s D6.1 — Ecosystem analysis
for Positive Energy District?®

Trondheim sustainable investment and
business concepts and models?”

D6.4: Report on Investment Pipelines and
Novel Business Models for FCs?®

This may turn out to be a difficult process. As an
example, in ATELIER’s Lighthouse City Amsterdam,
a large 1MW battery has been installed. Due to
changes in market conditions, and despite trading
in the imbalance and Frequency Containment Re-
serve (FCR) markets, the business case is currently
unclear.

26 makingcity.eu/wp-content/uploads/2021/12/MakingCity_D6_1_Ecosystem_
Analysis_for_PEDs_Final pdf

27 cityxchange eu/knowledge-base/d5-16-trondheim-sustainable-investment-and-
business-concepts-and-models/

28 cityxchange eu/knowledge-base/d6-4-report-on-investment-pipelines-and-
novel-business-models-for-fcs/
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Further reading:

W MAKING-CITY Ecosystem analysis for
Positive Energy District

X +CityxChange Report on bankability of the
demonstrated innovations

W SPARCS Business Models and Financing
Mechanisms for Wide Uptake of Smart
City solutions

© Silas Lundquist, Unsplash
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http://makingcity.eu/wp-content/uploads/2021/12/MakingCity_D6_1_Ecosystem_Analysis_for_PEDs_Final.pdf
http://makingcity.eu/wp-content/uploads/2021/12/MakingCity_D6_1_Ecosystem_Analysis_for_PEDs_Final.pdf
https://cityxchange.eu/knowledge-base/d5-16-trondheim-sustainable-investment-and-business-concepts-and-models/
https://cityxchange.eu/knowledge-base/d5-16-trondheim-sustainable-investment-and-business-concepts-and-models/
https://cityxchange.eu/knowledge-base/d6-4-report-on-investment-pipelines-and-novel-business-models-for-fcs/
https://cityxchange.eu/knowledge-base/d6-4-report-on-investment-pipelines-and-novel-business-models-for-fcs/
http://makingcity.eu/wp-content/uploads/2021/12/MakingCity_D6_1_Ecosystem_Analysis_for_PEDs_Final.pdf
http://makingcity.eu/wp-content/uploads/2021/12/MakingCity_D6_1_Ecosystem_Analysis_for_PEDs_Final.pdf
https://cityxchange.eu/knowledge-base/report-on-bankability-of-the-demonstrated-innovations/
https://cityxchange.eu/knowledge-base/report-on-bankability-of-the-demonstrated-innovations/
https://ec.europa.eu/research/participants/documents/downloadPublic?documentIds=080166e5d427b1a9&appId=PPGMS
https://ec.europa.eu/research/participants/documents/downloadPublic?documentIds=080166e5d427b1a9&appId=PPGMS
https://ec.europa.eu/research/participants/documents/downloadPublic?documentIds=080166e5d427b1a9&appId=PPGMS
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Figure 6. PEB Implementation and Operation through Business and Investment Models Innovation. Adapted from: +CityxChange D2.4: Report on bankability of the demonstrated innovations.
cityxchange eu/knowledge-base/report-on-bankability-of -the-demonstrated-innovations
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Suitable business models must be identified for
each involved actor. Typical business models
that are relevant for the four pillars of PED
energy systems are listed below. Most of these
business models already exist in practice: the
challenge and the innovation for PEDs is to com-
bine several of them.

For energy efficiency

The energy renovation of buildings can benefit
from several business models, adapted to different
types of buildings and the needs of their owners.

Within a one-stop-shop business model,
a single service provider is responsible
for holistic renovation of the building as
per the wishes of the building owners, including
implementation of energy efficiency measures, or
building internal renovation. Thus, the one-stop-
shop model foresees that a single actor offers
full-service holistic renovation packages including
consulting, independent energy audit, renova-
tion work, follow-up (independent quality control
and commissioning) and financing. This model is
particularly well-suited for social housing and in-
dividual houses.

00

~® Within the Energy Performance Con-
.\./. tracting (EPC) model, an Energy Service
Company (ESCO) puts in place arrange-
ments with property owners to improve energy
efficiency of their property by implementing various
energy efficiency measures (lighting, HVAC, energy
management and control, envelope insulation...).
The ESCO guarantees energy cost savings in com-
parison to a historical (or calculated) energy cost
baseline. For its services and the savings guar-
antee, the ESCO receives a performance-based
remuneration in relation to the savings it achieves.
The model is particularly suited to public buildings
and industrial facilities. Some countries in Europe
already have a well-developed ESCO market.

¢+ There are many more ways urban
«®= (cnergy) renovation projects can be fi-
nanced. Local authorities can hereby take
a leading role in setting up innovative investment
schemes. A summary overview of concrete financ-
ing solutions can be found in the SCIS/SCM policy
paper on urban energy retrofit, see the “further
reading” box.
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Figure 7. Business and Investment Model Innovations,
Adapted from +CityxChange D2.4: Report on bankability of the demonstrated innovations

cityxchange.eu/knowledge-base/report-on- bankability-of-the-demonstrated-innovations

Further reading on urban retrofit:

% SCM Building Envelope Retrofit Solution
Booklet

W SCM Policy Paper on Urban Energy Retrofit

W Renovation hub ‘STUNNING overview
of business models for renovation of

buildings’



https://smart-cities-marketplace.ec.europa.eu/insights/solutions/solution-booklet-building-envelope-retrofit
https://smart-cities-marketplace.ec.europa.eu/insights/solutions/solution-booklet-building-envelope-retrofit
https://smart-cities-marketplace.ec.europa.eu/insights/publications/upscaling-urban-residential-retrofit-eus-low-carbon-future-challenges-and
https://renovation-hub.eu/wp-content/uploads/2019/09/STUNNING%20Final%20Publication.pdf
https://renovation-hub.eu/wp-content/uploads/2019/09/STUNNING%20Final%20Publication.pdf
https://renovation-hub.eu/wp-content/uploads/2019/09/STUNNING%20Final%20Publication.pdf
http://cityxchange.eu/knowledge-base/report-on- bankability-of-the-demonstrated-innovations

For renewable energy production

The development of local, renewable energy pro-
duction within a PED can equally be based on
different business models. Some are exemplified
in the following.

o Within a roof or land renting model, the
£ v contractor offers to lease the roof or plot
423 for up to 20-25 years and, in exchange,

installs and maintains renewable energy devices,
typically solar panels. Building owners do not have
to make upfront investments, and they benefit from
the free electricity produced by the system. The con-
tractor benefits from financial incentives like feed-in
tariffs. Many commercial, industrial, and retail build-
ings can provide the real estate needed for these
systems and are therefore viewed as excellent can-
didates for roof rental.

@ With the leasing of renewable energy
“ equipment, building owners are enabled to
use a renewable energy installation without
having to buy it. The installation is owned or financed
by another party, usually a financial institution. The
building owner pays a periodic lease payment to
that party. Leasing energy-related improvements is
a common and cost-effective way for state and local
governments to finance upgrades and then use the
energy savings to pay the investments. Leases often
have slightly higher rates than bond financing.

An energy cooperative is a non-profit
i'°~i entity for green energy production and
- consumption, which performs the same
activities as any other retailer or energy producer
company. The cooperative is committed to driving
a change in the current energy model to promote a
100% renewable model. The cooperative only sup-
plies energy to its members, who can participate in
financing collective renewable energy projects to
produce their own energy. Consumers are thus both
members and co-owners, integrating various stages
of the value chain. On the production side, the coop-
erative promotes collective financing for renewable
energy installations. Thanks to this contribution, mem-
bers benefit from a yearly discount on their bills.? In
Groningen (Lighthouse City in MAKING-CITY), Grun-
neger Power is an energy cooperative involved in the
development of two PEDs in the city.

The deployment of a district energy
system, which can be combined with
local heat and cold production (based on
heat pumps, biomass, geothermal, solar or waste
energy), is a way to facilitate access to renewable
heating or cooling for inhabitants and the creation
of a PED. The business model for a district energy
system needs to ensure that all the involved play-
ers— including investors, owners, operators, utilities/
suppliers, end-consumers and municipalities — can

achieve financial returns, in addition to any wider
29 zenodo.org/records/3479275

T'l-.

oo
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economic benefits. The majority of business models
for district energy involve the public sector to some
degree, whether as a local policymaker, planner, reg-
ulator or consumer, or more directly through partial
or full ownership of projects. Where citizens or local
enterprises can become shareholders of the local dis-
trict energy system, acceptance and uptake may be
higher. Within Groningen and Oulu (Lighthouse Cities
in MAKING-CITY), the district heating systems are the
backbone of the development of the PEDs. Within
the Netherlands, the City of Groningen has a special
role in relation to heat grids. Some years ago, the city
and the local water company founded the company
WarmteStad, from which both parties have a 50 %
share. WarmteStad is the local heat grid operator and
owns the system that is connected to many buildings
in the PEDs. The district heating system is a key asset
to realise the energy transition in a city historically
linked with gas production. The current gas grid in the
Netherlands is a very effective energy system; there-
fore, moving away from gas needs to be based on
another very effective and efficient energy system. This
can be done thanks to efficient and smart heat grids.

Further reading on district heating and cooling:

W SCM District Heating & Cooling Solution Booklet

W SCM Heat Pump Driven District Heating
Systems Solution Booklet

38


https://zenodo.org/records/3479275
https://smart-cities-marketplace.ec.europa.eu/insights/solutions/solution-booklet-district-heating-and-cooling
https://smart-cities-marketplace.ec.europa.eu/insights/solutions/solution-booklet-heat-pump-driven-district-heating-systems
https://smart-cities-marketplace.ec.europa.eu/insights/solutions/solution-booklet-heat-pump-driven-district-heating-systems

For energy system flexibility:

Energy flexibility, consisting of adjusting energy
consumption (and possibly production), to the
needs of the energy system, can be combined with
other pillars of PED energy systems, in particular
energy production and electric mobility. The fol-
lowing business models illustrate the concept of
energy flexibility.

Demand response consists of reducing
o ° increasing the load level of consumers
for some time when the price of elec-
tricity reaches a high/low enough level. Demand
response is nowadays perceived as a major flexi-
bility source in the decades to come to successfully
integrate high shares of RES electricity while con-
trolling the overall cost of the power system. Some
countries in Europe have well-developed demand
response markets. Big energy consumers have
been the first consumers involved in such mech-
anisms, which have progressively spread, thanks
to aggregating technologies and actors, among
medium-sized consumers (for instance, commer-
cial buildings) and possibly even small consumers
(households). Today, the profit that individual
households can reap from offering flexibility ser-
vices remains, however, limited.

Tariff structures also play a role. As far as capacity
is going to be charged rather than the quantity of

electricity purchased, the viability of offering flexi-
bility may increase (e.g. Belgium, Czechia).

Also, thermal flexibility services in district heat-
ing are bringing new advantages (among others,
better indoor environment for residents, and peak
demand curving for producers, e.g. in SPARCS).

With increased feed-in of dynamic renewables,
the ability to flexibly use assets is also of strong
value to a DSO for grid balancing and for system
services, such as frequency adaptation.

Under the Electricity Directive, Citizen

"‘ Energy Communities (CEC) are defined by
the EC as a legal entity which is based

on voluntary and open participation, effectively
controlled by shareholders or members that are
natural persons, cooperatives, local authorities,
including municipalities, or smalland micro enter-
prises. Introduced at EU level in 2019, CECs have
the potential to support decentralised energy sys-
tems and favour the creation of PEDs. In practice,
CECs (and similar community set-ups) can also
provide flexibility services by pooling local flexible
assets (e.qg. buildings, heat and EV charging) and
participating in local flexibility-market arrange-
ments —either “local energy markets” based on
price signals (implicit demand response) or “local
flexibility markets” where flexibility is traded explic-
itly—typically via an aggregator or a local market

Positive Energy Districts Solution Booklet Business Models & Finance

operator/platform (more information here). loT and
digital data-sharing technologies, which are cur-
rently experimented within several pilot projects,
will be key enablers of CECs. Close to this concept
are Renewable Energy Communities (REC), a legal
concept from the EC’'s Renewables Directive see
also the box on Local Energy Communities (read
more in chapter “City context”). RECs are naturally
compatible with PEDs as they focus on 100% re-
newable energy, while being very similar to CECs
in other aspects.

Note that an energy cooperative may be a format
that serves well to set up a CEC or a REC, in this
case, eventually extending its services to offering
flexibility as well.

Community grids and Community System Operators
may be instrumental in setting up a CEC or REC*®

Further reading on smart city business model:
W Smarter Together handbook on Smart City
Business Model innovation
% RIS Smart City Business Model Canvas
% Replicate City Model Canvas

30 cityxchange eu/knowledge-base/report-on-enabling-regulatory-mechanism-to-
trial-innovation-in-cities
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For electric mobility:

Electric mobility can nicely complement the other
pillars of the PED energy system.

Mobility as a Service (MaaS) aims at
providing an innovative and environmen-
tally friendly transportation service to
complement available transportation alternatives.
This mobility alternative corresponds to on-de-
mand short-term e-car / e-bike / e-scooter rentals
with the vehicle owned and managed either by a
private fleet operator or a public entity, typically a
municipality. The business model offers two dif-
ferent rental possibilities: the classic modality, in
which customers must deliver the e-car / e-bike
| e-scooter in the same parking area where they
started the rental, and the one-way rental, in which
the customer can deliver the vehicle in another
area.

(%) (o)

__a— When electric vehicles are well spread
: and technology allows for it, smart
charging (SC) or vehicle-to-grid (V2G)
can complement demand response from buildings
by adjusting the charging load or even discharging
the car battery depending on the energy system
needs. This can create a revenue stream for car
owners. Like this, electric mobility and flexibility
services can thus be combined.

Business models for urban freight logis-
% tics (UFL) are discussed in the SCM UFL
Solution Booklet.!

© WrStmpl, Unsplash

31 smart-cities-marketplace.ec.europa.eu/insights/solutions/solution-booklet-urban-
freight-logistics

Positive Energy Districts Solution Booklet Business Models & Finance

Further reading on smart city business
models:

% Smarter Together handbook on Smart City
Business Model innovation

W |RIS Smart City Business Model Canvas
& Replicate City Model Canvas

© Rick Govic, Unsplash
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URBAN PLANNING AND DESIGN

PEDs require interaction and integration be-
tween buildings, building users, local and
regional energy systems, mobility and ICT
systems, as well as an integrative approach
including technology, spatial, regulatory, finan-
cial, legal, social and economic perspectives.
PED energy systems should consider the wider
context of regional and local energy systems to
avoid the creation of tailor-made energy sys-
tems that limit opportunities for integration,
scale-up and replication.

A novel, integrated approach to planning and im-
plementation is needed, which considers not only
the full lifecycle of planned investments in the
built environment, but also the entire community
influenced by them.

One challenge is that planning aspects like re-
newable energy production and decentralisation
and digitalisation of the energy sector have pre-
viously not been a focus of urban planning. Until
now, energy planning and urban planning have re-
mained separate, even though the need for their
integration has been identified. Hence, integrated
spatial and energy planning - supporting climate
protection and the energy transition with means of
spatial planning — dealing with challenges, barri-
ers and opportunities in different spatial contexts,
has become more important. In this sense, PEDs
can offer an opportunity for a highly efficient and

sustainable route to progress beyond the cur-
rent urban planning traditions. In the context of
integrated spatial and energy planning, urban
planning is the process of envisioning alternative
futures for an urban area, setting goals and objec-
tives, and formulating implementation strategies
to reach an alternative future. A step towards this
integration is city-level energy modelling.

In addition, cities can draw on the New European
Bauhaus (NEB) approach to embed PED ambi-
tions in land-use planning through co-creation and
an explicit focus on quality of place—“beautiful,
sustainable and together”. Practical guidance is
provided in the CrAFt Cookbook®?, which outlines
stages and methods for NEB-inspired urban
transformation from vision and planning to imple-
mentation and scaling.

32 CrAFt Cookbook: A Recipe for Climate-Positive Cities and Communities (2024)
craft-cities.eu/craft-cookbook

Positive Energy Districts Solution Booklet Urban Planning and design

The Smart City Guidance Package the way forward April 2019
© European Union, Giedre Daugelaite


https://craft-cities.eu/craft-cookbook/
https://craft-cities.eu/craft-cookbook/

Land use planning is one element of urban
planning. Land use planning operates at a munic-
ipal level to regulate the conversion of land and
property uses, with an aim of integrating social,
economic and environmental issues, and recon-
ciling competing interests and different spatial
claims. As the integration of various interests is the
central aim of urban planning and land use plan-
ning, cities can utilise them to foster and enable
energy actions. On the level of strategic master
planning, municipalities may use land use plans to
guide the development of the urban structure in
the long-term, and search locations for integrated
urban functions, such as PEDs. Regional and local
energy systems and networks are composed of lo-
cally and regionally available energy sources, built
infrastructure, specific production and consump-
tion characteristics, as well as user and consumer
structures from different sectors, including industry
and the transportation system.

Moreover, surveys and impact assessments pro-
duced during land use planning can be utilised to
generate knowledge about energy opportunities.
Land use planning can also be utilised to reach
energy targets with implementation: local detailed
plans juridically enable implementation of building
projects with energy actions, and the participatory
land use planning processes can be utilised for
energy-related participation.

Social Economic

Environmental

Renewable energy production needs much more
space than installations based on the classical
fossil fuel sources, and this production must
often be located on or next to its user’s prem-
ises. Urban design addresses this scale between
architecture and urban planning and focuses on
the physical and spatial features of the built envi-
ronment. Urban design seeks to design a coherent
whole starting from the place-specific resources
and qualities, within the wider regulatory systems
and market conditions

One limitation for utilising land use planning in
fostering new PEDs is that the prerequisites of
municipalities to practice land use planning vary
depending on the spatial planning system in
each country or region. Another limitation is that
land use planning can be best utilised in contexts
where new buildings are being built, that is, in
PEDs based on new urban development or infill
buildings (densification). In PEDs that consist of
existing buildings, other planning and policy
tools, such as citizen engagement strategies,

might be more applicable.

33 Carmona, M, Heath, T, Oc, T, & Tiesdell, S. (2012). Public places — Urban spaces
London: Routledge
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Further reading on urban planning and design:

% Green Cities Wiki. smart-cities-
marketplace.ec.europa.eu/insights/
green-cities-wiki

W The CrAFt Cookbook: A Recipe for Climate-
Positive Cities and Communities

W smart-cities-marketplace.ec.europa.eu/
news-and-events/news/2019/smart-city-
guidance-package
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LEGAL AND REGULATORY ASPECTS

Traditionally, the energy generation and distri-
bution systems, as well as the legislation and
regulation framework around it, assume a cen-
tralised, hierarchical system. This is an obstacle
to the energy transition. Decentralisation efforts
and the necessary feed-in of renewables break
this paradigm open. Large installations are
treated as power plants, but small installations
on or close to buildings need a local distribu-
tion grid capable of two-way power flow. At the
EU level, this is handled by directives like the
Electricity Directive, and within the EU member
states, through grid regulation and general or
specific renewable energy feed-in rules and tar-
iffs.

PEDs go one step further and strongly include local
and decentralised energy generation, distribution,
and storage: within a local part of the grid, but at
the same time in connection to the wider grid.

Even though EU electricity and renewable energy
rules have been updated in recent years, most of
the current energy regulation in Europe remains
geared towards the traditional centralised gen-
eration and distribution system. Decentralisation
based on renewable energy sources (RES) is an
ongoing topic, and many grids are already partial-
ly enabled for the two-way energy flow. However,
such decentralised and intermittent feed-in pro-
duces certain disturbances and imbalances that

need to be handled. This means feed-in back into
the general grid needs to be managed locally. This
creates options of local management and opti-
misation, as well as options to exchange energy
directly with one’s neighbour through better plan-
ning, further reducing stress on the grid. Already
today, increasing electrification leads to more
grid congestion problems appearing, showing the
importance of facilitating these local balancing ca-
pacities. PEDs are ideally situated to provide such.

One characteristic of a PED is indeed the use of
local active grid management. Examples include
the local balancing of energy flows in community
grids or microgrids, the (automatic) peer-2-peer
local trade of energy and flexibility between energy
assets and optimisation, integration of e-mobility
needs, the use of local storage, the link of market
operation and system operation, the type and
character of feed-in tariffs, and the use of other
incentive schemes (for households and industry
consumers/prosumers). District heating and cool-
ing systems are less requlated and require fewer
control structures, since they are less demanding
than the electrical grid in terms of stability.

Local planning or zoning regulations can further
play a role, as already described in the section on
urban planning and design.
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The energy markets: ongoing
regulatory transformation

This flow between buildings and local assets, either
directly between neighbours, or through a local
community grid operator role, is not yet consist-
ently enabled in national requlation and market
rules. At EU level, as part of the EU Clean Eneray
for all Europeans Package®* the Electricity Directive
introduced ‘active customers’ and citizen energy
communities, while the Renewables Directive intro-
duced ‘renewables self-consumers’ and renewable
energy communities. Subsequently, the June 2024
reform of the EU electricity market framework is
intended to further mainstream PED-relevant rules
by strengthening energy sharing and collective
participation, demand response and aggregation,
and data access/interoperability needed for coor-
dination and settlement.

Market mechanisms for PED trading will be part of
the electricity market transition. To enable proto-
types, different concepts are explored.

Current solutions include specific processes to re-
quest individual permissions and dispensations, or
larger processes for so-called Regulatory Sand-
boxes or Pilots as processes towards regulators to
set up testing areas with the aim to adapt local,

national, or European regulations by demonstrat-
34 op.europa.eu/en/publication-detail/~/publication/7fa59d21-c/ff-11eb-aS525-
Olaa75ed71al/language-en/
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ing proofs-of-concept. Such legal sandboxes and
special dispensation also allow specific demonstra-
tions to be tested in negotiations with the local or
national regulators.

Apart from energy trading, the trading of flexi-
bility and its management is going to be a major
success factor for PEDs, as it allows the operator
to manage capacity and reduce peaks.

One should note that trading markets are used as
one option for incentive schemes and the control
of energy assets. For a single campus with one
owner, there can be sufficiently clear individual
interest, but in a complex city situation with many
stakeholders, trading is expected to better share
responsibilities and benefits. The local market de-
signs for PEDs are still under a lot of development,
and results are slowly coming out of the prototype
stages.

The way grid management and pricing are set up
is @ major operational aspect. One possible legal
option is to set up new entities of Local Energy
Communities, see also the box on LECs, RECs and
CECs (read more in chapter “City context”). Another
aspect is to accept the shifting roles in the Europe-
an energy system and enable a role below the DSO
(Distribution Network Operator): see +CityxChange
report on regulatory mechanisms (Community Grid
Operator)®.

35 cityxchange eu/knowledge-base/report-on-enabling-regulatory-mechanism-to-

This will also address the changing role of DSOs
and provide incentives for DSOs to be active part-
ners in the transition and support a fair share of
responsibility in its development.

This section mostly covers electricity grids. A wider
discussion also includes further details on the
electricity grid, heating/cooling grids, e-mobility,
building performance and building codes. Further
regulations to consider are similar to other building
projects and would include permitting processes,
participatory processes, data exchange, con-
tracting, finance regulations, etc.

© Han Vandevyvere

trial-innovation-in-cities/
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GOVERNANCE

A PED is a process, not a product.
Dirk Ahlers, +CityxChange

PEDs are still novel systems but will always in-
volve multiple building blocks and a large number
of stakeholders and contributors, who will each
have their own ambitions, agendas, interests
and constraints. The PED process and projects
are therefore complex and require a high degree
of coordination. The stakeholders in the projects
discussed within this booklet usually include
municipalities, real estate developers, building
owners, tenants, energy providers for electricity
and heating, research institutes and universities,
mobility providers, energy system providers, ICT
companies, industry, SMEs, non-profits or NGOs,
politicians, and last not least citizens and citizen
organisations.

PEDs are evolving

Changing the historically grown energy infrastructure at
the district or urban scale is more disruptive than trans-
forming individual building installations. Most PEDs will,
moreover involve urban renewal and retrofit to comple-
ment the energy system upgrades and to achieve the
necessary demand reduction. Given this complex context,
it will therefore not be possible to realise a PED ovemight.
Managing the corresponding urban transformation pro-
cess will require a well-conceived govemance structure.

Role of municipalities
and decision-making/
collaboration processes

Based on the complexity, the scale, and the char-
acter of PEDs as urban transformation projects,
there is an obvious lead role for local authorities in
facilitating the PED process as a pilot project and
integrating it into wider city strategies. In this re-
spect, PEDs can be understood as urban renewal or
Smart City projects with their specific governance
structures. In special cases, it may also be taken
up by large real estate developers or owners of
campus-like structures. For the future, when PEDs
are more mainstream, other actors may start more
bottom-up approaches (see also the section "Busi-
ness models and finance”).

Stakeholder integration and a commitment to
collaboration from local actors are important,
especially from building owners and energy pro-
viders, as is the need for citizen engagement, to
ensure activities are in line with their needs and
that their concerns and contributions can be heard
and included. Furthermore, fair incentives and
distribution of responsibilities and benefits should
be achieved with all relevant partners. These pro-
cesses can otherwise become a failure point for
projects.

Positive Energy Districts Solution Booklet Governance

Project initiators are a vital part of the PED pro-
cess as they have to facilitate and coordinate with
other actors, and ensure high-level buyin from the
stakeholders, including strong political anchoring
from the city. In line with the city as an impor-
tant stakeholder, PEDs should also be strategically
aligned with city visions, urban development plans,
and sustainable energy and mobility plans, such as
SECAP or SUMP see also "City context”.

To develop the necessary partnerships and to
ensure higher success rates of projects, two con-
cepts are recommended. Open innovation opens up
internal innovation processes and invites external
contributions and collaborations. Quadruple helix
approaches mean the inclusion of wide innovation
ecosystems comprising at least local authorities,
enterprises, citizens and knowledge institutes. As
an example, the nonfor-profit organisation Leuven
20303, a governance structure for realising the
city’s climate goals, was conceived as a quadruple
helix structure from its very outset. This reflects
a broader trend in PED practice: governance is
increasingly treated as delivery infrastructure—
creating long-term, multi-stakeholder settings
that clarify decisions, align with city climate com-
mitments, and track progress (e.g. NEUTRALPATH’s
Climate Neutral Labs).”

36 leuven2030be
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EU context factors

As described in the introduction, PEDs can be
understood as a highly local and city-focused
mechanism for the EU’s Energy Transition. They
fit within both the EU energy and climate versus
Smart City ambitions. Overall, EU emission reduc-
tion and energy

efficiency targets are translated to national leg-
islation and will have to be implemented where
energy use takes place, which is predominantly in
European cities. Like this, PEDs may provide a tan-
gible contribution to implementing the mandatory
Member States’ National Energy and Climate Plans

(NECPs).?”

Furthermore, European and city transitions are
founded on the UN Sustainable Development
Goals. Apart from SDG 11 on sustainable cities,
the aims and mechanisms described in SDG 17
“Partnership for the Goals”*® can be a valuable
structure for local processes.

37 commission.europa.eu/energy-climate-change-environment/
implementation-eu-countries/energy-and-climate-governance-and-reporting/
national-energy-and-climate-plans_en

38 sdgs.un.org/goals/goall?

The Smart City Guidance Package the way forward April 2019 © European Union, Giedre Daugelaite

Positive Energy Districts Solution Booklet Governance

49


https://commission.europa.eu/energy-climate-change-environment/implementation-eu-countries/energy-and-climate-governance-and-reporting/national-energy-and-climate-plans_en
https://commission.europa.eu/energy-climate-change-environment/implementation-eu-countries/energy-and-climate-governance-and-reporting/national-energy-and-climate-plans_en
https://commission.europa.eu/energy-climate-change-environment/implementation-eu-countries/energy-and-climate-governance-and-reporting/national-energy-and-climate-plans_en
https://sdgs.un.org/goals/goal17
https://sdgs.un.org/goals/goal17

Governance

ATELIER has devised and implemented a
stakeholder engagement framework called “In-
novation Ateliers” in both the light house and
fellow cities. Innovation Ateliers bring together
stakeholders across the quadruple helix, foster-
ing an innovation ecosystem designed to last
beyond the project. They address challenges
encountered during the project through deep
dives, while capturing lessons learned to retain
knowledge within the wider innovation ecosys-
tem.

In +CityxChange, the two Lighthouse Cities and
their demonstrations were coordinated by the
respective municipalities together with the local
ecosystem of partners and associated stake-
holders. Both city teams had strong political
support and were situated high in the municipal
structure, enabling them to work more easily
across different departments. Regular align-
ment and learning sessions organised by the
project enabled the cities to exchange expe-
riences across cities.*® The cities aligned their
local strategies and activities through the Bold
City Vision transition framework, which helped
with local anchoring.

39 cityxchange.eu/knowledge-base/framework-for-intra-project-collaboration

Trondheim municipality is expanding and
applying the frameworks and learnings in de-
veloping its test arena for the energy transition,
linked to its role in the EU Cities Mission.

NEUTRALPATH shows how governance can
be treated as a delivery mechanism for PEDs/
PCEDs: it set up Climate Neutral Labs (CN-
Labs) in Zaragoza, Dresden, Ghent, Vantaa
and Istanbul as long-term, multi-stakeholder
arenas (city authorities, citizens, academia and
private sector) that go beyond consultation and
provide structured co-creation, decision-mak-
ing, roadmap setting and monitoring, aligned
with Climate City Contracts and wider munici-
pal strategies. The project’s Governance Model
Guide® translates these principles into replica-
ble, adaptable guidance (roles/responsibilities,
decision options, citizen involvement levels and
monitoring), supporting continuity and scalabil-
ity beyond project funding.

40 neutralpath.eu/wp-content/uploads/2025/01/NEUTRALPATH-Governance-
model-qguide-2 pdf
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Further reading on governance:

W SCM From Idea to Implementation
Solution Booklet

% +CityxChange Bold City Vision framework
(SDG City Transition Framework)
% Green Cities Wiki

W Smart Solutions for COi Reduction — City
Practitioner's Summary Guide
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UPSCALING AND REPLICATION OF PEDS

The PEDs that are being piloted current-
ly throughout Europe only have value if they
can be upscaled and replicated. PEDs should
therefore be inherently growable and scalable.
They are an intermediate step in the energy
transition, so the core concept is the growing in-
tegration of local renewables and the fulfilment
of all local energy needs. For a demonstration
pilot, a certain area needs to be chosen, but the
growth path should ideally already be present
as part of the plan.

(Up)Scaling refers to extending the initial PED by
adding buildings, energy production facilities and
other components. It is not the initial PED that is
most important; it is the upscaling that will prove
the viability of the PED concept to have a signifi-
cant impact on the city. The upscaling of PEDs is
important to enable the integration of renewable
energy sources and the expansion of smart energy
solutions. The initial design of a PED can influence
success factors for upscaling, e.g. the unthoughtful
selection of off-site renewable energy production
for one virtual PED may limit the options for the
next PED, respectively, the possibilities of realising
the overarching Positive Energy City or Region.

Therefore, in all PED pilots, and in parallel to the design, the upscaling strategy and approach for the
specific PED should be established and embedded in the city’s or region’s overall clean energy strategy.
The scaling aspect will thus also interfere with urban planning principles and procedures. The risk here
is that, because realising the initial pilot PED is already difficult, little attention is paid to the further

upscaling potential.

City A with PED pilot

r
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Figure 8. PED Upscaling
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Replication refers to implementing a proven PED
design elsewhere in the city or in another city
without a direct connection to the initial PED.
PED solutions can be replicated by adapting the
original idea to a new context, thus creating a
comparable project in another location. Assessing
the feasibility of replicability includes determining
parts of the PED that can be transferred direct-
ly, and parts which need to be adapted. How to
take into account the diversity of cities in terms
of size, geography, demographics, culture, climate,
infrastructure, economic context, etc.? What is
required in terms of urban design and planning,
investments and risk mitigation models, citizen
empowerment, collaborative governance and
impact assessments? Replication of PED designs
is difficult, as both design and performance are
strongly context dependent. Also, the design of the
initial pilot tends to be based on the most suitable
location in the city and/or cherry-picking the opti-
mal components. Within a city, the implementation
of a first PED pilot should therefore go hand in
hand with the exploration and assessment of other
locations and designs of subsequent PEDs, similar
to the upscaling principle.
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MAKING-CITY replication approach

In the MAKING-CITY project, a methodology for
PED design aims to empower replicability, scal-
ability, and sustainability of PEDs, taking into
account the city’s needs and priorities, on-site
resource availability, relevant solutions, and the
related business models through a decision-mak-
ing journey emphasising citizen engagement. City
needs are central to the approach. The main goal
is the creation of a specific plan/design/guideline
for each city that may reach, understand and try
to follow the phases of the methodology and find
out its needs, vision and objectives.

£ D4.1 Methodology and Guidelines for PED Design

In the NEUTRALPATH project, a tool is being de-
veloped to identify potential PCED areas in cities.
Defining a PCED boundary requires a diverse set
of critical elements to be clarified and tested
across different urban contexts. The methodolo-
gy aims to develop a GIS-based decision-support
tool that helps local decision-makers and urban
planners select suitable PCED zones within urban
boundaries. The tool will integrate multiple data
layers—such as renewable energy potential,
building stock characteristics, energy demand and
supply data, emissions-reduction potential, and
local climate conditions—to support a consistent
delineation of PCED boundaries.

D4.1 - Methodology and
Guidelines for PED
design

WP4, Task 4.1
Date (M24]

W makingeity.eu @MakingCity £

Further reading on upscaling and replication:

% An analysis of the drivers and barriers for
upscaling smart solutions can be found
in Smart City Pilot Projects: exploring the
dimensions and conditions of scaling up

® An overview of the barriers and
opportunities for replication is equally
presented in the SCIS/SCM policy paper
Why may replication (not) be happening
— Recommendations on EU R&l and
regulatory policies?



http://makingcity.eu/wp-content/uploads/2021/12/MakingCity_D4_1_Methodology_and_Guidelines_for_PED_design_final.pdf
https://www.researchgate.net/publication/319496333_Smart_City_Pilot_Projects_Exploring_the_Dimensions_and_Conditions_of_Scaling_Up
https://www.researchgate.net/publication/319496333_Smart_City_Pilot_Projects_Exploring_the_Dimensions_and_Conditions_of_Scaling_Up
https://www.researchgate.net/publication/319496333_Smart_City_Pilot_Projects_Exploring_the_Dimensions_and_Conditions_of_Scaling_Up
https://www.researchgate.net/publication/319496333_Smart_City_Pilot_Projects_Exploring_the_Dimensions_and_Conditions_of_Scaling_Up
https://smart-cities-marketplace.ec.europa.eu/insights/publications/why-may-replication-not-be-happening-recommendations-eu-ri-and-regulatory
https://smart-cities-marketplace.ec.europa.eu/insights/publications/why-may-replication-not-be-happening-recommendations-eu-ri-and-regulatory
https://smart-cities-marketplace.ec.europa.eu/insights/publications/why-may-replication-not-be-happening-recommendations-eu-ri-and-regulatory
https://smart-cities-marketplace.ec.europa.eu/insights/publications/why-may-replication-not-be-happening-recommendations-eu-ri-and-regulatory
https://smart-cities-marketplace.ec.europa.eu/insights/publications/why-may-replication-not-be-happening-recommendations-eu-ri-and-regulatory
https://smart-cities-marketplace.ec.europa.eu/insights/publications/why-may-replication-not-be-happening-recommendations-eu-ri-and-regulatory
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MONITORING AND

EVALUATION OF
PEDS

© Annie Spratt, Unsplash
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MONITORING AND EVALUATION OF PEDS

PEDs are a relatively new concept. Although
they build on ongoing urban transitions and on
proven energy efficiency and renewable energy
measures, key innovations in PEDs are still
being piloted and the actual benefits are not
yet fully validated. Monitoring and evaluation of
PED pilots and projects, therefore, is essential.
The potential impacts of PEDs cover a range
of different domains, from the greenhouse gas
emission reduction achieved to the positive
social impacts realised in the area. This implies
that the monitoring and evaluation approach
will encompass a range of different methodolo-
gies from different disciplines.

ECONOMIC IMPACT AND

Monitoring uses data collected before implementa- BUSINESS DEVELOPMENT

tion of the PED and after completion (operational
phase). The data range from the energy produced o
from renewable energy sources to the engagement ENERGY IMPACTS ’Q
(EE, RES & FLEXIBILITY) () KNOWLEDGE ﬂ
GENERATION
MOBILITY SERVICES AND AND SHARING
. . iy . . oy CHARGING INFRASTRUCTURE :M
have a significant positive contribution to a city’s o
environmental, economic and social goals, and how
they can be upscaled and replicated. ®

. . ENVIRONMENTAL
of the stakeholders. The main question to be an- @ IMPACTS AND
SOCIAL IMPACT AND STAKEHOLDERn

CLIMATE CHANGE

swered based on evaluation is whether PEDs could
/ CITIZEN ENGAGEMENT

UPSCALING, REPLICATION i
AND GOVERNANCE eee

Figure 9. Overview of the monitoring and evaluation domains for a PED project. Adapted from smartcity-ateliereu


http://smartcity-atelier.eu

LESSONS LEARNED

Key performance indicators (KPIs) are a proven
approach to monitoring and performance-based
evaluation. They measure the effectiveness of
a project towards the achievement of specific
key objectives. The process of selecting KPIs
also assists in clarifying the project’s measures
of success. However, it is important to remain
aware of the limitations and risks associated
with the use of KPIs:

For these reasons, it is necessary to complement
performance-based evaluation, using KPIs with
other evaluation methodologies, such as those
based on repeated reflection of progress involving
key stakeholders.

Positive Energy Districts Solution Booklet Monitoring and Evaluation of PEDs

Limitation: A balance needs to be made
between the number of KPIs used and
the level of detail and comprehensive-
ness of the monitoring. Inevitably, a
typical number of 30 to 60 KPIs for com-
plex and broadly scoped projects cannot
cover all impacts in full detail.

False sense of accuracy and preci-
sion: For example, an outcome that a
PED pilot achieves in terms of a certain
surplus in annual energy can only be
interpreted with insight on the level of
accuracy (range of uncertainty) and pre-
cision (systematic errors), for example,
if the energy surplus appears to be 2%
but the error and/or uncertainty range is
5%, claiming the PED status cannot be
done for sure.

Bias in monitoring: In some evaluation
areas (e.g. energy), it is easier to clearly
define quantitative impacts based on
metering. Other areas are more difficult
(e.g. citizen engagement). The risk is that
in evaluation, more attention is paid to
the “easy” impacts, which are not neces-
sarily the most important ones.

Uncertainty in the baseline: A crit-
ical starting point in any monitoring
and impact assessment is the assumed
baseline: what would happen with the
district without the PED project? Often,
the baseline is based on the current sit-
uation and business-as-usual.
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Finally, harmonisation of monitoring and evaluation
across projects and PED pilots is crucial for allowing
cross-project evaluation and a portfolio approach to
PEDs. The diversity of both PED designs and district
and city contexts is moreover large, so that only
limited broader conclusions can be drawn on the
basis of a few cities and PED pilots.

PED design PED district
diversity diversity City context

© Han Vandevyvere
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References for monitoring and evaluation
of PEDs

Smart City projects that focus on PEDs have
published their monitoring and evaluation
approaches, including the selection of KPlIs,
for example:

% +CityxChange knowledge base
W& City-level indicators from MAKING-CITY

Simulating the energy behaviour with the Oulu
digital twin Target energy behaviour can be
monitored only partly under the right circum-
stances. There can be various reasons for the
partial monitoring. One reason is that intelligent
control is used, and the control is made possible
only for a limited time instead of the whole
two-year monitoring period.

In Oulu, for the case of partial monitoring, the
final monitoring outcome is simulated using the
digital twin of the target building or the target
district. In this case, the real monitoring time
shall be used for training and validating the
digital twin.

% SCM provides guidance on the monitoring
of smart city projects and PEDs

W SPARCS on its holistic impact assessment
methodology

Battery system of Republica in Amsterdam related to the Atelier project.
© Han Vandevyvere
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https://cityxchange.eu/knowledge-base/
http://makingcity.eu/results/#1551708593226-1122cf06-a216
https://smart-cities-marketplace.ec.europa.eu/insights/publications?f%5B0%5D=publication_type%3Amonitoring_guide
https://smart-cities-marketplace.ec.europa.eu/insights/publications?f%5B0%5D=publication_type%3Amonitoring_guide
https://ec.europa.eu/research/participants/documents/downloadPublic?documentIds=080166e512818da0&appId=PPGMS
https://ec.europa.eu/research/participants/documents/downloadPublic?documentIds=080166e512818da0&appId=PPGMS
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HOW TO GET STARTED IN MY CITY?

If you are a city planner or another stakeholder
and interested in PEDs, these are some recom-
mended steps to take:

Get informed, using the information

@ shared by SCC Lighthouse Projects, SCM

and other initiatives for example through

the suggestions for further reading in this book-

let. In particular, consult the Craft cookbook. Also,
engage with knowledge institutes in your city.

<O Assess the added value of PEDs in
o—
ﬁx/-m comparison to the ongoing activities and
" policies in your city.

,‘ Assess the current planning and gov-
' 7< ernance practices in your city, and how
PEDs could fit in.

— Map the local stakeholders and bring
(B]4] L
d’E them together. Involve citizens at an
early stage. Make a common assessment
of the potential of PEDs in your city.

9@ Create a PED vision and roadmap for

I==" your city.

o Verify how PEDs can contribute to your

rzl city’s clean energy strategy and broad-

er development priorities, and embed

them in existing strategies and roadmaps,

ensuring bottom-up and top-down approaches
synergise.

°® Start by testing the approach in one or
&'O% a few cases (pilots), while addressing
upscaling and replication in your city at

the same time.

Join a national or European project on
&l PEDs to ensure financing for your pilot
and to ensure access to best practices.

... and do not forget to share what you
29 have learned.

© SsCs
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Contributions

smart-cities-marketplace.

ec.europa.eu

suatelier

smartcity-atelier.eu

ATELIER focuses on developing citizen-
driven Positive Energy Districts (PEDs) in
the two Lighthouse Cities Amsterdam
(Netherlands) and Bilbao (Spain).

ASCEND

ascend-project.eu

Accelerate poSitive Clean ENergy Districts
We at ASCEND strive to create and
accelerate Positive Clean Energy Districts
in cities across Europe.

mi"h

Clry
makingcity.eu

A PED is defined as “a district with annual
net zero energy import and net zero carbon
emissions, working towards an annual local
surplus production of renewable energy” in
the European Strategic Energy Technology
Plan (SET Plan).

2

NEUTRALF

neutralpath.eu

Paving the way towards climate-neutral
cities through the development of positive
and clean energy districts (PCEDs) and
the co-design of efficient, climate-friendly
solutions,
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ﬂ’» SPARCS
S

sparcs.info

SPARCS aims to demonstrate and

validate innovative solutions for smart

and integrated energy systems that will
transform these cities into sustainable, zero
carbon ecosystems with improved quality
of life for their citizens.

Q0 i
a.6 POCITYF

pocityf.eu

Integrated Solutions: the comerstones of
city's Renewable Energy Transitions.
POCITYF will demonstrated 10 integrated
solutions, built on top of innovative
technologies.

ACHANGE
cityxchange.eu

The project is built on three main pillars

(1) deliver integrated planning and design
by better data and better use of data, (2)
create a local energy flexibility market
through public-private partnerships and
regulatory sandboxes, and (3) community
exchange with local citizen and professional
stakeholders.

LEGOFIT

legofit.eu

Adaptable technological solutions
based on early design actions for the
construction and renovation of
Energy Positive Homes.


https://smart-cities-marketplace.ec.europa.eu/
https://smart-cities-marketplace.ec.europa.eu/
http://smartcity-atelier.eu
http://ascend-project.eu
http://makingcity.eu
http://neutralpath.eu
http://sparcs.info
http://pocityf.eu
http://cityxchange.eu
http://legofit.eu

Smart Cities Marketplace
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The Smart Cities Marketplace is a major market-changing initiative supported by the European Commission bringing
together cities, industries, SMEs, investors, researchers and other smart city actors.

The Marketplace offers insight into European smart city good practice, allowing you to explore which approach

might fit your smart city project.

r Y

Matchmaking

The Smart Cities Marketplace offers services and
events for both cities and investors on creating and
finding bankable smart city proposals by using our
Investor Network and publishing calls for projects.

Investor network

Call for Applications — Matchmaking Services

Project finance masterclass

Smart Cities Marketplace is managed by the Directorate-General for Energy. © Smart Cities Marketplace

Focus and Discussion groups

Focus groups are collaborations actively working
on a commonly identified challenge related to the
transition to smart cities.

Discussion groups are fora where the participants
can exchange experiences, co-operate, support,
and discuss a specific theme.

Community

N
y

o>

Scalable Cities

A city-led initiative providing large-scale, long-
term support for the cities and projects involved
in the Horizon 2020 Smart Cities and Communities
project.

Scalable Cities
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https://smart-cities-marketplace.ec.europa.eu/deal/investor-network
https://smart-cities-marketplace.ec.europa.eu/matchmaking/call-for-application
https://smart-cities-marketplace.ec.europa.eu/matchmaking/smart-city-roadmap-masterclass
https://smart-cities-marketplace.ec.europa.eu/networked-community/focus-and-discussion-groups
https://smart-cities-marketplace.ec.europa.eu/scalable-cities
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Smart Cities Marketplace 2026

The Smart Cities Marketplace is managed by the European Commission Directorate-General for Energy
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