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DISCLAIMER OF WARRANTIES
“This project has received funding from the European Union’s Horizon 2020 research and innovation
programme under Grant Agreement No 649770”.”
R

This document has been prepared by TRIBE project partners as an account of work carried out
within the framework of the EC-GA contract no 649770.
Neither Project Coordinator, nor any signatory party of TRIBE Project Consortium Agreement, nor
any person acting on behalf of any of them:
Re

(a) makes any warranty or representation whatsoever, express or implied,
(i).
with respect to the use of any information, apparatus, method, process, or similar
item disclosed in this document, including merchantability and fitness for a
particular purpose, or
(ii).
that such use does not infringe on or interfere with privately owned rights,
including
any party's intellectual property, or
Re
(iii).
that this document is suitable to any particular user's circumstance; or
(b) assumes responsibility for any damages or other liability whatsoever (including any
consequential damages, even if Project Coordinator or any representative of a signatory
party of the TRIBE Project Consortium Agreement, has been advised of the possibility of
such damages) resulting from your selection or use of this document or any information,
apparatus, method, process, or similar item disclosed in this document.
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ABBREVIATIONS
BMS: Building Management Systems
DAE: Digital Agenda for Europe
R

DLV: Deliverable
EMS: Energy Management System
EPC: Energy Performance Contracting
Re
ESCO: Energy Service Company

EU: European Union
HMI: Human-Machine Interface
HVAC: Heating, Ventilation, Air Conditioning
Re

ICT: Information and Communications Technologies
IPMVP: International Performance Measurement and Verification Protocol
KPIs: key performance indicator
LPWAN: Low-Power Wide-Area Network
M&V: Monitoring and Verification
OZU: Özyeğin University (Turkey)
SQL: Structured Query Language
TCP/IP: Transmission Control Protocol/Internet Protocol
USB: Universal Serial Bus
ZV: Zaragoza Vivienda
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EXECUTIVE SUMMARY
Considering the European Commission’s Europe 2020 Strategy focused on a sustainable
development, the use of ICT is conceived by public administrations as a key role in the achievement
of the stablished goals concerning energy.
R

Significant contributions can be attained through ICT systems: from the technological optimization
of the energy systems to the behavioural changes of the user. This last aspect, thinking of the
building user awareness, is pursued in TRIBE project by the implementation of a videogame linked
by ICT to real data collected from 5 pilot buildings.
ICT solutions have just Re
begun to play a role in achieving energy reductions as organizations (public
and private) take the following steps:




Expanding their use of telework, teleconferencing and e-training;
Installing more energy meters, sensors and energy management systems in their buildings;
and
Re
Consolidating data centers and shifting information technology systems to the cloud.

Figure 1. Potential ICT Reductions in 2020. Source: Strategic Sustainability Performance Plans for 2012

The adoption of energy efficiency solutions has already been found to be environmentally beneficial
as a consequence of the ICT monitoring deployment carried out within each pilot. However,
multiple solutions exist depending on the specific situation of each building, and choosing the most
appropriate ones is not straightforward.
As a parallel outcome to the TRIBE game development and in addition to the modelling of energy
efficiency measures to be implemented concerning each building and saving potential type, a set
D8.1 ICT deployment recommendations for public buildings
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of recommendations for a suitable ICT deployment to identify savings potential in buildings will be
developed, based on the lessons learnt from the pilots. This deliverable will target public buildings
managers and owners beyond the ones involved in the pilots.
Deliverable D8.1, provides assistance and specifies the minimum requirements and parameters for
R
a proper monitoring and data collection process. Starting from the proposal of the ICT use in TRIBE
project, sections below have been developed in order to determine some general
recommendations for public administrations.
This report includes a set of recommendations obtained after the implementation of energy
efficiency measures in the pilot buildings to be offered to public authorities in order to influence
the behaviour of their regular
and eventual users towards energy efficiency in public buildings as a
Re
practical guidance.
This way public buildings owners and operators will be able to:







Implement the project solutions at their buildings, addressing their particular challenges;
Increase their expertise and improve their behaviours, having proven information about
the cost-effectiveness
of the energy efficiency measures, as well as funding schemes
Re
adapted to their necessities;
Identify ways of getting started with new energy efficiency projects including the most cost
effective initiatives where support and funding is most likely to be easily achievable;
Start to take a more strategic approach to energy efficiency planning and implementation
towards a range of energy goals over the longer term;
Identify and overcome potential barriers associated with the practical implementation of
ICT-enabled energy efficiency projects on the ground.

The implementation of the monitoring systems has to be developed in parallel with the
construction works, following a minimal invasive strategy to reduce the impact over the monitoring
variable and the standard operation of the systems.
From the beginning, it is necessary a strong leadership in order to reach a consensus that can be
taken by both roles. The user validation shall be done through personal interviews with the
different user profiles, or through any other suitable social research tool, and shall cover different
aspects depending on the user profile that is being addressed.
Where there is a group of buildings/systems, it is highly recommended to implement a common
energy management system (EMS), which facilitates metering and data collection activities, as well
as the integration of RES and energy-efficient measures.
It is recommended that the experiences and identified barriers of the implementation phase are
documented. Lessons learnt from the experience can be very useful when replicating and improving
the planning and implementation process.
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INTRODUCTION
This document integrates a set of guidelines, procedures and recommendations for designing,
integrating, and operating an ICT monitoring system in public residential and non-residential
buildings, which shall provide insight into the energy consumption, indoor comfort, and energyR
related user behaviour in these buildings.
The set of recommendations has been elaborated using the following knowledge basis:
Firstly, the experience acquired during the design of the data acquisition, treatment and
transmission system in the TRIBE pilots. This system was designed after a deep analysis of the target
buildings and users (collected in DLV 5.1), and a benchmarking of different alternative monitoring
Re
devices and technologies (collected in DLV 5.2). A general overview of the system architecture is
provided below in Figure 2.

Re
Data collector

ZigBee
Coordinator

Pilot 1 – CIRCE headquarters

ZigBee
Coordinator

Pilot 2 – San Pablo public offices

ADSL/FIBER

TRIBE
Game

Data collector

ADSL/FIBER
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ZigBee
Coordinator

Data collector

Pilot 3 – Emmeline de Pankhurst

ADSL/FIBER
SQL Server 2012
PostgreSQL 9.4

ZigBee
Coordinator

SQL

Data collector

Pilot 4 – I.E.S. Azucarera

WiTMo
Energy
Distribution
System (EDS)
RS‐485, RS‐232, TCP/IP,BaCNet, DALI KNX automation

Pilot 5 – Ozyegin University

Data collector

Figure 2. Technical architecture of the ICT monitoring system implemented in the TRIBE project in each pilot.
Source: ACCIONA (2017)

Secondly, a methodology was developed (DLV 5.3) for replicating the experience of designing and
implementing the ICT monitoring system in the 5 TRIBE pilot buildings, collecting the lessons learnt
during the installation phase, and showcasing the work done in the pilots as real examples of
application of the methodology.
D8.1 ICT deployment recommendations for public buildings
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Lastly, after the finalization of the system installation, commissioning, and verification, the system
has been operating during the monitoring phase of the TRIBE pilots, a period during which it has
been possible to acquire new lessons learnt derived from the management and maintenance
activities carried out, and from insights gained through direct feedback from pilot building users.
Therefore, the current document
aims to systematize and synthesize all the knowledge generated
R
throughout the different phases that have been described above, in order to provide public
administrations with easy to follow guidelines and recommendations that will help them to
successfully deploy ICT monitoring solutions in their buildings and facilities. The guidelines consider
two main target groups, on one hand, the building owners, and on the other hand, the building
managers.
Re
This report has been structured
into three main sections:

Section 1 provides a summary of the steps followed within TRIBE project for designing,
implementing, and operating an easily replicable monitoring plan targeting the collection of energy
consumption, indoor comfort, and energy-related user behaviour data from the buildings. These
data can then be used in different ways for improving the energy efficiency of those buildings, e.g.
transmitting the data toReICT awareness tools such as the serious videogame developed within TRIBE
project. Since a large part of this information is already contained within DLV 5.2 and DLV 5.3, this
section tries to synthesize all the steps as much as possible, giving more emphasis on the actions
carried out after the completion of those reports, i.e. during the monitoring phase of the project.
Section 2 provides a summary of the results of the surveys that have been carried out in order to
gain deeper insight into the views of TRIBE pilot buildings’ users regarding the TRIBE project as a
whole, and the ICT-based energy monitoring system which had been deployed in their pilot
building.
Section 3 contains the set of recommendations for ICT deployment in public buildings based on the
findings described in the previous two sections. According to the structure previously presented,
the recommendations are targeting two main stakeholder groups: building owners and building
managers.
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IMPLEMENTATION OF ICT MONITORING SYSTEMS IN TRIBE PILOT
PUBLIC BUILDINGS
ICT-based solutions for energy monitoring, management and control in residential and nonR
residential buildings play
a key role in the implementation of a European strategy for sustainable
development, as the building stock represents a significant share of the total energy consumption
and greenhouse gas emissions of Europe.
This affirmation is reinforced by the market availability of an increasingly wide range of ICT
monitoring solutions at more affordable prices, which enable cost-effective data collection related
Re
to building energy consumption,
indoor comfort, operational parameters, and usage patterns.
These data can then be used as input by different applications for building performance monitoring,
maintenance, and control.
These data support as well the provision of customized feedback to building users for increasing
their awareness about energy efficiency and the impact of their behaviour on energy consumption,
thus helping to achieveReenergy savings linked to behavioural change.
Within TRIBE project, an ICT-based monitoring solution has been implemented in five European
public buildings to collect energy consumption, comfort and usage data, which can on one hand be
analysed through a web-based software tool for assessment of the buildings’ energy efficiency, and
on the other hand are fed into TRIBE’s videogame for engaging citizens with more energy efficient
behaviour. The location and typology of the TRIBE pilots are listed below.




4 pilots are located in Zaragoza (Spain),
o 2 office buildings (Zaragoza Vivienda offices in San Pablo building, and CIRCE
headquarters),
o 1 high school (IES Azucarera)
o 1 social housing building in Zaragoza (Emmeline de Pankhurst)
1 pilot is located in Istanbul (Turkey)
o 1 academic building integrating labs, offices, classrooms, and a coffee shop
belonging to Özyeğin University.

The steps followed for carrying out this experience can be divided into four main phases, as
described in the TRIBE methodology for monitoring phase replication at EU level developed in
DLV5.3: Monitoring requirements, monitoring system design, system deployment, and system
operation.
The following subsections address this structure in order to provide a summary of the work carried
out in the TRIBE pilot buildings, as an illustration of the recommendations for ICT deployment that
will be later introduced in Section 3.
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1.1 Monitoring requirements
This phase was devoted to the detailed study of the TRIBE pilot buildings and of its users in order
to obtain a list of requirements that would later drive the design of the monitoring system. The
study was performed through technical field visits to the pilots, collection and analysis of building
technical documentation,
R and through interaction with building stakeholders (e.g. through specific
workshops).
The following table summarizes the key findings obtained during this phase for the different pilots:

Re

Re
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CIRCE

SAN PABLO

EMMELINE

AZUCARERA

OZU

Academic building

Office building

Social housing

Academic building

Academic building

Zaragoza

Zaragoza

Zaragoza
288 flats distributed in
2 squares
Natural Gas
Individual Gas Boilers
Radiators
Electricity
Lifts and lighting in
common areas
Common appliances in
dwellings

Zaragoza
Main building has 3
floors
Natural gas
2 gas boilers
Radiators
Electricity
VRV systems
Lighting
Ventilation
Office equipment
Educational
equipment
Analysis of 1-year of
gas and electricity
consumption bills.
Electricity
consumption depends
more on occupation
than on weather
Gas consumption
follows the same
evolution as Heating
Degree Days

Istanbul

Refere

Building typology
and uses
Building location
and layout

R

Energy sources
and energy related
equipment

Available historical
energy
consumption data

Natural Gas
1 condensing gas boiler
Radiant floor system
Electricity
VRV systems for heating
and cooling
Re
Lighting
Toilets ventilation
Office equipment
Lab equipment
Analysis of 1-year of gas
and electricity
consumption bills.
Re
Electricity consumption is
quite constant throughout
the year, as occupation of
the building is quite stable,
except for summer, but
this is compensated with
consumption for cooling.

Natural Gas

Electricity

Analysis of 1-year of gas
and electricity
consumption bills.
Gas consumption is much
higher in JanuaryFebruary due to climate
conditions.
Electricity consumption is
higher in summer period
due to cooling system.

D8.1 ICT deployment recommendations for public buildings

Analysis of 1-year gas
and electricity
consumption profile in
bills of 2 dwellings, and
of electricity
consumption of
common areas.
Major responsible for
consumption of
electricity in common
areas are lifts, followed
by lighting.

5

Natural gas

Electricity
Lighting
Ventilation

Analysis of 22 months
of gas and electricity
consumption bills.
Gas consumption does
not vary much
throughout the year as
it is used as well in
chillers during summer
time.
Electricity
consumption
fluctuates with
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SAN PABLO

Gas consumption follows
almost same pattern as
Heating Degree Days.
Energy demand much
lower than Spanish
average
R
Siemens grid analyzer, not
Existing
integrated with any other
monitoring/control
system
infrastructure
Utility electrical meter
Re
with
online real time
consumption information
service
Utility gas meter, with no
access to real time data
Radiant floor with 4
regulation base units, 4
Re
displays, and 32 wireless
thermostats (1 per room)
Older VRVs (for cooling):
28 wired controllers for
setting temperature and
turn on/off
New VRVs (for heating and
cooling): only turn on/off

The only monitoring
systems are utility gas
and electricity meters for
billing purposes.
Manual control of
heating and cooling
systems (turning on/off,
changing temperature
+/-2ºC, and changing
speed in fan coils)
Global lighting timerbased control, individual
manual switching in
offices.
DHW temperature set to
a pre-determined value.
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EMMELINE

AZUCARERA

OZU

Energy consumption
profiles of dwellings are
very different
depending on family
and social situation.
Gas consumption
increases in winter.

Energy demand is
lower than the
Spanish average

presence of students
and lighting demand

Utility gas and
electricity consumption
for billing purposes
Presence detectors for
lighting control in
common areas
Thermostats for
individual heating
systems

Only general metering
of gas and electricity
for billing purposes
Radiators in 1 area
have thermostatic
valves.
Timer for classroom
ventilation in 1 area.
Presence-activated
toilet ventilation in
other area.
Timers/manual
control for lighting

Part of campus-wide
Energy Distribution
System, designed for
controlling HVAC,
electricity distribution
and lighting, which
allows monitoring
energy consumption of
each building.
1 outdoor T/RH sensor
306 indoor T sensors (1
per thermal zone)
8 CO2 sensors
9 electricity meters (1
per floor)
Mechanical systems
controlled by BACnet
Electric systems
monitored by
Schneider Vijeo Citect
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SAN PABLO

EMMELINE

AZUCARERA

For all VRVs, maintenance
service sets schedule and
range of temperatures
Presence-based control of
lighting in toilet/common
areas,
some areas have
R
natural light-based control.
Outdoor lighting has timerbased control.
Rest of lighting has manual
control with normal
switches.
Re
Weather
station
Existing
communications
infrastructure

Ethernet LAN
3 WiFi access points
Poor mobile network
coverage
Re
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OZU
Lighting controlled by
DALI KNX

There is no
communications
network for common
areas. Dwellings may
have individual internet
connection.
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1.2 Monitoring system design
1.2.1 System specification
Once completed the analysis of the TRIBE pilot buildings, the next step was the identification of the
R
common monitoring needs in order to determine the parameters that shall be measured, and thus
draft a common monitoring plan for all the pilots. Besides, this common approach helped to define
a preliminary reference ICT monitoring architecture, which was then customized to the specific
features and needs of each building. The following table summarizes the common list of parameters
which were included in this initial common monitoring plan.
Re

Energy consumption

Indoor comfort

Weather parameters

Use of building

Electricity
Gas
DHW

Temperature
Humidity
Lighting
Indoor Air Quality
(CO2 concentration)

Temperature
Humidity
Wind speed
Solar irradiation

Opening/closing of
windows and doors
Movement (presence
detection)

Re

The next step was to determine the specific implementation of the common monitoring plan in
each of the pilots. This analysis helped to decide:



Which of the parameters from the common monitoring would be actually monitored in
each pilot building.
In which areas would the parameters be monitored

One important aspect to consider was the monitoring systems that already existed in some of the
buildings. A decision had to be made whether the ICT monitoring solution could reuse the available
infrastructure (i.e. build the solution on top of the existing monitoring system, adding new
monitored parameters or extending the monitored areas), or if the solution had to be built from
scratch. The main criterion for deciding on these points was the interoperability options offered by
the available systems.
Regarding the preliminary design of the ICT monitoring architecture, three main layers were
defined, which are shown in Figure 3. At the bottom, we find the field level containing all the
monitoring devices (sensors, meters, etc.), which may use wired or wireless communication
protocols. The field level may contain as well other network elements such as repeaters for
extending coverage of wireless monitoring devices. At the middle, we find the data collector layer,
which is in charge of local collection of measurements and transmission of data to the upper layer.
This upper layer is a cloud server that hosts the database for permanent storage of the data, a web
application that works as HMI for visualization and analysis of the monitored data, and a set of web
services to feed external applications, such as the TRIBE videogame.

D8.1 ICT deployment recommendations for public buildings
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Figure 3. Preliminary ICT monitoring solution architecture design. Source:ACCIONA

A benchmarking of technologies and communication protocols (both wired and wireless), as well
as of sensors typologies, was carried out in order to select the most appropriate to be integrated
into the field level of the monitoring solution.
In the field of wired protocols, considering the fact that the ICT monitoring solution was not
intended to perform any type of automated control, KNX and ModBus were considered the most
advantageous from the point of view of lower technical complexity and investment costs.
Regarding wireless protocols, ZigBee was considered one of the most suitable owing to the
widespread adoption of the standard, and the subsequent availability of a wide range of
manufacturers and devices typologies. Besides, ZigBee devices can be managed as if they were
ordinary Modbus devices, being the management of the wireless part of the protocol completely
transparent for the solution developer.
For the TRIBE pilots, a mixed approach combining wireless ZigBee sensors/meters and ModBus
wired sensors was selected for all buildings except for OZU, where due to the reuse of the already
available monitoring and control infrastructure, other protocols had to be considered as well, such
as BACnet, M-Bus, and RS-232 serial interfaces.
For the data collection layer, the general specifications for the collector depending on the type of
building were defined. Two sets of hardware requirements were produced:

D8.1 ICT deployment recommendations for public buildings
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One targeting the buildings with higher needs of data processing (Circe, San Pablo, and
Azucarera), based on Intel processor, with SSD and a wide variety of connection interfaces
(USB, Serial, Ethernet).
One targeting the building with lower processing needs (dwellings in Emmeline building),
based on ARM processor, with SD card, and the same type (although lower number) of
R
connection interfaces
as the previous one. With this lower-end equipment it is possible to
achieve important cost savings.

For the case of OZU pilot, no data collector was specified, as the collection equipment available in
the already existing monitoring infrastructure could be used for this purpose.
In the case of the cloudRelayer, the following specifications were produced:




For the storage of the monitored data, two types of databases were proposed: one in
charge of handling metadata (user accounts, identifiers of each installation, types of
sensors, units of measurement, etc.), and the other for handling raw monitored data
(numerical values of the measurements and timestamps). SQL Server 2012 Express was
selected as the metadata database engine, and PostgreSQL as the database engine for
Re
monitored data storage.
HMI tool: it was decided to use a web application accessible from any device with internet
connectivity and standard web browser, incorporating Responsive Web Design paradigms
so that it is correctly visualized in smartphones and tablets. Main functionalities required
to the HMI are:
o Security functionalities: creation and management of user accounts for ensuring
secure access to the HMI, and implementation of permissions management to
control which installations and devices can be accessed by each user.
o Analysis functionalities: tool for generating charts for graphical representation of
one or multiple monitored parameters in a given time period.
o Visualization functionalities: dashboard tool composed of a set of widgets
customizable by the user, which allow intuitive visualization of the status of the key
parameters of an installation.
o Administration functionalities: alerts for automated detection of anomalies or
patterns in the data, such as absence of data in certain periods, reception of invalid
data, or data values out of pre-defined ranges.

1.2.2 Implementation plan
The second step of the system design aimed to translate the specifications of the monitoring plan
of each pilot into a detailed specification of all the monitoring components (including accessories
such as cabling, connectors, electrical protections, etc.) needed for the solution, as well as detailed
description of where/how each one of them would be installed, according to the type of sensors,
layout of the buildings’ rooms, etc.

D8.1 ICT deployment recommendations for public buildings
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With the precise list of components, it was also possible to estimate more accurately the costs of
the installation in each pilot (costs of equipment and costs of installation staff), and adjust it to any
budget constraints if needed.
This process was facilitated by a second round of technical visits to the pilots for ensuring the
collection of all detailedRbuilding data relevant for the installation design. It was for instance a good
opportunity for testing the coverage of wireless sensors/meters, repeaters, etc., and thus
determining the optimal network topology and location of each network node. The visits were also
a good opportunity to interact with the local staff from the pilots to discuss possible interferences
of the installation with the building aesthetics, systems, and operatives, to check possible reuse of
existing electrical, ICT and monitoring infrastructure, and to determine all
permissions/authorizations
that need to be processed for carrying out the works.
Re

1.3 Monitoring system deployment
The deployment of the monitoring solution in the pilots was preceded by a careful planning of all
the involved activities. Standard project planning tools and techniques such as Gantt charts were
Re
utilised. The planning included
not only the physical installation activities, but also preparatory
activities like purchases and permissions processing.
For the case of the purchases, a key factor to consider was that for most of the pilots the hardware
components had to be purchased by a public entity (e.g. Zaragoza Vivienda for the pilots of San
Pablo and Emmeline). This meant that special rules had to be applied, which involved complex
processes that took a long time.
The physical installation was immediately followed by commissioning activities in order to put the
monitoring solution in operation, both at hardware level (e.g. setting identifiers to the different
sensors, configuring update frequency, etc.), and software level (e.g. configuration of the
installation in the database, registry of the sensors, configuration of user accounts, etc.).
The commissioning was accompanied by specific validation procedures in order to ensure that the
solution was working properly, including:


Verification of the correct calibration of the sensors: the procedure for verifying the
correct calibration and operation of the sensors had to be adapted to each sensor typology.
Comfort sensors could be easily calibrated by comparing their measurement values with
those from portable multi-parameter instruments that can measure temperature, relative
humidity, CO2 concentration, etc. Similarly, the correct operation of electricity meters can
be checked with other instruments such as current clamps. On the other hand,
measurements from weather stations can be compared with data from online weather
services (the values need not be exactly the same, because the data from the weather
service comes from a location that will be at some distance from the pilot, but if this
distance is not too long, data from the weather service and from the pilot weather station
should follow similar patterns). Other sensors such as presence detectors and sensors for
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detecting opening/closing of windows were validated just by direct observation of the
operation when people entered a room, or when a door/window was opened and closed.
Robustness of the communications network: all sensors, especially wireless ones, were
checked in order to ensure the correct reception of their data in the local gateway, and this
was followed by a check of the correct reception of the data in the cloud server. In order to
detect potentialRdata losses, calculations are done based on the theoretical number of data
packets that shall be received from one sensor during a given period according to its
sampling frequency, and this is compared to the actual number of entries in the database
from that sensor during the same period (ratio of data packets actually received/theoretical
number of expected data packets). If the sensor is working correctly, this ratio should be
100%.
Re
Storage validation: the database systems used in the solution are intrinsically robust and
no problems shall be expected from them, but anyway some validation checks were carried
out in order to ensure their correct operation, e.g. whether backup processes work as
expected, external hosting system provide adequate quality of service, etc.
Security validation: it has to be checked that the authentication and authorization methods
for protecting system
Re
integrity and data privacy are working correctly.

Last part of the deployment phase was the implementation of training activities addressing
different types of building users, such as facility managers of each building, tenants of the Emmeline
building, workers in CIRCE, San Pablo, Azucarera and OZU, and students in the case of OZU and
Azucarera. Depending on the profile and role of the user in the building, different levels of training
were provided.

1.4 Monitoring system operation
Once the deployment of the ICT solution was completed successfully in all the pilots, it has been
operating during the monitoring period of TRIBE project. In order to maintain it operational,
different maintenance activities have been implemented, and in parallel validations have been
carried out in order to verify whether the ICT monitoring solution has fulfilled the needs and
expectations of its users in the different pilots.

1.4.1 Maintenance
The aim of the maintenance activities was to ensure that the ICT monitoring system continued
operating correctly during the whole TRIBE monitoring period. These activities can be classified into
either preventive maintenance or corrective maintenance.


Preventive maintenance consists in the implementation of pre-programmed actions in
order to prevent failures of the solution that are likely to occur if the maintenance was not
carried out. A clear example of this type of maintenance would be the replacement of
batteries of all wireless sensors after a certain period (e.g. once a year), to prevent loss of
measurements due to exhausted batteries. Another action of this type of maintenance
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would be the periodical calibration of sensors in order to ensure that all of them are taking
accurate measurements. Lastly, it could also be useful to make a periodical check (e.g. every
3 months) of the data collected by the solution in order to make sure that they are coherent
and no strange patterns can be observed. This type of check could for instance extract from
the ICT solution the aggregate energy consumption every month and compare it with the
energy that hasR been billed by the energy utility, or with the values measured in utility
counters. If there are significant differences between these two, then there may be a
problem with the meters deployed.
Corrective maintenance consists in the implementation of actions for solving/mitigating a
problem detected in the installation. In the case of TRIBE project, this type of maintenance
was supported by the use of the web-based HMI, as it provided an alert management
Re
module that allowed automated detection of certain abnormal patterns in the sensor data,
namely:
o Alerts triggered by absence of measurements from a device: if a sensor does not
send data during a period considerably longer than the update frequency that has
been configured, it can signal a failure either of the sensor, of the power supply, or
of the communications
infrastructure.
Re
o Alerts triggered by abnormal measurement values: some sensors are configured to
send specific values to signal some kind of malfunction, e.g. many wireless sensors
send a special value that cannot correspond to a real measurement to alert of low
battery level.
o Alerts triggered by values out of pre-configured thresholds: this is a functionality
supported by the web-based HMI for configuring certain threshold values for each
sensor so that if the value measured is out of the configured range, an alert is
triggered. In this case, depending on the value selected for the threshold, it could
signal potential inefficient building usage patterns, e.g. if we put as threshold
indoor temperatures higher than 21 ºC, it could help to detect too high thermostat
set points for heating in winter, but still the measurement from the sensor would
be correct. On the other hand, if we configure a threshold of 45ºC, it is very unlikely
that this value corresponds to the real temperature within a building, so there if a
measurement is out of this range, there may be a problem with the sensor.

1.4.2 Validation
The Methodology for the monitoring phase replication at EU level (DLV 5.3) proposed a set of
validation activities to be carried out during the TRIBE monitoring phase in order to assess to what
extent the ICT monitoring solution deployed at the pilots has met the needs and expectations from
the different building users. According to the methodology, the validation shall address three main
aspects: (i) Technical Validation, (ii) User validation, and (iii) Savings validation. A large part of these
have been addressed in a separate TRIBE report (DLV 8.4 Independent TRIBE impact assessment),
which evaluates the direct impacts of TRIBE pilots from an environmental, economic and social
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perspective, and therefore covers the topics related to savings validations, and also to some extent
the topics related to user validation.
More insights into user validation are provided in Section 2 of this report, which summarizes the
conclusions extracted from a set of surveys carried out with pilot buildings’ users. On the other
hand, regarding the technical
validation, this was carried out throughout the project through a set
R
of procedures similar to the ones already described for the validation activities performed just after
the commissioning, e.g. verification of correct measurements from sensors, correct collection of
data in gateways and transmission to the cloud server, etc. As it was explained above, one of the
most useful methods for verifying the robustness of the communications is to compare the rate
between the actual number of data packets received from a sensor during a certain period and the
theoretical number thatReshould be expected according to the sampling frequency configured in the
sensor. This rate shall be virtually 100% for any sensor working correctly, but with the verification
activities, different situations were spotted:




Sensors with a reception rate higher than 100%: this was only the case for some sensors for
which some specific download periods were configured during the installation process to
check all the communications.
Re
Sensors with a reception rate between 90-100%: this has been the situation for most of the
sensors. Only a few messages may have been lost due to different reasons: (i) random
isolated packets missed in the reception of data from wireless sensors by the network
coordinator (ii) unusual events in the building such as power cuts or works that can cause
the temporary disconnection of sensors, repeaters and/or gateways (iii) Poor wireless
coverage due to environmental factors (e.g. temporary obstacles or interfering elements)
or low level of battery in a wireless sensor.

Figure 4. Example of localized losses of data due to low battery level in CO2 sensor



Sensors with a reception rate between 30-90%: this may signal temporary problems lasting
a longer period than in the previous case, e.g. in the Azucarera pilot some electric circuits
were shut down on weekends causing the disconnection of repeaters and therefore the
loss of packets from sensors routing their messages through these repeaters. In the San
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Pablo pilot there were structural redistribution works lasting 1.5 months that involved the
disconnection of sensors. Other possible cause is the interference of a nearby electric or
electronic device that works only at certain periods.
Sensors with a reception rate lower than 30%: this situation signalled more permanent
problems such as bad wireless coverage planning, defective equipment, faulty power
R
supply, or completely
exhausted batteries.

Battery levels is one of the main reasons that can produce data losses, therefore it was important
to verify whether the duration of the sensors’ batteries was according to the initial specifications.
There were two main types of sensors powered with batteries:




Temperature, light
and humidity sensors (THL): according to the specifications the batteries
Re
should last 3 years taking a measurement every 3 minutes powered by 1 shaft battery of
3.6 V.
CO2 sensors: nominal autonomy of 2 years taking a measurement every 15 minutes and
powered by a pack of 4 batteries of 1.5 V.

In the pilot installations,ReTHL sensors were configured with a sampling frequency of 5 minutes, while
CO2 sensors were updated every 20 minutes. After almost 1.5 years of operation, all THL were still
working correctly, while most of the CO2 sensors had their batteries exhausted. Therefore, the real
autonomy of the latter has proven to be around half of what was expected from the specifications,
and this caused losses of data until the exhausted batteries could be replaced. As a lesson learnt
from this fact, it can be concluded firstly that the autonomy specifications from the manufacturers
must be handled cautiously, and secondly that for certain types of sensors (e.g. CO2 sensors) it
might be needed to use more powerful batteries (e.g. lithium batteries) in order to achieve a decent
autonomy and thus avoiding the need for too frequent replacement of batteries.
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SURVEY ON TRIBE ICT MONITORING SYSTEM IN PUBLIC BUILDINGS
2.1 Aim, structure, and execution of the survey
A survey has been carried
out in order to gain insight into the views of TRIBE pilot buildings users
R
with respect to the ICT-based energy monitoring system which had been deployed in each of the
TRIBE pilots, both within the 4 buildings in Spain, and the building in Turkey. Please check Annex A
of this document.
This survey has been structured into the following sections:







Survey respondent
information: the objective of this section is to gather basic data from
Re
the respondents, such as age, role and number of years in the building, background, etc.
Initial knowledge of the user: this section aimed to characterize the knowledge that users
have in relation to energy efficiency, ICT-based energy monitoring systems, and internet
usage.
Building opinion: within this section users have been asked about the information they
Re
have received from
TRIBE related to the energy efficiency of their buildings, and their views
on its performance, the strategies that could be adopted for saving energy, and the
potential benefits of ICT-based energy monitoring systems.
Monitoring system: this section is the one that actually collects the direct feedback from
users on the ICT-based energy monitoring system deployed in the pilot buildings. It has
been divided into two subsections:
o Sensor network installation: here users are asked about the relevance that the
deployment has for them, what are their views on privacy issues, their opinion
about the technical details of the sensor network and of the installation process
carried out, and they have been asked to arrange monitored parameters according
to the importance that they have for them to reduce energy consumption and to
improve comfort.
o Visualization platform: in the case of users that have been given access to the
visualization platform available in the pilot buildings (WiTMo), they have been
asked for feedback on this tool, e.g.: how frequently they use it, what are their
views on the contents of the tool and their presentation, what areas of
improvement they have identified, and what do they think about the training
received.

Given the limited size of the samples obtained in the survey, all results and conclusions derived
from them must be handled cautiously, as the number of respondents is not enough to make
statistically conclusive inferences from the data. In spite of this difficulty, a combination of
quantitative and qualitative analysis of the results can provide some hints about the profile of TRIBE
users and their opinions and feedback about their building, the installation carried out, and the
visualization tool. The conclusions of this analysis are presented in the following sections.
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2.2 Survey respondent information
The aim of this section was to collect basic data from the respondents that would allow obtaining
a global picture of the kind of users present in each pilot building.
Age is the first factor to consider, as it may have an influence on the interest of users in energy
R
efficiency, their ICT skills,
and their willingness to use ICT-based energy monitoring systems. The
chart below shows that in general users are rather young, with almost one third of the sample being
below 30 years old, while there is no user above 50.

Re

Re

Figure 5. Age distribution per pilot

Another important factor is the role of the user in the building. In this case, the majority of surveyed
users are employees that mostly carry out office work, as can be seen in the chart below. There is
as well a small representation of maintenance/facility managers (1 from Circe and another from
OZU), students (2 from OZU), and 1 tenant (from Emmeline building). Users were also asked about
their activity/background, but since this was an open question, the answers obtained are quite
disperse, including for instance administrative staff, teachers, building technicians, engineers, etc.,
while others have answered explaining what parts of the building they use most (e.g. meeting room,
computer at workplace, etc.), therefore no conclusions can be derived from this question.

Figure 6. Role distribution all pilots

Users were also asked about the number of years they have spent in the pilot building. The chart
below shows that there is a rather balanced mix between users with less experience in the pilot
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(more than half of those users have spent less than 5 years in the building) and more experienced
users, where people having spent between 5 and 10 years in their building are the largest fraction
of the total sample.

R

Re

Figure 7. Years spent by users in the pilots

Although it was asked in a different section of the survey, the chart below presents the data related
to the frequency at which
the users visit/live/work at the pilot. As it can be seen, there is an
Re
overwhelming majority of people using their building daily or at least, weekly, therefore it can be
expected that they are familiar with the performance of the building, the possible problems that it
may have with regard to energy consumption, and specially from the point of view of comfort.

I live/work/visit the pilot at least:
0%

20%

40%

60%

80%

100%

Circe
Daily

San Pablo

Weekly
Emmeline

Monthly
Yearly

IES Azucarera

NS/NC
OZU
ALL PILOTS

Figure 8. Frequency of use of the pilot buildings

As a summary of this section of the survey, it can be concluded that we are dealing with a rather
young sample, in most cases carrying out office work, with a disparate number of years spent in the
pilot, and with a frequent building usage pattern.
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2.3 Base knowledge
In this section of the survey users were asked a set of questions related to their knowledge about
energy efficiency and ICT-related technologies, as well as their internet usage
The chart below shows the number of people that report having received any training in energy
R
efficiency. Most of the people
(more than 60%) say they have received training. This is specially the
case for the Circe and San Pablo pilot buildings, which is something that could be expected due to
the frequent involvement of the organizations of each pilot in energy efficiency projects.

I have received training in energy efficiency
0%
Re

20%

40%

60%

80%

Circe
San Pablo
EmmelineRe
IES Azucarera
OZU

100%

Strongly disagree
Disagree
Neither agree nor
disagree
Agree
Strongly agree

ALL PILOTS

Figure 9. Number of users having received any training in energy efficiency

Besides, there is an overwhelming majority of people with positive attitudes towards energy
efficiency, as it is considered an interesting subject by 93% of the respondents, with no
discrepancies among pilots.
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Figure 10. Interest of users in energy efficiency

However, when users were asked about their training or knowledge about ICT-based energy
monitoring systems, there is not a clear trend. Only in the case of CIRCE pilot there is a clear
majority of people reporting any training/knowledge, as it can be seen in the chart below.
R

I have received training/gained knowledge of
other ICT-based monitoring systems
0%
Circe

20%

40%

60%

80% 100%

Re

Strongly disagree

San Pablo

Disagree

Emmeline

Neither agree nor disagree
Agree

IES Azucarera
OZU

Re

Strongly agree

ALL PILOTS

Figure 11. Previous training/knowledge of users about ICT-based monitoring systems

Finally, in order to assess the potential capabilities of the users to handle the visualization tool
integrated within the energy monitoring system, they were asked about their frequency of internet
usage, with specific mention of web environments, since this is the type of interface provided by
the tool. As it can be seen in the figure below, most of the people report a frequent internet usage,
with only a couple of isolated exceptions in Circe and OZU pilots. Therefore it can be expected that
users may not have difficulties to deal with the visualization tool due to a lack of ICT/internet skills.

Figure 12. Frequency of internet usage
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The conclusions of this section of the survey are that there are a high percentage of respondents
reporting energy efficiency training, and most of them are interested in energy efficiency topics.
They are not so familiar with ICT-based energy monitoring systems, but since they are frequent
internet users, it shall not be difficult for them to use the visualization tools associated to these
systems.
R

2.4 Pilot building
In this section of the survey users have been asked about their opinion on the pilot buildings: the
energy performance, potential strategies for energy savings, and the advantages that an ICT-based
energy monitoring system could have.
Re

The first significant finding is that most of the users think that the energy performance of their
buildings can be significantly improved, as shown in the chart below, therefore it could be
expected that they would be interested in an ICT-based monitoring system that aims to contribute
to such improvement.
Re
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60%
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Figure 13. Feedback on the potential of energy performance improvement of the building

Most of the users report as well that they are familiar with measures/technologies that may help
to save energy in their building, with the only exception of Emmeline pilot.
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I know measures/ technologies that allows energy
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Figure 14. Knowledge about measures/technologies for saving energy in the building

The survey asked to mention examples of these measures/technologies. Respondents provided a
wide variety of answers, which in some cases indicate a high level of energy efficiency training.
Below there are listed some of the solutions suggested:
Re




Passive solutions: e.g. utilization of solar gains, night natural ventilation.
Intelligent/advanced control of HVAC and lighting, including zone-based control, presencebased control, etc.
 Reduction of electricity consumption through efficient luminaires (LED technology), smart
plugs for reduction of standby consumption.
 Use of renewables
 Awareness measures
When directly asked about the potential influence that an ICT-based monitoring system can have
on the energy performance of the building, most respondents say that there can be such influence.

I think an ICT monitoring system can somehow influence on
the energy performance of my building
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Figure 15. Potential influence of an ICT monitoring system on energy performance of the building

In addition to the previous questions, it was interesting to find out whether users had received
through TRIBE project any information related to the energy performance of their building, and
if not, what kind of information
they would like to receive. In this case there was not a clear majority
R
of people having received this information, which probably is connected to the fact that many of
them had not been given access to the visualization tool.

My organization has published information about the TRIBE
energy performance of my building. I know this information
Re
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Figure 16. Number of respondents familiar with energy performance information provided through TRIBE

When asked about the information they would like to receive, answers were quite varied, including
the following:


Energy consumption: presented mainly through charts, with real time information, and
broken down into different uses.
 Energy savings: including evolution, improvements with respect to previous years, and
benchmarking.
 Alerts: detecting higher demands of energy.
 Efficient use of the building: what can be done to save energy.
 General project information: project scope, partners involved, actions to be carried out,
general results.
It can be highlighted that most of this information, especially regarding energy consumption,
energy savings, and alerts, can be provided through the visualization tool of the ICT monitoring
system, so probably providing access to the tool to those users who don’t have it yet, would be
enough for them to receive the information that they are expecting.
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The summary of the conclusions of this survey section are that the majority of respondents think
that there is room for improvement in the energy performance of their buildings, and many of them
are capable of suggesting specific measures and technologies, some of them quite advanced (or not
usually known by an average user), that can help to achieve this target. They also think that an ICTbased energy monitoring system can have influence on the performance. Many users have not
R
received yet energy performance
information of their building through TRIBE, and have listed what
kind of information they would like to receive, large part of which can already be provided by the
visualization tool integrated in the energy monitoring system deployed at the pilots.

2.5 Monitoring system
Re

This part of the survey collects the feedback from building users on the ICT-based energy
monitoring system which have been deployed at the pilots, including both the monitoring
infrastructure hardware (sensor network) and the installation process associated to it, and the webbased visualization tool which have been provided for checking and analysing the monitored data.

2.5.1 Sensor network
and installation process
Re
Respondents have been asked several questions regarding their feelings towards the energy
monitoring system, including its potential influence on their own behaviour, privacy issues, opinion
on scope and sizing, what monitored parameters are more important to them, possible negative
impacts of the installation process, and potential replicability of the system.
Most of the users consider the TRIBE installation carried out at the pilots as a useful thing that will
help to monitor the energy consumption of the building. Besides, most of them report that if they
gain knowledge about the building energy behaviour, they will be willing to change their habits in
order to save energy.

Figure 17. Opinion on importance of TRIBE installation, and willingness to change habits for saving energy

A positive fact of the installation is that no respondent have reported feelings that the monitoring
system invades their privacy.
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R

Figure 18. Feelings about potential invasion of privacy

When asked about the actual scope of the installation which has been carried out (number of
devices, where they are located, etc.), more than half of the respondents said that they have
Re
knowledge about it. Then they were asked whether they thought it was well sized, to which only
one user answered with open disagreement. There are also a large number of users with neutral
answer or who have not answered. A significant portion of users would also like to receive more
information about the installation.
Re

Figure 19. Knowledge about actual scope of the installation

Figure 20. Opinion on correct sizing of the installation, and information received about it

A quite interesting part of this survey section asked respondents to pick up 5 out of 9 different
monitored parameters, sorting them out according to the importance they think they have to
reduce energy consumption, and repeat the same exercise from the point of view of comfort
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improvement. The parameters given were: luminosity, indoor temperature, indoor humidity, CO2
levels, windows/doors status (open/close), electricity consumption of devices, electricity
consumption of lighting, gas consumption, and pilot area meteorological parameters.
The two figures below show the weighted sum of the ‘scores’ achieved by each parameter. With
regard to energy consumption
reduction, respondents consider that the 5 most important
R
parameters (in decreasing order) are indoor temperature, electricity consumption of devices,
electricity consumption for lighting, gas consumption, and windows/doors status. On the other
hand, the 5 most important parameters for comfort improvement were indoor temperature, CO2
levels, indoor humidity, luminosity, and windows/doors status. This information could be used for
somehow trying to prioritize which parameters shall be monitored, depending on the target
addressed.
Re

Re

Figure 21. Classification of most important parameters to monitor for energy consumption reduction

Figure 22. Classification of most important parameters to monitor for comfort improvement
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Users were also asked which devices/monitored parameters were more relevant for them, and
why. As this was an open question, there is a wide range of answers, but there was a large group
pointing at the electricity consumption of devices, for the potential it has for detecting any misuse
and implement corrective actions. Indoor temperature was also a frequently mentioned parameter
due to comfort issues, and because it can help to optimize HVAC control. One interested answer
R
pointed out that “Temperature
is the key for user comfort. If user comfort is not ensured, it is not
possible to improve energy consumption”.
Almost all users think that the installation did not cause a negative impact on the building. The
only impacts mentioned are isolated visual impacts (in CIRCE building), and some interferences with
wireless lighting switches (in San Pablo building). Most users feel as well comfortable with the
communications system
Re used by the monitoring platform, with an isolated case in CIRCE building
that reports some communication problems with sensors, and states preference for wired sensors,
which were not possible to implement due to budgetary and technical constraints.

Re

Figure 23. Feedback on negative impacts of the system and discomfort with the communications system

Regarding the installation process itself, almost no user, except of one in CIRCE building, reported
being upset during the installation process. The only annoyances mentioned were occasional noise
and dust. Besides, most users think that the installation works did not last too much.

Figure 24. Feedback on impact and duration of the installation works

Finally, users were asked whether similar monitoring systems should be installed by public bodies.
Most of respondents agreed with that. Besides, they were asked to propose other energy saving
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systems (or variants or the deployed monitoring system) they would invest in. Some of the options
suggested were to use (when possible) wired instead of wireless sensors, or monitor air flow
through doors and windows. An interesting suggestion, even if not directly connected with energy
consumption, was to monitor environmental noise, which may be an important comfort issue
within buildings. Other ideas were better zoning of heating control, timers for lighting system, and
R
use of renewables

Re

.
Figure 25. Opinion on replicability of the system by other public bodies
Re

2.5.2 Visualization tool
As explained in section 2, not all the survey respondents had been given access to the visualization
tool, therefore this last set of questions was only answered by the users who did have access to the
tool and had the opportunity to get and experience from it. As a consequence, the results from
these questions must be handled even more cautiously than the rest, since the sample is smaller.
Nevertheless, some interesting conclusions can be extracted for improvement of the tool’s
functional and non-functional aspects. All results are presented without differentiation between
pilots, because with the limited number of answers available it did not make sense to do so.
The first question was related to the frequency of usage of the tool. As it can be seen in the figure
below, the percentage of users reporting frequent usage is quite small, while the majority gives a
neutral answer, which might denote occasional use of the tool. Users were also asked about their
opinion on the access control functionalities (e.g. user authentication, definition of user profiles
with different levels of access to the monitored data) of the tool, to which most of them answered
with a neutral or positive agreement, so probably it can be concluded that the access control
structure is adequate.
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Figure 26. Frequency of use of the tool and feedback on access control functionalities
Re

When asked about the user friendliness of the visual interface, the majority consider that it is userfriendly, although significant portion provides a neutral answer. Respondents were also given the
opportunity to reason their answers, and the positive opinions highlighted mainly that the tool is
easy, self-explanatory, with fast response and offering a wide range of functionalities. On the other
hand, some users complained about the number of tabs that open in the browser when using the
tool, or the need to create
Re their own widgets if they want to get direct visualization of the devices
information. Suggestions for improvement of usability were also received, for instance improving
the interaction with the devices information in order to make it easier to find out the devices the
user is more interested in. Respondents have also given neutral or positive feedback to the
adequacy of the structure and sections of the website, with no negative opinions.

Figure 27. Feedback on user friendliness and structure and sections of the tool

In line with the previous answers, virtually all respondents have a neutral or positive opinion about
the visualization options offered by the platform. However, when asked whether they missed
functionalities in the platform, there is a minority of users that report missing some functionality.
In this case they were given the possibility to mention what they were missing, but only one
respondent did specify that functions such as comparison of different time scales (which may be
interpreted for instance as parallel comparison of daily, weekly, monthly, etc. evolution of
parameters), or easier online download of monitored data, would be desirable.
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Figure 28. Feedback on visualization options and potentially missing functionalities
Re

The visualization platform provides a web interface that has been developed according to
responsive web design techniques and therefore can be displayed correctly in virtually any device,
regardless of whether it is a PC, tablet, smartphone, etc. Users were asked about the suitability of
the interface for mobile displays, and the largest fraction of respondents did not provide and
answer or answered that
Re they did not know, so either this specific question was not correctly
understood, or most of the users had not checked how the interface is displayed in mobile devices.
Anyway, among the users that provided a specific answer, people who think that the interface is
suitable enough for mobile devices clearly outnumbered people that think the opposite. On the
other hand, when asked whether they think it necessary to develop a specific mobile app for data
visualization, a clear majority of respondents are in favour of this, so this is a point for potential
improvement that shall be considered.

Figure 29. Feedback on suitability of mobile display and potential need for a specific mobile app

A specific question was included in the survey related to the quality of the documentation (user
manual) of the tool. The majority of respondents think that this manual is complete and useful.
Also the majority consider that they are sufficiently informed about the platform, and among those
who think the opposite, there are some that report not having received the manual, so probably
this probably points out the need of making sure that tool documentation is actually received by all
users.
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Figure 30. Feedback on user manual of the tool and information received about the visualization platform
Re

One of the last questions of the survey asked about the functionalities of the tool that users found
most useful (among facilities, graphics, and alarms), and the graphics functionality was clearly the
preferred one, followed by the facilities section. No respondent selected the alarms, but this shall
not be interpreted as a lack of interest in this function, it is just that other functions are given more
priority than this one. Respondents were also given the opportunity to suggest alternative options
for data visualization and
processing, and a wide range of ideas were provided, e.g.:
Re




Placing displays in the building for public visualization of the data.
Carrying out comparative benchmarking with similar buildings.
Being able to compare energy bills with monitored data, show expenditures in energy
consumption.
 Providing information about the building: number of people, types of installations, building
orientation, etc.
Lastly, virtually all users gave a neutral or positive feedback regarding the performance of the tool.

Figure 31. Feedback on usefulness of tool sections, and on global performance of the tool
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ICT DEPLOYMENT RECOMMENDATIONS FOR PUBLIC BUILDINGS
This section contains the core content of this report, which is the provision of a set of common
recommendations for public building owners and managers to support them in the deployment of
R
ICT monitoring solutions in their buildings, ensuring a successful and high quality overall process.
The target groups are, on the one hand public building owners, who have to define which will be
the targets of the deployment and what are the expected benefits, and on the other hand the
building managers, who have to understand with more detail the technology and user related
aspects that this kind of solutions entail, in order to operate them in the most efficient fashion.
Re

The recommendations are built on the experiences and lessons learnt throughout the
implementation of the ICT monitoring solution in the TRIBE pilot buildings, and its operation during
the monitoring phase of the project. This knowledge base is enriched with the following aspects:












Funding sources: For public building owners that want to hand over the risk of
implementing initiatives, there are an increasing number of innovative measures including
Re
energy service companies (ESCOs) and energy performance contracting which can help
achieving energy efficiency improvements as well as cost savings at relatively low levels of
risk to the authority. Energy efficiency initiatives involving ICT solutions are often
multifaceted and therefore need to involve a wide range of funders, promoters, users and
other stakeholders. The public models for planning and coordinating the initiatives need to
provide a coherent leadership and management structure to reflect these aspects.
Monitoring system, Metrics/indicators: Energy efficiency and sustainability initiatives have
a wide range of potential outcomes in energy, cost and other terms. The use of practical
metrics and indicators and supporting methodologies is critical to the effective
management of these projects.
Human aspects, User engagement: Close user engagement and effective collaboration
with project partners throughout the whole life cycle of energy efficiency measures are
essential to achieving energy efficiency results. Understanding the ‘human factor’ is
essential in designing and implementing energy efficiency initiatives.
Appropriate use of technology: The starting point of any ICT project should be the
identification of the problem and what type of solution is required. The evaluation of
different options should focus on the fitness for purpose. We will highlight those
recommendations that, due to their characteristics, may be useful for "implementers /
prescribers" of solutions in public buildings (that is, for those who participate in public
bidding process and carry out the project).
Data: No data collection process is without error. Methodologies for reporting period data
collection differ in degree of difficulty, and consequently in the amount of erroneous or
missing data that may arise.
Managing project risks: Implementing new energy efficiency and sustainability projects
entails introducing change, and therefore inevitably involves taking some risks to deal with
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uncertainties and unforeseen issues. Many risks may be unlikely to occur and/or would
have minor consequences for the project and the authority implementing it.

3.1 1st Step: analyze your requirements
R

3.1.1 Plan in advance the main aspects of your project
 Define a set of preliminary objectives for the ICT monitoring solution: the starting point
of any project should be the identification of the problem and what type of solution is
required. It is important to create a solid case for investment prior to committing any
resources. Which is the main purpose of the implementation? It could be the analysis of
Re
the energy performance
of the building and of its systems in order to decide on potential
refurbishment actions or optimized management strategies, the assessment of the
improvement in energy efficiency after a refurbishment, the provision of building energy
consumption and comfort information to the users in order to encourage them to adopt
more energy efficient behaviour, a combination of both, etc. These initial main targets and
‘motivations’ for the solution implementation can help to determine important aspects
Re
during the design process.
 Decide on the monitoring scale that you are going to address, e.g.: monitoring at dwelling
level within a residential building, monitoring of a whole building, monitoring of a group of
buildings/neighbourhood area.
 Plan a global time frame for the monitoring process. For instance, if you want to assess the
evolution of energy consumption of a building after construction with high-quality data, it
is recommended to gather monthly metered values of energy generation and energy use
for at least three years
 Put in place metrics/indicators as early as possible in order to ensure appropriate
implementation of the solution.
 Check widespread methodologies (e.g. IPMVP) for the identification of practical
metrics and indicators.
 Select metrics that cover different areas such as energy/carbon
consumption/emissions, cost effectiveness and changes in user attitudes and
behaviour.
 Identify other indicators for gaining a broader perspective of the impacts achieved,
e.g. input indicator: costs; output indicator: number of buildings retrofitted based
on the information provided by the monitoring solution; outcome indicator: energy
savings achieved through the retrofitting actions implemented.
 Take into consideration the possibility of implementing the solution in parallel with
construction works (for new buildings) or renovation works (for already existing buildings)
in order to reduce deployment costs and minimize negative impacts on building operatives,
and even on the monitored variables.
 Test and roll out your solution gradually: testing and gradual implementation are
important for successful ICT-based energy efficiency initiatives.
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3.1.2 Look for financing options
 Many energy efficiency initiatives generate significant cost as well as energy/carbon
savings. However, the savings may only be realized after many years, and ICT enabled
solutions can involve significant upfront capital/installation costs. Therefore, there is a
wide range of national
and European funding sources available for supporting investment
R
in energy-efficient facilities and processes.
 Analyse the possibility of accessing European funding channels for financing the solution
deployment.
 Under a research framework program. The European Commission has
implemented several work programs to promote the use of ICTs as an essential tool
Re saving applications. Of course, the participation in this kind of programs
in energy
require that the solution to be integrated entails or is related to some type of
research/innovation activity.
 The financing of the Commission is not restricted only to research programs, there
are also other options such as structural funds, and some other financing tools,
which are described on this page: https://ec.europa.eu/energy/en/topics/energyRe
efficiency/financing-energy-efficiency. The support in these fields includes grants,
loans, loan guarantees and technical assistance.
 Also Public Procurement of Innovative Solutions could be an option: Public
Procurement of Innovative solutions (PPI) happens when the public sector uses its
purchasing power to act as early adopter of innovative solutions which are not yet
available on large scale commercial basis: https://ec.europa.eu/digital-singlemarket/en/public-procurement-innovative-solutions
 Take into account the increasing number of innovative financing mechanisms opportunities
to transfer the financial and equipment performance risks to other parties including energy
service companies (ESCOs) and energy performance contracting which can help achieve
energy efficiency improvements as well as cost savings at relatively low levels of risk to the
public building owners.
 Many initiatives will require a combined approach to funding, as tapping into multiple
sources, in order to optimize the economic resources of a project.
 Consider what will happen when the funding for the implementation and initial period of
operation is finished: put in place appropriate transitional arrangements so that, if
appropriate, an initiative can become financially sustainable in the medium to longer term.
 The cost of M&V should never exceed 10% of the total energy savings. It is vital not to
decrease M&V costs to the point where the performance is discounted to a level where the
data effectively loses all value. On the other hand, attention must be paid to ensure that
the cost (and proportionally the value) does not reach levels that exceed the expectations
of all stakeholders involved.
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Figure 32. Project savings guarantee graph. Source: ACCIONA, based on M&V protocols (IPMVP)
Re the ICT monitoring system should however not be limited to the savings
 The real value of
impacts reported only, but also to significant additional benefits of properly implemented
M&V, including: helping to reveal new savings opportunities, assisting with project and
program implementation, detecting energy wasting equipment failures and human errors
to be corrected, increase in occupant comfort etc. It would be recommendable to provide
users consolidated values and external values so that they can compare and analyse if there
Re
are some changes in the KPIs.

3.1.3 Analyse project risks
 Economical view: The previous investment for the ICT network deployment focused on
energy saving will usually have to be recovered by the implementation of several measures
concerning energy efficiency in the building. That means a higher initial investment in order
to get a final long term saving.
 Technological view: From a technological point of view, some difficulties can arise along
the ICT deployment:
 The evolution of sensing devices and communication protocols results in a broad
variety of systems that may be incompatible.
 Moreover, integration of the designed system in the building requires information
about existing installations that is not always available and, additionally, the
installation of the system in an in-use building can be complicated.
 Scalability of the network to a district level if it is necessary can be a challenge.
 An effective risk management process is an important component of a successful
ICT system. The principal goal of an organization’s risk management process should
be to protect the organization and its ability to perform their mission, not just its
ICT assets. Therefore, the risk management process should not be treated primarily
as a technical function carried out by the ICT experts who operate and manage the
ICT system, but as an essential management function of the organization.
 Social view: This kind of projects has a social component that has to be kept in mind in
order to meet the planned goals.
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 Firstly, acceptance of the system by the users, adaptation of all the subjects
involved in the project to the new technologies, and understanding of the tool are
factors influencing the good development of the project.
 Secondly, an active participation in the project, awareness about the significance
of energy saving in the development of a durable future and participant’s
R responses according to the principles of the project are key points in the
behaviour
final result.
 Regulation – administration view:
 Public entities engagement is essential in the popularization of these initiatives and
their impact in the society. Development of these projects without its collaboration
is not possible.
Re
 This collaboration has to be related to the budget involved and to the
standardization of methodologies and monitoring systems allowing for a bigger
integration and data sharing.
 Make use of managing tools, prepare and periodically update a risk to list all of the
identified risks and actions to be taken to control them.
 Address projectRerisk assessment and management throughout the project cycle of planning
and implementing an ICT energy efficiency initiative.

3.1.4 Analyse your building
 Collect all the technical documentation available from the building: location information,
buildings plans, technical specifications of the building, technical specifications of all
building equipment (HVAC, electricity, ICT infrastructure, BMS, etc.), energy contracts and
energy bills.
 Identify potential gaps in the available documentation, and plan actions for collecting any
information that may be missing, e.g. through a technical visit to the building. Plan this
visit according to the previous findings of the documentation analysis.
 Check that you have finally collected enough information about:
 Building typology and main uses. The implementation of the solution will vary
significantly in residential buildings when compared to non-residential buildings
(office buildings, academic buildings, etc.). Different uses within a building may
determine different areas that will need to be monitored. Identify potential
planned changes in the uses or workload of the building in the future, so that the
monitoring solution deployed can be accommodated to them.
 Building layout, size and orientation of the different buildings areas. This will help
also to make first rough estimations of the number of monitoring points to be
integrated in the solution. Identifying building areas with more intensive use will
help determining which ones could be prioritized for monitoring. Orientation of
each room will have an impact on its energy demand for heating and lighting, while
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layout of doors and windows shall be later considered for deciding on the
placement of sensors.
Potential constraints in terms of aesthetics. Public buildings, especially if they have
any kind of cultural protection, may impose specific limitations from the point of
view of the impact of the installation of ICT networks and components on the
buildingRaesthetics.
Building energy sources and energy generation. Determine what are the current
global energy consumptions of the building, and what is the excepted energy
generation capacity of the building (if any), in order to be able to define targets for
improvement.
Building energy-consuming equipment. Try to estimate the share of each
Re
equipment/system in the total energy consumption of the building, in order to
identify the larger consumers, which may then be prioritized for monitoring
purposes. Usually these will correspond to HVAC systems, lighting system, large
white appliances (in residential buildings), IT equipment (e.g. in office buildings),
and lifts.
EnergyReconsumption historic data and energy performance of the building. With
this information, you may compare the actual with the expected behaviour of the
building, and thus carry out a preliminary assessment of its energy efficiency. Try
to collect as well meteorological historical data in order to compare their evolution
with energy consumption patterns.
Buildings communications infrastructure. Ethernet LAN, WiFi, and Internet
connectivity are typical assets that can be used by the solution to be deployed. It
shall be therefore checked the possibility of using them.
Building Management System/Pre-existing monitoring solution (if any). Try to
determine the feasibility and potential benefits of using this system as initial
‘building block’ for the new monitoring solution. It is important to characterize the
communication protocols used, devices installed, and measured parameters.

3.1.5 Analyse your users
 The aim of the monitoring system is not only to collect data about energy consumption of
the building, but also to provide information about building usage patterns, which depend
directly on building users’ behaviour. Therefore, characterization of building users is also
an essential factor to consider for the design of a suitable monitoring system.
 Close user engagement and effective collaboration with project partners throughout the
whole life cycle of energy efficiency measures are essential for achieving energy efficiency
results: human factor is essential in designing and implementing energy efficiency
initiatives.
 Involve the operators and users of the technology as early as possible. The sooner the
users are involved, the more likely you are to gain acceptance, and the more likely you will
be able to understand and meet their specific needs, requirements and concerns.
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 Open days and workshops are valuable tools that offer the possibility to communicate the
user of the building or the maintenance team the different stages of the project, their role
in the project, the intended results and their social, environmental and economic impact.

R

3.2 2nd Step: Define your solution
3.2.1 Draft a monitoring plan and the basic architecture of the solution
3.2.1.1 Monitoring plan
Re

 Identify the units of measurement that shall be provided by the system (e.g. units for
measuring electricity consumption parameters: kWh, W, V, etc).
 Select normalized parameters that will help to undertake a comparison of the performance
of energy interventions in different buildings and even in different cities or countries.
 Trending of small power, lighting and main-feed power consumption may be very useful
for high-qualityResavings determination and operational feedback
 Considering parameters related to indoor comfort in the monitoring plan allows making
the user aware of the monitoring significance.
 Parameters representing user behaviour are highly recommended to be included in order
to carry out a further analysis of the intervention considering social aspects.
 If you are targeting the quantification of the result of refurbishment interventions in the
building, it is mandatory to include parameters describing the initial conditions of the
building.
 The user does not need to be familiar with the energy efficiency field of knowledge, thus it
is convenient to introduce in the plan different parameters comprehensible by the user so
that they are able to identify the importance of their own acts for making more informed
decisions, and the relevance of this kind of strategies.
 Consider the extent to which the measurement of one parameter can be applied to
multiple purposes (e.g. temperature sensors for optimized heating control while being
used as input for awareness tools) or whether a particular option provides wider economic
benefits.

3.2.1.2 Solution architecture
 Define a global architecture and identify its main layers.
 Most solutions will have a field layer composed of the monitoring devices, a data
collection and transmission layer for collecting the monitored data locally and
transmitting it to the cloud, and a cloud layer for secure and permanent storage of
data and for hosting the applications for remote data visualization and analysis.
 If there is a BMS or any other monitoring solution already existing, interoperability
options shall be studied in order to assess the possibility of building the new
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solution on top of it. Check performance of existing equipment compared to
performance of new equipment to see how long the ROI on cost of update will be
and whether it is better to sweat assets longer or to invest in new, more efficient
hardware.
 Where there is a group of buildings/systems, it is highly recommended to
R
implement
a common energy management system (EMS), which facilitates
metering and data collection activities, as well as the integration of RES and energyefficient measures.
 Do not get blinded by complex technologies with wide-ranging functionality: ICTbased energy efficiency projects do not have to be complex to be effective. In many
cases, simple solutions seem to work best.
Re
 The diagrams of TRIBE communication architecture can help to understand the
general communications architecture that shall be included within the design of
the monitoring system

Re
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Figure 33. Communications architecture between sensors and data collector
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Figure 34. Communications architecture between data collector and remote server
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Figure 35. Communications architecture between remote server and visualization platforms: WiTMo and TIRBE Game

 Define the field devices to be used
 There are some general features that need to be assessed for the selection of each
type of sensor: reliability, sensitivity, maintenance, testing, and calibration needs,
remote diagnosis, and communication abilities, are the most important
characteristics to be kept in mind.
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 There are monitoring devices that are able to sense different physical parameters,
and thus can help to simplify the network deployment needed.
 Battery-powered sensors can help to simplify and reduce the costs of the
installation. For these sensors it is important to assess the autonomy they provide.
There are technologies available for energy harvesting from the environment that
can helpR to minimize the required maintenance actions on the network.
 Define the data collection and transmission infrastructure
 The assessment of wireless and wired communication protocols for local data
collection shall be based on several factors, as shown in the table below.
Table 1. Consideration to select a wireless or wired communication protocol
Re

Wireless protocol










Type of protocol (standard, open
protocol…)
Frequency band
Re
Data rate (Kb/s)
Indoor range
Risk of data collision
Battery and maintenance free
Target Market
Life cycle Costs
Easy deployment

Wired protocol





Type of protocol
Application field
Technical complexity
Investment costs

 The decision between wired and wireless protocols for local data collection shall
be based on different factors, such as feasibility, complexity, and costs of cabling
deployment, potential interferences with existing equipment, or potential
concerns of buildings users about deployment of wireless devices.
 Widespread use or open-standards protocols (e.g. Modbus, ZigBee, etc.) are
recommended in the network.
 For the specification of the data collector, the main requirement to be considered
is the amount of information to be processed, that is determined by the number of
monitoring devices and measurement frequencies.
 Define the storage/cloud infrastructure
 Usually the storage shall be organized into two different groups of information:
data and metadata.
 Data: this group contains all the data received from sensors and meters of each
building monitoring system. These data normally consist of the numerical value of
the measurements, and the timestamp of each measurement.
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 Metadata: this group contains all the additional information that is needed for
managing the different monitoring installations and for correctly interpreting the
data coming from sensors and meters, e.g. user accounts management,
installations and devices identifiers, types of monitoring devices registered,
measurement units used, etc.
R
 The storage/cloud
infrastructure shall comprise and adequate management
software including an HMI tool for the visualization of the data collected by the
different sensors and devices installed in the buildings.
 In terms of management of the sensor network, the software shall include
adequate functionalities for maintaining the configuration of the different
monitoring installations, for instance adding or removing devices from a sensor
Re
network if any update is done.
 From the point of view of system supervision, the management software shall
include adequate functionalities for definition of automated alerts generated
based on different conditions detected in the data received from the sensors, e.g.
lack of data from a sensor according to the measurement frequency configured,
data with
Re invalid formats, data outside of predefined valid ranges, etc.
 Review the latest technologies and approaches such as server consolidation,
virtualization and grid computing. Find out whether a service approach would avoid
the need for up-front investment.

3.2.2 Develop the complete specification of the solution
 Specify the wireless (if any) monitoring devices of the solution. The following aspects shall
be considered:
 Compatibility between wireless devices: it is very important to guarantee the
correct feeding of data from the sensors. For that reason, it is recommended to
avoid heterogeneous wireless networks. Theoretically, if the different
manufacturers use the same communication protocol within their devices, or there
exists compatibility between their respective communication protocols, there
should be no problem to implement these types of wireless devices together.
However, in practice it is not recommended to mix these types of platforms due to
potential problems associated with poor optimization of software in some devices,
which could affect the network operation in general. This is for instance the case
when using ZigBee protocol. Although theoretically the interoperability between
devices is possible due to the adoption of the standards associated to this
communication protocol, their practical implementation may not obtain optimal
results when combining devices from different manufacturers.
 Devices autonomy: it is important to select devices whose batteries allow a good
autonomy when sensing data at the needed frequency.
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 Platform scalability: it is necessary to implement a versatile wireless platform,
which allows increasing both the measurement parameters and the devices’
number.
 Economic feasibility: devices selection must meet best value for money principle,
without forgetting maintenance costs of the sensing platform.
R (if any) monitoring devices of the solution. The following aspects shall
 Specify the wired
be considered:
 In case that there was an already existing wired monitoring system in a building, it
shall be analysed the need of adapting the new monitoring devices to the previous
communication protocols.
 A wired communications system may be an intrusive way to monitor parameters
Re
in a building, as it can produce an aesthetical impact. However, this will depend on
the specific building facilities, which may allow an easy deployment of wiring.
 Wired communications usually provides higher reliability in measurement
transmissions, without interferences typical of wireless communications.
 Wired communications normally imply lower maintenance costs than wireless
communications,
as for the latter it may be necessary for instance to replace
Re
batteries periodically. However, this advantage can disappear if we consider the
flexibility provided by wireless protocols, which makes it easier any future
modification of the communications architecture.
 Costs can also be increased in comparison to a wireless system due to the need of
performing more complex field works for installation.
 Decide the precise number of monitoring devices and their location within the building.
 Prioritize monitoring of areas with potentially higher energy demand.
 Try to monitor a representative sample of all different types of areas (types of
building uses).
 Identify similar rooms with different orientations to compare the differences
between them due to assess the impact on energy demand and user behaviour. In
buildings with multiple floors, it is interesting to monitor at least the ground floor,
the last floor, and an intermediate floor, as there may be significant differences
among them due to differences in thermal isolation.
 For optimizing the number of areas/rooms to be monitored, you can avoid
monitoring contiguous areas similar in size, orientation and usage, as there will
probably not be any significant differences. Just monitor one of them.
 In large rooms/areas, you may need more than one sensor for measurement of
environmental parameters, e.g. one monitoring point per 50 m2 of surface.
 Specify the data collection layer. Main aspects to be defined are:
 Location of the data collectors.
 Processing capacity and memory (microprocessor, memory, storage), that should
meet the minimum processing power and speed of operation.
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 Communication interfaces (e.g. Ethernet, USB, serial), that should be selected
according to the communication architecture previously defined, allowing the
connection with the required monitoring devices.
 Robustness of the data collector hardware, considering both the expected
operation temperature ranges, and other environmental conditions, such as dust
R
or particles,
which could advice the selection of fanless ventilation options, in order
to prevent technical problems due to these conditions.Get your solution up and
running
 Specify the data storage layer. Main aspects to be defined are:
 Volume of data to be processed/stored
 Data formats to be used
Re
 Access to data from other tools (e.g. through an API)
 Number of clients accessing the database
 Level of response time
 Scalability needs
 Database management tools
 Selection
Re of relational or NoSQL database.
 Specification of cloud infrastructure for hosting the database
 Specify the management software and HMI for accessing the data
 A suitable and flexible tool for this purpose could be a web application, which can
be accessed from any standard web browser, and can also be visualized with
mobile devices like tablets or smartphones
 Consider for the specification issues related to accessibility: specific characteristics
have to be assigned to the visualization web site in order to make it available for as
many people as possible.
 Usability of the platform is one of the most important factors in a good web site
design.
 Design of the web has to be focused on the easy location of the information with
the minimum assistance, the reduction of the learning time and the reduction of
the time of execution of main tasks, among other issues that guarantee the
satisfaction of the user.
 It is interesting to have an access control with registry of logs to the system.
 Verify the monitoring system specifications. A second round of technical visits to the
buildings can serve for this purpose, the following points summarize the different
considerations to be done during the field visits:
 Perform coverage tests in the building in case that a wireless sensors platform is
used.
 Define the communications network topology according to the building
morphology.
 Determine the different permissions needed to install the monitoring devices in
the selected locations within the building. Permissions are mainly related to privacy
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issues, aesthetical impacts, as well as availability of the zones for installation works
(e.g. restrictions out of working hours).
 Determine the possibility of using previously existing building LAN, or any other
communications network, for the new monitoring architecture.
 Internet connection availability. In case of absence of internet connection, 3G/4G
R
coverage
shall be checked.

3.2.3 Install the solution
 Acquire the solution
 Look deeply into the market and actively consult potential suppliers for the best
available
Re solutions on the market.
 Before beginning the installation tasks, it is important to agree on a specific schedule with
all relevant building stakeholders in order to set out the framework for the monitoring
system deployment.
 Furthermore, it is necessary to involve all stakeholders to check with them the following
aspects of the installation:
 EnsureRe
that the design is aligned with their expectations.
 Check that no negative interference with existing building systems will be
produced,
 Verify that the installation costs are within their budgetary constraints,
 Ensure that all the necessary authorizations for devices installation can be obtained
without any problem.
 Put in place appropriate monitoring arrangements for projects and include the
monitoring of qualitative aspects such as user acceptance and comfort. This
approach should help to explain the reasons for successes/ failures and changes in
performance.
 Ensure that users are not going to feel invaded by the monitoring systems that will
be implemented. It has to be avoid the user distrust towards the technologies used
(e.g. wireless communications), etc. It can be achieved through user training.
 Maintenance, building managers and local staff are responsible for local facilities and can
provide knowledge of building facilities, as well as access to mechanical rooms and utility
points. They also offer support when it is needed to disconnect electricity, gas or water
supply during installation activities.
 Building managers may restrict working hours for installation processes, which would
extend the schedule.

3.2.4 Train the users
 Technology alone will not change behaviour — user/ consumer engagement is critical if
real change is to be achieved. Building/facility managers and the building occupiers are
both key parties and will have different needs in terms of communication and support.
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 It shall not be forgotten that appropriate training shall be prepared and provided to
building users according to their role within the building, to ensure their appropriate
interaction and care of the installed monitoring system.
 Facility staff should be properly trained in the use of the system so that they can develop
their own useful and suitable procedures for diagnosing system problems. However,
R
where a contractor
is responsible for some operations controlled by the system, security
arrangements should ensure that persons can only access functions for which they are
competent and authorized.
 Furthermore, for users with facility management or similar roles, the training shall be
oriented to providing to these users detailed insight about the structure and
functionalities of each component of the monitoring system, the points of connection of
Re
the installation to the main facilities (electricity, gas, etc.) and other installations and
equipment (e.g. IT network, boilers, appliances, etc.), and basic rules for monitoring system
maintenance.
 Any user that will be granted access to some of the functionalities of the monitoring system
management software (e.g. data visualization through an HMI) shall be provided with
specific trainingRefor the use of this tool. Additionally, it is recommended to develop user
manuals, or any other supporting materials to take full advantage of the functionalities of
these platforms.

3.3 3rd Step: Maintain and verify your solution
 Ensuring data quality
 The monitoring data have to meet certain quality and quantity requirements in
order to be able to calculate the KPIs correctly.
 It shall be established a maximum acceptable rate of data loss and how it will be
measured.
 A methodology shall be defined by which missing or erroneous monitored data will
be re-created by interpolation for final analysis. In such cases, models are needed
to interpolate between measured data points so that the final data set is valid for
performing calculations of energy savings or other types of analyses.
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Figure 36. Data quality methodology. Source: TDWI,Transforming data with intelligence

Re

Figure 37. Data quality management techniques. Source:ACCIONA

 Check compliance with data protection guidelines / standards, ensure that the privacy of
building users is not invaded
 Review and rationalise your data — do not keep stuff you do not need.
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 Verify the engagement and perception of users about the system implemented, e.g.
through surveys like the ones that TRIBE project has implemented and has been described
in Section 2 of this report.
 It is recommended that the experiences and identified barriers of the implementation
phase be documented. Lessons learnt from the experience can be very useful when
replicating and improving
the planning and implementation process.
R

Re

Re
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CONCLUSIONS
Energy efficiency is a key element of Europe’s climate and energy package to meet the target of a
20 % reduction in energy demand by 2020. Energy efficiency is seen as one of the most costeffective ways to reduceR carbon emissions and improve security of energy supply. ICT has a crucial
role to play in delivering energy efficiency. ICT solutions are already delivering the unique
transformation to a knowledge society and they can also help to achieve the energy and climate
objectives involved in the transformation to a low carbon society.
The design of an ICT monitoring system is a task which requires continuous adaptation through
implementation phase, until the operation phase (practically the whole life cycle). For example, in
Re
TRIBE project, within the different intermediate steps, the initial designs have been changed in
order to balance all the building needs, videogame requirements and technical field visits. At the
same time, it is necessary to know building permissions for installation activities due to technical
implications that may occur for device installation.
With the aim to guarantee the replication of the monitoring plan it is necessary both the proper
Re
functioning of the monitoring
system and a success in the results obtained by the designed ICT
monitoring plan, through robustness testing, availability and accessibility of obtained data,
affordability, security and privacy of the system and optimization of energy consumption.
Public authorities, building owners and managers have a critical role to play. To do this most
effectively, they require the knowledge and tools concerning how ICT-based energy efficiency
solutions work and where they have been successfully implemented.
The opportunities for harnessing ICT for energy efficiency are constantly improving. It is therefore
a benefit for public authorities to share information and learn from each other. This knowledgesharing can be enabled through regular contact with sustainability and energy efficiency teams in
neighboring cities, municipalities and regions.
There are various tools and methods available that can be adopted by public building owners and
building managers to manage the risks associated with new energy efficiency and sustainability
projects involving ICT. When risks are managed well, there will be benefit in terms of: the ability to
identify, prioritize and handle the common areas of uncertainty and project risks; achieving the
most effective use of financial and other resources; generating and maintaining confidence
amongst project partners and funding bodies.
ICT is generally part of a solution, not the total solution. Supporting people and helping to achieve
behavioral change is widely recognized as being important in many successful energy efficiency
projects.
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ANNEX
Annex A: Survey on TRIBE ICT Monitoring System in Public Building.
Dear TRIBE user,
R

Energy efficiency is a key element of Europe’s climate and energy package to meet the target of a
20 % reduction in energy demand by 2020. Energy efficiency is seen as one of the most costeffective ways to reduce carbon emissions and improve security of energy supply.
ICT has a crucial role to play in delivering energy efficiency and this was recognized by the European
Commission in its recommendation of 9 October 2009 ‘on mobilizing information and
Re
communication technologies to facilitate the transition to energy efficient, low-carbon economy’.
ICT solutions are already delivering the unique transformation to a knowledge society and they can
also help to achieve the energy and climate objectives involved in the transformation to a low
carbon society.
This survey is being carried out in the framework of an EU-funded international research project.
The purpose is to gainReinformation about TRIBE user’s views on ICT monitoring system already
deployed and installed on each TRIBE pilot in Spain and Turkey.
We appreciate your taking the time to complete the following questionnaire. It will take about 15
minutes of your time. There are no rights or wrong answers; we are interested in your
opinions/views. All information you provide is confidential. All data will be analyzed anonymously
and cannot be traced back to you.
We are really grateful for your support!

SURVEY RESPONDENT INFORMATION


TRIBE Pilot: _____________________________________________



Age: ______________



Position: ________________________________________________

(years)

For example: decision-maker, facility manager, tenant, employee, student


Activity: ________________________________________________
Respondent’s background: engineer, teacher etc.



Years in the pilot: ____________________

If you have any questions or concerns, please contact:
raquel.garcia.luis.ext@acciona.com
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raquel.cortinat.sanchez@acciona.com
Thank you!
Information to complete the survey:
Unless otherwise indicated, the answers to the questions raised below are closed valuation
R
answers: the grade 1 is the lowest score and grade 5 is the highest.
Possible grades depending on the question:
Valuation scale
1

--

Strongly disagree

2

-

Disagree

3

O

Neither agree nor disagree

4

+

Agree

5

++

Strongly agree

Re

Re

INITIAL KNOWLEDGE OF THE USER

I have received training in energy efficiency

--

-

o

+

++

1

2

3

4

5

DK/NA

□ □ □ □ □

□

□ □ □ □ □

□

□ □ □ □ □

□

If yes, on which specific subject
I consider energy efficiency an interesting subject

I have received training or gained knowledge through
other means ICT monitoring systems *

If yes, on which specific subject
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I live/ work there, less than:
R



Once per day



Once per week



Once per month



Once per year

□ □ □ □ □

I often use Internet (web environments)

□
□
□
□
□

* ICT monitoring systems: isRe
a hardware/software control system, based in sensor and communication devices, installed
in buildings to controls and monitors the building’s environmental conditions or mechanical and electrical equipment such
as ventilation, lighting, power systems, fire systems, and security systems.

BUILDING OPINION

Re

My organization has published information
about the TRIBE energy performance of my
building. I know this information

--

-

o

+

++

1

2

3

4

5

□ □

DK/NA

□ □ □

□

I think the energy performance in my building
could be improved significantly

□ □ □ □ □

□

I know measures/ technologies that allows
energy saving in my building

□ □ □ □ □

□

□ □ □ □ □

□

If not, what information would you like to
receive?

Indicate the nature of this strategy/ technology

I think an ICT monitoring system can somehow
influence on the energy performance of my
building

MONITORING SYSTEM OPINION
Your building is being monitored to determine its behavior from an energetic point of view:
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SENSOR NETWORK, INSTALLATION:
--

-

o

+

++

1

2

3

4

5

DK/NA

I think it is important toR carry out TRIBE sensor
network installation for energy monitoring of
the building

□ □ □ □ □

□

I consider that the knowledge about the
energy building behavior, influences my
willingness to change my habits in order to
save energy
Re

□ □ □ □ □

□

I feel that the monitoring system invades my
privacy

□ □ □ □ □

□

I know the scope (number of devices,
monitored rooms, location of sensors) of the
monitoring system

□ □ □ □ □

□

If so, I think it has been well sized

□ □ □ □ □

□

If not, I would like to have more information
about it

□ □ □ □ □

□

Re

These are the parameters currently monitored
in your building:










Luminosity
Indoor Temperature
Indoor Humidity
Indoor CO2 levels
State of doors and Windows (open or
close)
Electricity consumption of devices: air
conditioners, computers, electronic
devices etc.
Electricity consumption for lighting
Gas consumption
Pilot Area meteorological parameters

1What are the most important
to monitor to reduce energy
consumption?

23451-

What are the most important
to monitor to improve
comfort?

2345-

What device you are looking at
the most?

Please choose five of them and put them in an
Which? Why? Where?
order of preference at each question.

D8.1 ICT deployment recommendations for public buildings

56

Document: D8.1.ICT deployment recommendations for public buildings
Author: ACCIONA

Version:

V2

Reference: D8.1 TRIBE ID EC-GA: 649770

Date:

26/7/18

Refere

I think monitoring system (sensors and
wireless platform) has had a negative impact
on the building.
For example:

R
-Structure or appearance of the building

□ □ □ □ □

□

□ □ □ □ □

□

□ □ □ □ □

□

□ □ □ □ □

□

□ □ □ □ □

□

- You can locate the system sensors in the building with a naked
eye
-The installed devices bother you

Re

If so, Which?

I have discomfort with the communications
system implanted
Re

If so, Which? Why?

I feel upset during the installation works of the
ICT monitoring system

If so, How?

I consider the installation works were
extended too much time
I would invest the money in another energy
system with the same purpose. Which one?
I think that other public bodies should install
similar monitoring systems in their buildings

The following issues are addressed to those people with access to the WiTMo platform:


VISUALIZATION PLATFORM: WiTMo
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R

Re

--

-

o

+

++

1

2

3

4

5

DK/NA

I use WiTMo frequently

□ □ □ □ □

□

It has enough access controls*

□ □ □ □ □

□

I consider it a friendly interface**

□ □ □ □ □

□

I consider the structure and sections of the
website is adequate

□ □ □ □ □

□

I consider that the platform offers me enough
visualization options (graphics, diagrams etc.)

□ □ □ □ □

□

I miss functionalities on WiTMo platform

□ □ □ □ □

□

I think the built-in plan view is useful to the energy
control

□ □ □ □ □

□

I consider that mobile display is suitable enough

□ □ □ □ □

□

Re

If so, Why?
If not, Why?

If so, Which ones?

I think it necessary to develop a WiTMo APP for
data visualization
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Which section do you consider most useful?
R

Facilities

□

Graphics

□

Alarms

□

I consider the user manual of the tool is useful and
complete

□ □ □ □ □

□

I consider that I am sufficiently informed about
WiTMo visualization system

□ □ □ □ □

□

□

□

Re

If not, what information would you like to receive?

Re

Apart from WiTMo, how do you think it would be
useful to be able to view and control the data from
the pilots?
In general terms, I am satisfied with the
performance

□

□

* Access control: Access control is a security technique that can be used to regulate who or what can view or
use resources in a computing environment.
** User-friendly: describes a hardware device or software interface that is easy to use. It is "friendly" to the
user, meaning it is not difficult to learn or understand. While "user-friendly" is a subjective term, the following
are several common attributes found in user-friendly interfaces.


Simple. A user-friendly interface is not overly complex, but instead is straightforward, providing
quick access to common features or commands.



Clean. A good user interface is well-organized, making it easy to locate different tools and options.



Intuitive. In order to be user-friendly, an interface must be make sense to the average user and
should require minimal explanation for how to use it.



Reliable. An unreliable product is not user-friendly, since it will cause undue frustration for the
user. A user-friendly product is reliable and does not malfunction or crash.

SUGGESTIONS
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