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ABSTRACT: Economic growth is increasing the demand for energy. Information and Communication Tech-
nologies (ICT) have been identified to play an important role in reducing the energy intensity and increasing
the energy efficiency of the European Union (EU) economy. ICT will not only improve energy efficiency and
help combat climate change, they will also stimulate the development of a large leading-edge market for ICT
enabled energy-efficiency technologies that will foster the competitiveness of European industry and create
new business opportunities. As ICT are today pervasive to all industrial and business domains, they are ex-
pected to generate deep impacts in energy efficiency of buildings of tomorrow. Although versatile statistical
information is available on energy consumption in different buildings, there is still limited understanding
about the potential of ICT to reduce energy consumption. In order to put ICT at the core of the energy effi-
ciency effort and to enable reaching its full potential, it is necessary to foster research and development
(R&D) into novel ICT-based solutions and strengthen their take-up — so that the energy intensity of the
economy can be further reduced by adding intelligence to components, equipment and services. In this paper,
ICT based support tools to energy efficiency in the so-called smart buildings are investigated. The state-of-
the-art in ICT for smart buildings is discussed with focuses on the role of ICT and key fundamental fields in
which R&D efforts are needed to enable the energy efficiency in future smart buildings. Five key areas in-
cluding design and simulation tools, interoperability/standards, building automation, smart metering and user-
awareness tools have been identified where there is potential to improve energy efficiency through the use of
ICT, and they are considered as the next generation ICT for future smart buildings. As an energy efficient
housing example, the Lighthouse built in the UK is discussed in detail along with its ICT integrated building
services and demonstration data of energy use. This gives a better understanding of the impacts of ICT on the
energy efficiency in buildings. The paper concludes that in order to achieve the energy efficiency in build-
ings, further support of multidisciplinary R&D and innovation demonstrating the potential of ICT based solu-
tions are needed to foster and accelerate the deployment of energy efficient solutions in buildings.

1 INSTRUCTION

Information and Communication Technologies
(ICT) have an important role to play in reducing the
energy intensity and increasing the energy efficiency
of the European Union (EU) economy to mitigate
the climate change globally. Recent studies found
that ICT will not only improve energy efficiency and
help combat climate change, they will also stimulate
the development of a large leading-edge market for
ICT enabled energy-efficiency technologies that will
foster the competitiveness of European industry and
create new business opportunities (Heras and Zarli,
2008). Statistical data has indicated that buildings
account for approximately 40% of energy end-use in
the EU, of which more than 50% is electrical power.

As ICT are today pervasive to all industrial and
business domains, they are expected to generate
deep impacts on the energy efficiency of buildings
of tomorrow. Here the concept of “buildings” is to
be understood in a broad sense including houses,
residential  buildings, office buildings, large
infrastructures (e.g. harbours, airports, etc.) and
other facilities like tunnels. Moreover, buildings
refer to all types of buildings, whether they are new,
or being used or to be renovated, either they are
residential, tertiary, or industrial.

Although versatile statistical information is avail-
able on energy consumption in different buildings,
there is still limited understanding about the poten-
tial of ICT to reduce energy consumption. In order



to put ICT at the core of the energy efficiency effort
and to enable them reaching their full potential, it is
necessary to foster research and development (R&D)
into novel 1CT-based solutions and strengthen their
take-up — so that the energy intensity of the econ-
omy can be further reduced by adding intelligence to
components, equipment and services. Also energy
efficiency in building and construction has been rec-
ognised as one of the six main themes of stakeholder
requirements identified within the Industrialised, In-
tegrated and Intelligent Construction (I3CON) pro-
ject (Ye el al. 2008). Within this context, there is a
need for a shared vision and roadmap towards ICT-
based innovation and optimised solutions for en-
ergy-efficiency in the built environment that will
identify the ICT research, technology and develop-
ment (RTD), business, and training and education
needs for an appropriate migration. This is expected
to be a key contribution for Europe towards world-
leadership in ICT-enabled energy efficiency through
intelligent solutions and in support of Europe’s
objective to save 20% of energy consumption by
2020, and to wide take-up of ICT-based energy
systems and services for the future energy neutral
and energy-positive buildings (Smart, 2008).

In this paper, ICT as an enabler to energy effi-
ciency in the so-called smart buildings are investi-
gated. Energy-efficient smart buildings are those
buildings with an optimal management of building
energy flows over the whole lifecycle, i.e. from de-
sign, construction, occupancy and through demoli-
tion and re-use. The state-of-the-art of ICT for smart
buildings is discussed with focuses mainly on the
role of ICT and key fundamental fields which R&D
efforts are needed to enable energy efficiency in fu-
ture smart buildings. Several key areas have been
identified where there is potential to improve energy
efficiency through the use of ICT. The RTD in these
fields will lead to the next generation ICT for smart
buildings. As an energy efficient housing example,
the Lighthouse built in the UK is introduced along
with its ICT integrated building services and demon-
stration data of energy use. This gives a better un-
derstanding of the impacts of ICT on the energy ef-
ficiency in buildings. The paper concludes that in
order to achieve the energy efficiency in buildings,
further support of multidisciplinary R&D and inno-
vation demonstrating the potential of ICT based so-
lutions are needed to foster and accelerate the de-
ployment of energy efficient solutions in buildings.

2 STATE OF THE ART OF ICT FOR SMART
BUILDINGS

2.1 Therole of ICT

The potential of ICT to improve energy efficiency is
generally accepted (REEB, 2008). However, in the

absence of specific policy measures, to coordinate
fragmented efforts and to incentivise action, this po-
tential may not be realised in the timeframe of the
EU 2020 targets (COM, 2008a; COM, 2008b). ICT
have a dual contribution to make, namely, the ena-
bling role of ICT and the quantifying role of ICT.

2.1.1 The enabling role of ICT
ICT can enable energy efficiency improvements by
reducing the amount of energy required to deliver a
given product or service:

e By monitoring and directly managing energy
consumption, ICT can enable efficiency im-
provements in major energy-using sectors. Re-
cent studies suggest that this capacity can be ex-
ploited to reduce energy consumption of
buildings in the EU by up to 17% (Bio, 2008).

e By providing the tools for more energy-efficient
business models, working practices and life-
styles, such as eCommerce, teleworking and
eGovernment applications, and advanced col-
laboration technologies, ICT can reduce demand
for energy and other material resources.

e By delivering innovative technologies, ICT can
reduce wasteful consumption of energy (e.g.
solid-state lighting is one clear example).
Emerging solutions in computing such as thin
client (computers without hard disk drives rely
mostly on central servers for data-processing ac-
tivities) , grid computing and virtualisation tech-
nologies promise to reduce redundancies exist-
ing in today’s computer-based systems.

2.1.2 The quantifying role of ICT
ICT can provide the guantitative basis on which en-
ergy-efficient strategies can be devised, imple-
mented and evaluated.

e Smart metering exploits the capacity of ICT to
quantify energy consumption and provide appro-
priate information to consumers. If consumers
can understand where inefficiencies come from,
they can act to mitigate or eradicate them com-
pletely. In other words, smart metering will pro-
vide real-time as well as historical energy data to
consumers as actionable intelligence at the right
time to enable decision making. Trials with
smart meters in the EU show that providing in-
formation to consumers on their actual energy
consumption can lead to reductions of up to 10%
(ESMA, 2008).

e ICT can also address the complexities of measur-
ing energy performance at a system level: soft-
ware tools can provide information and data on
how to better configure the various elements of a
system so as to optimise its overall energy per-
formance in a cost-effective manner. With the
imperative need for energy and environmentally



conscious design and planning, these software
tools will spread from smaller to more complex
systems, including urban areas and cities.

The enabling potential of ICT to reduce energy
consumption will make a major contribution to im-
proving energy efficiency in all sectors of the econ-
omy (e.g. smart grids, smart buildings, smart light-
ing, and smarting manufacturing, etc.). For example,
ICT would play a major role not only in reducing
losses and increasing efficiency but also in manag-
ing and controlling the ever more distributed power
to ensure stability and reinforce security as well as
in supporting the establishment of a well functioning
electricity retail market. ICT could enable smart
lighting by using advanced light emitting diodes
technology combined with intelligent light manage-
ment systems which will control the light output ac-
cording to ambient lighting conditions or people’s
presence. This paper focuses mainly on ICT-enabled
smart buildings, as discussed in the following sec-
tions.

2.2 Smart buildings

The term *smart buildings’ describes a suite of tech-
nologies used to make the design, construction and
operation of buildings more efficient, applicable to
both existing and new-build properties. These might
include building management systems (BMS) that
run heating and cooling systems according to occu-
pants’ needs or software that switches off all per-
sonal computers and monitors after everyone has
gone home. BMS data can be used to identify addi-
tional opportunities for efficiency improvements.
ICT can contribute to the energy efficiency potential
in buildings through the application of building and
energy management systems, smart metering tech-
nologies, solid-state lighting and lighting control
systems, intelligent sensors and optimisation soft-
ware. In view of the contribution to energy perform-
ance of many different factors, including materials
and technologies, and the various potential trade-
offs among them, developing a systemic understand-
ing of the energy performance of a building is highly
desirable.

The R&D targeting the energy efficiency in fu-
ture smart buildings is to be developed around the
following fundamental fields:

e Intelligent modules: These modules (or called
units) must have embedded electronic chips, as
well as the appropriate resources to achieve local
computing and interact with the outside, there-
fore being able to manage appropriate protocols
so as to acquire and supply real-time visibility
into energy data.

e Efficient communications: They must allow sen-
sors, actuators and intelligent units to communi-

cate among them and with services over the net-
work. They have to be based on protocols that
are standardised and open. Also an agreement on
high-level models of information exchange is es-
sential in order to make different systems able to
interact and understand each other even if they
are not using the same communication protocol.

e Smart BMS/ECMS: Building management sys-
tems (BMS) and energy control management
systems (ECMS) rely on embedded intelligent
modules and efficient communications. They are
to be new systems characterised not only by im-
proved features (e.g. optimising the equation for
energy efficiency/duration/cost), but being able
to communicate by embedding appropriate tags
(e.g. Radio frequency identification), and to im-
prove global monitoring of complex assembling
of products and equipments in the built environ-
ment. They have to potentially allow dynamic
control and configuration of devices (based on
strategies), through new algorithms and architec-
tures for any configuration of smart devices (i.e.
any set of such devices being interconnected) to
be able to dynamically evolve according to the
environment or change in a choice of a global
strategy. Ultimately networks of these BMC and
ECMS are to form the foundations of self-
configuring home and building systems for en-
ergy efficiency, based on architectures where
component-based in-house systems learn from
their own use and user behaviour, and are able to
adapt to new situations, locating and incorporat-
ing new functionality as required, including the
potential use of pattern recognition to identify
and prioritise key issues to be addressed, and to
identify relevant information.

e Multimodal interactive interfaces: The ultimate
objective of those interfaces is to make the in-
house network as simple to use as possible.
These interfaces should also be means to share
ambient information spaces or ambient working
environments. They should adapt to the available
attention of users, avoiding overloading their
‘cognitive bandwidth’ with unnecessary warn-
ings or redundant feedbacks.

The development in these fields has to be based
on the current legacy and state of the art, which in-
cludes:

e Wired/wireless sensors: Lots of various remote
controlled devices, with the use of such devices
(heating, ventilating, and air conditioning
(HVAC), lighting, audio-video equipments, etc.)
being currently investigated in the built envi-
ronment through preliminary deployment and
experimentations. For example, presence sensors
embedded in lighting, displays (e.g. televisions,
computer screens and monitors, etc.) and other



consumer electronic devices would reduce en-
ergy consumption by shutting off power supply
when nobody uses these devices anymore in an
office or home environment.

e Wired/wireless connection models and proto-
cols: They are still under development and even
more looking for harmonisation and standardisa-
tion. They aim at establishing and managing
communication between intelligent modules.

e Proprietary platforms and networks: Current
platforms implementing connected modules are
mainly experimental platforms, with no stan-
dardisation of management of and communica-
tion between any kind of intelligent modules.
There are already developments around de-facto
standard platforms or execution environments,
but these are still mainly at an experimental
level.

e ‘Dumb’ legacy services: All services deployed
by the industry so far are specialised/dedicated
services that ensure one given function, without
providing interoperability, and no capacity to
communicate with other services or to take into
account the full environment.

e Multimodal context-aware interfaces and de-
vices: Few intelligent modules that are not intru-
sive and offer appropriate interfaces to allow the
final user to seamlessly integrate the ubiquitous
network.

Figure 1 illustrates the current state-of-the-art re-
garding the identified fields.
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Figure 1. Technologies for smart buildings

3 DEVELOPING NEXT GENERATION ICT FOR
SMART BUILDINGS
Recent researches regarding intelligent management
systems inside buildings, among other ICT applica-
tions, have shown that important energy savings can
be reached using these technologies (EPIS, 2007).
The use of these intelligent systems inside buildings
can improve the control and management of HVAC,
lighting, and other “energy-hungry” devices.
Applying novel ICT solutions for control systems
and building automation promises to have an impact
on electricity demand at the level of households and
much more at the level of publicly owned buildings
which are professionally managed. Building control
systems enable the integrated interaction of a num-
ber of technological elements such as HVAC, light-
ing, safety equipment etc. Advances in nanotech-
nologies, sensors, wireless communications and data
processing enable embedding of ambient intelli-
gence in building so as to reduced energy consump-
tion. The smart building group report (Heras and
Zarli, 2008) identifies five areas where there is po-
tential to improve energy efficiency through the use
of ICT.

3.1 Design and simulation tools

Integrating the whole lifecycle of buildings into a
holistic approach to improve energy efficiency is a
key demand from the stakeholders (Ye et al. 2008).
The use of building information models including
energy simulations across the entire life of the build-
ing will result in achieving significant improvements
in buildings’ energy performance by providing
monitors and sensors throughout that can help more
accurately measure usage, system status and equip-
ment conditions as well as full price information,
dynamic tariff and demand response and allowing
more energy efficient customer choices, value adder
services and more integrated demand side automa-
tion.

Studies undertaken in Europe highlighted that de-
signers can achieve significant improvements in
building’s energy performance if they apply ICT
tools to plan buildings that minimize energy con-
sumption — e.g. simulating and optimizing envelope
measures and passive solar heating techniques. In
moderately cold climates, such as the ones of central
Europe, for example, specific heating needs can in
principle be reduced from over 200 kWh/m2/year to
less than 15 kwWh/ m2/year (WWF, 2008).

Although its impact is higher in new develop-
ments, design and simulation tools become an essen-
tial element in existing buildings refurbishment op-
erations as they enable an assessment of the different
solutions in order to choose the optimal one for re-
ducing building energy demand (by including for
example, renewable energy technologies).



3.2 Interoperability/standards

Most building control systems today are based on
localised microprocessors with hardwired sensors
controlling single functions. It is not unusual to have
separate controllers for heating, cooling air condi-
tioning etc. There are significant opportunities for
efficiency but most are lost due to lack of integration
and compatibility. The most appropriate solution
would be one single control system, governing all
HVAC, lighting and other electrical applications,
and related sub-systems installed in a building. The
main barrier to this logical solution is the fact that
the different sub-systems are manufactured and of-
ten installed and even operated by different compa-
nies. Furthermore, taking into account that the life-
time of a building is much longer that of an ICT
system, upgrading operations will be difficult as
there is still inadequate development of standardisa-
tion for the interfaces and communication, even be-
tween the sensors and actuators.

3.3 Building automation

In the area of building automation, which is primar-
ily perceived as improving life quality (e.g. more
comfortable, safer homes), ICT have the potential to
contribute to energy efficiency through the use of
improved control and management systems based on
smart appliances and communication networks.
Building control systems are intended to improve
the quality of comfort, health and safety conditions
of indoor environments in an effective and efficient
manner. In contrast to passive energy efficiency
measures (e.g. insulation) and conventional heat-
ing/cooling technologies, building control systems
have been introduced to ensure the integrated inter-
action of a much broader range of technological
elements (HVAC, lighting, life safety equipment, ar-
chitecture), and of humans who live/work in them in
order to influence the indoor environment. Recent
developments in nanotechnology (e.g. windows, sur-
faces), sensor/actuator technology, wireless commu-
nication technology and data processing and control
have enabled the embedding of ambient intelligence
in buildings.

3.4 Smart metering

Smart metering enables more accurate measurement
of consumption via the use of advanced meters
which are connected to a central unit through a
communications network, improving data collection
for billing purposes. The benefits of smart metering
were examined in detail in the grids report (Smart-
Grids, 2008). Smart metering provides information
on consumption patterns contributing to more sus-
tainable consumption and energy savings.

A smart meter generally refers to a type of ad-
vanced meter that identifies consumption in greater
detail than a conventional meter, and communicates
this information via the network back to the local
utility for monitoring and billing purposes. Using
smart meters merely for data collection and billing
purposes does not fully exploit their potential. In
fact smart meters close the information gap for un-
derstanding energy use pattern and implementing
more efficient control mechanisms. They are offer-
ing to the customers (of both electricity and gas) the
following additional advantages:

e More accurate bills (i.e. avoid bills based on es-
timated use);

e Information that could help them use less energy
and encourage investment in energy efficiency;

e Lower costs through reduced peak consumption,
because this would reduce the need for new net-
work investment;

e Increased security of supply because the less en-
ergy is used;

e More sustainable consumption through reduced
carbon emissions.

3.5 User-awareness tools

The provision of intuitive feedback to users on real
time energy consumption has significant potential to
change behaviour on energy-intensive systems us-
age. Different studies have shown that a reduction of
5-15% of energy consumption could be achieved
through the implementation of this measure (Darby,
2006).

In addition, there is a need to ensure the accep-
tance of embedded systems and other 1CT-based so-
lutions at home through the use of human-centric
graphic interfaces for different user profiles (age,
cultural level, etc.).

4 ENERGY EFFICIENT HOUSING: THE
LIGHTHOUSE

The Lighthouse is the UK's first net zero carbon
house that also meets Code Level 6 (the highest
level) of the Code for Sustainable Homes (CSH,
2006). It was designed to provide a way of living
that encourages lifestyles which are inherently 'light'
on the world's resources, balancing the practical re-
quirements of homeowners with a response to the
expected climate change in the UK. The design and
construction of the house proved that a carbon-free
house is achievable but it places the responsibility
on both the technologies (e.g. ICT and materials)
and its user. It is a living experience which relies on
the occupant adapting their lifestyle.



4.1 Design

The heart of the design concept for the Lighthouse,
the prototype of which is 93 m2, two and a half sto-
rey, two bedroom house, is the ambition to create
homes that are attractive; places where the environ-
mental systems and construction methods do not
compromise the quality of the occupant’s life but
add to it - adaptable, flexible spaces that are de-
signed for modern living, intuitively integrating sus-
tainability. It has been designed in line with Lifetime
Homes (LTH, 2004) and Scheme Development
Standards (SDS, 2003). Figure 2 illustrates the out-
line of the Lighthouse.
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Figure 2. Outline of the Lighthouse (Kingspan, 2009)

4.2 Structure

The structure of the Lighthouse is a simple barnlike
form, derived from a 40 degree roof accommodating
a photovoltaic array (as shown in Fig. 3). The
sweeping roof envelops the central space — a gener-
ous, open-plan, top-lit, double height living space,
with the sleeping accommodation at ground level.
The living space uses a timber portal structure so
floors can be slotted between the frames or left open
as required.

Figure 3. Structure of the Lighthouse (Kingspan, 2009)

Stability is achieved through the moment connec-
tions at first floor and ceiling level. At ground level
a timber frame structural layout carries the vertical
loads of the open plan frames above and provides
stability to the load bearing shear walls. It is con-
structed using Kingspan Off-Site’s TEK Building
System (TEK, 2009), a high performance structur-
ally insulated panel based system which, for the
Lighthouse, will provide a high level of thermal in-
sulation and performance - U values of
0.11W/m2K and air-tightness of less than
1.0m3/hr/m2 at 50Pa - reducing the heat loss by po-
tentially two thirds of a standard house. The founda-
tions consist of offsite timber floor cassettes on a
ring beam of timber beams supported off the ground
level by screw fast pile heads. The piles provide
minimal disturbance to the ground and provide suit-
able supports for domestic scale dwellings. When
the building reaches the end of its useful lifespan,
the fast foundation support point can be removed.

4.3 ICT integrated building services

ICT play a major role in the building service integra-
tion in the Lighthouse. ICT-enabled smart metering
and energy management system will record energy
consumption and enable occupants to identify if any
wastage is occurring, helping to promote more envi-
ronmentally aware lifestyles.

As discussed in Section 2.1, ICT could make not
only the management of power grids more efficient
but also facilitate the integration of renewable en-
ergy sources. Through its integration with ICT, re-
newable energy is provided by a biomass boiler with
an automatic feed system for heating, building inte-
grated photovoltaic electricity and a solar-thermal
array, which supplies hot water and allows the boiler
to be turned off in the summer and turned down in
the spring and autumn, significantly reducing fuel
consumption. These renewable energy features have
reduced energy fuel costs for space and water heat-



ing in the Lighthouse to around £30 per year and, as
all electricity is supplied via solar technologies,
electricity running costs are completely eliminated.
The overall costs of the fuel has been reduced by
about 94% (not including standard charges).

Lighthouse also includes mechanical ventilation
with heat recovery (MVHR), as well as a roof-
mounted wind catcher, which provides secure night-
time ventilation for passive cooling, in conjunction
with thermal mass boards in the ceilings and exter-
nal shading. This helps to control the temperature of
the interior environment, improving occupier com-
fort and keeping the house cool in the summer
months.

4.4 Energy use

The energy use has been calculated using an adapted
standard assessment procedure method (SAP, 2005).
Standard assessment procedure is the calculation
method used for the energy assessment for checking
building regulations compliance for dwellings.

The heating energy is calculated using a degree
day method. Standard assessment procedure has
been adapted as follows:

— 100% low energy lighting rather than 30%

— 0% secondary heating rather than 10% electrical
— 88% heat recovery efficiency rather than 66%

— Specific fan power of 0.92 W/I/s rather than 2 W/

I/s
— 2940 kWh/yr solar thermal (calculated by manu-

facturer) rather than 1475 kWh/yr
— Water heating based on reduced shower water

flow rate

MWHR Other fans

Occupant
electricity

use
24%

Figure 4. Lighthouse energy use

The energy cost of running the Lighthouse would
be about £31 per year for the wood pellets, assuming

wood pellets cost 1.8 p/ kwWh. The electricity is free
from the sun. A house of the same size and shape
but built to 2006 building regulations standards
would cost about £500 a year in energy bills. Most
of the domestic hot water energy is provided by the
solar thermal panels. There is a small amount of car-
bon dioxide emissions associated with the growing,
processing and delivery of the wood pellets for the
remainder of the hot water and for the space heating.
This is offset by extra renewable electricity that is
generated from the sun by the photovoltaic panels
and exported to the grid. In this way, the house is net
zero carbon on an annual basis. Figure 4 demon-
strates the distribution of the Lighthouse energy use.

5 CONCLUSIONS

In this paper, ICT as an enabler to energy efficiency
in the so-called smart buildings are investigated. The
role of ICT is discussed along with the fundamental
fields to be developed for energy efficiency in future
smart buildings. Five key areas have been identified
where there is potential to improve energy efficiency
through the use of ICT. As an energy efficient hous-
ing example, the Lighthouse built in the UK is dis-
cussed along with its ICT integrated building ser-
vices and demonstration data of energy use. In order
to achieve the energy efficiency in buildings, further
support of multidisciplinary R&D and innovation
demonstrating the potential of ICT based solutions
are needed to foster the acceleration of the de-
ployment of energy efficient solutions in buildings.
It is expected that the integration of ICT in smart
buildings will significantly improve the energy effi-
ciency within these buildings.
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