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Information and Communications Technologies (ICTs) can play a potential role in improving the energy
performance of buildings by the implementation of effective solutions that take advantage of the energy
interactions between all the elements included in a building.

Arevision of the 105 pilots implemented or under implementation in 18 projects in the area of ICTs for
energy efficiency in buildings located in 23 European countries, through 88 cities with different types of
climates, buildings and technologies have been carried out through documentary and field analysis of the

{:?; ‘;V;ﬁsi;n and Communication energy, economic and social project results. These results have been extrapolated to assess the potential
Technology energy savings which could be expected at the EU level by implementing the solutions proposed by the

projects.

By the implementation of the different ICT solutions, buildings have achieved more than 20% energy
savings. Pilots have demonstrated that the effectiveness of the ICT solution does not depend directly on
the different climates where the solutions are implemented, but on several factors, such as the level of

European Union

Energy efficiency

Energy savings

Energy management system

Public building motivation, perceived thermal comfort, quality of social interaction and communication and ICT support.
© 2016 Elsevier B.V. All rights reserved.
1. Introduction o Verify whether the building and the systems installed behave as

designed.
The European Commission has recognized the potential role o Monitor that the performance and energy efficiency are stable
Information and Communications Technologies (ICTs) can play in during the life time of the building and do not decrease.

improving the energy performance of buildings in several high- e Achieve more energy savings combining the operation of the
level policy documents [1-4]. ICT and ICT-based innovations may different systems in the building.

provide one of the potentially most cost-effective means for Mem- e Provide feedback to change user’s behaviour and install new
ber States to achieve the 2020 target and are key to deliver the energy efficient technologies or fine tune those already installed.
fundamental yet urgent changes required in local and regional com- ¢ Help to increase users’ comfort.

munities. The Commission is co-financing projects and horizontal actions

ICT solutions for energy management and resources integra-
tion should be considered in order to help designers, stakeholders
and users to increase the energy efficiency of those individual sys-
tems and the overall efficiency of the European buildings [5]. ICT
solutions are very helpful to:
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to support the development and deployment of energy efficient
solutions for buildings under the 7th Framework Programme for
Research and the ICT Policy Support Programme (ICT PSP) which
is the part of the Competitiveness and Innovation Programme
(CIP) focusing on ICT, with the aim of demonstrating the energy
efficiency benefits ICT can bring to building owners and their inhab-
itants/users.

Projects covering residential and non-residential buildings
(including social housing and public buildings) have built common
methodologies to calculate energy savings via ICT and the results
are showing significant reductions in energy consumption and CO,
emissions of up to 20%.
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Nomenclature

ANN Artificial Neural Network
BMS Building Management System

CCTV Closed-Circuit Television
DHW  Domestic Hot Water

EAS Energy Awareness Services
EMS Energy Management Services
GA Genetic Algorithm

HPC High Performance Computing
HVAC Heating, Ventilation and Air Conditioning
ICT Information and Communication Technology

IPMVP International performance measurement and veri-
fication protocol

REEB The European Strategic Research Roadmap to ICT
enabled Energy-Efficiency in Building and Construc-
tion

RMS Resource Management Services

ROI Return Of Investment

RUAS Resource Use Awareness Services

SCADA Supervisory Control and Data Acquisition

SEP Smart Energy Platform
SME Small and Medium-Sized Enterprise
SSL Solid State Lamps

STP Sewage Treatment Plan

TCP/IP  Transmission Control Protocol and the Internet Pro-
tocol

VLC/PLC Visible Light Communications and Powerline Com-
munications

WTP Water Treatment Plan

Two common methodologies [6,7] for energy efficiency mea-
surement developed by CIP social housing and public buildings
projects have been designed to collect in a more harmonised way
the appropriate data and produce a more meaningful quantitative
analysis of the energy savings potential of ICT solutions in residen-
tial and non-residential buildings.

This analysis of results from EU pilot projects provides a compar-
ative overview of various ICT solutions to achieve energy savings in
buildings (public buildings and social housing) which were piloted
under the CIP ICT-PSP. The objective of this study is to analyse
energy usage data generated by a set of projects piloting vari-
ous types of ICT systems/gadgets to reduce energy consumption
in buildings (see Table 1). All projects collected the data, using the
designed methodologies over a period of one year, in buildings with
and without (baseline) energy saving systems/gadgets.

2. State of the art

The state of the art of ICT systems for energy management at
building level is discussed, focusing on the fundamental fields in
which R&D has to assume a huge challenge to start shifting the
traditional and at the same time high-rigid energy management
model. Five key areas including design and simulation tools, inter-
operability/standards, building automation, smart metering and
user awareness tools have been identified 8], where there is poten-
tial to improve energy efficiency through the use of ICTs, and they
are considered as the next ICT generation for future smart buildings.

According to REEB 2010 (The European Strategic Research
Roadmap to ICT enabled Energy-Efficiency in Building and Con-
struction), ICT systems have been identified as one possible means
to design, optimise, regulate and control energy use within exist-
ing and future (smart) buildings. ICTs could not only be used for
decreasing energy in buildings, but also to create new business

opportunities driven by the need for energy efficiency. Throughout
the life cycle of a building, most energy (~80%) is used during the
operational stage [9]. The decisions made in the early design stages
or in renovation stages for existing buildings thus influence about
80% of the total life cycle energy usage, while the impact of user
behaviour and real-time control is in the range of 20% [9]. There-
fore, there is an urgent need to find new possibilities to decrease
the energy usage in buildings [10], for example through effective
energy management of the facilities installed, such as chiller sys-
tems [11] and HVAC systems [12], especially in office buildings.

ICTs can lead to reductions on a global basis five times the size
of the ICT sector’s own emissions, which is 15% of total global
emissions in a ‘business as usual’ scenario for 2020 [G]. One of
the greatest roles that ICTs could play is in better design, man-
agement and automation of buildings. Industries and governments
alike must find ways to utilise the possibilities.

The Building Management System (BMS) market is changing
rapidly [13,14]. Technological advances in building monitoring and
control are opening the way to an era of huge volumes of data on
building energy use and efficiency. Vendors are discovering inno-
vative methods to capitalize this information to help buildings
operate more efficiently. Although there has been a focus on energy
efficiency in commercial buildings for some years, the BMS mar-
ket can still be considered nascent. The landscape of new entrants,
new technologies and new methodologies is expanding rapidly,
and even well-established market leaders are finding new ways
to present and promote their businesses.

2.1. Optimisation approaches through ICTs for Energy Efficient
Buildings

Significant research efforts have been recently directed towards
building energy optimisation through simulation with the objective
of reducing buildings’ energy consumption. For example, a recent
study [15] shows a High Performance Computing (HPC) based cloud
model to study and optimise the energy consumption in buildings
through EnergyPlus simulation-based optimisation. To this end, the
study considers several factors such as performance, cost and user
perspectives, compares two different environments, determining
their effectiveness to support simulation based optimisation and
identifies their limiting factors through detailed performance anal-
ysis [15].

In this line, another study [16] presents a web-based par-
allel Genetic Algorithm (GA) optimisation framework based on
distributed high-throughput computation environment (parallel
NSGA-II), with which it is possible to reduce the computational time
of complex buildings’ energy optimization problems. This opti-
mization framework was then tested in an experimental building
in Bilbao (Spain), through its implementation in EnergyPlus, achiev-
ing a reduction in the building’s energy consumption of about 15%
while significantly reducing the computational time (the parallel
NSGA-II was around 39 times faster than a single process GA) [16].

On the other hand, other studies, such as [17-19], focus on
reducing the gap between predicted and actual energy consump-
tion in buildings through ICTs to predict and optimise the buildings’
energy consumption. In particular, Yuce and Rezgui [ 17] developed
an Artificial Neural Network (ANN) to learn energy consumption
patterns and behaviour within the building, which can then be used
as the cost function of a Genetic Algorithm (GA)-based optimization
tool to generate optimized energy saving rules considering multi-
ple objectives and constraints. This solution developed was then
tested on both simulation platform and a pilot building located
in the Netherlands, achieving an average of 25% energy reduction
while meeting occupants’ comfort conditions [17]. In this line, Yuce
et al. [18] utilised an ANN based prediction approach to predict
the energy consumption and thermal comfort level of an indoor
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Table 1
EU projects analysed.

Social housing

Public buildings

Project Website Project Website
3e-Houses www.3ehouses.eu Best energy www.bestenergyproject.eu
E3SoHo www.e3soho.eu HosPilot www.hospilot.eu
eSESH www.esesh.eu Save Energy www.ict4saveenergy.eu
BECA www.beca-project.eu EDISON www.project-edison.eu
ICE-WISH www.ice-wish.eu GREEN@Hospital www.greenhospital-project.eu
SHOWE-IT www.showe-it.eu SMART Build www.smartbuild.eu
Smart CAMPUS www.greensmartcampus.eu
Smartspaces www.smartspaces.eu
VERYSchool www.veryschool.eu
EPLACE www.eplaceproject.eu
TEDS4BEE www.teds4bee.eu
SUNSHINE www.sunshineproject.eu
swimming pool, under the EU-FP7 funded project SPORTE2 (Energy
Efficient for Sport facilities [18].
Other studies, such as [19], also utilised ANN-GA for energy opti- BMS
misation, in this case [19] to optimise the energy consumption in
the domestic sector through an ANN-GA smart appliance control-
ling the energy consuming devices. This solution was then tested w -
and demonstrated using weekly optimised schedules to achieve £ o
three levels of energy reduction, 10%, 25% and 40%, in a four bed- § Communications f—;
room Oak House, connected to the energy grid. It was proved that ‘c e
the proposed approach implemented in this domestic pilot house, §°

allowed a reduction of the energy demand in “peak” periods, max-
imising the use of renewable sources while reducing reliance on
grid energy [19].

2.2. Motivation of ICT systems to achieve Energy Efficient
Buildings

As shown in the previous section, a lot of efforts have been
put on the development of ICTs systems to reduce the buildings’
energy consumption and in general for buildings’ energy man-
agement. Even though there are other methods to achieve energy
efficiency in buildings, ranging from renovation/refurbishment to
the use of high-efficiency appliances and adequate user behaviour,
itis believed that ICT systems have a significant potential to reduce
and optimise the energy consumption in buildings, as through a
proper building energy management it is possible to reduce peak
energy loads, switch off equipment when not in used or lighting
systems when not required, etc. Furthermore, ICTs systems can be
used in conjunction with other energy efficiency measures to max-
imise their potential, such as through automatic control of shading
systems and lighting devices.

Therefore, to study and review the suitability and potential of
ICTs systems in buildings, this paper presents a technology review
of such technology, together with a thorough analysis of the results
obtained in a series of EU pilot projects where different ICTs have
been implemented in both social housing and public buildings.
The 105 pilots considered are located in different types of climates
and building types and used diverse technologies, covering a broad
and heterogeneous sample from which the results have then been
extrapolated to assess the potential energy savings that could be
achieved at EU level thanks to the implementation of the ICT solu-
tions proposed within the project. To complement this study, an
economic and social analysis have also been undertaken to have a
broaden and more in-depth point of view of the cost associated to
these systems as well as their interaction with people, which are
the limitations that hinder their use and how to overcome them.
Finally, a replication plan of the ICT solutions is also presented.

Sensors / Actuators

Fig. 1. ICT infrastructure.

3. Technology review

The ICT infrastructure design consists on the selection and inte-
gration of the following items (see Fig. 1):

e Monitoring devices: these will depend on the systems in the
building and the parameters to be measured.

o Communication infrastructure: it is required to transmit the
measurements from the monitoring equipment to the control
centre, and the orders from the control centre to the field actua-
tors.

e BMS: it is the software collecting field measurements and dis-
playing them to the users. It can also control remotely and
automatically the different systems in the building based on dif-
ferent algorithms.

It is believed that the main challenge in the design of the ICT
infrastructure is the vast number of possibilities available for the
previous items, most of them very difficult to integrate in a single
comprehensive ICT management system for the building. A large
variety of different energy management products in buildings from
big corporations to Small and Medium-Sized Enterprises (SMEs)
compete in the market, which raise several doubts and concerns
among potential customers, hindering the decision-making process
because of lack of confidence on the suitability and usefulness of the
most appealing options. This leads to the loss of many opportunities
to improve energy efficiency in buildings.

This problem becomes even more important in existing build-
ings, with several stakeholders taking part during the building
life cycle, many of them small SMEs using their own technology
depending on their know-how or expertise, and usually, no one
leading an overall strategy.

Retrofitting of buildings can be a good opportunity to install
some of the BMS features. If the implementation of an active con-
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Table 2
Sensors: measures and actions.

Sensors Use, collected data, operation

Temperature Provides a comfort indicator for each room of the house or
building.
Allows adjusting the indoor conditions based on outdoor
conditions.
Allows the user to transfer the energy excess from one
room to another.

Humidity Gives data on comfort and indoor air quality.
Allows activating ventilation for rooms in which the
humidity varies greatly.

Lighting Control of aperture depending on external lighting
conditions.
Regulation of lighting depending on illumination.

Occupancy Regulation of temperature, lighting and ventilation
depending on room occupancy.

Opening Heating and ventilation can be switched off in a room open

to the outside.
CO, Control of ventilation depending on indoor air quality.
Consumption Allows analysing the consumption of each resource (water,
gas, electricity).

trolling system is not possible, at least measuring devices for the
visualization of energy use should be considered to promote user
awareness. Systems with wireless communication and even self-
powering might be a good alternative for existing buildings where
installation works cannot be performed in full scale. Also, the
project-oriented approach of building industry makes the adoption
of long-term strategies very complex. That is why it is very impor-
tant to adopt a long term ICT energy efficiency policy whenever
possible from the early stages in the building design.

Within this context, the most common components of the ICT
systems are defined in the following subsections.

3.1. Sensors and smart metering

Energy optimisation of buildings requires the possibility to
analyse the characteristics and performance of buildings [20]. ICT
technologies can provide an ideal solution to perform the mon-
itoring of several physical and energy consumption parameters.
According to these parameters, sensors can be divided in two main
categories:

e Sensor for monitoring physic parameters: indoor and outdoor
temperature, humidity, lighting, human occupancy, aperture,
CO, concentration, etc.

¢ Sensor for monitoring consumption: gas, electricity, water, etc.

The role of the sensors within an energy management system is
to provide an environmental context in which users and automated
mechanisms can validate the mode of operation and take correc-
tive actions if necessary (see Table 2), for example by adjusting the
heating system according to a thermostat or turning off lights when
there is no occupancy [21].

3.2. Communication protocol

Communication between sensors, actuators and BMS is of par-
ticular importance to ensure the proper control and management
of the building. A network is not an energy management applica-
tion, butitis the glue that enables energy management applications
to monitor and control the devices. Existing protocols are either
owned by private technology providers or open communication
languages.

Thanks to the communication technologies, sensors make the
energy context and other physical parameters visible, and then
building management systems can monitor and optimise the
operation, enabling appliances to obtain enough information to
consume energy responsibly on their own by using real-time data

loaded from power distribution systems; and also providing feed-
back of their real-time status and energy consumption.

Besides this, in the future, the connection with power distribu-
tion systems will be feasible, so energy management applications
will be required to optimally operate the power sources available,
adjust the mode of operation or improve the peak load manage-
ment responding to grid events. Again, standards, protocols and
communication technologies are the ones which will make this
plausible.

The different technologies can be classified based on the trans-
mission medium into wired and wireless [22,23]. The reason of this
division is that their requirements are different. For example, power
consumption is a very important factor in wireless technologies
[24], but far less important in wired.

On the other hand, the speed of the technologies depends mainly
on the physical layer for wireless technologies [25], and on the
physical medium and the codification for wired, so the technologies
that use the same means of transmission will have similar speed
and range. There are multiple configuration possibilities for each
protocol and new versions are released improving what the former
was not able to achieve [26].

The most usual protocols for the building sector among Europe
are[27]: BACnet (open)[28], KNX (open)[29] and LonWorks (open).

3.3. Building Management System (BMS)

Fully equipped buildings need control and management sys-
tems in order to coordinate at least the various active systems
working to produce heat, cold and clean air and their relation
with the variable weather predictions [30]. Building management
is also becoming compulsory for new buildings with low energy
consumptions in order to ensure not only the correct performance
of the systems but also their effectiveness. Nowadays, BMS are
implemented systematically in tertiary buildings [31] and have an
increasing implementation in the residential sector.

BMS is a computer-based control system installed in buildings
that controls and monitors the building’s mechanical and electri-
cal equipment such as Heating, Ventilation and Air Conditioning
(HVAC), Closed-Circuit Television (CCTV), Access Control, Fire and
Intruder Alarms, Lighting and Power systems (see Table 3 for more
details about the BMS skills). The EN 15232 is the standard concern-
ing the energy impact of building automation, control and building
management. It also provides a good overview of common off-the-
shelf control functionalities in a BMS.

BMS complexity ranges from covering some of the next four
basic functions to include all of them, that is, Controlling, Mon-
itoring, Optimising and Reporting. Nowadays, monitoring and
reporting are common features for BMS, even in small projects for
housing. However, BMS covering the four functions are more com-
monly implemented in large projects for tertiary service buildings
with extensive mechanical, electrical, and pumping systems. Sys-
tems linked to a BMS typically represent 40% of a building’s energy
usage; if lighting is included, this number approaches 70% depend-
ing on the type of building.

With a centralized BMS reporting on high yield energy con-
sumption facilities, power consuming systems are easily identified.
These reports help in building automation fine tuning to save
energy, and encourage initiatives such as cost justification to invest
in more energy efficient systems whilst simultaneously promoting
the awareness of energy efficiency throughout the organization.

Focusing on how automation can help energy efficiency in BMS
with control functionalities, there are numerous ways in which
building services can be controlled, with three basic methods:

e Time based: installing a timer to provide such services for
instance for lighting and HVAC systems, when required.
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Table 3
Building Management Systems skills.

Management help

Energy efficiency key

Increase level of comfort.

Individual tenant billing for services facilities.

Remote monitoring and control of the systems in the
building (such as Air Handling Units (AHUs), fire pumps,
water pumps, electrical supply, Sewage Treatment Plan
(STP), Water Treatment Plan (WTP), etc.).

Improve maintenance enabling corrective and
predictive actions.

Monitor and optimise energy efficiency.

Economizer control.

Remote shut down.

Equipment cycling.

Scheduled-based heating, ventilation and cooling
control (HVAC).

Customizable & comprehensive energy usage reports.

Electrical demand limiting.

Outside air reduction.

Automated equipment scheduling.

Leakage or left on limitations.

Occupancy-based environmental controls.

Optimal start/stop.

e Occupancy based control: the use of presence detectors to control
lighting and indoor conditions, as well as the business schedule.

e Parameter optimisation based: through the optimisation of arep-
resentative aspect, such as temperature for space heating.

For many years now, there are independent systems (HVAC,
lighting, microgeneration and power distribution, etc.) in build-
ings which use the previous control methods considering them
as stand-alone measurements of energy efficiency, but further
energy reductions not commonly exploited are possible through,
for example, combining heating, lighting and blind-control. How-
ever, these combined solutions are only available in the most
advanced commercial BMS or in tailored BMS designed with com-
mercial Supervisory Control and Data Acquisition (SCADA) tools.

Althoughitis still far from being common, some emerging appli-
cations of predictive control modelling are also applied to buildings.
In this case, a conventional BMS manages the building, but at the
basis of this system there is an optimisation software tool that
operates the BMS, e.g. changing the temperature set-point within
a comfort interval taking into account information such as the
weather forecast, real-time energy pricing, etc., to achieve an opti-
mal trade-off between energy consumption, comfort and economy.

4. Data analysis from EU pilot projects
4.1. Projects’ buildings details

The mainrepresentative details of the different buildings used as
pilots for the ICT systems’ implementation is shown in this section.

Table 4
Number of social housing and public buildings projects.

Social housing projects Public buildings projects

Number of buildings 364
Number of dwellings 7,626
Users (tenants) 11,218
Total surface (m?) 479,955

Number of buildings 230

Users (users + visitors)
Total surface (m?)

7,70,993
5,546,318

4.1.1. Number of buildings and number of users involved

As shown in Table 4, the social housing and public buildings
projects considered have a significant impact on the community
where they are developed involving a significant number of build-
ings and citizens.

4.1.2. Buildings location by climatic region

Social housing and public buildings projects have implemented
and developed their pilots across Europe covering the main Euro-
pean climatic regions and countries as it is shown in Fig. 2.

4.1.3. Buildings distribution by year of construction

As it is shown in Fig. 3, it is clear that the ICT solutions imple-
mented by the projects are suitable not only for new or recent
buildings but also and especially for old buildings both in social
housing and public buildings.

4.1.4. Typologies of public buildings

The public buildings projects have implemented ICT solutions
in different typologies of buildings in order to prove that their use
can help building users to reduce the energy consumption adapting
these solutions to the peculiarities of the various activities that take
place within public buildings (see Fig. 4).

. 21%

- Central and Eastern Europe

39%
# Northern Europe

8% .
# Mountain areas
3 6%  m North-western Europe

% Mediterranean regions

28%

Fig. 2. Buildings location by climatic region.
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Fig. 3. Buildings distribution by year of construction.

11% 8%

# Sports Centre ->8%
= University ->16%
% Hospital -> 11%
m Office ->34%
% Schools ->19%
House of culture ->11%

34%

Fig. 4. Public buildings distribution by typology.

4.2. Actions piloted by the projects

On one hand, there are two main system typologies:

o Energy Awareness Systems (EAS): these systems deliver to users
real-time data on their current energy consumption at their
house orata publicareain order to make them able to save energy
by adapting their energy consumption behaviour. Behaviour
transformation as a concept is based on the use of empirically
demonstrated techniques as a means to impact on the behaviour
of individuals, and thus to achieve an objective identified. Real-
time data is an added value providing that the adequate message
is passed on to users. By comparing the real-time data to the
baseline, users can perceive energy consumption reductions or
increases compared to a business-as-usual profile.

e Energy Management Systems (EMS): these systems deliver
information about general parameters measurements such as
temperature, humidity and consumptions, as well as the main
technical parameters of the equipment. By measuring these
parameters, the system can set specific alarms and a synthe-
sis of the building’s performance both at real-time and for the
past periods, allowing an interesting analysis of the energy and
comfort parameters of the building. EMS helps building man-
agers to administer their buildings better, enabling more efficient
energy management, fairer energy billing, the introduction of
more powerful incentives for energy savings, and intelligent elec-
tricity peak savings. These systems can also incorporate a control
device used for the whole control and maintenance of buildings
services, allowing the management of all the HVAC equipment
and lighting systems in relation to exterior and interior condi-
tions, occupancy and pre-programmed scenarios. The building’s
operation and management staff should know how to use the
monitoring system installed in the building in order to reduce
the energy consumption on a daily basis through a continuous
monitoring.

On the other hand, the system users are identified in two main
groups, according to their position regarding the technological
solutions. These users groups need different ICT tools to contribute
to the energy savings of the building:

[o]
Technicians: they are dealing directly with ICT solutions and can
influence them. They work to reduce the energy consumption of
the building by using EMS such as:
o Communication infrastructure: real-time measurements of the
energy production and consumption.
Specific software tools: for overall system management and gen-
eral integration of the monitoring systems, giving the complete
EMS an added value.
Users of the building: they are dealing indirectly with ICT
solutions and are affected by them. They can influence in the
reduction of the energy consumption of the building by the use
of EAS such as:
Public information systems: showing real-time information on
the energy consumption and the energy efficiency.
Messages: awareness rising to ask for some kind of action.
o Control about own behaviour and comfort: regulation of lighting,

heating, cooling, water and electricity use.

The technical actions piloted by projects for the monitoring and
control of the energy consumption in social housing through the
implementation of ICT are divided in two main levels: dwelling
level and building level, due to the different type of information
managed by the two main services implemented in the projects,
EAS (related to tenants) and EMS (related to technicians or building
managers). For public buildings, only building level is considered.

Figs. 5 and 6 show the distribution of the different types of
energy savings actions applied to social housing and public build-
ings respectively. Regarding social housing projects, Fig. 5 shows
that energy saving actions in electricity are the most predominant,
both at dwelling and building level, with 82% and 55% of the pilots
respectively. It is also possible to observe that, even though both
levels show the same trends, at dwelling level substantially more
actions were taken in Heating and Domestic Hot Water (DHW), as
expected. Similarly, Fig. 6 shows that, in the case of public building
projects, 96% of the pilots implemented energy savings actions in
electricity, while only 14% implemented Renewable energy tech-
nologies.

5. Results and discussion

This section shows a discussion of the main results of the pilot
projects regarding the energy savings achieved, an economic and
social analysis, as well as the potential of replication at European
level.

5.1. Energy savings analysis

The analysis of social housing pilots in different countries
achieved promising results, showing that the use of ICT solutions in
households is a very useful tool to save energy. An in depth analysis
of the results indicated that, even though almost 50% of the pilot
sites achieved the 20% energy savings target defined in the evalu-
ation plan, in several cases it is difficult to reach this target due to
the following reasons:

o Electricity consumption is becoming progressively more difficult
to reduce as people increasingly have more electrical devices
(tablets, PCs, smartphones, etc.).

e The average energy consumption of the social housing pilot
dwellings is already significantly lower than the average energy
consumption of each country.
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Fig. 5. Energy savings piloted by social housing projects at dwelling level (left) and building level (right).
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Fig. 6. Energy savings piloted by public buildings projects.

o ICT systems should be properly explained to the end users. Fur-
thermore, the better relationships with the tenants, the better
the results are.

o The energy efficiency and CO, reductions achieved thanks to the
implementation of ICT systems depend on the specific training
of professionals and users of these technologies, which implies a
learning curve resulting in potentially higher energy savings in
the near future.

Fig. 7 shows a summary of the energy savings achieved in the
social housing pilots analysed.

First of all, one should bear in mind that heating is the main
energy consumption in residential buildings, therefore there is an
important opportunity of achieving savings in heating and Domes-
tic Hot Water (DHW) through the optimisation of the central
heating system, and in particular improving its operation. It is esti-
mated that the energy savings potential through optimisation of
the operation ranges from 10% to 20% depending on the real state of
the heating system. In addition, it is believed that with an intensive
use of the EAS, which shows important information about energy
consumption and costs, tenants could progressively change their
behaviour, reducing their energy consumption by approximately
8% on average. In the case of public buildings, the results show that
it is more efficient to concentrate first the efforts on optimising the
technical system. However, it was observed that the pilots achieved
significant energy reductions not only through this optimisation
but also thanks to the improvement in operational procedures, the
increase of user’s involvement and the enhancement of the inter-
actions between users, technologies and buildings.

Of the total energy savings that the pilots achieved, half of
them were because of the investments in building services retrofit
(mainly in HVAC and lighting systems) and the other half due to
the impact of the ICT system implemented. Fig. 8 shows a sum-

Table 5
Social housing: potential annual savings at European level.
Annual savings per dwelling Total annual savings
Electric 200 kWh/dwelling 4,471 GWh
Thermal 517 kWh/dwelling 11,559 GWh
CO, emissions 92 kg CO,/dwelling 2,056,843 tons CO,
Economic 46 € /dwelling 1,028 M€

Table 6
Public buildings: potential annual saving at European level.
Annual savings per m? Total annual savings
Electric 6.58 kWh/m? 7,994 GWh
Thermal 5kWh/m? 6,075 GWh
CO, emissions 9.18 kg CO,/m? 11,152,782 tons CO,
Economic 5.3€/m? 6,054 M€

mary of the energy savings achieved within the public building
pilots analysed. It is possible to observe that in this case most of
the buildings achieved the 20% energy savings target established,
with some pilots achieving more than 50% energy savings (HosPilot
project in Spain and France and EDISON project in Belgium).

5.2. Potential energy savings at European level

The European social housing stock is estimated in 9.5% of the
total European dwelling stock with a total area of 1781.25 million
m2. The potential savings regarding energy, CO, emissions and eco-
nomics for the social housing sector at European level have been
extrapolated from the results obtained in the EU projects studied
in the present work and are shown in Table 5.

On the other hand, non-residential buildings account for 25% of
the total building stock in Europe with a total area of 1214.9 million
m?2 and comprise a more complex and heterogeneous sector com-
pared to the residential sector. The retail and wholesale buildings
make up the largest portion of the non-residential stock while office
buildings are the second biggest category with a floor space corre-
sponding to one quarter of the total non-residential floor space. The
total non-residential floor space within the EU is divided, on aver-
age, as follows: 28% wholesale and retail, 23% offices, 17% education,
11% hotels and restaurants, 7% hospitals, 4% sport facilities and 11%
others. Considering these numbers, Table 6 shows the potential sav-
ings regarding energy, CO, emissions and economics for the public
buildings at European level.

5.3. Economic analysis

First of all, it should be noted that the ICT system costs analysed
are higher than expected. In social housing, the installation costs



A. Jdiiez Mordn et al. / Energy and Buildings 127 (2016) 128-137

135

30% 3
\
25% §
N
20% | @y N
X1 R \
N N N
15% % N § N
N Y N NE \
10% [ Y N NE N N N
NXARKRRKRRKRRRDRBQ YRRRRRRRNR \ Y N
ARt N N NS NS N N NI N N NI NS NS N NS N N\ N\ N\
HNm>.E'gHNHNm.‘£"*NZ'E.Eé‘.&’.‘_:g.‘_"z
£ £ £ 5|8 £ £ gz s 8§ ¢ 8 =212 & & § s S
T 2 % E/ &6 5 8% &F & & 5 s 2 BEERSLES
v o ov g w » E E E < 5 & @ 3 2 & 3
© g & 8 =
]
o
3e-Houses E3SoHo | eSESH BECA
# Target savings  x Real savings
Fig. 7. Total percentage of energy savings achieved within the different social housing pilots.
80% - = Target savings  x Real savings
70% - §
\ N
60% - § “
\
50% - § _:
40% - § N\ ,ﬁfv
30% § §
o° N § % §\ % §\
20% \§ § § § § N § § ¢ N
0, % N § § § § § § § % §
wem\ N RN RN N Y N N o N N N
M\ N\l \ YA R RKRKRNRNR
R N\ N\ N\ \ NI NS NEE NS NS\ N \
£ g | 2 5 8 B k= g ¥ £ 5 =
8 [ _g £ = & a
S
=
Bestenergy HosPilot Save Energy EDISON VerySchool

Fig. 8. Total percentage of energy savings achieved within the different public building pilots.

ranges from 300 € to 1000 € per dwelling, depending on the num-
ber of installations monitored and the average country prices. The
payback period depends on the average energy cost; therefore in
some countries the current energy prices are too low to calculate
a positive Return Of Investment (ROI). Nevertheless, the financial
pay-off is achieved by most social housing tenants during the first
5 years and by almost all after 10 years.

On the other hand, in tertiary buildings, the average ICT sys-
tem installation cost is approximately 6.25€/m?. These high costs
may be due to the unfamiliarity that the installers still have with
the requirements. However, the overall solution costs are likely
to decrease over the next years, once standards are established.
It should be considered that the ROI depends also on the use of
the buildings, as some buildings are higher energy consumers than
others. All the results obtained infer that, economically, it is more
efficient to concentrate the first efforts on EMS than on EAS, and
to focus first on buildings and services that are more energy con-
sumers. After the optimisation on EMS, the generated savings can
be used to invest in EAS and systems based on direct feedback,
which have a longer ROI due to the need of users to adapt their
behaviour.

It can be concluded that, in general, for the implementation of
ICT systems, both in social housing and public buildings, it is nec-

essary the development of economies of scale and cost reduction
of equipment.

5.4. Social analysis

From the social point of view, the effectiveness of the ICT solu-
tion depends on several factors, such as the level of motivation,
perceived comfort, quality of social interaction and communication
and ICT support. Besides, one should bear in mind that the way of
thinking, feeling and acting of end-users are not only influenced by
external factors, but also by internal aspects like personal habits,
values, experiences and interests on the project.

In the case of social housing, the involvement of the tenants and
their behavioural change is a crucial point for the success of the
ICT project that requires an intrusion and an installation of a new
technology and devices in a private home. The lack of motivation is
usually related to a low education in energy issues and by the fact
that social housing tenants have already low energy consumption
because of economic difficulties. To overcome these difficulties, the
projects analysed empower consumers with a greater understand-
ing of their energy costs and tariffs, making them able to switch
their energy supplier to receive a cheaper tariff, which could reduce

the extent and effects of fuel poverty.
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All the activities which guide to increase the awareness of the
tenants should be adapted to the different typology of users and
their level of technological knowledge. As an example, the use of
a tablet is easier for young users, but it can be extremely difficult
for elderly people without a digital background. Due to this dif-
ference between users, it is crucial to select different awareness
intervention strategies for each specific target group. A partici-
patory collective training session or workshop is a very effective
strategy to develop and raise awareness of the target group while,
on the other hand, it gives the target group the possibility to get
involved and engaged in the project.

In the implementation of the ICT system in households, locally
active energy managers and social workers are essential to explain
how the services operate and the advantages of using them, as face
to face information is generally more effective than brochures.

In public buildings, there are many people involved in the imple-
mentation of an ICT solution, such as visitors, staff, technicians,
building managers and users, which imply to need to implement
different actions for different typology of users in order to increase
awareness of energy efficiency by changing user’s behaviour.

Motivation and education of building users can have a signifi-
cant impact on energy efficiency in a building, even if permanent
energy savings are often achieved with technical measures. To his
end, it is important to use a range of user behaviour transformation
tools. For instance, a real time energy data display with no addi-
tional user behaviour transformation tools has a minimal impact on
its own. Consequently, a strategic involvement plan should include
informal meetings, real time displays with information on energy
consumptions, workshops, weekly or daily emails including energy
savings information and energy savings suggestions and reminders,
interactive digital games and use of social media in order to main-
tain involved in the project all the affected users.

Furthermore. in order to increase the motivation of people, max-
imise personal contact is one of the keys for the success of the
project and also to achieve the goal of behavioural change in addi-
tion to interact and integrate with other energy savings initiatives
in the same city or country or with the same typology of buildings.
The involvement plan may also influence the relatives of the build-
ing users. For example, if applied to a school, the pupils involved, in
addition to play with interactive learning games within the classes,
they can spread the awareness of energy efficiency to their families
when they arrive home.

Finally, another conclusion extracted from the results is that
it is not only important to focus on the staff and the employees,
behavioural change should also be promoted on all relevant levels
such as the higher management, the service personnel, the guards,
the building management and the installation companies. Individ-
uals need to see the organization acting in the same way that they
are being asked to behave; otherwise, they will lose interest in
transforming their behaviour.

5.5. Replication plan of the ICT solutions

The main steps of a replication plan are shown in Table 7. The
first steps are the definition of the objectives, boundary conditions
and project limitations. At this stage, it is useful to evaluate the
existing policies and goals related to the energy efficiency in build-
ings, at international, national and local level, and also evaluate the
users and their needs to achieve the goals.

Afterwards, an energy efficiency audit is convenient for an initial
check of the energy savings potential of the building. A technical
audit gives an overview of the energy operation of the building
which will help to make decisions to improve the installations.
Moreover, the basis of any suggestion of any measure to reduce
energy consumption need detailed measured consumption data.
The availability of high quality data to calculate the baseline con-

Table 7
Main steps of a replication plan.
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Definition of the boundary conditions and project limitations
Building energy audit

Selection of the ICT system

ICT implementation

User engagement

Analysis and optimization of building performance
Measurement and verification of energy savings
Dissemination of results
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sumption is very important to ensure the reliability of the results.
Based on an energy audit and on the needs of the users, the defined
goals and the technology chosen can be analysed also by their costs
and ROl in order to measure the efficiency and the sustainability of
the investment.

It is strongly recommended that ISO 50001 is used as the basis
for energy savings programs. To measure the change in energy
consumption requires a robust process and, in the case of build-
ings, this process should be based on the International Performance
Measurement and Verification Protocol (IPMVP). In this line, an
independent energy management certification, like ISO 50001,
would be a helpful source to develop the corresponding rules in
buildings. Besides, regulations such as ISO 50001 focus on the phys-
ical implementation, management and operation of energy savings
equipment, which is the key to improve the energy efficiency of
buildings. The continuation of the whole energy management pro-
cess by a certification organization from the beginning of the design,
over the implementation of the technology, to the assessment of
the results would ensure a reduction of technical and user related
dysfunctions of the entire energy management process.

After the selection and implementation of the ICT system and
the user engagement, and once the analysis and optimisation of
buildings performance are carried out, the next step is the monitor-
ing and analysis of the data collected and the results achieved that
include correction and comparison of the data. The Measurement
and Verification (M&V) methodology is intended to promote good
practices and consistency in the reporting of any project results. The
use of the methodology should also assist others to identify more
clearly potential energy savings opportunities including the devel-
opment oflocal and national policy. In summary, a M&V plan mainly
focuses on meter installation, calibration and maintenance, data
gathering and screening, development of computation methods
and, if necessary, acceptable estimates, computation of measured
data and reporting, quality assurance and third-party-verification
of reports. In this line, it is also important to calculate the energy
indicators, to analyse and describe significant deviations precisely
and to compare the targeted and achieved results.

The last step is the dissemination of the results including a clear
and transparent interpretation and communication of the project
results to the owners and the top management as a recommended
step to achieve a successful continuity of the energy efficiency pro-
gram.

6. Conclusions

While complex systems are required in tertiary buildings,
houses are usually equipped by localised systems adapted to one
dwelling with simplified information and management possibili-
ties. Customers can follow real time energy consumption in specific
areas, and adapt their behaviour accordingly. In households, energy
savings generated by ICT systems are moderate to low, compared
to the impacts generated by envelope improvement or modifica-
tion of HVAC systems in the buildings. This leads to a modest, but
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very interesting level of savings generated by behavioural changes
only.

Domestic ICT systems send alerts and guidelines for energy sav-
ings to tenants’ electrical devices such as their computer, television
or tablet; or alternatively a set of personalized recommendations
can be presented on paper by mail post or in a personal meeting
with an energy coach. This the information provided, end-users
are also able to compare their consumption to the corresponding
one of other tenants or to the ‘average’ tenant. Within the informa-
tion provided, historical values are available so as the tenants can
observe their energy consumption over the years, which will allow
them taking appropriate actions in case they consider their energy
consumption should be lowered. Besides, some of the EAS create
tips for tenants on how energy consumption and costs can be saved
based on the observed consumption patterns and figures.

It should be kept in mind that users’ comfort is not only an
important issue in private households. In public buildings it has
at least the same importance or even more than in private houses,
as it is believed that employees working in public office buildings
perceive their personal space/office climate as the most important
issue within their jobs.

It has been found that the biggest barrier in the implementation
of energy efficiency measures in public buildings is that there are
many people involved in energy management and usually the peo-
ple involved in the energy consumption are not the same as those
who benefit financially from energy savings. This financial incen-
tive gap is hence a key factor in the selection of the user’s behaviour
transformation tools.

Anyhow, it is believed that the successful results that can be
achieved in energy efficiency due to user behaviour transforma-
tion supported by real time information in public buildings make
essential for municipalities to invest in the implementation of ICT
systems in such pilots, and to become role-models of energy effi-
ciency in their communities, leading the way for the replication
of the same strategy by private stakeholders in service build-
ings, and influencing citizens to apply similar behaviour in their
homes/industries and through networks of cities.
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