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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
R
any person acting on behalf
of any of them:
(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,
Re
including any party's intellectual property, or
(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)Reresulting 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 System
DHW: Domestic Hot Water
R
EEM: Energy Efficiency Measure

EU: European Union
HVAC: Heating Ventilation and Air conditioning
ICT: Information and Communications Technology
Re
IPMPV: International Measurement
and Verification Protocol

LED: Light Emitting Diode
SCOP: Seasonal Coefficient of Operation
SEER: Seasonal Energy Efficiency Ratio
Re towards energy efficiency: Play it!
TRIBE: Training behaviours

WWR: Window-to-Wall Ratio
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EXECUTIVE SUMMARY
TRIBE Pack is a set of tools which can be used by managers and owners of the public buildings in
order to reduce the energy consumption and engage their users towards energy efficiency
attitudes, by implementing the solutions already applied during the project. This pack has been
R
validated in the five TRIBE pilots, including offices, social housing and academic buildings. TRIBE
pack consists of five components: Energy Audit and Diagnosis, Virtual Energy Model, ICT
Monitoring, Funding Scheme and User Engagement Campaign.
In the first phase of the project, the five components abovementioned were applied within the
different pilot buildings. Thanks to the experience gained, the main barriers during the
Re
implementation were identified
and the associated solutions were adopted. This exercise has been
carried out for each pilot and for each component of TRIBE pack, thus providing useful
recommendations and guidelines for replicating it in other European public buildings. The
experience of the building owners and operators took a key role when developing such guidelines.
In particular, the results related to the Energy Audit and Diagnosis and Virtual Energy Model
components came from the first part of the project, while those related to the implementation of
Re
Information and Communications Technology (ICT) Monitoring and User Engagement Campaign
components were obtained in last phase of TRIBE. The benefits commented in the document, being
based on real case studies, aim to show to public building owners a success case of what can be
achieved in case of implementing TRIBE pack in their buildings. All in all, the synergies coming from
the combination of the components of TRIBE pack have also been investigated. Applying the
different components as a whole enables to obtain a cost-effective solution, in comparison to
applying them separately. These benefits are briefly summarized in the following figure.

Figure 1. Benefits of TRIBE Pack components combination. Source: elaborated by CIRCE.
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Besides, following the Project experience and the expertise of technological partners, the
investment and execution time associated to the single components or to TRIBE pack as whole have
been estimated for a reference building of 500 m2 with architecture and facilities of medium
complexity. It should be pointed out that it is a rough estimation, since the cost of the components
will depend mainly on the type, characteristics and location of the building where the pack would
R
be implemented. The combination
of different components is also presented, as it is shown in the
following table.
Table 1. Information about TRIBE Pack implementation

Component

Investment
(€)

Execution
Time
(business
days)

Energy Savings
(%)

Re

1

Energy Audit and Diagnosis

600

3

(10-15%)

2

Virtual Energy Model

400

2

(10-60%)

3

ICT Monitoring (wireless/wired)
Re

6,700 / 9,700

5 to 15

(10-15%)

4

Funding Scheme

280

3

Economic

5

User Engagement Campaign

1,000

15

10-15%

1. Energy Audit and Diagnosis +
2. Virtual Energy Model

900

4

(10-60%)

1. Energy Audit and Diagnosis +
3. ICT monitoring

7,100/10,100

7 to 17

(10%-15%)

1. Energy Audit and Diagnosis +
5. User Engagement Campaign

1,550

15

15%

2. Virtual Energy Model +
5. User Engagement Campaign

1,350

15

15%

1. Energy Audit and Diagnosis +
2. Virtual Energy Model +
3. ICT monitoring

7,400/10,400

7 to 17

(15% - 60%)

1. Energy Audit and Diagnosis +
2. Virtual Energy Model +
5. User Engagement Campaign

1,850

15

15% (up to 60%)

TRIBE PACK

8,400/11,400

15 to 25

15% - 20% (up to
60%) + economic
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INTRODUCTION
The document aims to collect the tools developed along the TRIBE project, which will be offered as
TRIBE pack to European public owners and managers in order to achieve energy savings. Firstly, it
is described the composition of the TRIBE pack and the steps for its implementation as a whole.
R
One sections for each component is included: Energy Audit and Diagnosis, Virtual Energy Model,
ICT Monitoring, Funding Scheme and User Engagement Campaign. After explaining the main
aspects of the single components and the possible combination with the rest of TRIBE pack, the
methodology that should be followed for its implementation is explained. Furthermore, each
section specifies useful information regarding: requirements and role of the building owner,
potential benefits that Re
could be achieved, investment and duration of the implementation. Then,
according to the experience acquired during the TRIBE project, the main barriers faced during the
implementation of each component in the five pilots of the project and relative solutions found are
commented. Also, the main results achieved thanks to the implementation of each component are
presented for each pilot building of TRIBE project. In the last section before the conclusions, the
estimation regarding time of execution and investment required for carrying out the TRIBE pack as
Re
whole or by combination
of components as well as potential energy savings achievable are
presented.
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1 TRIBE PACK METHODOLOGY
The TRIBE Pack for public owners and managers is a set of components to be offered to European
Union (EU) public authorities with the aim of improving the building users’ behaviours towards a
more energy efficiency Rattitude, meaning a significant reduction of energy consumption of the
corresponding building. This solution has been implemented in five pilot buildings during the TRIBE
project and represents one of the two TRIBE project final products (together with the TRIBE game).
The TRIBE pack proposes a holistic solution
composed of five components:
1.
2.
3.
4.
5.

Energy Audit and
Re Diagnosis
Virtual Energy Model
ICT Monitoring
Funding Scheme
User Engagement Campaign

The components canRebe implemented in
public buildings individually or as a whole,
obtaining the highest impact since each
component is complementary and adds value to the others. During the TRIBE project they were
fully implemented in the five pilot buildings. In the first part of the project the implementation of
Energy Audit and Diagnosis component allowed the collection of building information data (energy
consumption, geometry, climatic data, etc.); it was then used in a second step for the energy
modelling of the five pilot buildings. The latter activity is part of the Virtual Energy Model
component that included also the development of the virtual pilots’ buildings within the game. The
results of the Energy Audit and Diagnosis component were also used to design the monitoring plan
during the implementation of the ICT Monitoring component. Besides, there is also a relationship
between the ICT Monitoring component and the Virtual Energy Model component since the energy
consumption data collected with the monitoring system were used to feed the virtual pilots in the
game with real data. Also, they could be used to perform a more accurate calibration of the energy
model. Despite these three components can be acquired individually (if the required inputs were
already available), it is highly recommended their implementation together in order to obtain the
highest benefits since they are strictly related.
The other two components of the TRIBE pack, Funding Scheme and User Engagement Campaign,
are more independent from the others and were implemented in the five TRIBE pilots during the
last phase of the project. Nevertheless, it is also recommended their adoption together with the
others. The User Engagement Campaign component has been thought to support the building
owner in carrying out outreach actions to raise the building occupant’s awareness on energy
efficiency in an optimal and effective way, maximising profit in terms of energy savings. The effects
on building performance of User Engagement Campaign component can be continuously verified
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thanks to the ICT Monitoring component and if necessary appropriate corrective actions can be
planned. The Funding Scheme component will support building owners in obtaining sufficient
economic resources for the implementation of these actions and all recommended Energy
Efficiency Measures (EEMs) coming out from Virtual Energy Model and Energy Audit and Diagnosis
components. All in all, the implementation of the whole TRIBE Pack can be supported by the
R
Funding Scheme component.
In the next figure, the main benefits coming from the combination of
the TRIBE Pack components are summarised.

Re

Re

Figure 2. Benefits of TRIBE Pack components combination. Source: elaborated by CIRCE.
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2 ENERGY AUDIT AND DIAGNOSIS COMPONENT
The Energy Audit and Diagnosis is the first component that should be implemented in case of
adopting the whole TRIBE Pack since it will provide the main inputs for others components such the
Virtual Energy Model and
the ICT Monitoring component.
R

Re

Re

Figure 3. TRIBE Pack: Energy Audit and Diagnosis component. Source: elaborated by CIRCE.

2.1 Description and methodology
The Energy Audit and Diagnosis component aims to improve the energy efficiency, reduce energy
consumptions and bring environmental benefits through the use of energy audit tool. The purpose
of the component is to analyse the energy use, to work out the potential for energy savings and to
define saving proposals. In addition, it reports the impact of the proposed measures on CO2
emissions. According to the definition of the energy audit included in the European Directive
2006/32/CE, the component follows “a systematic procedure to obtain adequate knowledge of the
existing energy consumption profile of a building or group of buildings, identify and quantify costeffective energy savings opportunities, and report the findings”. In order to define this procedure
and the attributes to have a good quality energy audit, it is also taken in consideration the European
Standard EN-16247-1:2012 “Energy Audits – General Requirements” and in particular the “Part 2 –
Buildings”, that focuses on the use and operation of buildings and that is specific to evaluate the
energy used by appliances within the building. According to the latter, the Energy Audit and
Diagnosis component’s procedure will be carried out by an energy auditor and will consist of the
following 7 main steps.
Step 1- Definition of milestones. Before starting the energy audit process, it is necessary to
establish milestones or deadlines for providing documentation or results. In case the installation of
special equipment will be necessary for measuring and for carrying out the energy audit, the auditor
has to inform the building owner about the measurement process.
D8.3. TRIBE pack for public buildings owners and operators
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Step 2-Start up meeting and definition of contract. It is necessary to convene a start-up meeting
with all staff involved in the energy review process. The building owner must be informed of all
aspects regarding the energy audit and should appoint among its staff a contact person responsible
for the energy audit (usually the building manager). All of that must ensure the cooperation of the
affected parties. In this phase, all the requirements, restrictions, aims, scope and any other aspect
of the energy audit, shallR be collected in a contract or agreement. It will have to be accepted by all
parties involved.
Step 3- Collection of information. Collecting data is the most durable part of audit process. The EU
Standard describes a list of data to collect in cooperation with the building staff. The EU Standard
covers the general requirements common to all energy audits, but most of the requirements may
be used for energy audits
Re in buildings.
Step 4- Field work. Although a lot of information is collected during step 3, field work is necessary
to carry on facilities’ measurements in order to provide current energy consumption data. The goals
of field work are:



A building inspection (includes envelope, facilities, systems, equipment, processes, user
behaviour, etc.) Re
to analyse impact on energy consumptions and efficiency and to provide
preliminary ideas for improvements opportunities.



An evaluation of the energy use.

During the field work, all the measurements have to be reliable and also be taken, if it is possible,
in the most representative situations, normal systems operation and under appropriate weather
conditions. In case there was a problem or difficulty during the measurement process, the auditor
shall communicate it.
Step 5- Analysis of the information. Initially, it is described the current situation of the facilities and
the existing energy performance situation since it becomes a reference to evaluate the energy
savings achieved by energy improvement measures. For developing an evaluation of the energy
performance situation is necessary:



To analyse the energy consumption according to uses and different sources



To express the energy consumptions by energy flows and energy balances



To define how energy demand develops through time



To know relationships between energy consumption and external and internal factors
(weather conditions, indoor temperature…)



To provide energy performance indicators

Depending on the results obtained during the evaluation of the energy performance, the energy
auditor can identify energy efficiency improvements opportunities. The energy auditor shall
evaluate the impact of each energy efficiency improvement on the existing energy performance

D8.3. TRIBE pack for public buildings owners and operators

5

Document: D8.3 TRIBE pack for public buildings owners and operators
Author: CIRCE

Version:

1

Reference: D8.3 TRIBE ID EC-GA: 649770

Date:

27/3/18

Refere

situation. The energy savings evaluation can be based on financial savings and investments for the
improvement measures implementation. In case an investment is proposed, it is necessary to
provide a financial study. The financial study requires comparing energy consumption costs and
investment to energy savings. The information recovered may be completed depending on the
agreement between organisation and energy auditor personnel. The building owner could need
R
additional information according
to the systems, facilities or process. Once defined the energy
performance situation and identified the energy efficiency improvement opportunities, the energy
auditor shall evaluate the reliability of data provided and identified defaults.
Step 6- Report the results of the energy audit. In the report on the energy audit, the requirements
have to be defined according to the agreement with the building owner. All the measurements
need a rationale and their
Re contribution. Also, in case any problem has been identified during the
measurement process, it will be included on the report. It is possible to have some results which
have been obtained by calculations, simulations or estimates, and there will be stated them. The
content of the report will be according to the objectives set.
Step 7- Final meeting and presentation of results. At the final meeting the energy auditor will hang
over the report on the energy
audit. The results shall be presented in a way that facilitates decision
Re
making by the building owner according to the energy efficiency improvement opportunities. Also,
the energy auditor will have to explain the results. At the final meeting, it will discuss the need of a
work continuation or if the aims have been achieved.

Figure 4. Energy audit process within an energy efficiency service process. Source: Measurement and verification for
energy services, IPMVP and other approaches

After the finalisation of the energy audit process, further steps can be undertaken, in case the EEMs
proposed would be implemented by the building owner. In this case, a standard methodology such
as the International Measurement and Verification Protocol (IPMPV) methodology should be
followed in order to quantify realized and unrealized savings of the proposed actions. Within the
TRIBE Pack, the ICT Monitoring component addresses specifically this need making highly
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recommended its combination with the Energy Audit and Diagnosis component in case of EEMs
implementation. On the other hand, since direct measurements are not enough to pinpoint
potential energy and monetary savings, calibrated energy simulations of the whole building shall
be applied as they are one of the most comprehensive approaches to evaluate potential savings.
For these reasons, it is also recommended the combination of this component with the Virtual
R
Energy Model component.
Regarding the Funding Scheme component and the User Engagement
Campaign component, they are also suggested since they can help to provide a part of the
investment required to undertake the energy audit or to implement the proposed EEMs as well as
the expertise for the implementation of those EEMs that imply a change in user behaviors.
Re
2.2 Requirements
(inputs)
implementation

and

results

(outputs)

of

the

The commitment from the building owner or building manager is an essential requirement for the
successful implementation of this component. During the energy audit process, he/she should work
jointly with the energy auditor staff for achieving a productive result and also facilitate the
Re
foreseeable measurements
or inspection. In the first phase, an appropriate communication
between the building owner or manager and the energy auditor is essential, since he/she will
require information about:



Drawings (project and plans) from the building, systems and facilities.



Technical documentation, maintenance documents or operating instructions for the
installations.



Working hours of equipment and occupants.



Historical data about energy consumption and tariffs from bills and also from energy and
consumption meters if already installed.



Other aspects which can affect data collected.

Furthermore, since the Step 4 requires site visits, the energy auditor and his/her staff need to be
guided by the building owner or manager or by a person with competences and authority to carry
out direct operations on processes or equipment. Once all inputs are provided to the energy
auditor, the energy audit report can be considered as the main result produced by the Energy Audit
and Diagnosis component. The scope of the report will depend on the objectives, needs and
expectations established by the building owner in the Step 2 of the methodology. A sample of the
content that the Energy Audit report will contain is presented in ANNEX A.
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2.3 Implementation plan
The building owner, thanks to the implementation of the Energy Audit and Diagnosis, will achieve
a comprehensive knowledge of the building situation receiving information about its actual and
optimal level of efficiency, as well as on the status of the building installations maintenance. The
R will depend on which of the proposed energy efficiency actions will be
achievable energy savings
implemented. There will be actions that can be easily undertaken. The latter is the case of those
related to the operation of the building: adjustment of set point temperatures and schedule,
selection of appropriate energy tariffs, etc. On the other hand, there will be others actions that will
require a higher investment and time of execution, but will also involve higher energy savings. Since
an implementation plan (including information about investment, return of investment, energy
Re
savings, etc.) will be provided to the building owner together with the energy audit report, he/she
will be able to take decisions whether implementing or not the measures proposed. In terms of
percentage, initial savings can reach the 15% of the actual cost related to energy consumptions.
The investment and the time needed for the execution of the Energy Audit and Diagnosis
component will depend on the location and floor area of the building, on the complexity of its
installations as well as on
the time commitments and resources from the building owner. A cost of
Re
around 600€ and an execution time of 3 business days can be estimated for a reference building of
500 m2 with facilities of medium complexity, for the development of all activities mentioned in the
previous section (including data collection, short measurements and field work).

2.4 Implementation barriers and solutions (case study experience)
2.4.1 I.E.S. Azucarera academic building
The heating system operation was the most difficult information to be defined during the energy
audit of Azucarera building. In this case, the heating system is managed manually by the building
manager that selects the set point temperature and schedule according to daily climate conditions.
Since there wasn’t a register where these parameters were collected for each day of winter season,
an interview to the person responsible was needed in order to understand the heating system
operation.

2.4.2 CIRCE HQs office building
CIRCE HQs building is located in the campus of University of Zaragoza, entity that is also the owner
and manager of the building. As consequence, the building manager of CIRCE is the maintenance
staff of the University of Zaragoza. The fact that CIRCE HQs building is not controlled by the same
entity that uses the building, made difficult the collection of documentation regarding building
characteristics, system specifications and energy bills. In addition, only the university staff has
access to the management system that controls CIRCE installation. This aspect was taken in
consideration at time of planning the energy audit in order to avoid slowing down the process. Also,
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was fundamental a hard coordination among the university personnel, the entity that occupies the
building and the energy auditor staff for achieving all the information needed.

2.4.3 Emmeline de Pankhurst residential building
Main difficulties in this pilot are related to the high number (160) of dwellings involved in the
R
auditing process. Meanwhile the physical characteristics of the building and its systems can be
assumed equivalent for all the dwellings, the occupancy profiles and schedules depends on the user
behaviours and can vary from one to another. Thus, in order to have an accurate occupancy pattern,
it would have been necessary to interview the tenants of all dwellings. Since the available time
resources for the energy audit of Emmeline building were not enough to proceed in this way, 3
dwellings were selectedReas representative sample. Similar difficulties were met for the collection of
energy bills, since only one tenant was available to share it. As a solution, they were used as
representative of total building for the calculation of energy consumptions.

2.4.4 Ozyegin University academic building
As in other pilots, in Ozyegin University data collection was the main challenge. OzU pilot is less
Re
than ten years old and it was possible to achieve 2D drawings used at the stage of construction.
However, during the construction and at the stage of usage, some reconstruction was performed
according to changing needs of building users and they were not updated to the architectural
drawings. Thus, a great amount of time for measuring new geometry and renewing the drawing
was required. On the other hand, there was no information regarding to real values of insulation
coefficients of used material. For windows and inside walls, scientific calculation methods and
material property databases were used to theoretically calculate these values. Otherwise, since the
insulation coefficient of building façade is very crucial for overall energy consumption of building,
measurements with special equipment (Testo-635 U-value meter) were performed.

Figure 5: U-Value meter used in energy audit Source: www.testo.com

Determination of basic physical characteristics (capacity and energy efficiency profile) of building
systems was the following challenge. Design documentation by electrical and mechanical design
companies and technical specification documents from product providers were the initial sources
of data. However, since these were also based on some assumptions and predictions, in order to
D8.3. TRIBE pack for public buildings owners and operators
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get real values, technical maintenance documents and also the interviews with technical
operation and management teams of OzU campus were needed.
Getting reliable information related to occupancy profile of the building was also difficult since
there were not related data gathering mechanism (with human counters or occupancy sensors)
and so related database.R In order to overcome this problem, some indirect documents are used.
Academic calendar, course schedules and some security policy documents (including info related
to opening/closing hours of some zones) is used to minimize the difference between real and
proposed occupancy profile.
Finally, since there was not meteorological measurement station in the campus, related data set
from the nearest meteorological station, which belongs to state agency (Ömerli Station of Turkish
Re
State Meteorological Service),
was purchased.

2.4.5 San Pablo office building
During the energy audit phase the main issue was to collect all the documents about the building:
architectural plans, memory of the project, construction characteristics, energy bills and
specifications about cooling,
heating and electrical systems. In order to facilitate this task was
Re
necessary a strong collaboration of Zaragoza Vivienda as building owner.

2.5 Main results achieved (case study experience)
Thanks to the implementation of this component, mostly all the information needed as input for
the Virtual Energy Model component was collected. Furthermore, the characteristics of building
constructions and systems as well as energy profiles were defined for the five pilots. Once obtained
a clear overview of building consumptions, actions for the improvements of building efficiency were
proposed.

2.5.1 I.E.S. Azucarera academic building
During the energy audit process and thanks to interviews realised to building occupants (in
particular teachers and pupils) it was identified that the use of windows was not very efficient. In
fact, it was detected that many times windows are opened to reduce the interior temperature when
the heating system is turned on. As well, it was discovered that lighting system is left turned on,
although classrooms are not occupied. According to these findings, the heating set point
temperature was calibrated and energy efficient tips were given to the occupants in order to reduce
energy losses.

2.5.2 CIRCE HQs office building
The radiant floor is one of the heating distribution systems installed in CIRCE HQs building together
with fan coils. During the energy audit interviews were done to building occupants in order to know
about their comfort conditions in the building. As result, it was detected a problem of overheating
D8.3. TRIBE pack for public buildings owners and operators

10

Document: D8.3 TRIBE pack for public buildings owners and operators
Author: CIRCE

Version:

1

Reference: D8.3 TRIBE ID EC-GA: 649770

Date:

27/3/18

Refere

in those offices that use radiant floor as heating system. The latter was also later confirmed by
temperature measurements realised in the building, finding that interior temperatures were
outside the comfort zone. After analysing the schedule of heating system during a meeting with the
building manager, it was found that it was working unnecessarily during the late afternoon,
maintaining comfort conditions also during the night when the building is unoccupied. This can be
mainly associated to theRfact that the radiant floor has a high thermal inertia and provide heat also
after its shutdown. According to these findings, the operation time of heating system was reduced,
allowing to achieve significant energy savings on heating consumption (more than 13%).

2.5.3 Emmeline de Pankhurst residential building
As result of energy audit,
Re there were identified some EEMs that were also later simulated during
the development of Virtual Energy Model of the building. According to these findings, the
renovation of Emmeline building was included in Zaragoza Vivienda Renovation Plan. Thus, in 2018
the refurbishment will be subcontracted in order to start the renovation in 2020 with the aim of
achieving the criteria of a Nearly Zero Energy Building.
From the Energy Audit and in particular from the interview carried out to building users, it was also
Re
detected that heating system and windows opening management were not optimal. Thanks to the
further installation of ICT monitoring system, this issue was confirmed by monitoring data of three
dwellings. In fact, through the analysis of interior temperatures of one of the dwellings, it was found
that during the night values are much higher than the rest of the day, being above 20ºC. In the
following image the interior temperatures are shown for three rooms during a typical day of winter
season.

Figure 6. Emmeline interior temperatures (Dwelling 1). Source: elaborated by Zaragoza Vivienda.
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On the other hand, a common inefficiency detected in three dwellings is related to the use of
windows. As can be observed from the graph below, interior temperatures have a minimum at 9:00
am probably associated to an excessive time of windows opening for interior air renovation.

R

Re

Re

Figure 7. Emmeline interior temperatures (Dwelling 2). Source: elaborated by Zaragoza Vivienda.

In order to verify the influence on the users’ habits of playing TRIBE game, the analysis made above
will be done one more time after the end of the project and its results, together with the
achievements of TRIBE project, will be shared with building occupants in a meeting organised by
Zaragoza Vivienda.

2.5.4 Ozyegin University academic building
As a result of the energy audit, it is proved that OzU academic building was constructed using
materials which have high insulation values. Also the craftsmanship during the construction enables
to prevent air leakages. So, thermal bridges and air leakages were prevented with high quality
materials and construction. On the other hand, fresh air supply capacity of Heating Ventilation and
Air Conditioning (HVAC) system was not enough and so the occupants usually need to open
windows and/or doors especially in the small zones. So, in order to prevent energy wastes, a two
sided action is implemented. Firstly, technical operators of the campus (responsible from the HVAC
systems) are asked to re-optimize their operational parameters regarding to air mixture. Secondly,
occupants are informed about impact of long time opening of windows and/or doors on heating
and cooling loads (and so the energy consumption of building) and they are asked to prefer shorter
periods.
Another result derived from the energy audit was the discovery of small differences between HVAC
scheduling and the occupancy schedules. Simple and universal timing rules determined by the
technical officers were beneficiary to save energy. However, a more dynamic and sensitive
scheduling can be implemented by using the information coming from course schedules, academic
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calendar and security policy rules. After discovering the mismatches between these applications,
some simulation efforts are performed to discover potential energy savings and the technical
officers are informed.

2.5.5 San Pablo office building
R

During the TRIBE project, after the Energy Audit performed by a subcontracted Energy Auditor
different EEMs were found that could be implemented for the reduction of San Pablo building
energy consumption. On one hand, it was suggested the upgrading of the whole heating and cooling
systems, but due to the lack of adequate budget, these EEMs were not implemented. On the other,
EEMs that require lower budget were applied:




Re
High efficient LED
luminaires were installed at the 2nd Floor, where also the working spaces
were redistributed in October 2016, in order to improve lighting comfort conditions
The contract with electrical company was reviewed and optimised
All the splits of the building were replaced with new efficient ones.

Re
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3 VIRTUAL ENERGY MODEL COMPONENT
The Virtual Energy Model is the second component that was implemented during the TRIBE project.
The information about TRIBE pilots, collected during the Energy Audit and Diagnosis component,
was used as inputs for Rthis component to obtain accurate building energy models and calculate
potential energy savings achievable in case of EEM implementation. In addition, the results of
energy simulations were used for the development of part of TRIBE game database.

Re

Re

Figure 8. TRIBE Pack: Virtual Energy Model component. Source: elaborated by CIRCE.

3.1

Description and methodology

The aim of the Virtual Energy Model component is to assess and optimise the energy performance
of a building through dynamic simulation techniques based on the use of specific software (e.g.
EnergyPlus). The implementation of the component is available for any type of building (i.e.
residential, office, academic, hotels, etc.) and consists of five main steps. They are shown in the
following figure.

Figure 9. Virtual Energy Model component methodology. Source: elaborated by CIRCE.

First, a virtual energy model of the building is created in order to assess and analyse its current
heating and cooling demand, final and primary energy consumptions by use and by energy sources
and CO2 emissions (step 1). After an iterative calibration process of the virtual energy model is
carried out to reduce the gap between simulated and real energy consumptions (step 2), a first
selection of potential actions to improve the energy efficiency of the building (step 3) will be
performed using the available set of 250 EEMs collected during the TRIBE project. The most
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appropriate among them according to the inefficiency detected, the building component they apply
to (envelope, HVAC and Domestic Hot Water (DHW) systems, lighting, etc.), the type of investment
foreseen (short, medium and long term investment) and the building type, will be specifically
assessed from an energetic, environmental and economic point of view in order to understand
which is their impact on the building (step 4). The assessment will be done through the use of an
R
energy simulation engine,
recognised algorithms, specific tools, bibliographic references from
specialised literature, etc. An analysis of the results, especially of those related to the payback
period, will then determine which are the measures that should be prioritised in order to obtain
the highest benefits from their implementation (step 5).
Since the accuracy of the energy model depends on the quality of the building energy related
information (i.e. geometry,
construction and facilities characteristics, occupancy data, actual
Re
energy consumption, etc.), the implementation of this component is recommended together with
the Energy Audit and Analysis component. Also, the combination with ICT Monitoring component
will give an added value since it will provide real and segmented data for a most accurate calibration
of the energy model and the verification of EEMs savings in case of their implementation in a real
building. Finally, relevant information from this component (i.e. total investment required for the
Re
implementation of EEMs,
savings potential of EEMs related to the optimisation of user behaviours)
can be used for the Funding Scheme and User Engagement Campaign components.

3.2 Requirements (inputs)
implementation

and

results

(outputs)

of

the

The implementation of the Virtual Energy Model component requires the collection of the building
information related to its energy performance and that mostly corresponds to the outputs obtained
from the implementation of the Energy Audit and Analysis component. The first input needed for
the building’s energy modelling is the geographical location of the building. Then geometrical
information such as architectural plans (preferably in .dxf format), the Window-to-Wall Ratio (WWR),
orientation of the main façade and shading by the surrounding buildings should be compiled. Once the
geometrical model is completed, the next step is the definition of the thermal envelope composition.
This means the compilation of the layer-by-layer materials of each constructive solution considered for
walls, roof and floors. For each material, it is necessary to know its thermal properties (conductivity,
density and specific heat) and its thickness. Furthermore, information about occupancy profiles and
number as well as on the operation schedules for all the installations (HVAC, DHW, lighting and other
equipment) should be collected to establish the building’s operation profile.
After the elaboration of the previous information, the heating and cooling demand of the building can
be obtained as output. On the other hand, the technical features of all the installations of the building
are needed to determine the final and primary energy consumption baseline, the final energy
breakdown by uses (electrical appliances, lighting, fans, water pumps, heating, cooling, hot water) and
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by type of energy (electrical or thermal), and the CO2 emissions and energy costs associated to these
energy consumptions.
The typical inputs required for the HVAC systems are: the nominal power, the Seasonal Coefficient of
Operation (SCOP), the Seasonal Energy Efficiency Ratio (SEER) of each heating/cooling equipment (i.e.
boilers, chillers, heat pumps,
etc.), the temperature set-points for heating and cooling in the building,
R
and the ventilation rate, normally expressed in air changes per hour. For the DHW system, the type of
heat generator and the hot water delivery temperature are the main inputs for the model. Regarding
the lighting system, it is required information about the installed power per area, the type of lamps
and the number and position of daylight sensors (if applicable). The nominal power of other electric
equipment such as household appliances or computer equipment should be also defined.
In order to calibrate theRe
building energy model, data on actual energy consumptions will be necessary.
Usually the latter can be gathered from electrical and thermal energy bills or from a Building
Management System (BMS) in case it is installed in the building. Once the model is calibrated, it will be
possible to calculate the potential energy, economic and emission savings that can be obtained from
the implementation of EEMs and estimate the payback period. A summary of the inputs and outputs
related to the implementation
of Virtual Energy Model component is shown in the following image.
Re

Figure 10. Input and Output information of Virtual Energy Model component. Source: elaborated by CIRCE.

3.3 Implementation plan
The Virtual Energy Model component is fundamental to understand in detail how much energy can
be saved in a building and which investment is required in order to achieve the building optimal
consumption. Despite that the component does not generate direct economic savings, it provides
recommendations on how energy, and consequently costs, can be saved in the building. According
to the main aim of TRIBE project, that is to change building users’ behaviours modifying their
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attitude in a more efficient way, a significant quantity of EEMs related to this topic is available in
the TRIBE Pack. The implementation of these measures usually needs very low or zero investment,
it does not require any energy specific technical skills to be implemented and enables the
achievement of between 5% and 10% of savings on the building energy consumptions with a
payback of less than one year. Other EEMs included in the TRIBE Pack are related to the
R
improvement of the building
envelope, of the HVAC, DHW and lighting systems, electrical
equipment as well as to the installation of renewable energy systems. In this case their
implementation in the building requires specific technical skills and medium or long term
investment but the potential energy savings are higher (up to 60%).
The investment and the time needed for the execution of the Virtual Energy Model component
depends mainly on theRelocation and floor area of the building as well as on the complexity of its
architecture and installations. A cost of around 400€ and an execution time of 2 business days can
be estimated for a reference building of 500 m2 with architecture and facilities of medium
complexity, assuming that all the inputs are provided by the building owner.

3.4 Implementation
barriers and solutions (case study experience)
Re
Building energy models are realistic and reliable if the inputs are based on real measurements and
long term observations. Thus, the successful implementation of this component is strictly related
to the availability and accuracy of building information. As mentioned in the previous section, this
information does not include only building construction characteristics or facilities information but
also historical data about energy consumptions (both electrical and thermal) and occupants’
behaviour. In a building where a monitoring system is not installed or in case an archive of historical
energy bills is not available, it is usually difficult to gather information about historical
consumptions. The lack of information precludes the correct calibration of the virtual energy model
and does not allow the achievement of reliable results. This is especially important when reliable
database of others parameters is not available and it is necessary to run simulations several times
by changing these parameters until the gap between simulated and real energy consumptions is
reduced. One of the parameters that requires several simulations is the occupancy. The occupants
are responsible of the use of the building and they have a high influence on energy consumptions.
Thus, an inexact estimation of occupancy’s related variables can negatively influence the accuracy
of the model. In old buildings it could be also difficult to have real data about its envelope
composition since architectural plans can be not available. Nevertheless, in this case it is easiest to
make assumptions without compromising the results. Others difficulties can arise when the building
geometry and facilities are not conventional and for this reason it could be arduous to be modelled.

3.4.1 I.E.S. Azucarera academic building
In IES Azucarera school, most of the problems during the energy modelling were caused by the lack
of a register with seasonal information about the temperature set-points and operation schedules
of the heating system since they were variable for each classroom. In this case, since there were
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available the historical energy bills, it was possible to calibrate the model and to achieve a deviation
of only of 7% between estimated and real electricity consumptions and of 30% for the thermal
consumption. Despite that the deviations in thermal were higher compared to the electric
consumption, the calibration was considered successful since a posterior collection of more
detailed information from the installed monitoring system was foreseen.
R

3.4.2 CIRCE HQs office building
The modelling and calibration of CIRCE HQs did not implicate too many barriers since most of the
information needed was available and user behaviours follow a predictable pattern. Thus, it was
possible an accurate modelling of the building, with the achievement of a deviation of only 2%
between simulated andRe real electricity consumption and around 8% in terms of thermal energy
consumption after calibration.

3.4.3 Emmeline de Pankhurst residential building
The modelling of Emmeline building was difficult due to the absence of utility bills for all the
dwellings. The latter forced during the Energy Audit to extrapolate the real energy consumption
Re
from the utility bills of just one representative dwelling to the whole building. In addition, it was
not possible to create for each dwelling a user behaviour pattern, but three common patterns for
the 52 apartments were assumed. After calibration, the deviations obtained are of 12% in thermal
energy consumption and 30% in the case of electricity consumption.

3.4.4 Ozyegin University academic building
Similar to barriers found in the energy audit component, the main challenge for this component
was the collection of related data. There were available 2D drawings of OzU pilot building for
geometrical virtualization but they were out of date. Thus, for consistent modelling they were
updated and then converted to 3D models. At the stage of 3D conversion, some detailed
measurements and also some validation efforts were necessary. Data related to physical
parameters were mostly determined in energy audit phase but some simulation parameters
required to be investigated for consistent results. Furthermore, the significant high size of the
building (24,367 m2) and the many different types of building’s users compared to the other
buildings, involved a higher degree of complexity in the user behaviour modelling. Thanks to data
available from the BMS of the campus, deviations were reduced during the calibration to 29% in
electricity consumption and 26% in thermal energy consumption.

3.4.5 San Pablo office building
The difficulties encountered in San Pablo Building relates mainly to the modelling of user behaviour
since being the building open to the public, part of the occupancy is variable and changes every
day. Thus, it was complex to model exactly the real schedule of equipment use. Nevertheless,
thanks to the availability of energy bills it was possible to calibrate the model in order to achieve a
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deviation of around 20% in the case of the electricity consumption and 14% deviation in the thermal
energy consumption.

3.5 Main results achieved (case study experience)
R
The simulation and modelling
of the building was the basis to then virtually implement appropriate
EEMs among the 250 included in the TRIBE pack. The analysis of the results obtained allow the
identification of the most favourable renovation actions for each building of the TRIBE project,
providing also the potential energy savings, cost savings and investment obtainable in case of
putting them into practice. A special attention was given to those measures that need low or zero
investment.
Re

3.5.1 I.E.S. Azucarera academic building
The simulation results in I.E.S Azucarera have shown that with zero-low investment EEMs such as
“Create reminders and promotional materials to raise awareness” or “Sensitizing of occupants
through workshops”, 5% of savings on the annual energy consumptions can be obtained. Clearly,
Re
the energy savings potential
depends on the initial level of awareness of the buildings’ users.
Regarding others EEMs, the highest energy savings in I.E.S. Azucarera are potentially achievable by
the installation of a geothermal heat pump (55.8%) as new heating system, but since the estimated
investment was very high the payback period results to be higher than 50 years, making this EEM
not recommendable. The best renovation scenario found for I.E.S. Azucarera was related to the
renovation of parts of the building energy systems and includes among others, the replacement of
actual lamps for Light Emitting Diode (LED) and the replacement of the actual boiler for a
condensing boiler. The savings potentially achievable in case of real implementation of these
measures could provide energy savings of 32.3% and a payback period of less than 8 years.

3.5.2 CIRCE HQs office building
In CIRCE HQs building, the implementation of the most interesting measures involves raising
awareness between the users. Thus, to promote a correct use of external solar shading could
provide energy savings of 9.1%, since the shading control of the windows is completely manual
currently. Similarly, to make a periodic and suitable cleaning of windows could save up to 8.4%.
Other similar measures that depend on the building occupants and that allow savings between 2,5%
and 4% are related to a most efficient use of electrical equipment (computers, monitors, printers,
photocopiers and other office equipment) by using energy savings modes or reducing standby
losses. In the context of EEMs that require low or zero investment, it was found that in CIRCE HQs
a proper operation of the temperature regulatory systems of the heating and cooling equipment
allow savings of up to 3%, but could be higher in other similar buildings (up to 20%) if the set-point
temperatures and the HVAC schedules are not well adjusted. In addition, the implementation of
measures that involve less use of lighting and HVAC system such as “Allow employees to work from
home on alternate days” or “Implementation of a compressed work schedule”, it can provide
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substantial savings from 12% to 50% on annual energy savings. On the other hand, regarding
implementation of medium long term investment EEMs, it can be obtained the highest energy
savings by the installation of PV panels (58%) or by the upgrading and maintenance of building
HVAC and lighting systems (37%). Despite they require a medium-large investment they guarantee
a payback period of less than 7 years in case of implementation.
R

3.5.3 Emmeline de Pankhurst residential building
The results of simulations carried out with the virtual energy model of Emmeline residential building
showed that savings on energy consumption can be obtained and with very low investment by
selecting adequate set-point and schedule for heating operation (7.6%) or by raising users’
awareness on the moreReefficient use of the lighting systems (6.3%), that is, turning off the luminaires
close to windows when there is enough daylighting or on the use of cold water instead of warm
water to wash hands (11% on Domestic Hot Water consumption). Other convenient EEMs should
be mentioned for their implementation in Emmeline building since with no cost they allow
achieving energy savings of between 2% and 3%. First, to match the size of the pan to the heating
element involves a reduction of 2.8% in the energy consumption of the electric cooker. Additionally,
to use a covered kettleReor pan or electric kettle to boil water reduces the electricity consumption
by 2.5% because these appliances are more efficient than boiling water on an electric cooker.
Finally, creating reminders and promotional materials to raise awareness could reduce the energy
consumption of electrical devices in Emmeline by 15%. On the other hand, in Emmeline building
the greatest energy savings (47%) and least payback period (less than 3 years) are achievable in
case of implementing a measures package that include, among others, the renovation of the
heating boiler for a new low temperature boiler and the replacement of actual lamps for new LED
lamps.

3.5.4 Ozyegin University academic building
In Ozyegin University as in Emmeline building, users have influence on energy consumptions, but
in this case they do not have total control on the heating system since it is almost centrally
controlled. Nevertheless, by raising the occupants’ awareness through the creation of reminders,
promotional materials and workshops on energy efficiency, savings of between 5% and 10% on the
annual energy consumption can be obtained. Other results from the energy model simulation have
highlighted that the highest savings (up to 31.6%) can be obtained with the installation of LED lamps
in substitution of the actual lighting system, by performing maintenance on the heating and cooling
systems or by renovating the electrical equipment with new ones labelled by Energy Star.

3.5.5 San Pablo office building
The assessment of potential EEMs that can be implemented in San Pablo office building, as in the
other pilot buildings, showed that it is possible to achieve energy savings (of around 5%) with low
or zero investment. Remarkable measures in this sense are those regarding the proper operation
of the temperature regulatory systems of the heating and cooling equipment, an appropriate use
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of the electrical equipment (computers, printers, photocopiers and other office equipment) or the
reduction of the water flow-rate in taps through the placement of faucet aerators at the exit of the
water taps. On the other hand, if the results that can be obtained from the implementation of midlong term investment EEMs are analysed, the most convenient EEMs emerge, since they have high
energy savings and low payback (less than 3 years), they can be obtained from the installation of
R
micro wind turbines (35.7%)
and from the improvement of efficiency in the energy systems (38%)
by replacing or by maintaining them.

Re

Re
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4 ICT MONITORING COMPONENT
The ICT Monitoring component was implemented in the second phase of TRIBE project, using useful
information collected during the deployment of Energy Audit and Diagnosis component in the 5
pilots. The data collected
through the installed monitoring system was used, on one hand for the
R
development of the TRIBE game database and on the other for the identification of inefficiencies in
the pilots and for the impact assessment of the user campaign realised in the last period of TRIBE
project.

Re

Re

Figure 11. TRIBE Pack: ICT monitoring component. Source: elaborated by CIRCE.

4.1 Description and methodology
The ICT Monitoring component aims to gather energy consumption, indoor comfort data and
energy-related user behaviour data from both residential (e.g. social housing buildings) and nonresidential buildings (e.g. administrative buildings, office buildings, academic buildings) through the
design and implementation of an easily replicable monitoring plan. The implementation of the ICT
Monitoring component is structured into four main phases, which cover the different stages that
shall be planned in any monitoring project, namely:

1)
2)
3)
4)

analysis of the monitoring requirements
design of the monitoring system
implementation/deployment of the monitoring system
system operation
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Figure 12. ICT
R Monitoring component methodology. Source: elaborated by ACCIONA

Phase 1: Monitoring requirements
The analysis of the ICT Monitoring system in public buildings requirements shall comprise both
physical and social characteristics of the buildings to be monitored. The output of the
requirements’ analysis phase will be a preliminary identification of the monitoring needs as well as
a characterization of the
Re environment where the monitoring system will be deployed, and the
different constraints that shall be considered during the subsequent stages of the process.

Re

Figure 13. ICT Monitoring component methodology (Phase 1). Source: elaborated by ACCIONA

Phase 2: Monitoring system design
The monitoring system design phase consists of two main steps: in first place, a global specification
of the monitoring system will be produced, that shall contain information about: (i) the parameters
to be measured, (ii) the types of sensors and meters that shall be used for capturing those
measurements, (iii) the communications and storage architecture for collecting the data and
transmitting them to the videogame or other tools, and (iv) additional management software tools
and security methods and techniques that shall be considered. The next step will be to produce a
detailed design of the installation, for which a second technical visit to the buildings is
recommended. The detailed installation design determines how the monitoring system
specification can be implemented in each specific building, taking into account different
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constraints, such as economic criteria, authorizations for installing certain types of devices, and
particularities of the deployment environment.
The methodology differentiates between buildings with an already existing monitoring system and
buildings without any previous monitoring system. For the former, an extension of the already
available infrastructure Rto meet the requirements of the new system can be foreseen in order to
reduce costs, while for the latter the system will have to be designed from scratch. The final output
of this phase of the methodology will be a detailed list of the monitoring system components and
of the specific locations where they will be installed. The following figure shows the different points
to be analysed within the monitoring system design phase.
Re

Re

Figure 14. ICT Monitoring component methodology (Phase 2). Source: elaborated by ACCIONA

Phase 3: System deployment
The next phase of the methodology is the monitoring system deployment. This phase will start with
the preparation of a detailed installation plan, including the description of the different installation
tasks, and related schedules. The planning must contain not only the tasks scheduling, but also a
description of the tasks, including for instance mounting instructions for each type of sensor. It is
important that this planning tries to fit in the scheduling the possible delays in the installation
activities. This will be followed by the provider selection processes and subsequent purchase, which
are subject to especially rigid procedures in the case of purchases by public organizations. All
permissions needed for the installation shall be obtained in time in order to avoid any delay. For
the installation activities it is important to reserve time for devices testing and configuration before
actually starting the physical installation.
Once this is completed, the commissioning and verification activities will start the operational phase
of the monitoring system.
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The objective of the commissioning process is to put the system into its operational status. It
includes assigning an identifier to the sensors, updating their frequency, as well as the steps
necessary for configuring the installation in the management software (registry of the installations
and sensors, creating accounts for the users that will use the software, etc.)
On the other hand, the
objectives of the verification is to check that the system and all its
R
components operate as expected and correct any deviation. This includes:








Verifying that all sensors and meters are capable of making measurements at the
configured sampling frequency, and that these measurements are correct.
Verifying correct operation and robustness of the local communications network, ensuring
that all measurement from sensors and meters are reaching the data collectors correctly,
Re
with adequate levels of reliability, and with no significant packet losses. In the case of
wireless communications, it shall be checked that each network node has appropriate
coverage to communicate with the nearest network node to which it can relay its measured
data.
Verifying the remote communications, ensuring that data are correctly transmitted from
the data collectors
Re to the remote server.
Verifying that the remote server allows data sharing with other tools, such as serious
games, either through web services or the particular communication standards which have
been chosen for the specific monitoring system.
Verifying that all security policies are correctly implemented, and that backup routines
contemplated for ensuring data integrity are operating as expected.

Adequate training activities for each type of building user (like occupants and maintenance
technicians) shall be planned in order to ensure a correct system care and maintenance.
The following Figure summarizes the different steps of this phase.

Figure 15. ICT Monitoring component methodology (Phase 3). Source: elaborated by ACCIONA
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Phase 4: System Operation
Last phase of the methodology is the system operation, which includes two aspects: (i)
maintenance activities, which aim is to ensure the proper operation of the ICT monitoring system
during its service life, and which will be normally supported by a management tool capable of
monitoring the performance
of the installation, and (ii) validation activities in order to check how
R
the monitoring system has met the needs for which it was designed. The second aspect ensures its
capacity of providing an adequate insight into the building use and energy use patterns and transmit
it to the serious game or awareness tool that use its data.

Re

Re

Figure 16. ICT Monitoring component methodology (Phase 4). Source: elaborated by ACCIONA

An important support to this component can be given by the Energy Audit and Diagnosis
component, since most of its results will be used here to collect data required in Phase 1.
Furthermore, it is also recommended the use of this component together with the Virtual Energy
Model component in order to achieve a more accurate calibration of the energy model. Also, if used
together with User Engagement Campaign component, it will help the verification of how energy
savings actions have affected the user behaviour and the consumptions.
Many energy efficiency initiatives generate significant costs 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. The compatibility of this component with Funding
Scheme component, can reduce the cost of its implementation since a wide range of national and
EU funding sources are available for supporting investment in energy-efficient facilities and
processes.
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4.2 Requirements (inputs)
implementation

and

results

(outputs)

of

the

To ensure a smooth implementation of this component a number of common points should be
analysed in any building, in order to gain a good knowledge about the places to be monitored and
R
the scope of the functionalities and devices to be included within the monitoring system. Before
beginning the installation tasks it is important to agree on a specific schedule with the building
owner in order to set out the framework for the monitoring system deployment. In the first phase
the collaboration of the building owner will be fundamental in order to gather information about
building and its users. Regarding building characterization, the common points to be checked in any
building are:
Re
o
o
o
o
o

o
o

Building typology and main uses (academic, laboratories, offices, dwellings, etc.).
Building layout, which will help to estimate the number of monitoring devices needed.
Main sources of energy to determine total energy consumed and produced by the building.
The most frequently used equipment and their energy consumption.
Building energy performance since the energy demand will help to identify the expected
Re
behaviour, and at the same time, the energy status of the building representing both
possibilities as an energy efficiency building or an inefficient building.
Existing monitoring infrastructure, mode of transmission, communication protocols, which
parameters have been measured, devices installed, etc.
Available communications infrastructure in the building which can be used for the new
monitoring system

Since 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, characterization of building users is also an essential factor to consider
for the design of a suitable monitoring system. Information about building users can be obtained
from different sources, such as: direct personal interviews, questionnaires, focus groups, and any
other suitable social research tool. Besides, some types of building users (e.g. facility managers) can
provide more valuable insights into the general building usage patterns or existing building user
profiles and roles. Different aspects that shall be analysed in order to characterize building users:
o
o

User profiling to classify building users according to different parameters such as age,
gender, occupation, ICT literacy, etc.
User roles: to determine the interactions that each user role will have with the monitoring
system, and will also support the monitoring system design and implementation phases,
giving knowledge about the different stakeholders that may have influence on the decisions
to be made.

All this information will be necessary as input to know what will be measured and where it will be
measured facilitating the design of the general monitoring plan for the ICT Monitoring installation.
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Once all the phases of implementation are executed and after a first period of monitoring it will be
possible to evaluate how much the energy consumption has been reduced thanks to the actions
undertaken in the building to improve its energy efficiency. In this way it can be also verified if the
expected previsions about the cost effectiveness of the actions were correct. Thanks to ICT
Monitoring system, the evaluation of energy savings could also be done through standard
R International Measurement and Verification Protocol (IPMPV). The real
methodologies such as the
value of the ICT Monitoring system should however not be limited only to the savings impacts
reported, but also to significant additional benefits that building owner will achieve:









Control and analyse parameters of their building related both to energy consumptions and
user behaviours nearly in real time and trough a user-friendly tool.
Re
Identify unnecessary
energy consumptions in the building as well as inefficient users’
behaviours 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.
Identify ways of getting started with new energy efficiency projects including the most cost
Re
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;
Design funding schemes adapted to their necessities;

Furthermore, within the component implementation, adequate validation and training activities for
each type of building user (i.e occupants, maintenance technicians, etc.) are also foreseen in order
to ensure correct system maintenance and to check how the monitoring system has met the needs
for which it was designed. Some initiatives that can be carried out and that have proved their
effectiveness during the project are:
o

o

o

Training day: it can be planned for the technicians involved in the project with the aim of
going into detail about the operation options of the implemented technologies.
Additionally, it is recommended to develop user manuals, support tools or specific training
to take full advantage of the online monitoring platform.
Survey: it can be implemented by asking people involved in the project about several
aspects of the monitoring plan, their habits as well as their concerns or knowledge
regarding energy efficiency
Open days and workshops: 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. This last part is important because
understanding the impact, a higher commitment is expected. In the same way, the
technologies implemented in the project and the meaning presented in the online platform
can be presented in these events. These information days have to be focused on the better
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use for the attendant, that is to say, the language, schemes and the form have to be
intelligible by all the assistants.

4.3 Implementation plan
The investment and theR time needed for the execution of the ICT Monitoring component for a
reference building of 500 m2 as well as the factors from which are dependent are included in the
following table.
Table 2. Information about ICT Monitoring component implementation

Type of
system
Wireless

Cost
Re

6,700€

Execution
time
1 week (5
business
days)











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

2/3 weeks (5
business
days per
week)






Type of protocol
Application field
Technical complexity
Investment costs: Costs can also be increased in
comparison to a wireless system due to the need of
performing more complex field works for installation.

Re

Wired

9,700€

Factors

4.4 Implementation barriers and solutions (case study experience)
The main challenges related to installation activities are associated to:





Bureaucracy associated to purchases and provider selection, which also depends on the
type of entity performing the purchase (private vs. public). In the case of public bodies, the
purchase processes are usually more rigid and therefore risks of delays in this phase have
higher probability.
Devices delivery times by providers.
Process for obtaining permissions in time for installation activities in buildings.

Potential risks can be classified from different points of view:
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Economical view: The previous investment for the ICT network deployment focused on
energy saving has to be recovered by the implementation of several measures concerning
energy efficiency in the building. This is mitigated with the payback of the solution
previously calculated.



Technological view:
R
o
o

o
o
o


The evolution of sensing devices and communication protocols results in a broad
variety of systems that can be incompatible.
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.
Re
Scalability of the network to a district level if it is necessary can be a challenge.
Level of coverage allowed within the buildings
Long distances between devices

Social view: Firstly, acceptance of the system by the users and understanding of the tool
are factors influencing
the good development of the project. Secondly, an active
Re
participation in the project, awareness about the significance of energy savings in the
development of a durable future and participant’s behaviour responses according to the
principles of the project are key points in the final result.

Some recommendations targeting building owners and building managers are:


Effective leadership is required over the long term to help to address obstacles that will
inevitably arise during the project implementation cycle.



The governance models for planning and coordinating the public initiatives need to provide
a coherent leadership and management structure.



Develop and promote a clear vision that will inspire others to play their role in making the
initiative work.



Establish effective communication channels and use them on an on-going basis.

4.4.1 I.E.S. Azucarera academic building
During the design of the monitoring plan, particular difficulties associated to coverage problems
due to significant size of the building were found. For that reason, four repeaters nodes and a
gateway node have been located per floor. It should also be taken into consideration that some of
the sensor nodes act, at the same time, as repeater devices and they allow extending the coverage
area within the building. Afterwards, during the validation phase, a problem with the presence
sensor was detected, since full data from the sensors were not available. Relevant information to
solve this problem was found by studying the complete graph of the device and making zoom in
specific parts of the graphs.
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Table 3. ICT Monitoring component: barriers and solutions – I.E.S. Azucarera
Pilot Monitoring
system
considerations

TECHNICAL

Barrier
 R Long distances: expensive and
difficult wiring and installation

Weather parameters



COMMUNICATIONS

HUMANS

RISKS OF
INSTALLATION

Internet
connection
no
available
 Re Possible problems of coverage
using wireless devices

Possibility to use existed LAN
network

 Re Aesthetical aspects

Interference of maintenance
staff with the installation,
which can lead to sensor data
losses.


Opening
hours,
and
interference with classes.

Solution



Use wireless devices, WSN
Weather parameters will be obtained through
pilot’s weather station, located in this pilot, taking
into account that it would be enough to use one per
city



Repeaters nodes and a gateway node have been
located per floor.
LAN
network
doesn´t
work
properly,
Communications between gateway nodes and data
collector are carried out through a 3G connection.
Data and electric power are routed in the same
electric conduits within this building. Power Over
Ethernet is the standard selected for
communications.









Wireless devices, Easy usability and Installation.
The double roof has been used.
The energy savings protocol is define and it is taken
into account for futures analyzes.
Training days.



Installation in summer time in the afternoon

4.4.2 CIRCE HQs office building
Table 4. ICT Monitoring component: barriers and solutions - CIRCE HQs
Pilot Monitoring
system considerations

Barrier



Office rooms of different sizes
The level of detail depends on
the one-line diagram, and the
accessibility to the electrical
system



No
wireless
Internet
connection available
Possible problems of coverage
to use wireless devices

TECHNICAL


COMMUNICATIONS

Solution



Ad hoc installation per room.
Take advantage of the circular morphology: a
gateway node located in the center of the
building and two repeater nodes per floor
forming four cardinal points, each repeater
node facilitate coverage between floors.



The information transmission from gateway
node to data collector will be carried out
through Ethernet standard.
Repeater nodes and a gateway node have been
located per floor.
Several sensor nodes (some of them act as
repeater devices), four repeater nodes and one
gateway node.
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Aesthetical aspects



Opening
hours,
and
interference with workers.



Wireless devices, Easy usability and Installation.



In order to realize the installation without
interfering with the building personnel, the
schedule of works was agreed with the building
manager and carried out during periods of low
occupancy (e.g. holiday period).

HUMANS

RISKS OF
INSTALLATION

R

4.4.3 Emmeline de Pankhurst residential building
Table 5. ICT Monitoring component: barriers and solutions - Emmeline de Pankhurst
Pilot Monitoring
system
considerations

Re

Barrier



TECHNICAL


COMMUNICATIONS

HUMANS
RISKS OF
INSTALLATION



Budget for Weather parameters
The energy consumption and
specifically electricity
Re consumption segmentation will
depend on the accessibility to
the operation, but it would be
interesting to know the lighting
and the kitchen energy
consumption
Internet connection available at
all buildings.
Possibility to monitor dwellings
separated from each other (long
distances)




Aesthetical aspects
Tenants handle devices and
internet connection.



Availability of the tenants

Solution




Weather parameters will be obtained through
Azucarera weather station, taking into account
that it would be enough to use one per city
Ad hoc electrical installation per house.
Use of wireless energy meters with six single
phase energy independent inputs.




Tenant Internet connection used.
The same wireless network topology has been
designed for each dwelling, separately; wireless
network does not include repeater nodes
because it is possible to cover all the dwelling
area through a single gateway node.




Wireless devices, Easy usability and Installation.
Training days.



Visiting and installation dates are agreed
according to availability

4.4.4 Ozyegin University academic building
OzU pilot building had an already installed building automation and information system before the
TRIBE project. This system was limited to measure temperature all around the building and to
control HVAC system. Since TRIBE project requires more extensive monitoring of building physical
parameters and user behaviour, an extension work has been implemented. Besides, there were
eight CO2 sensors distributed in different points. However, the technical team of the university
reported that some of those temperature and CO2 sensors did not work properly and they had
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never been calibrated since six years. In order to eliminate comparison problems related to
discrepancies between new and old temperature sensors, it was proposed to locate new
temperature sensors in all monitored zones of the pilot building. On the other hand, since the CO2
sensors have very high unit prices, it was preferred to use the existing ones in the chosen zones.
As a large academic building,
OZU pilot consists of several zone types. Some of those types are
R
typical for academic buildings (classrooms, study rooms, laboratories, etc.) whereas the others are
common for many other building types (kitchen, restroom, stock room, etc.).
During the design of the sensor network extension, there were two main points under
consideration: meeting budget constraints and maximizing relevant information to meet simulation
requirements. Since it was impossible to monitor the entire building, a number of zones where
Re
chosen for different important
zone types. The objective was to have a representative sample of
the pilot.
Table 6. ICT Monitoring component: barriers and solutions – Ozyegin University

Pilot Monitoring system
considerations
Re

Barrier





The existing ICT infrastructure
and protocols used
Big spaces and long distances
Classrooms in different sizes

Solution




TECHNICAL




COMMUNICATIONS

Available internet connection
Possible problems of coverage
to use wireless devices





HUMANS





Aesthetical aspects
Easy usability
Some existent sensors placed
in accessible zones were
tampered and/or broken.




Software to make conversion
between protocols are
implemented
Wireless communication
solutions are implemented in
long distances
Custom specification of
monitoring system is prepared
for each classroom according
to its size
Special permission for some
devices is asked from IT team
of campus to overcome
firewall problems
Relocation of some sensors
and /or gateways is needed
Training and continuous
support is provided to users to
increase easy usability
Existent and new sensors were
located to other positions to
prevent unintended failures.
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RISKS OF INSTALLATION
R

Changes some technical issues
in the proposal in case of
difficulty in the installation
Finding available and enough
time intervals for field
operations without disruption
in educational and other
maintenance activities was a
challenge







Changing planned position and
communication hardware
(wired&wireless) of some
devices
Installation of ICT monitoring
system was performed in late
hours (after 8 p.m.) and
weekends.
It was necessary a hard
coordination among technical
offices of the university,
automation subsidy and the
installation team.

Re

4.4.5 San Pablo office building
Table 7. ICT Monitoring component: barriers and solutions – San Pablo

Pilot Monitoring
system
considerations

Barrier
Re

TECHNICAL



Budget for Weather parameters.



Long distances and many floors:
expensive and difficult wiring and
installation




COMMUNICATIONS






The level of electrical consumption
segmentation (cooling, lighting and
equipment consumption) will depend
on the availability of a suitable
electrical panel
Possibility to use existent internet
connection
Possible problems of coverage using
wireless devices

Aesthetical aspects
Mistrust about the installation works
and devices.

HUMANS

Solution














RISKS OF
INSTALLATION




Four floors including attic floor with
different allocation.
Opening hours, and interference with
workers.



Weather parameters will be obtained
through Azucarera weather station, taking
into account that it would be enough to
use one per country
Use wireless devices,WSN: different
sensor nodes and a repeater node or
gateway node per floor, except for the
attic floor, which coverage is supplied by a
gateway node located in the fourth floor.
Ad hoc electrical installation per floor.
Use of wireless energy meters with six
single phase energy independent inputs
Available good connection to their LAN
network
Some of the sensor nodes act, at the same
time, as repeater devices and they allow
extending the coverage area within the
building
Wireless devices, Easy usability and
Installation.
The double roof has been used.
The energy savings protocol is define and it
is taken into account for futures analyzes.
Training day
Visiting and installation dates are agreed
according to availability
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4.5 Main results achieved (case study experience)
The diagram of TRIBE communication architecture can help to understand the general
communications architecture included within the design of the monitoring system.
R

Re

Re

Figure 17. General TRIBE communication architecture. Source: TRIBE project

There is a clear differentiation between buildings with already existing monitoring infrastructure,
where it is necessary to adapt the additional new monitoring devices to the already available
communications architecture (OZU Building in TRIBE Project), and buildings without any monitoring
system, where the communications architecture of the new system can be designed more freely.
In the following image it is represented in more detail the technical architecture of the ICT
monitoring system implemented in the TRIBE project in each pilot.
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Data collector

ZigBee
Coordinator

ADSL/FIBER

Pilot 1 – CIRCE headquarters

R
TRIBE
Game

Data collector

ZigBee
Coordinator

ADSL/FIBER

Pilot 2 – San Pablo public offices

MQTT

ZigBee
Coordinator

Data collector

Re

Pilot 3 – Emmeline de Pankhurst

ADSL/FIBER
SQL Server 2012
PostgreSQL 9.4

SQL

Data collector

ZigBee
Coordinator

Pilot 4 – I.E.S. Azucarera

Re

WiTMo

Energy
Distribution
System (EDS)
Pilot 5 – Ozyegin University

RS‐485, RS‐232, TCP/IP,BaCNet, DALI KNX automation

Data collector

Figure 18. Technical architecture of the ICT monitoring system implemented in the TRIBE project in each pilot. Source:
elaborated by ACCIONA (2017)

Thanks to the ICT monitoring system and to the analysis of monitored data it has been detected for
each pilot unusual energy consumptions as well as inefficiency regarding the use of building systems
(HVAC system, electrical devices, lighting, etc.). Once identified, it has been estimated the energy
savings achievable through the correction and optimisation of systems use.

4.5.1 I.E.S. Azucarera academic building
Table 8. ICT Monitoring component execution results – I.E.S. Azucarera

Type of
system
Wireless
System

Cost

35.000€, for the development of all
activities mentioned in the
previous section including data
collection, short measurements
and field work

Execution
time
3 weeks (15
business days)

Building




Public school
Size: 6,599.64 m2
Construction date:
2007

D8.3. TRIBE pack for public buildings owners and operators

36

Document: D8.3 TRIBE pack for public buildings owners and operators
Author: CIRCE

Version:

1

Reference: D8.3 TRIBE ID EC-GA: 649770

Date:

27/3/18

Refere

4.5.2 CIRCE HQs office building
Table 9. ICT Monitoring component execution results – CIRCE HQs

Type of
system

Cost

Execution
time

25.000€, for the development of
all activities mentioned in the
previous section (including data
collection, short measurements
and field work)

3 weeks (15
business
days)

Building

R

Wireless
System

Re



Zero Emissions building
dedicate to R+D+I activities,
including laboratories and
offices.
Size: 1,743 m2.
Construction date: 2010




4.5.3 Emmeline de Pankhurst residential building
Table 10. ICT Monitoring component execution results – Emmeline de Pankhurst

Type of
system
Wireless
System

Cost

Execution time

Building

Re

3.000€ per dwelling, for the
development of all activities
mentioned in the previous
section (including data
collection, short
measurements and field
work

2 business days





Public premises
Size: 1,400 m2
Construction date:
1992

4.5.4 Ozyegin University academic building
Making an extension work on an already existing infrastructure requires a more detailed
investigation of preferred technologies. Coordination of different responsible organisations
requires high attention on the planning stage. Role of each organisation should be defined clearly
and declared early at the beginning of deployment phase. Transparent management of the process
is also beneficial for effective cooperation.
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Table 11. ICT Monitoring component execution results – Ozyegin University

Type of
system

Cost

Wired System

100.000€ , for the
R
development of all
activities mentioned in
the previous section
(including data
collection, short
measurements and field
work) Re

Execution
time
5 weeks (25
business days)

Building






LEED Certified Academic
Building including laboratories,
offices, classrooms and a coffee
shop
Size: 26,000 m2
Construction date: 2011

4.5.5 San Pablo office building
Table 12. ICT Monitoring component execution results – San Pablo

Type of
system
Wireless
System

Cost

Execution time

Building

Re

15.000€, for the
development of all
activities mentioned in
the previous section
(including data collection,
short measurements and
field work

3 weeks (15 business
days)





Public offices
Size: 1,000.9 m2
Construction date: 2003
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5 FUNDING SCHEME COMPONENT
The funding scheme component was not used during the TRIBE project, since funding was already
granted from the European Commission to the TRIBE consortium for the execution of the project.
Nevertheless, a sample Rof the application of this component was designed for one of the TRIBE
pilots.

Re

Re

Figure 19. TRIBE Pack: Funding scheme component. Source: elaborated by CIRCE.

5.1 Description and methodology
A funding scheme corresponds to a combination of different funding programs (EU, national,
regional or local) which a building owner can use to apply for a grant. Each program defines specific
requirements and characteristics that the candidates must fulfil and prove providing a set of
documents. This component of the TRIBE pack will enable to apply to the different programmes
and to achieve the eligibility to obtain the funds. The specific objectives of these programs, their
nature, scope and targeted audiences in general differ. Overall, there are two types of funding
programs:
- Loans which require the return of borrowed funds with a low interest rate. More often, these are
provided by banks, but sometimes by private investors or individuals.
- Grants which are non-repayable funds. These are awarded by national authorities, trusts or
corporations. If provided by public administration they take the form of direct subsidies or tax
deductions.
The specific programs are listed in ANNEX B, while in the table below the different types of funding
providers and the funding programs they can propose are presented.
Table 13. Main specifications of funding programs by type of funding provider
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Type of funding
provider

Type of funding
program

Governments

- Direct subsidies
- Tax deductions
R

Regional and local
authorities

- Direct subsidies
- Tax deductions
Re - Loans

Specifications

Generally, these types of funds are allocated by
national authorities. For the implementation of
TRIBE pack, more often these funds are provided by
the ministry of energy or environment, or the
ministries that operate the public building at stake.
These programs are generally oriented towards
solving local issues and creating economic
incentives. They can cover different tiers of local
authorities: municipalities, regions etc.
The TRIBE pack should target mainly public buildings
with low energy efficiency where a behavioural
change can generate more benefits.

Companies

Re - Grant programs

- Loans

Companies provide funding solutions to attract
potential future partners, develop their knowledge
on certain sectors or for corporate sponsorship.
Private banks can also propose specific funding
programs in partnership with the local central bank
or the national deposit office.

Non-Governmental
Organizations

- Grant programs

In the case of TRIBE pack, building owners can access
grant programs from NGOs working on energy
efficiency and/or behavioural changes.

International
Institutions

- Direct subsidies
- Grant programs
- Funding programs

Usually operate through sponsored local association.

To build a funding scheme for public building owners, in the framework of the implementation of
TRIBE Pack, it is necessary to undertake the following steps:
Step 1 consists in the identification of all funds available at different levels (European, national,
etc.). There are several sources for the identification of available funds. At the EU level, typically
funds are in dedicated websites1, while at the national (or regional level), the sources depend
largely on the country. Typically, they involve relevant ministries (e.g. ministry of energy or

1

For example several funds can be identified in the following website:
https://www.welcomeurope.com/european-subsidies-sector-Energy.html
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environment) or dedicated websites. In relation to the TRIBE project a preliminary list of funding
programs was established (see ANNEX B). It collects funds at the EU level or at national level (Spain,
Turkey, France and Austria), whose requirements could match with the implementation of TRIBE
pack components or the EEMs associated. Since most funds are available for a limited period, in
case of implementation of the component in the future, it will be necessary to update this list.
R

For Step 2, the suitable funds will be selected according to the specific case study and in particular
according to the type of interventions that are foreseen in the building as well as the type of building
and its location. The fund to be selected will depend largely on the eligibility criteria of the
respective fund as well the expected gains which can be either direct (e.g. through loans or grands)
or indirect (e.g. tax deductions). Through its complete approach and the complementary activities
that it offers, the TRIBERepack can be in line with several objectives of different funding schemes,
thus turning the implementation of Funding Scheme component compliant with a wide range of
solutions. For instance, a building owner subscribing to the whole TRIBE Pack can, at the same time,
benefit from a tax exempt focused on the reduction of GHG emissions and receive at the same time
a grant from a NGO involved in the promotion of behavioural changes.
The Step 3 includes the
estimation of benefits achievable in case of achieving the funds. Each
Re
achievable fund’s outputs will be collected (all funds explain what are the achievable amounts of
money and the delays) and a table will consolidate all benefits from the different available funds to
estimate which could be the potential global benefit (in terms of money, time, scope of actions,
etc.). Once consolidated, it will be estimated the own direct benefits according to the investment
expected which will be different depending on the funds selected. Before completing the
application forms for each fund, every potential barrier for each fund will be identified and analysed
(step 4). Barriers could be technical as well as economical and might include a long payback period
of an investment or a technical barrier concerning the installation of a specific technology. In order
to maximize the opportunities to get these funds and to overcome some obstacles, technoeconomic analysis and assessments to identify alternative viable solutions will be performed. The
final step (step 5) will include the drafting of file to estimate and demonstrate the annual savings
from upgrades, the total costs of investment foreseen for these upgrades as well as the creation of
a business case. Obviously, it will also include the collection and submission of all application files.

Figure 20. Funding scheme component methodology. Source: elaborated by CIRCE.

It is important to keep in mind that this component is fully compatible with others TRIBE Pack
components and its application in combination could provide significant economic benefits. On one
hand, the implementation of other components could be financed partially or in total thanks to the
Funding Scheme. In addition, the cost foreseen for the implementation of the EEMs proposed by
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others components (i.e. Energy Audit and Diagnosis and Virtual Energy Model) can be also covered.
It means that the public owner could save much time and many resources.

5.2 Requirements (inputs)
R
implementation

and

results

(outputs)

of

the

Most of Funding Scheme component requirements are strictly connected to those specified in
funds conditions for application. Mainly, two categories of inputs that should be provided by the
building owner can be identified depending if they are about applicant profile or project to be
funded. The first refers to the specific characteristics attached to the applicant entity and in general
concern the following: Re








Type of entity (public administration, etc.)
Building function and occupants profile (academic, office, residential, etc.).
Size of the entity (number of employees and other users, capital weight, etc.)
Geographical scope (regional, state, EU, etc.).
Location of theRe
building, in the case of aids dedicated to the energy refurbishment provided
by local actors.
Sector of entity (education, research, transport, energy, environment, industry, innovation,
new tech, etc).
All complementary information, as required by the eligibility criteria related to the building
(construction date, energy consumption, potential energy savings, etc.).

The second category refers to the specific features that compose the supported project:






Duration (in terms of months, years, etc.).
Building component (HVAC, DHW and lighting systems, envelope, etc.).
Number of people involved.
Estimated amount of investment or projected bunch of work.
Impact expected (costs savings, return on investment, energy savings, CO2 savings, etc.)

Most of the time the entity that provides the funds defines an ideal profile, which is a good way to
assess if the applicant entity’s profile complies with the requirements of the funding program. On
the other hand, regarding project requirements, grant programs give prominence to the number of
people impacted and to energy or CO2 savings while loans would focus more on the potential return
of investment.
The main benefits of this component are not only those (mostly economic) coming from the
achievement of the funds since it will offer a complete support to the building owner both in the
application process and in the evaluation of the feasibility of building renovation actions as well as
of other TRIBE Pack components implementation, since they can be partially or totally financed.
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Thus, this component will maximize the opportunities for the building owner to get funds and in
consequence to achieve economic savings.

5.3 Implementation plan
The investment and the Rtime needed for the execution of the Funding Scheme component depends
on the number of applying files the public building want to complete. Each file for a fund takes 2
man-days to be completed and cost an average of 140€. A cost of around 1,050€ and an execution
time of 3 weeks can be estimated assuming that the building owner wants to apply to 5 funding
programmes. The table below is an estimation of typical execution times and investment required
for designing a funding scheme. Depending on the scope of the funding scheme additional
Re
investments and man-days may be required.
Table 14. Information about Funding Scheme component implementation

Design a funding scheme

Execution time

Step 1 - Collection of allReavailable funds
Step 2 - Identify the funds which could apply
Step 3 - Assess the benefits
Step 4 - Identify the potential barriers and solutions

1 person – 5 working days

Step 5 – Design funding scheme and complete the
application files
Obtain the funds

1 person - 10 working days

Depending on the program,
funds are usually provided at
interval times

Investment
required
350€

700€

-

5.4 Implementation barriers and solutions (case study experience)
During the TRIBE project, the Funding Scheme component was not implemented to any pilot since
the real execution of EEMs was not within the scope of the project. Nevertheless, based on previous
expertise of TRIBE partners, the most common barriers and risks that could come out when
designing a funding scheme can be identified. First of all, during the collection of funds there is the
risk of being non-exhaustive, in particular with the municipality and the regional funds that can be
missed because of the lack of visibility of these different programmes. To minimize this risk, in
addition to visit different platforms presenting local funds, the municipality and regional officers in
charge of public funds as well as the most important local banks can be contacted by phone or email
to ask what available funds building owners could apply. Once collected, the identification of funds
that can be applied could present the risk of being non-relevant, in case of applying to funds
whereas building related actions are not eligible. For example, in case of application to JESSICA –
FIDAE Fund, a regional fund provisioned by the European fund for the regional development, with
a project related to actions for a residential building located in Aragon (i.e. Emmeline pilot), all the
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requirements on the sector and the priority actions can be addressed. Nevertheless, a final
requirement specifies the eligible regions. Since Aragon is not part of this list, the application to this
programme can be unsuccessful. To avoid this situation, an exhaustive list of all requirements from
the different funds was prepared and the fund suppliers were interviewed to identify any eligible
funding programme. Once selected the appropriate funding programme, one of the most important
R funds, in particular those with significant budgets, is that there are many
barriers to obtain specific
competitors that apply, which means that it is less likely to succeed. Nevertheless, for those funds
which select only the best candidates, the experience and skills acquired along the TRIBE project
and the background of TRIBE partners will maximize the chance of success through an attractive
presentation of the application file together with a project elaboration that will include an
exhaustive analysis of investment and an accurate assessment of economical savings associated to
Re
the actions that should be funded.

5.5 Main results achieved (case study experience)
As commented before, the application to funding programmes is not within the scope of TRIBE
project. Despite this, the
Re methodology proposed for this component was applied to Emmeline
building. It is one of the pilots of TRIBE project, a public social housing building located in Zaragoza,
a city in Aragon, an autonomous Spanish region. First of all, the active funding programmes at EU,
Spanish and regional and local levels were collected. They are included in ANNEX B. Once these
programs have been analyzed together with the characteristics of Emmeline pilot (type of building,
type of owner, location, potential improvement actions, etc.), at least five eligible funding solutions
have been found:
Funding Schemes:
-

European Investment Bank (EIB)
The EIB is the majority shareholder in the European Investment Fund (EIF), which provides
funding to small and medium-sized enterprises (SMEs) through venture capital and risk
finance instruments. As part of the supporting actions to mitigate climate change,
projects related to the construction or refurbishment of buildings as long as the projects
reach high energy efficiency standards (NZEB) are welcomed. The minimum size of the
project that can be financed is 25M to 25 years (Euribor+ 0,25%).

-

European Energy Efficiency Fund
It is a specific fund that invests in energy efficiency and renewable energy projects,
including energy saving measures in public buildings. Investments in high efficient
combined heat and power (CHP), including micro-cogeneration and district heating/cooling
networks, investments in decentralized renewable energy sources, including microgeneration are as well financed. The beneficiaries can be local, regional and (where
justified) national public authorities. Investments must achieve at least 20% primary energy
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savings for EE projects, except for the building sector where a higher percentage is
required. The minimum project size is EUR 5M.
-

Instituto de Crédito Oficial (ICO)
The Official Credit Institute is a public bank attached to the Ministry of Economy, Industry
R
and Competitiveness
through the Secretary of State for Economy and Business Support. It
has a specific funding line for buildings refurbishment. Regarding the requirements, the
funding can be requested by self-employed, public and private entities (companies,
foundations, NGOs, Public Administration) and the maximum amount per customer is up
to 12.5 million euros, in one or several operations.

Grant Schemes:
-

-

Re

Programa de Ayudas para la Rehabilitación Energética de Edificios Existentes (PAREER II).
The Grant Program for Energetic Refurbishment in Existing Buildings is managed by
Instituto para la Diversificación y Ahorro de Energía (IDAE), Institute for Diversification and
Energy, that belongs to the Spanish Ministry of Energy. Regarding the requirements, the
funding can beRerequested by the owners of existing buildings intended for any use, the
communities of owners or groupings of communities of owners of residential buildings for
residential use, the operating companies, lessees or concessionaires of buildings and
energy service companies.
The program has different actions:
 Improving the energy efficiency of the thermal envelope.
 Improvement of the energy efficiency of thermal and lighting installations.
 Substitution of conventional energy by solar thermal energy.
 Replacing conventional energy with geothermal energy.
Programa de Fomento de Rehabilitación Edificatoria del Gobierno de Aragón.
The Development Program for Building Refurbishment is promoted by the Government of
Aragon. Regarding the requirements, the funding can be requested by the owners of
existing residential buildings, the communities of owners or groups of communities of
owners of residential buildings for residential use. Also in this case the program has
different actions:
 Building preservation.
 Improving the building accessibility.
 Improving the building quality and sustainability (energy refurbishment, efficient
cooling and heating systems, renewable energy).

Considering the Virtual Energy Model of Emmeline pilot, the renovation of its envelope that
includes both the installation of more efficient windows and the addition of external insulation
costs about 9,300€ for each dwelling. Thanks to these EEMs economic savings of up to 400€ per
year can be achieved, resulting in a simple payback of more than 20 years. This payback is very long
since it also depends to the fact that in case of social housing buildings the energy consumptions
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are very low in comparison with the national average consumptions and consequently also energy
savings are lower. For these reasons, the renovation in this scenario would not be very attractive
and many families or the building owner can be not interested in making it. Nevertheless, in case
of achieving funds from one of the selected programmes, the total investment in renovation actions
could be reduced considering that the funding program would provide part of the investment. For
instance, the program RPAREER II finances more than 50% of renovation investments if an
improvement of energy certification class is achieved. In this way, the payback could be reduced to
less than 10 years making the renovation of the building more convenient and affordable. In this
way, several EEMs with high payback times could become eligible and profitable thanks to the
achievement of funds, enlarging the renovations potentials of many buildings.
Re

Re
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6 USER ENGAGEMENT CAMPAIGN COMPONENT
The User Engagement Campaign component was implemented in the five pilots during TRIBE
project. Different activities oriented to engage building occupants were undertaken to improve the
efficiency of their actions
in the building. The impacts of the campaigns were also assessed thanks
R
to the analysis of data collected by the monitoring system.

Re

Re

Figure 21. TRIBE Pack: User Engagement Campaign component. Source: elaborated by CIRCE.

6.1 Description and methodology
Building managers have the possibility to identify and execute personalised user engagement
outreach activities, tailored to each building’s occupants in order to foster positive behavioural
change amongst them towards energy efficiency. As building occupants may have a varied
understanding of the links between their behaviour and how that affects energy consumption, the
role of a building manager is to use the User Engagement Campaign component to educate and
engage stakeholders in energy reduction measures that have the potential to encourage positive
behavioural changes. The User Engagement Campaign can be applied either in conjunction with
other components of the TRIBE pack, or as a single component to drive behaviour change amongst
building occupants. Regarding implementing the User Engagement Campaign component as a
single component, the main methodological steps are the following:
1. Analysis of the type of users and building. Understanding the target audience will allow
building managers to determine whether a social media campaign would be more relevant
(for example in a university), or if a workshop would be more suited (for example in a
research centre). A questionnaire could be diffused to building occupants by the building
manager to understand their attitudes towards possible outreach activities and their level
of understanding of energy-related topics.
2. Definition of the foreseen relevant activities and budget. See section 6.3 Implementation
Plan.
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3. Definition of a calendar of activity. See section 6.3 Implementation Plan
4.

Impact follow-up and strategy update. Assessing the actual impact of the user campaign
and the effect of each item implemented will enable to maximise the benefits of such
actions considering the available budget. There are different options of activities carried
out, and evaluation
of their impact is a key to achieve a successful campaign. Besides
R
verifying the energy savings of the building during the campaign, there are different
indicators available to check the impact of the activities carried out: number of attendees
to an event, number of students to a training course, number of likes to a social media post,
number of visitors to the intranet or website of the entity, number of leaflets received by
visitors at the lobby, number of visitors to the user interface showing energy data of the
building, surveys
Re completed, etc.

Figure 22. User Re
Engagement Campaign component methodology. Source: elaborated by CIRCE.

Considering the abovementioned methodology, the following are examples of outreach activities
for two different types of buildings:




Office building:
o Interactive lunch Q&A / information session to use the building’s lunch hour as a
key moment to reach out to stakeholders.
 Option with limited resources: set up a stand at the building’s dining hall,
hand out flyers and sensitise individuals that stop by at the table.
 Option with extensive resources: reserve a meeting room for a catered
lunch. In preparation for the event, create and post flyers and posters, send
targeted emails to building occupants (use various department heads as
communication multipliers to relay messages to their teams via
department push mails, Outlook invites, encourage department heads to
send out personal invitations directly to their teams).
 For both options, regarding the print material (flyers and posters),
while there are no real drawbacks to implementing this form of
traditional print communication, it may not be optimal for tracking
and furthermore has a lower impact than digital marketing.
Academic building:
o Gaming competitions: these face-to-face social gatherings could be in the form of
competitions for younger gamers. Inviting building occupants to play the game
through a hackathon or game jam session could create buzz about the game.
Furthermore, these events foster opportunities for opening up discussion on
energy efficiency and the overall objective of the TRIBE project. Heavy investment
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from building managers is needed within a concentrated period in order to ensure
high participation through print and digital communication (social media) before,
during, and after the event.
Regarding social media, the accounts of the entity can be used depending on the type of building
and type of users. In general,
most of the people use social media nowadays. But this take even a
R
more important role if the main target users are young people such as students in an academic
building. Examples on how to use social media are listed below:








Releasing tips of energy efficiency actions applicable by users of the building.
Publishing the energy savings achieved during the campaign.
Encouraging a competition
between units of the building (departments, students, etc.).
Re
Publishing the events organised.
Showing dissemination material of the virtual representation of the building.
Challenging other buildings in the network (at the university campus or related public
offices).
Success stories: interviews of users of the building, speech of the manager, etc.
Re

These are just examples of materials which might be posted. The resources needed to accomplish
these activities rely more on the preparation of the content to be published rather than in other
items. Therefore, a community manager to manage and follow-up a schedule of publications is
advisable. Regarding combination with the rest of TRIBE Pack, the following items are some of
relevant benefits that can be achieved:
o
o
o
o

Energy Audit and Diagnosis: to identify and communicate on the main consumption
trends and understanding of from where they originate within the building.
Virtual Energy Model: to identify the most convenient EEMs to be applied in terms
of economic and energy savings.
ICT Monitoring: to gather regular feedback on the use of electronic equipment
through energy tracking and data storage via ICT sensors.
Funding Scheme: to cover part of the investment required for the outreach
activities.

Furthermore, during the deployment of this component, the use of TRIBE game will provide to users
(players in this case) a real-time virtual simulation of how to reduce energy consumption within
similar buildings (those included in the game) so that they can apply the actions learned to their
day-to-day in their own buildings.

6.2 Implementation plan
The table below is an estimation of execution times and investment required for different potential
activities to include in a user engagement campaign for a standard building, either academic or
offices, of 500 m2 approximately.
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Table 15. Information about
User Engagement Campaign component implementation

Activity

Execution time Financial investment
(hours)
required (€) *

Press kit: pictures, press release, power point presentation.

4

-

Printed materials (design & printing): leaflet, folder, poster, roll-up

14

750 €

Merchandising (design and production)

3

500 €

Video: interview of one male and one female user, building owner lecture, images of the building.

16

2.000 €

R

Weekly report about both energy savings and specific areas of improvement (2 months). Display on different 10 h
screens or devices, mailing.
Re

Social media campaign. On a 2 months campaign, releasing materials based on a schedule design beforehand:

-

24 h

-

Mailing out: Develop and send targeted emails to building occupants and multipliers (Managers, CEOs, etc.)

5h

-

Organisation of a finger food session. Training session during a lunch break for users.

3h

15 € / user

-

Weekly tip on energy efficiency actions applicable by users.
Publishing the energy savings achieved during the campaign every week.
Encouraging a competition between users of the building.
Publishing the events organised.
Showing dissemination
material of the virtual representation of the building.
Re
Success stories from users, videos and other materials developed.
Online library of 250 energy efficiency measures

Organisation of a training session during the working time of the building. Involving users on an active manner 4 h
is a cornerstone: receiving feedback, asking questions, open debates, roundtables, etc.

D8.3. TRIBE pack for public buildings owners and operators

-

50

Document: D8.3 TRIBE pack for public buildings owners and operators
Author: CIRCE

Version:

1

Reference: D8.3 TRIBE ID EC-GA: 649770

Date:

27/3/18

Launch competition among departments or units of the building through TRIBE game. Weekly competition.

24 h

200 €

Suggestion box. “Idea of the week”.

8h

-

Final report of the activities carried out and the energy savings associated.

8h

50 €

Refere

*Rough estimation of costs. It will always depend on number of copies printed, number of attendees of an event, items selected for the campaign, etc.
R

Re

Re
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6.3 Requirements (inputs)
implementation

and

results

(outputs)

of

the

As part of the User Engagement Campaign component, key inputs to consider for the
R
implementation of relevant
user campaigns is to gather information about the building users to
adapt the delivery of messages and outreach activities. For example, building managers should
understand their audience. Therefore, before setting off the selection of engagement actions for a
building, four main aspects should be initially considered:








Target group
Re of building occupants, considering trends (high and low occupancy
o Number
seasons? Constant throughout the year?)
o Average age
o Job occupation
o How knowledgeable is the audience on energy-related topics and what is their
attitude towards it?
Re
o What context is the audience in when they will engage in outreach activities set up
by the building manager (ex: school, workplace, home, etc.) and how does this
influence the selection of outreach activities?
Message
o What message is the best to be conveyed to motivate stakeholders to adopt energy
savings measures on a daily basis?
Communication channels
o Which channels - workshops, social media, press releases, etc. can best optimise
the message to the target audience?
Timing
o Which are the most effective dates to launch the campaign?
o How long should/can it last?
o Which dates should be avoided?

Although the TRIBE game can be played by a wide range of people, it was concluded during a
workshop organized in the context of the project, that the primary target group are young people
between the ages of 14 and 25. The best way to approach these people were by means of a social
media marketing campaign. Several ideas were discussed and plans developed on which social
media sites the TRIBE game could be promoted. The use of the marketing function of Facebook
could also be used as a viable instrument to reach the target population. While it is difficult to
directly link actions carried out within the scope of the User Engagement Campaign component
with energy savings, there is nevertheless a potential to attribute savings through the proper
implementation of the User Engagement Campaign component are:
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Energy savings due to better energy management of electrical appliances consumptions,
lighting consumptions, etc.;



Economic and CO2 savings;



Increased knowledge of occupants in energy efficiency;



Extended life of lighting systems;



Behavioural changes (direct – through individuals directly targeted; indirect – through
individuals within the targeted individuals’ social circles that may be exposed to TRIBE
actions).

R

Besides analysing the building users, another important requirement is to account with a person /
Re
team responsible for managing
the user campaign, for example a community manager. This person
/ team will design the campaign, define the schedule for the different activities, contact with
external providers (printing services, video editing, etc.), managing the social media, the mailing
out, designing the reports, etc.

6.4 Implementation barriers and solutions (case study experience)
Re

The following sections illustrate the main technical and non-technical barriers that have been
experienced throughout the implementation of each of the buildings’ communication initiatives.

6.4.1 I.E.S. Azucarera academic building
CIRCE pilot leaders organised face-to-face outreach in the form of a presentations. Initially, pilot
leaders gathered 70 students from different classrooms to do a general presentation about the
game. The barrier faced within the first format was notably the large group size of the participant
pool, which made it difficult to have easy interaction between the pilot leaders and the students.
As students from various classrooms were gathered together, this was interpreted by the students
as an event outside the classic classroom setting. Taking into account the various side-discussions
that students engaged in during the presentation, it was determined that this conference-style
presentation fostered a slightly lower level of concentration of the students was slightly lower than
if they were in their normal classrooms. This observation was taken into account by the pilot leaders
who then organised presentations directly within the building’s classrooms. The advantage of this
format was that these presentations were part of their lesson plan for the day, which caused less
disruption to their daily agenda. Furthermore, thanks to the small classroom setting, pilot leaders
were easily able to interact with students provoked a more formal transfer of knowledge on energy
efficiency and how gamification and the TRIBE game could be a relevant tool to learn about energy
efficiency. Besides the EE measures which can be applicable at their building, the ICT system
installed played a key role on the promotion of TRIBE in this building. In the end, the feeling of being
part of the project itself and knowing the purpose of all these activities was very important for the
users.
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6.4.2 CIRCE HQs office building
The main challenge in CIRCE HQs building was to adapt the strategy to the type of users. CIRCE HQs
hosts around 150 professionals in the field of energy efficiency and renewable energies. Therefore,
there are two key aspects to bear in mind: i) they already have a deep knowledge about energy
efficiency actions to be applied
in buildings; ii) their attitudes towards energy efficiency behaviour
R
were much higher in comparison to other buildings.
Therefore different strategies were followed. At the beginning of the campaign, a selected group
of IT workers were involved during the game implementation. Afterwards, the launch of the game
and other horizontal activities supported to have a more open approach: general mailing, working
in groups explaining the game, placing the banner at the lobby, etc. However, a more technical
Re
discussion was necessary to really engage these users towards the project objectives. In particular,
the online library of EE measures was promoted, since the users realised the specific impact and
costs of each measure applicable to the building. Besides, users found more than interesting the
availability of the ICT display (Human Machine Interface), consulting the data from the sensors and
identifying gaps and points to improve in the building. As per the eventual users, training and
explanatory sessions inReenergy efficiency was a powerful tool when students of high schools and
professionals visited the building. All in all, the banner at the entrance of the building enable to
address every single person who entered in CIRCE HQs with in a very visual manner, and giving the
opportunity to download the game directly with the QR code.

6.4.3 Emmeline de Pankhurst residential building
The main barriers to face off in the case of Emmeline building was the engagement of building
occupants since they were not directly involved in the TRIBE project. In order to overcome this
problem, Zaragoza Vivienda as owner of the building, focus its activities through the community
centre located in Emmeline. At the beginning of the project (when the survey was done), the goals
of TRIBE project were explained to the building occupants in order to make them part of the TRIBE.
In the last months of project (from December), the inhabitants of the pilot also started playing with
TRIBE game and at the end of the project activities, Zaragoza Vivienda will give them their personal
report (obtained through the analysis of TRIBE monitoring data) where also tips about how to save
energy in their homes will be included to reinforce the learning lessons of the game. Finally, a
common workshop of training in energy efficiency was carried out.

6.4.4 Ozyegin University academic building
The main challenge to conduct a user campaign in an academic environment is determination of
correct time for events. Since students and instructors have a very tight academic calendar,
participation of building users to external events is highly dependent on their availability. Generally,
early weeks in an academic term is the most convenient timing for those events. Later timing is
more challenging to attract people. To overcome this issue, events in OzU pilot are organized as
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either at the early weeks of academic terms or as an organic part of selected courses. By doing so,
it is intended to prevent the perception of extra workload or business.

6.4.5 San Pablo office building
The main difficulty has been obtaining time and space among the company activities to explain the
R
TRIBE project. As the employees are not aware of energy costs, it was challenging to attract the
attention regarding this matter. Since there was detected an over dose of information through
internal emailing, Zaragoza Vivienda tries to use attractive ways to bring up their attention. Thus,
they created several TRIBE moments within ordinary working tasks using: internal explaining
sessions, internal magazine where TRIBE project facts have been published, posters and LCD
monitor at the entranceRewith information about TRIBE.

6.5 Main results achieved (case study experience)
6.5.1 I.E.S. Azucarera academic building
The main results from Re
this building was identified as having personalised outreach to its building
occupants through the form of face-to-face presentations. Especially in the case of the classroomtype presentation that the pilot leaders organised, students were able to interact with one another
about the game, and since pilot leaders were present and interacting with the students during the
presentations, they were able to personally go around and help the students download the game
and answer any questions. Complementing the promotion of the game together with training
sessions on energy efficiency and explaining the role of the institute as lighthouse pilot for other
academic peers was very useful.

6.5.2 CIRCE HQs office building
Complementing the “standard” activities foreseen for the user engagement campaign played a key
role in this building. Apart from the game itself, the use of the online library and the ICT system
deployed served as powerful tools when identifying the gaps where CIRCE users had the capacity
to improve and get them engaged towards the project objectives.
For the regular users, a more technical approach was implemented due to their background. For
example, many of these users were more interested on how the system was developed to link TRIBE
game with the ICT system rather than playing the game itself. Besides, given the fact that CIRCE
users had good behaviours towards EE in comparison to other buildings, being able to actually
identify the opportunities to improve the energy behaviour of the building though the ICT system
was very useful. For the eventual users, training sessions on energy efficiency and short
presentations in bigger events (such as the Engineering and Architecture week) enabled to have a
great impact, again according to the specifics of the users to be targeted.
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6.5.3 Emmeline de Pankhurst residential building
From the point of view of the building owner the analysis of potential energy efficiency measures
by selecting different goals was very interesting and document with results of this analysis could be
useful to similar companies. Also, it was shared among with the Public Promoter Association. From
the point of view of building
users, Zaragoza Vivienda detected through the activities realised
R
together with some families, also in other similar project, that to reach impact is necessary to match
users interested that are mainly related to energy bills, energy provider contracts and electrical
devices.

6.5.4 Ozyegin University academic building
Re

In an academic building, to implement user campaign, correct timing and attractive content are the
keys to hook users. The content of events should be attractive and building specific as much as
possible. As being public building, academic buildings has a crowded schedule for social events and
also some regulations to conduct any event. Thus, a good planning of timing and bureaucratic steps
is essential for success of user campaigns. Also, it is possible to collaborate with similar campaigns
to save time to organiseRethese efforts.
Furthermore, pilot leaders led discussions within the building’s classrooms to discuss the benefits
of using gamification for energy reduction measures. As the users targeted within this building were
university-level students, these presentations sparked interesting discussion and debate on how to
best promote innovative projects like TRIBE through the gamer community at large. An example of
the types of ideas from the university students was to have focused social media dissemination per
user group: Facebook and YouTube communication geared towards younger users (under the age
of 25) vs. Twitter communication geared towards professionals. These organised discussions
proved to be successful ways of engaging building occupants.

6.5.5 San Pablo office building
Workshops were held in order to share the game with building workers: 2 internal workshops of 89 participants, 1 informal “coffee break” gaming session of 13 participants, and 1 formal
presentation to 17 participants was held. These intimate-style workshops and presentations
allowed participants to openly discuss the game, play the game side-by-side, and make parallels
with the energy saving practices that appear within the game to their actual building. Besides, a
monitor was installed in the waiting room of the office which showed a video of TRIBE (the
estimated number of people that watched the video was 1.300 per month). This video proved to
be a key success within this building as, once the initial investment was carried out on its
installation, it was a low-maintenance form of communication towards all campaign users.
Furthermore, a Wi-Fi spot was installed by this screen, incentivising building occupants to easily
download the game.
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7 TRIBE PACK IMPLEMENTATION
The combination of the TRIBE pack’s components take advantage of the synergies among them
(shown in Figure 1) and provides a highest quality of the results, but also savings in terms of
investment. These savings
are achieved since there are some activities shared among the
R
components. A clear example is the initial collection of building data (HVAC systems specifications,
architectural plans, occupancy, etc.) that is needed for all components at the beginning of their
implementation. Furthermore, savings are also achievable in terms of execution time. A sample of
implementation schedule for each component of TRIBE Pack, in case of a complete implementation,
is shown in the following Gantt chart.
Re TRIBE Pack implementation
Table 16. Sample of GANTT for

Component
1
2
3
4
5

Days

Energy Audit and Diagnosis
Virtual Energy Model
ICT Monitoring
(wireless)
Re
Funding Scheme
User Engagement Campaign

The following table shows the investment, execution time and potential energy savings related to
the implementation of individual components of TRIBE pack as well as of some possible
combination and of the whole TRIBE pack. It should be pointed out that savings regarding the
components 1,2 and 3 are potentials, since they depend on the effective application of energy
efficiency measures identified thanks to these components. Most of these measures require zero
or very low investment since they are related to improvements oriented to optimise the building
use (trough more efficient occupants’ behaviours) and the operation of HVAC systems (i.e. set point
temperatures, operation schedules, HVAC maintenance, etc.). In the case of Virtual Energy Model,
highest savings are achievable with actions that require a medium or high investment (i.e. adding
insulation to opaque envelope, replacement of inefficient windows or HVAC systems, upgrading
lighting system, etc.). On the other hand, Funding Scheme component provides only economic
savings and they depend on applying successfully to the selected funding programs. Also, it is
important to specify that the energy savings can be achieved only after the use of the components.
In fact, for obtaining consistent results and to measure them more time is needed. As per the user
engagement campaign, it is remarkable that the activities to be carried out are flexible according
to the available budget for applying the component. Obviously, the impact associated to the
application of the campaign will depend on the activities carried out and therefore on the budget
available to this intend.
For the whole TRIBE pack at least one year is required after finalising its implementation. During
this time a continuous monitoring of the energy consumptions as well as of the activities foreseen
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in the building for implementing the EEMs or changing occupants’ behaviour should be performed.
Despite the TRIBE consortium has the expertise to carry out this post-implementation activity, the
latter is not included in the cost of TRIBE pack since it is preferable that the building manager
executes it.
Table 17. Information about TRIBE Pack implementation
R

Component

Investment
(€)

Execution
Time
(business
days)

Energy Savings
(%)

1

Energy Audit andReDiagnosis

600

3

(10-15%)

2

Virtual Energy Model

400

2

(10-60%)

3

ICT Monitoring (wireless/wired)

6,700 / 9,700

5 to 15

(10-15%)

4

Funding Scheme

280

3

Economic

5

User Engagement
Re Campaign

1,000

15

10-15%

1. Energy Audit and Diagnosis +
2. Virtual Energy Model

900

4

(10-60%)

1. Energy Audit and Diagnosis +
3. ICT monitoring

7,100/10,100

7 to 17

(10%-15%)

1. Energy Audit and Diagnosis +
5. User Engagement Campaign

1,550

15

15%

2. Virtual Energy Model +
5. User Engagement Campaign

1,350

15

15%

1. Energy Audit and Diagnosis +
2. Virtual Energy Model +
3. ICT monitoring

7,400/10,400

7 to 17

(15% - 60%)

1. Energy Audit and Diagnosis +
2. Virtual Energy Model +
5. User Engagement Campaign

1,850

15

15% (up to 60%)

TRIBE PACK

8,400/11,400

15 to 25

15% - 20% (up to
60%) + economic

D8.3. TRIBE pack for public buildings owners and operators

58

Document: D8.3 TRIBE pack for public buildings owners and operators
Author: CIRCE

Version:

1

Reference: D8.3 TRIBE ID EC-GA: 649770

Date:

27/3/18

Refere

8 CONCLUSIONS
This document presents the methodology for the TRIBE Pack application in a public building and
the associated cost together with the time needed for its implantation have been estimated.
Besides, recommendations
coming from the TRIBE experience are listed. The definition of this
R
information came out from the result of application in the five TRIBE pilot buildings of the
components that compose the TRIBE Pack: Energy Audit and Diagnosis, Virtual Energy Model, ICT
Monitoring, Funding Scheme and User Engagement Campaign. Within this report, the components
have been studied individually, since they can also be used as a standalone component.
Nevertheless, thanks to the application of all of them during the TRIBE project, it has been found
that there are synergies
Re coming out from their combination and that their implementation as a
whole pack allows to achieve the most cost effective results. In particular, it has been found that
the combination of Energy Audit and Diagnosis and Virtual Energy Model allows to achieve the
highest savings in terms of percentage (10%) on the investment and considerable savings on
execution time (20%). Also, it has been found that applying components all together as TRIBE Pack,
allows to save 600€ and more than 50% in terms of execution time if compared with individual
Re
application. On the other
hand, regarding energy savings the User Engagement Campaign
component is the one that provides direct savings, while Energy Audit and Diagnosis, Virtual Energy
Model and ICT Monitoring components provide potential savings since they depend on the
application or not of the EEMs identified by these components. In this case, being the TRIBE project
oriented to changing the user behaviors, many EEMs require very low investment to achieve
significant savings, although, as expected, higher savings can be obtained with higher investment.
In addition to economic savings associated to energy savings, the Funding Scheme component
allows to achieve economic savings in case of obtaining funds from European, National, regional
and local financing programs. As main result, it has been estimated that TRIBE Pack, in addition to
economic savings achievable from funding programs, allows to achieve energy savings of up to 20%
on the actual building energy consumption.
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10 ANNEXES
ANNEX A

Content of Energy Audit report

 Executive summary:
R

Ranking of energy efficiency improvement opportunities;

Suggested implementation programme.
 Background:

General information of audited organisation, energy auditor and energy audit
methodology;

ContextReof the energy audit;

Description of audited objects;

Relevant standards and regulations.
 Energy audit:

Energy audit description, scope, aim and thoroughness, timeframe and boundaries;

Information on data collection:
Re

Metering setup (current situation);

Statement about which data was used (and which is measured and which is
estimated);

Copy of key data used and calibration certificates where appropriate;

Analysis of energy consumption;

Criteria for ranking energy efficiency improvement measures.
 Energy efficiency improvement opportunities:

Proposed actions, recommendations, plan and implementation schedule;

Assumptions used in calculating savings and the resulting accuracy of the
recommendations;

Information about applicable grants and subsidies;

Appropriate economic analysis;

Potential interactions with other proposed recommendations;

Measurement and verification methods to be used for post-implementation
assessment of the recommended opportunities.
 Conclusions.
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ANNEX B

National and local funding schemes

A list of European and national funds for Spain, Turkey, France and Austria are provided below.
EUROPE:
European fund

R

Link

Short Description

https://europa.eu/europ
ean-union/abouteu/institutionsbodies/europeanRe investmentbank_en#the_eib_and_y
ou

It provides funding to small and medium-sized
enterprises (SMEs)
through venture
capital and risk finance instruments. As part of
the supporting actions to mitigate climate
change, projects related to the construction or
refurbishment of buildings as long as the
projects reach high energy efficiency standards
(NZEB) are welcomed.

European
Energy https://www.eeef.eu/
Re
Efficiency Fund
home.html

It is a specific fund that invests in energy
efficiency and renewable energy projects,
including energy saving measures in public
buildings. Investments in high efficient
combined heat and power (CHP), including
micro-cogeneration
and
district
heating/cooling networks, investments in
decentralized renewable energy sources,
including micro-generation are as well
financed.

European
Investment
Fund
(EIF) - European
Investment Bank

SPAIN:
Spanish fund

Link

Short Description

Ayudas
Rehabilitación
de
Edificios 2013 – 2016
Real
Decreto
233/2013
Spanish
Ministry
of
Development

https://www.fomento.
gob.es/MFOM/LANG_
CASTELLANO/DIRECCI
ONES_GENERALES/AR
Q_VIVIENDA/APOYO_
EMANCIPACION/PRG
M4.htm

The main purpose of this programme is to fund
works oriented to the conservation, energy
efficiency (improvements in quality and
sustainability) and accessibility of residential
buildings build before 1981.
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Para la renovación
energética
de
edificios
e
infraestructuras
existentes de la
administración
general del estado
(FEDER - POCS 20142020) (IDAE)

http://www.idae.es/a
yudas-yfinanciacion/para-larenovacionenergetica-deR
edificios-einfraestructurasexistentes-de-la

This program funds the execution of Projects
related to energy efficiency and renewable
energy in existent buildings and infrastructures
of the General State Administration
(Administracion General del Estado). They are
related to intervention in integral or partial
refurbishment of buildings with the
improvement of 1 energy class or with the
achievement of A or B as energy class.

Ecohipoteca (Triodos Re https://www.triodos.e
Bank)
s/es/particulares/ahor
ro/hipoteca/por-que/

Triodos mortgage considers the energetic
qualification of the buildings, thus the most
efficient dwellings obtain a lower interest rate.

Fondo
JESSICA- http://www.idae.es/a
F.I.D.A.E. (IDAE)
yudas-yRe financiacion/fondojessica-fidae

This program funds projects of sustainable
urban development that will imporve the
energy efficiency or that use renewable energy
source. It is eligible by public entities, ESCO and
private companies.

Instituto de Credito https://www.ico.es/web
/ico/ico-empresas-yOficial (ICO)

The Official Credit Institute is a public bank
attached to the Ministry of Economy, Industry
and Competitiveness through the Secretary of
State for Economy and Business Support. It has
a specific funding line for buildings
refurbishment.

emprendedores

Programa de Ayudas
para la Rehabilitación
Energética
de
Edificios Existentes
(PAREER II) - IDAE

http://www.idae.es/ayu
das-y-financiacion/pararehabilitacion-deedificios-programapareer/segundaconvocatoria-del

The program has different actions:





Improving the energy efficiency of the
thermal envelope.
Improvement of the energy efficiency
of thermal and lighting installations.
Substitution of conventional energy by
solar thermal energy.
Replacing conventional energy with
geothermal energy.
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Aragon (at Regional Link
level)

Short Description

http://www.aragon.es/D
epartamentosOrganismo
R sPublicos/Departamento
s/VertebracionTerritorio
MovilidadVivienda/Areas
Tematicas/ViviendaReha
bilitacion/ci.23_rehabilit
of acion_edificatoria.detall
Re eDepartamento?channel
Selected=d298c8548b73
a210VgnVCM100000450
a15acRCRD

Programa
de
Fomento
de
Rehabilitación
Edificatoria
del
Gobierno de Aragón.
-

Government
Aragon

Zaragoza
Municipal level)

(at Link

Convocatoria
de
Ayudas 2016 a la
Rehabilitación
en
Zonas Delimitadas
para la mejora de la
Eficiencia Energética
y Accesibilidad y
Ayudas
para
la
adopción de Medidas
Innovadoras
para
facilitar su viabilidad
económica.

The program has different actions:


Building preservation.



Improving the building accessibility.



Improving the building quality and
sustainability (energy refurbishment,
efficient cooling and heating systems,
renewable energy).

Short Description

Re

http://www.zaragozav
ivienda.es/M12_AYUD
AS%20Y%20SUBVENCI
ONES/123_REHABILIT
ACION_2016/docume
ntos/Bases_Ayudas_R
ehabilitacion_2016.pd
f

The program closed in December 2016. The
line 1 of the program funded refurbishment
works in residential buildings with more than
45 years that allow savings of at least 50% of
the energy consumptions thanks to
improvement in the energy efficiency of the
building.

TURKEY:
Turkey fund
Turkey
Energy
Facility

Support Type

Amount

Sustainable Long term credits Max : 75 000 USD
Financing

Coverage
Investments for active and
building systems of
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Private
banks

and

state Long term credits Based on project For retrofit and new
requirements
construction of high energy
performance buildings. Both
for
residential
and
commercial building
R

KfW Bank

Long term credits Based on project Non-residential
requirements
buildings

FRANCE:

Re

French fund
Prêt locatif
(PLS)

public

Link

Short description

social http://www.cohesionterritoires.gouv.fr/pretRe locatif-social

PLS is a preferential rate loan for the social
housing’s construction, buying or
restoration.

Eco-PTZ (Eco Prêt à https://www.ecologiqueTaux Zéro)
solidaire.gouv.fr/ecopret-taux-zero-eco-ptz

Zero-interest loan up to 30 000 euros to
finance energy savings works.

Dotation
d'équipement des
territoires ruraux
(DETR)

Provision granted to the local authorities
reallocated through direct & indirect
subsidies to the public building owners
willing to plan restoration works.

https://www.collectiviteslocales.gouv.fr/dotationdequipement-desterritoires-ruraux-detr

AUSTRIA:
Austrian fund

Link

Climate and energy https://www.umweltf
model region
oerderung.at/betriebe
/klima-und-energiemodellregionen.html

Short Description
The program supports Austrian regions in
making the best possible use of their local
resources for renewable energies, to exploit
the potential for saving energy and to operate
sustainably. The commissioning of an
implementation
concept
and
its
implementation by the model region managers
are the cornerstones of the program.
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Renovation check for https://www.umweltf
private homeowners oerderung.at/privatpe
rsonen/sanierungssch
eck-fuer-private-2017ein-undR
zweifamilienhaus/navi
gator/gebaeude3/sanierungsscheckfuer-private-2017-einundRe zweifamilienhaus.html

Thermal renovations in private housing are
funded for buildings older than 20 years.
Comprehensive renovations according to
klimaaktiv standard or good standard as well as
partial renovations that lead to a reduction of
the heating requirement of at least 40% are
eligible. Particularly sustainable and exemplary
renovation projects are supported as "pattern
renovations" with higher funding.

Thermal
building
renovation
comprehensive
renovation

https://www.umweltf
oerderung.at/betriebe
/thermischegebaeudesanierungRe umfassendesanierung/navigator/g
ebaeude/thermischegebaeudesanierungumfassendesanierung.html

Funding for thermal building renovation will be
provided to all companies and other
entrepreneurial organizations. In addition,
associatons and denominational institutions
can also submit.

Funding of energy https://www.umweltf
saving measures
oerderung.at/gemeind
en/energiesparen/navi
gator/strom3/energiesparmassnah
men-2.html

Funding for energy saving measures will be
provided for all Austrian municipalities, e.g:
heat recovery of refrigeration systems and
ventilation systems, optimization of existing
buildings with at least 10% energy savings,
optimization of lighting in existing buildings by
installation of ballasts and sensor-controlled
control with at least 10% energy savings, etc.

Graz or any other (at Link
Municipal level)

Short Description

E-GEM
–
The
program for Upper
Austrian
energy
saving municipalities

The subject of the funding is local, holistic
energy concepts for the promotion of energy
efficiency and green energy at the local level.
Planning and information activities for these
concepts can also be promoted (Upper
Austria).

http://www.energiesp
arverband.at/gemeind
en/energiespargemein
de.html
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Comprehensive
thermo-energetic
renovation funding

https://www.wien.gv.
at/amtshelfer/bauenwohnen/wohnbaufoer
derung/wohnungsverb
esserung/thewosan.ht
R
ml

Eligible is the thermal renovation of the
building envelope, which leads to a significant
reduction in heating requirements. Basically, a
reduction in the heat losses of all heat-emitting
components (building envelope) must be
sought. These are e.g.: Thermal insulation of
external walls, fire walls, top floors, roofs,
basement ceilings or the renovation of
windows and doors. (Vienna)

Re

Re
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