SMART BUILDINGS GENERAL ROADMAP

SMART BUILDINGS

Sustainable technology

ENERGY-SAVING
BUILDING SOLUTIONS

Energy strategy for cultural
heritage buildings

Creating an integrated overview of all
buildings, their energy performance
and potential.

Definition of the level of renovation
potential, related to legislations for
cultural heritage buildings, and
available and upcoming technologies.

Refurbishment solutions
Passive measures that contribute to
energy saving by upgrading the
building envelope, e.g. with green
roofs.

SUSTAINABLE ENERGY
TRANSITION

ENERGY SHARING

ICT & BUILDING
MANAGEMENT SYSTEMS

City design strategy

Design for disassembly

Increasing refurbishment

Meeting progressive standards

Buildings like natural systems

Designing buildings for easy
disassembly to enable re-use of all
components and/or materials in
closed-cycle systems.

Accelerating refurbishment and
increasing the applicable standards
to minimum passive house
standards and beyond.

Design strategies will adjust to
progressive standards, e.g. zero
emission, energy positive or
CO2-neutral approaches to new and
existing buildings.

Buildings adapt to provide a
harmonious living environment for
their occupants by adopting
nature-based strategies, beyond
biomimicry.

Redefine the use of buildings (how
much space do people need?) and
intensify use by sharing private and
public space and assets in buildings
(community sharing).

Overall strategy for the city, including
definition of priority areas in the city
for re-use, re-densification and
re-building.

Modular building blocks

Highly-efficient buildings

Flexible buildings

Customised refurbishment

Revaluing nature

Energy-positive buildings

Central production of standardised
prefab building blocks, based on the
use of sustainable materials and
energy solutions.

Reducing energy consumption (e.g.
insulation and passive solar) and
on-site renewable energy production
to achieve near-zero-energy new
buildings.

Making buildings flexible and
adaptable over their life cycle, e.g. by
designing a suitable grid structure
with flexible partitioning.

Specific solutions for refurbishment of
existing building stock and cultural
heritage, e.g. glazing, ventilation,
insulation, heating.

Bringing nature back into buildings
to enhance health and well-being of
users, e.g. green facades or atriums
as ‘lungs’ of buildings.

Productive facades and roofs allow
buildings to cover the energy needs
of their users, including extra demand
for electric mobility, e.g. all-electric
house.

Low-footprint materials

Green waste cycle

Systemic water approach

Smart life-cycle assessment

Organic materials, such as clay and
wood, locally produced and
re-usable, are used in buildings and
building structures.

Biomass energy solutions based on
available local waste resources (e.g.
use of urban green waste for energy
production).

Realising closed water cycles at
district level for recycling, retaining
and re-use in buildings, terraces and
gardens.

Holistic building life cycles, covering
all materials, energy use and lifetime
societal value are optimised to the
maximum extent.

A closed system for the collection,
storage, recycling and re-use of rain
and (’grey’) waste water.

Integrated electrical and
thermal energy solutions

Flexible use strategies

Holistic rejuvenation to improve
quality of buildings, their use and
outdoor environment to update the
value of existing building stock.

Closed water cycles in
buildings

MATERIALS &
CIRCULAR SYSTEMS

Rewealthing strategies

Large-scale renewable energy
production

Local production of tailored
building components

Tailored production of entire
buildings

Revaluing technical wood, e.g.
cross-laminated timber elements as
solution for multi-storey building
structures (up to five floors).

New technologies (e.g. 3D-printing,
Factory 4.0) enable nearby
production of tailored components,
supporting flexibility and diversity.

New production technologies, (e.g.
3D-printing and organic materials)
allow on-site production of buildings.

High-performance and
eco-materials

(Re-)use of local materials

Eco-materials with low life-cycle
impact (e.g. wood fibre insulation)
and high-performance materials (e.g.
lightweight aero-gel-foam).

Direct current (DC) systems
and decentralised storage

Local and tailored production of
buildings components, using local
opportunities and (re-)use of local
materials (e.g. wood, clay).

Adaptive building systems
and materials

Buildings made of ‘living’ organic
materials that adapt to changing
user needs, climatic conditions and
usage.

Proactively adaptable
materials

Materials with changing properties,
e.g. insulation with variable heat
transmission coefficient or glass with
variable translucency.

Self-regulating buildings that
proactively adapt to changing
conditions (e.g. weather) and usage.

Lease options for construction
materials — ‘materials as a service’ —
e.g. no ownership because the
materials are part of a closed
resource cycle.

Electrical and thermal grids as
storage solutions for balancing
production of renewable energy and
consumption profiles of the building.

Applying advanced solar thermal
technology, e.g. photovoltaic thermal
collectors for electrical energy and
hot water / heating purposes.

Combined heat and power solutions
based on renewable fuels, e.g. biogas
or biofuel.

Supply and demand matching

Optimising existing grid

Sharing rights and obligations

District energy performance

Bidirectional self-healing grid

District storage solutions

Swarm technologies

New city-wide solutions

Sharing of energy by bringing
together supply and demand on
district level, e.g. using waste heat
from industry in private buildings.

Stabilise grid at district level, e.g. by
peak-shaving measures and
providing sufficient reserve capacity.

People benefit from the assets of all
buildings in their environment to
increase the total amount of
renewable energy in the community.

New buildings are designed to
achieve higher standards to
compensate for the negative energy
balances of existing buildings.

Creating a bidirectional energy grid
to ensure stability and continuity of
service, e.g. in case of a failure.

Larger-scale storage solutions to
share electrical and thermal energy,
e.g. power-to-gas or -hydrogen.

Intervene in user assets (connected
appliances) to balance the grid and
adapt to fluctuating supply of
renewable energy.

New solutions that open up new
possibilities, e.g. superconducting
networks, or receiving energy from
solar space power stations.

Smart meters

Smart networks

Data gathering to identify
measurable units of control or energy
districts to optimise energy
consumption.

Buildings are digitally connected to
electrical and thermal energy
networks to share (renewable) energy
with neighbours.

Building integrated energy
generation solutions, e.g. translucent,
flexible and organic photovoltaic, or
solar thermal collector facades.

Making optimal use of territorial
qualities to generate renewable
energy, e.g. wind and solar parks.

Shared sustainable electricity storage
solutions for housing and mobility, in
combination with energy-efficient
in-house DC grids.

Building information
management systems

Building and home
management systems

Supporting the design phase of
(energy-positive) buildings in order to
promote and optimise the life-cycle
energy balances.

Smart systems use public (e.g.
weather) and private (e.g.
consumption pattern) data to
optimise operation.

Integrated grid

New storage solutions that are
cheaper to produce, e.g. flow
batteries and graphene.

Heat/cold storage and extraction in
large water volumes, e.g. aquifers,
tanks and surface water.

Bidirectional, interoperable, open
grid, integrating thermal, electrical,
water and gas networks into one
energy-management system.

• Zero-emission and self-sufficient buildings through energy
saving, generation and storage solutions
• Buildings focus on people’s needs and comfort
• Low-environmental-impact buildings
• Continuous improvement strategies for buildings

Renovation to secure cultural heritage
• Deep energy renovation of historical building
• Non-invasive technologies
• Smart grid integration

Abundant renewable energy

Small scale co-generation

Seasonal storage

Energy-efficiency and sustainability

Urban metabolism

Advanced solar solutions

Affordable storage solutions

Comune di Forlì Comune di Palermo

The Smart Buildings theme focuses on the built environment and sustainable energy solutions for buildings, including
residential, public and commercial and office buildings. The ambition of the cities is to create self-sufficient buildings that
can generate their own green energy, and have very low environmental impact during construction, use and renovation.
Self-sufficient districts and cities are created with a blend of suitable solutions for buildings ranging from new to historical. The
owners and users of the buildings are well-aware of the shared desire to save energy, and are actively engaged in achieving it
by applying energy efficiency measures.

Self-adapting buildings

Electrical and thermal grid

Buildings generate sufficient energy
to cover their electrical and thermal
demand, e.g. photovoltaic in
combination with heat pumps.

Energetic use of all surfaces

Wood as sophisticated
building material

Desired future scenario

Sustainable energy is widely
available and affordable as a result
of large-scale solutions such as wind
& solar parks and alternatives.

Versatile, flexible and proactive

Real-time data

Personal profiles

Open energy and data system

Sharing best practices

Super-Europe smart grid

Real-time data is available on actual
energy use, for monitoring and
improvement towards sustainable
behaviour patterns.

Technologies that recognise people
and automatically adust systems to
personal preferences and lifestyle
patterns, e.g. for secure access to
buildings and increased comfort.

New standards and protocols to
connect systems and enable
roaming of services across
interoperable, open networks.

Buildings share experience on
sustainable performance through
learning algorithms and artificial
intelligence.

Wide-area electricity network
connecting Europe, North Africa and
Asia, unifying super-grid and smart
grid capabilities.

• Versatile buildings and spaces
• Proactive adjustment to specific users and changing needs
• Buildings are prepared for future smart grid integration
• Designed for flexibility

Future smart grid
• Intelligent master system managing building performance
across the city
• Community-owned grid

Community sharing

Sustainable behaviour
Supportive information

VALUES, MOTIVES &
BEHAVIOURAL CHANGE

Better and transparent data on the
real costs of energy (incl. hidden
costs of fossil fuels) and solutions for
savings, so people have the right
information for behavioural change.

Incentives strategies
Positive incentives for behavioural
change to increase sustainability.

Pilot projects & living labs

Social interventions

Experimenting and experiencing the
use of model buildings to initiate
public discussion, change the
aesthetic perception and create
acceptance.

Using a range of social intervention
mechanisms (e.g. ambassadors,
education, neighbourhood
competitions) to create a dialogue
with citizens and increase awareness.

Evidence-based decisions

Transparent information

Making efficiency fun

Lifestyle coaching

The creation of independent
knowledge and access to knowledge
to support municipalities in
evidence-based decision-making.

Better and transparent data for
citizens on energy costs in relation to
their lifestyle and behaviour.

‘Gamification’ solutions to counter
the ‘rebound effect’ and to make
striving for efficiency is fun, both now
and over time.

Personalised advice based on
real-time data to optimise the use of
resources in relation to individual
lifestyles.

• Smart grid integration in the district level
• Saving through sharing
• Collective approach to infrastructure decision-making

Personal environmental
accountability
Consumption-based accountability,
including embodied energy and CO2
emissions from personal use of
goods and services.

High-quality, easily accessible systems

Sustainable organisation
INNOVATIVE
BUSINESS MODELS

New financing schemes

Community manager

New investment models

Financing schemes that include
revenue mechanisms to allow
investments in energy upgrading and
renovation (’the truth of costs’).

A role is defined for match-making in
districts of people and their
behaviour, technical solutions and
legislation to optimise resources.

Creating win-win situations by
combining public, private and
company investments in inclusive
solutions, e.g. to increase renewable
energy.

Inclusive value system

Market mechanisms

Personal energy budget

A coherent monetary system that
includes value criteria for real
environmental impact, e.g. using
taxes and incentives.

Smart balancing of the energy mix
through market mechanisms to
shave peak demand using priority
schemes; these are overruled in case
of scarcity or emergency.

Credits for energy (similar to mobile
phone credits), that enable a higher
consumption at extra costs, with
discounts for sustainable behaviour.

Flexible pricing and new
business models

Circular economy
A holistic, systemic approach and
total value business models
(including societal, environmental
and economical aspects) at all
suitable scales.

People can contribute to grid stability
and optimisation by choosing levels
of flexibility with dynamic pricing,
enabled by swarm technologies.

• Roaming profiles for energy access and community sharing
• Monitoring and learning
• Easily accessible open platforms
• Enabling the transition to sustainable energy
• Evidence-based, future-proof decision-making

Sustainable behaviour

POLICIES &
LEGISLATION

Progressive standards
Clarification of goals and alignment
of measurement procedures at
European level, including regular
updating of standards in line with
increasing knowledge.

Innovation policies

Inclusive policies

Raising investment funds

Municipalities embrace innovation
through flexible legislations for new,
efficient concepts and strategies, and
accept the associated risks.

Laws to favour societal benefits over
individual benefits, e.g. the right and
obligation to exploit all opportunities
for the use of sun-facing roofs for
solar energy harvesting.

Municipalities take the lead in
implementing CO2 taxes to promote
sustainable development through
investments in sustainable solutions.

Policies addressing quality of
life and social value
New policies that define the desired
outcomes rather than the way to reach
them, e.g. procurement procedures
including health and social aspects.

Future-proof tendering
Tenders demand flexible and
future-proof solutions that allow
changed use of buildings in the
future and the integration of
upcoming technologies.

100% renewable energy
import
Cities and territory politics ensure
that all imported energy is 100%
renewably sourced.

• Collaboration and shared responsibility of citizens
• Incentives for sustainable behaviour
• Technology leading to sustainable behaviour

Legal security for innovation
Regulations to safeguard health and
safety of people while promoting
innovative solutions, e.g. safe re-use
of ‘grey’ water in buildings.

Version 28 August 2017 — Final version for public distribution

2016
LIGHT
HOUSE

/ expertise in smart lighting & smart cities @ TU/e

2020

2030

2040

2050

The R4E project received funding from the European Union’s Horizon 2020 research and innovation programme under grant agreement No 649397.

URBAN BUILDING
PLANNING

Integrated mapping of assets
of existing buildings

