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Publishable executive summary
HYBUILD is an EU Horizon 2020 - funded project, led by COMSA Corporación, which will
develop two innovative compact hybrid electrical/thermal storage systems for stand
stand-alone and
district connected buildings.
Deliverable
eliverable 1.3 “Requirements: Key Performance Indicators, system components and
performance targets” reports the outcomes of Task 1.5 “Key Performance Indicators”. The
objective of this task is to define a number of significant performance indicators (name
(namely the
Key Performance Indicators, KPIs) to be used at different stages of the project to provide
means for the measurement and management of the progress towards project goals and
evaluate the impact of the HYBUILD solutions, as a function of different ca
cases
ses of application.
The performance indicators should allow evaluation and comparison and to do this they
should have some characteristics described below. They should be:
•

Unique, that means a single and clear definition.

•

Measurable, ideally quantitat
quantitative, or else measurable with clear, concise measurement
attributes.

•

Applicable not only to specific cases, sizes and processes, but have a wide range of
applications.

•

Relevant: it should be meaningful enough to the purposes of the system and specific to
the characteristics of its processes and components.

The present report describess the process followed to define the performance indicators, and
to select
elect the most significant ones
ones.
Work Methodology
First, a list of over 40 performance indicators has be
been
en compiled with the cooperation of
consortium partners. The PIs shall be compliant with the target expressed in the
th DoA and in
the proposal call and take into account the specific features of the HYBUILD technologies. In
particular, the HYBUILD concepts aare
re articulated according to a hierarchical structure
consisting of three different levels, namely




Core components/modules (L1), referring to the individual sorption thermal storage,
high density latent thermal storage, DC controller and electrical storage adopted to
implement the HYBUILD concepts.
Hybrid storage sub-systems
systems (L2), referring to the combination of multiple L1 core
components/modules
components/modules.
Overall building system (L3), referring to the L2 sub-systems installed into the
building, considering also th
thee renewable solar generation (from photovoltaic and/or
solar collectors), the sensible water storage (for the continental climate) and the
building energy management system. Therefore, performance indicators are classified
according to the hierarchical lev
level to which they apply.
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Indicators referred to L3 have been additionally subcategorised into
• Energy related PIs;
• Environmental related PIs;
• Comfort related PIs;
• Economic related PIs;
• Installation related PIs.
For each of the identified PIs, the following information have been reported
• Indicator name;
• Definition, with some explanation about how the PI is calculated;
• Unit of measurement;
• Application level (i.e. building, sub
sub-system or component/module).
Finally, seven key performance indicators have been picked from the list, as the most
significant ones to assess HYBUILD systems performance
performance, in accordance with the overall
project objectives. The selected Key performance indicators are reported in the table below,
together with the system level to which tthey apply.
Key Performance Indicators

Application level

KPI.1 Thermal Energy Storage Density

L1

KPI.2 Seasonal Energy Performance

L2 – L3

KPI.3 Share of renewable and self-consumption

L2 – L3

KPI.4 Energy savings and CO2 emission savings

L1 - L2 - L3

KPI.5 Compactness

L3

KPI.6 Flexibility

L2 – L3

KPI.7 Return on Investment

L3
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The KPIs will be quantified during the project and used on one side to verify each systems
performance during the development stage, by means of dynamic simulations resul
results (WP4),
and on the other side to evaluate the performance of the systems installed at demo sites,
based on the monitored parameters (WP6) and possibly comparing this data with the prerenovation ones.
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Acronyms and Abbreviations
KPI
PV
HP
BESS
PI
NBK
UCY
EURAC
UDL
ENG
NTUA
TES
WP
DC
AC
GHG
ROI
NPV
SEER
SCOP
DHC
DR
BEMS

Key Performance Indicators
Photovoltaic
Heat Pump
Battery energy storage system
Performance Indicators
Nobatek
University of Cipro
Eurac Research
University of Lleida
Engineering
University of Athens
Thermal Energy Storage
Work package
Direct current
Alternative Current
Green House Gases
Return of Investment
Net present value
Seasonal Energy ratio
Seasonal Coefficient of performance
District heating and cooling
Demand/Response
/Response
Building energy management system
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1

Introduction

1.1 Aims and objectives
The aim of this report,, titled ““Requirements:
Requirements: Key Performance Indicators, system components
and performance targets”, is to present the outcomes of task 1.5 about “Key
Key Performance
Indicators (KPIs)”.
The focus of the activity and of the document is on the definition and identification of a small
number of KPIs to ensure a proper assessment of the impact of HYBUILD solutions in light of
the main objectives of the project as reported in the Description of Action (DoA
DoA). Starting from
a three-level
level hierarchical structure of the two innovative hybrid storage solutions (for
Mediterranean and continental climates, respectively), first a set of relevant Performance
Indicators (PIs)
Is) proposed by partners for each level are reported and classified.
classified Then, based on
their expertise and the main objectives of the project, 7 KPI are selected and extensively
described with a special focus on the application scenarios considered in the pro
project.

1.2 Relations to other activities in the project
The outcomes of this task will be mainly used in:



WP4 to evaluate through dynamic simulation
simulations the performance of the overall
ov
building
system considering the two
two-hybrid
hybrid storage concept proposed in HYBUILD.
WP6 to evaluate the performance of the installed system in the three demo
demo-cases
using the monitoring data and possibly, when available, comparing the results with the
pre-refurbishment
refurbishment actions.

1.3 Report structure
The document is composed of the following sections:

Section 1 presents the aim and objectives of the task associated with the report,
report the
relationship with the other activities in the project, the partner contributions and
includes the present outline.

Section 2 recalls the HYBUILD system structure defining the different levels in which
performance indicators (PI) will be evaluated (component/module, hybrid sub
sub-system
and overall building system).

Section 3 describes briefly the general methodology adopted to identify and classify
the PIs. An introduction
uction to the rationale underlying the selection of KPIs with respect
to the specific request of the project call targets will be also provided.

Section 4 reports all the PIs collected related to TES, electric energy storage, hybrid
sub-system
system and the ove
overall
rall building system. The PIs for the overall building system are
divided into different groups (i.e. energy, environmental, comfort, economic). The PIs
are not presented as a simple list, but rather using tables to show clearly PI definition,
unit of measure,
ure, and possible references.

Section 5 after a short introduction where the seven KPIs identified at consortium level
are listed and
d linked to project objectives
objectives, there is a sub-section
section dedicated to each of
them where it is report
reported: definition, evaluation
n techniques and level of applicability
(i.e. component/module, sub
sub-system, system building).

Section 6 describes four additional PIs required to evaluate the impact of the project.
project

Section 7 concludes the report.
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1.4 Contributions of partners
Below, the partners
ers who collaborated to this report writing are listed and a brief description of
their contribution is provided.










2

EURAC led the activities of this task and the deliverable writing. They collected and
organized all the contributions and defined the electric storage and energy PIs and
KPIs about seasonal en
energy performance and renewable energy.
STESS (RINA-C as third party) as leader of WP1, supported the
he activities in this task
and the deliverable writing. They contribute
contributed in particular to the definition of
environmental PIs and on the KPI related to energy savi
savings
ngs and CO2 emission
reduction.
UDL, due to their experience and extensive work on thermal en
energy
ergy storage system
(TESS), contributed to the PIs related to TESS and to the “new” definition of the
Thermal
mal storage energy density KPI.
UCY supported EURAC on the definition of electric storage and energy PIs.
PIs
COMSA defined the PIs related to the economic aspects, included the KPIs related to
return on investment and payback
payback-time.
ENG proposed the new KPI about flexibility in terms of Demand response and
introduced PIs related to the optimized control of building energy management
system.
NTUA collected the PIs related to thermal comfort into the building.
NBK contributed to the compactness KPIs section and PIs related to installation.

HYBUILD systems structure

The goal of the HYBUILD project is the development of two innovative concepts of hybrid
storage: one dedicated to the production of cooling energy for Mediterranean countries and
the other mainly dedicated
edicated to the delivery of heating energy for continental countries
countries, as
shown in Figure 1. From the structural point of view the two systems considered in the project,
consist of three different levels, which (from the lowest to the highest) are summarized below.






The core components/modules (L1) are the individual sorption thermal storage,
storage high
density latent thermal storage
storage, DC controller (coupled
coupled with the compression HeatPump - HP) and electrical storage adopted to implement the Mediterranean or
continental concept.
For hybrid storage sub
sub-systems (L2), we mean the proper combination of multiple L1
core components/modules. In particular, HYBUILD proposes two innovative subsub
systems:
o One composed by low temperature latent storage, DC-driven
driven HP, sorption storage,
electrical
rical storage and DC controller for Mediterranean climates;
o One consisting of high temperature latent storage for Domestic Hot Water (DHW),
(
DC-driven
driven HP, electrical storage and DC controller for continental climates.
climates
The overall building system (L3) is based on the inclusion of the L2 sub-systems
considering also the renewable solar gener
generation
ation (from photovoltaic and/or solar
collectors), the sensible water storage (for the continental climate) and the building
energy management
agement system
system.

In Figure 1 components/modules are indicat
indicated with numbers, while sub-system
systems are enclosed
within dashed green rectangles for both the Mediterranean and continental cases
cases.
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In the following Sections,, the listed PIs are classified
ed on the basis the HYBUILD system
structure,, depending on the level they are applied to.

Figure 1 - Schematic of the hybrid storage concept integrated in the building for Mediterranean
editerranean climate during
summer operation and Continental climate during winter operation

3

Methodological approach

In general, PIs must be closely related to project’s goals and provide means for the
measurement and managemen
management of the progress towards such goals for further learning and
improvement. PIs are defined to measure the performance of a system/process and to provide
easily accessible and useful information about system/process and their parts.
PI selection relies upon a good understanding of what is important to a given application or
technology. Extensively used in business and financial context
contexts, PIs are acquiring more
importance also for technical
al assessments and to evaluate sustainability. A well-defined PI
should have the following characteristics [1]:





Uniqueness: it should have a single definition in order to not generate confusion or
misunderstanding.
Measurability: It should have a quantitative valu
value,
e, or when this cannot
canno be applied, it
must still be measurable with clear, concise measurement attributes.
Applicability:: it should be used not only in specific cases, sizes and processes, but also
in a wide range of applications.
Relevance:: it should be meaningful enough to the purposes of the system and specific
to the characteristics
cs of its processes and components.

Another general feature is that, all terms uses to compute the PI must be referred to the same
activity/item and to the same time perio
period (e.g. year, month, hour, …). Based on these general
criteria, almost 40 PIs have be
been
en proposed by project partners to characterize the technical
performance of components/modules (L1) and sub-systems (L2). To
o evaluate the overall
building system (L3) a different PI classification has been performed, i.e. related to energy,
10
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comfort, environmental, and economic aspects. In Section 4, for each PI the following
information will be reported, i.e.


Indicator name;



Definition,, with some explanation about how the PI is calculated;



Unit of measurement
ment;



Application level (i.e. building, sub-system or component/module).

While the proposed PIs are useful for a fine
fine-grained
grained technical performance evaluation of
multiple heterogeneous aspects of the HYBUILD solutions, just a limited number of them can
be regarded as “key” for the evaluation of project o
objectives
bjectives and, above all, to assess the
impact of HYBUILD outcomes. In this respect, the consortium has identified and selected 7
KPIs, following partially the methodology provided in [2], starting from the main objectives of
the project. Such objectives, briefly outlined below, are reported in more detail in Section
S
5,
where also the KPI target values are spe
specified, including:
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Cost effective overall energy storage solutions supported by advanc
advanced economic and
business models;
Market penetration with high replicability potential of robust hybrid storage solutions
solutions;
Increased share of renewable energy sources
sources;
Easy-to-integrate
grate and compact solutions for existing buildings/systems;
buildings/system
Superior energy performance of heating and cooling systems and enhanced energy
system flexibility;
Reduction of building energy consumption and greenhouse gases emissions.
emissions

Collected Performance
rmance Indicators (PIs)

4.1 Components/Modules PIs (L1)
4.1.1 Thermal Energy Storage
Most of the thermal energy storage PIs presented in this section are defined within Annex 30 “Thermal
Thermal Energy Storage for Cost
Cost-Effective Energy Management and CO2 Mitigation” [3],
which is an annex of the International Energy Agency’s implementing agreement Energy
Conservation through Energy Storage (ECES)
(ECES). The PIs listed in the following mainly characterize
the technical performance of the thermal storage in order to evaluate the improvement
achieved in terms of thermal energy density, response time and packing factor. Indeed, in
HYBUILD it is supposed to achieve an increase of the energy thermal sto
storage
rage density five times
higher than water, higher stability with high number of cycles and a sensitive reduction of
volume.
Table 1 - Performance Indicators related to thermal energy storage system

PIs
Nominal
power

Definition
The nominal power level refers to the heat flux
between the process and the system. It is
measured with five different values for both the
charge and discharge (for a total of ten
parameters). They are:


Units

References

[W]

[3], [4]

Maximum power and Average power
11
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High/mid/low power

TES density

𝐸𝐷
𝐸𝑆𝐶

Efficiency

𝐸𝑆𝐶
𝑉

system energy storage capacity

𝑉 system
storage
Response
Time

=

volume
volume,

intended

of

.

=

𝑄
𝑄

[3], [5]

[min]

[3], [4]

thermal

The response time (ReTisys) is the interval of time
between the moment when the charge or the
discharge order is set and the moment when the
TES system reaches its average nominal power
(Qav.sys).
ε

[J/m3] or
[kWh/m3]

.

+ 𝑄

.

.

Qsys.discharge: Heat delivered to the heat sinks
during the discharge [J].
Qsys.charge: Heat absorbed from the heat sources
during the charge [J].
Qsys.aux: Heat p
provided by the components of the
system [J].
Auxiliary
energy ratio

Aux

=

∑𝐸
𝑄

.

.

[3], [4]

[J·Jth-1]
or
[kWh·kWhth-

[3] , [4]
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Where:
Qsys.discharge: Heat delivered during discharge
phase [Jth] or [kWhth].
∑Eaux,sys: Energy consumed by all the
components of the system during the standby,
charge, storage and discharge phases (full cycle
of the TES system) [J].
Minimum
cycle length

𝑀𝑖𝑛𝐶𝑦
𝑦

=

1

]

𝐸𝑆𝐶
𝑃

.

+

.

𝐸𝑆𝐶
𝑃

.

.

[s] / [h] / [d]

[3], [4]

ESCsys: System energy storage capacity [J]
Pnom.sys.charge: Nominal power for charge [W]
Pnom.sys.discharge: Nominal power for disch
discharge [W]

Packing
factor

PF =

𝑉
𝑉

VTES material: actual volume of TES material in the
TES system [m3] / [L].
VTES system: maximum volume of TES material that
the TES system can contain [m3] / [L].
TES flexibility

[3] , [4]

It is a "yes/no" parameter, indica
indicating whether
partial charge or discharge is possible.

[6]

4.1.2 Electric storage and DC controller
In HYBUILD, the electric storage is a battery based on lithium
lithium-titanate
titanate (LTO) chemistry. The
choice has been done considering high cycling rate, long life and safety in order to assure
proper behaviour during several years operate in residen
residential
tial building environment. According
to this, in the following, some technical PIs to evaluate the efficiency and durability of the
battery are listed. Moreover
Moreover, because the electrical power in HYBUILD
D will be mainly
transmitted and driven using a DC bus, which is supposed to decrease the losses and increase
the conversion efficiency. This PI is also included in the following table.
Table 2 - Performance Indicators related to Electric energ
energyy storage systems

PIs
Storage capacity

Definition

Units

References

[Wh]

[7]

It is possible to diversify between:
Total capacity
capacity, which (𝐶
) represents
the total energy that can be stored at
reference condition.
Maximum useful capacity (Cu-max), is the
maximum energy that can be retrieved at
13
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reference
eference condition without negatively
affecting the storage system (i.e.
permanent damages), noted Cu-max
Maximum
charging/discharging
power

The maximum charging and discharging
power which can be absorbed / released
by / from the battery for the minimum
charging and discharging periods

[kW]

[7]

Durability

The maximum number of working cycles
(NCt)) during which the storage system
can release at least 80% of the designed
useful capacity, during its lifetime in years

[NCt]

[7]

Charging/discharging
efficiency

∙

𝜂 =
𝜂 =

∙

[7]

Where Cr is the recharged energy to reach
100% of BESS capacity, DoD is the dept of
discharge and CBESS is the storage capacity
Conversion
efficiency ratio

This PI is related to the use of DC bus
𝜂

𝜂

=

=𝜂

/𝜂

𝜂

_

=

[%]
_

where
here Pout and Pin are the power output
and power input for DC and AC system

4.2 Mediterranean and Continental hybrid sub-systems PIs (L2)
The core components/modules proposed in HYBUILD aare
re combined to create a sub-system
sub
level able to provide heating or cooling depending to the case. These sub
sub-systems
systems are indeed
different for the Mediterranean and tthe continental concepts. In particular, it is highlight that
the Mediterranean sub-system
system is optimized for cooling, when the continental for heating and
DHC. However, both of them ha
have similar objectivess in terms of technical performance:
performance




Reduce the number of components with respect to similar system which provide
heating/cooling/DHW
Enhance the coefficient of performance (COP) or the energ
energyy efficiency ratio (EER).
Modular design and flexible heat transfer control to increase the range of applications.
Table 3 - Performance Indi
Indicators related to Hybuild sub-systems

PIs
Seasonal
coefficient of
performance

Definition

𝑆𝐶𝑂𝑃

=

𝑄

Unit

References
[8], [9]

𝐸
14
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𝑆𝐶𝑂𝑃

=

𝑄

𝐸

where:
Q is the demand of heating (SH) or DHW
E is the electric energy to cover the demand

Seasonal
energy
efficiency
ratio

𝑆𝐸𝐸𝑅

=

𝑄

𝐸
[8], [9]

where:
QSC is the cooling demand
ESC is the electric energy to cover the demand

Seasonal
Performance
Factor

Considering the whole sub
sub-system concept, this
PI can be defined for both electrical and thermal
energy:

𝑆𝑃𝐹 =

𝑆𝑃𝐹 =

𝑇𝑜𝑡𝑎𝑙 𝑑𝑒𝑙𝑖𝑣𝑒𝑟𝑒𝑑 𝑒𝑛𝑒𝑟𝑔𝑦
𝑇𝑜𝑡𝑎𝑙 𝑐𝑜𝑛𝑠𝑢𝑚𝑒𝑑 𝑒𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑖𝑡𝑦

[8], [9]

𝑇𝑜𝑡𝑎𝑙 𝑑𝑒𝑙𝑖𝑣𝑒𝑟𝑒𝑑 𝑒𝑛𝑒𝑟𝑔𝑦
𝑇𝑜𝑡𝑎𝑙 𝑐𝑜𝑛𝑠𝑢𝑚𝑒𝑑 𝑡ℎ𝑒𝑟𝑚𝑎𝑙 𝑒𝑛𝑒𝑟𝑔𝑦

SPF is evaluated yearly
Compactness Two different PIs can be defined for
of
sub- compactness referred to Mediterranean or
system
Continental sub
sub-system:
_

_

[m3/kWh]
Where VSS_M and VSS_C are the volume of the
Mediterranean and Continental sub-system
respectively and Ecool H,DHW is the energy required
for cooling, DHW and heating during th
the year.

4.3 Overall Building Systems PIs (L3)
In this section, the main PIs identified at overall building level have been listed,
listed using the
following sub-categories:






Energy related PIs;
Environmental related PIs
PIs;
Comfort related PIs;
Installation related PIs.
Economic relates PIs;;
15
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4.3.1 Energy related PIs
First of all, the energy performance of the overall building system should be taken into account
and evaluated covering both consumption and produc
production aspects. The
he PIs listed below will be
focused on:





building demands (both electrical and thermal);
space
pace heating and cooling and DHW generation;
solar
olar photovoltaic generation
generation;
solar thermal energy..
Table 4 - Performance indicators related to energy behaviour for the overall bui
building
lding system

PIs

Definition
𝐷 (𝑡) =

Demand Factor

Annual heating and
cooling demand per
net useful area

Unit

References

𝐷𝑒𝑚𝑎𝑛𝑑
𝑀𝑎𝑥𝑖𝑚𝑢𝑚 𝑝𝑜𝑠𝑠𝑖𝑏𝑙𝑒 𝑑𝑒𝑚𝑎𝑛𝑑

It is a time dependent quantity, so it can
be evaluated over different time interval
(e.g. day, month, year)
year). This index can be
used for both thermal and electrical
demand
𝑄 =

[10]

𝑄
𝐴

Where Qth is the thermal demand and A is
the considered area.

𝑘𝑊ℎ
𝑚

[10]

[kWh]

[8]

It can be evaluated over a month or year
year.

Final energy use

Forr electricity driven syste
systems, the final
energy ((FE) equals the electricity used to
drive the HVAC systems
systems, while for gas or
biomass driven ones, the FE equals the
Higher
igher Calorific Value of the used fuel by
its mass consumption (FEfuel). The FE for
DHC supply thermal energy from the
networks
𝑃𝐸 = 𝐹𝐸 ∗ 𝑃𝐸𝑓

Primary energy use

Primary energy ratio

Where
ere PEfec is the Primary Energy Factor
which the value depends from the
calculation method and inclusion or not
of renewable. In HYBUILD it is consider
including all non
non-renewable source.
Values of this factor varies for energy
carrier (ec)
Defined as the ratio of the useful energy
output to primary input.

[11], [12]
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𝑃𝐸𝑅 =

𝑢𝑠𝑒𝑓𝑢𝑙 𝑒𝑛𝑒𝑟𝑔𝑦
𝑝𝑟𝑖𝑚𝑎𝑟𝑦 𝑒𝑛𝑒𝑟𝑔𝑦 (𝑃𝐸)

PE can include or not renewable
𝜂

=

𝜂

Thermal efficiency

=

𝑄

𝐹𝐸

𝑄

,

𝐹𝐸

,

[8]

Where:
Q is the heat or DHW demand and FEfuel is
the energy entailed in the fuel consumed
𝑆𝑃𝐹 =

Seasonal
Performance factor

𝑆𝑃𝐹 =

𝑇𝑜𝑡𝑎𝑙 𝑑𝑒𝑙𝑖𝑣𝑒𝑟𝑒𝑑 𝑒𝑛𝑒𝑟𝑔𝑦
𝑇𝑜𝑡𝑎𝑙 𝑐𝑜𝑛𝑠𝑢𝑚𝑒𝑑 𝑒𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑖𝑡𝑦

[8], [9]

𝑇𝑜𝑡𝑎𝑙 𝑑𝑒𝑙𝑖𝑣𝑒𝑟𝑒𝑑 𝑒𝑛𝑒𝑟𝑔𝑦
𝑇𝑜𝑡𝑎𝑙 𝑐𝑜𝑛𝑠𝑢𝑚𝑒𝑑 𝑡ℎ𝑒𝑟𝑚𝑎𝑙 𝑒𝑛𝑒𝑟𝑔𝑦

The total output and input are in kWh/y
𝑆𝐹
Solar fraction

=

(𝑄

,

(𝑄

+𝑄
+𝑄

+𝑄 , )
+𝑄 )

Where QST,DHW, QST,SH and QST,SC is the net
solar thermal energy employed for DHW
uses and space heating and cooling (in
the case of the adsorption chiller).
𝑃𝑅 =

Target yield – PV
system

,

𝑌
𝑌

Where Yf is the ratio of utilizable AC
electricity and Ys is the amount of energy
that
hat could be generated if modules were
operated under standard test conditions
(STC)
𝐸

[8]

[%]

[13]

= 𝐴 ∙ 𝑟 ∙ 𝐻 ∙ 𝑃𝑅

where: A is the solar panel area (m2), H is
Annual electricity PV the annual average solar radiation on
production
tilted panels (kW/m2), PR is the
performance ratio, r is the solar panel
yield or efficiency (%)

[kWh]

The energy saving indicator is calcu
calculated,
in terms of Primary energy as presented
in the following equation:
Energy savings

𝑃𝐸𝑠𝑎𝑣 =

[%]

Where
𝑃𝐸

𝒌𝑾𝒉
𝒚𝒆𝒂𝒓

is the total primary energy
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consumed
implementation.
𝑃𝐸

𝒌𝑾𝒉
𝒚𝒆𝒂𝒓

after

HYBUILD

is the total primary energy

consumed in the reference case.
In order to calculate the emissions
reduction it is important also to define
final energy savings for each energy
carrier, described in the following
equation:
𝐹𝐸𝑠𝑎𝑣

= 𝐹𝐸

,

− 𝐹𝐸

,

where
here
𝐹𝐸 , is the final energy consumption
of the energy carrier ec after the HYBUILD
solution implementation.
𝐹𝐸 , is the final energy consumption of
the energy carrier (ec) of the reference
case.
Defined for electric or thermal (el,th)
energy as:
𝑆𝐶(
Self-consumption
(SC)

,

)

=

𝐸

( ,

𝐸

)

( .

)

Where
Where:

[%]

[14]

[%]

[14]

𝐸 ( , ) is the renewable energy
directly consumed or stored into the
storages
𝐸

( ,

)

is the total production

Defined for electric or thermal (el,th)
energy
𝑆𝑆(
Self-sufficiency (SS)

,

)

=

𝐸
𝐸

( ,
( .

)
)

Where
Where:
𝐸 ( , ) is the renewable energy
directly consumed or stored into the
storages
𝐸

Share of renewables

( ,

)

is the total demand

Share of renewable
renewables based on final
energy consumption

[7]
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𝑆𝑅(

,

)

𝐸
𝐸

=

∗( ,
( .

)
)

Where
𝐸 ∗∗( , ) include the energy consumed
on-site,
site, stored and from grid energy mix
𝜂

Solar thermal
system efficiency

=

𝑄

,

𝐼

The energy delivered to the solar thermal
energy storage ((QST,store) is considered,
accounting for all the irradiation incident
on the collector plane ((Icoll) when the solar
pump
ump is running or during stagnation
periods. This PI is for Fresnel solar
collectors.
𝐺𝐷𝐸𝑅 = 𝐸𝐷

Global daily energy
reduction

[8]

− 𝐸𝐷

It is referred to the control implemented
in the BEMS and it evaluates the
difference between the energy demand
(ED)) required by the reference system to
ED required by the optimised system

[kWh]

New

Demand Response Power Tracking (DRPT)
𝐷𝑅𝑃𝑇 = 1 −

𝐾

∑

,

,

∑

=

∑
∑

,

𝐸
𝐸

,
,

where:
here:
Flexibility

𝑛 is the number of timestamps of the
interested time horizon; 𝐸
, is the
energy behaviour of the controlled
system in that ith timestamp; 𝐸
, is
the desired energy behaviour request in
that ith timestamp; 𝐾 is the indicator of
the contribution level the building may
provide, calculated as normalisation
factor to compare the two profiles.

New

Flexibility Capacity Index (FCI)
𝐹𝐶𝐼 =

∑

,

,
,

Where:
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𝐸
, is the typical energy behaviour
of the system in that ith timestamp.
𝐸
is the optimized energy
,
behaviour of the system in that ith
timestamp.

4.3.2 Environmental related PIs
The first performance
rformance indicator identified is related to the carbon dioxide (CO2) emissions of
the HYBUILD solutions. Carbon dioxide is the primary greenhouse gas emitted through uman
activity. The combustion of fossil fuel is the main human activity related to the CO2 emissions
(1) and it is thus a very important indicator to evaluate the energy efficiency and the
environmental impact of heating and cooling systems.
Another important indicator is related to the greenhouse gases (GHG) emissions.
missions. Greenhouse
gases constitute a group of gases contributing to global warming and climate change. The
Kyoto Protocol, an environmental agreement adopted by many of the parties to the United
Nations Framework Convention on Climate Change (UNFCCC) in 1997 to curb global warming,
nowadays covers seven greenhouse gases [16]. Three are non-fluorinated
fluorinated gas: Carbond
dioxided, Methane (CH4) and Nitrous oxide (N2O). The other four gases are fluorinated gas:
hydrofluorocarbons (HFCs), perfluorocarbons (PFCs), sulphur hexafluoride (SF6)and nitrogen
trifluoride (NF3). Converting them to CO2 equivalent makes it possible to compare
com
them and to
determine their individual and total contributions to global warming.
Ather three indicator referring to air pollutants have been identified: Nitrogen Oxides (NOx)
emission, Sulphur dioxide (SO2) emission and level of the fine particles PM2.5.
M2.5.
The Nitric oxide (NO) and nitrogen dioxide (NO2) are together referred to as nitrogen oxides.
Combustion of fossil fuels is by far the dominant source of NOx emissions. NOx contributes to
acid deposition and eutrophication which, in turn, can lead to potential changes occurring in
soil and water quality [17] NO2 in particular is associated with adverse affects on human
health, as at high concentrations it can cause inflammation of the airways.
The Sulphur dioxide is emitted when fuels or other materials containing sulphur are
combusted or oxidised. The largest sources of SO2 emissions are from fossil fuel combustion at
power plants andother industrial facilities [18]. SO2 is used as indicatior for the larger group of
gaseous sulfur oxides (SOx), which are found in the atmosphere at concentrations much lower
than SO2.
The PM2.5, or fine particles, indicates the particulate matter with diameter of 2.5 micrometres
or less. They can remain airborne for long periods and travel hundreds of miles. The effects of
chronic PM exposure on mortality (life expectancy) seem to be attributable to PM2.5 rather
than to coarser particles [19].. Epidemiological and toxicological studies have shown that PM2.5
does not only induce cardiopulmonary disorders and/or impairments, but also contributes to a
variety of other adverse health effects, such as driving the initiation and progression of
diabetes mellitus and eliciting adverse birth outcomes.
In the following table the definitions for calculating the environmental indicators described
before are presented.
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Table 5 - Performance
nce indicators related to environmental behaviour for the overall building system

PIs

Definition
𝐶𝑂2

= ∑ 𝐹𝐸

,

Units

References

∗ 𝐶𝑂2𝑒𝑚𝑓

,

where
𝐶𝑂2𝑒𝑚𝑓
is the CO2 emission factor
of the energy carrier (ec) for the specific
Country
𝐹𝐸
CO2 emission
savings

is the final energy consumption

,

of the energy carrier (ec) after imp
implementing
the HYBUILD solutions
solutions.
CO2 emissions savings
𝑡𝐶𝑂2𝑠𝑎𝑣 = ∑ 𝐹𝐸𝑠𝑎𝑣 ∗ 𝐶𝑂2𝑒𝑚𝑓

is the final energy saving of the

𝐹𝐸𝑠𝑎𝑣

energy carrier (ec);
𝐺𝐻𝐺

= ∑ 𝐹𝐸

,

∗ 𝐺𝐻𝐺𝑒𝑚𝑓

,

Where
GHG emissions

𝐺𝐻𝐺𝑒𝑚𝑓
is the GHG emission factor
of the energy carrier ec;

[16], [20]

GHG emissions savings
G𝐻𝐺𝑠𝑎𝑣
𝑠𝑎𝑣 = ∑
𝑡𝑁𝑂𝑥

,

= ∑ 𝐹𝐸

𝐹𝐸𝑠𝑎𝑣 ∗ GHG𝑒𝑚𝑓
,

∗ 𝑁𝑂𝑥𝑒𝑚𝑓

where
NOx emissions

𝑁𝑂𝑥𝑒𝑚𝑓
is the NOx emission factor
of the energy carrier ec.

[17]

NOx emissions savings
𝑡𝑁𝑂𝑥𝑠𝑎𝑣 = ∑ 𝐹𝐸𝑠𝑎𝑣 ∗ 𝑁𝑂𝑥𝑒𝑚𝑓

𝑡𝑆𝑂2
SO2 emission

,

= ∑ 𝐹𝐸

,

∗ 𝑆𝑂2𝑒𝑚𝑓

Where

[20], [18]

𝑆𝑂2𝑒𝑚𝑓
is the SO2 emission factor
of the energy carrier ec.
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SO2 emissions savings
𝑡𝑆𝑂2𝑠𝑎𝑣 = ∑

𝑃𝑀2.5

,

𝐹𝐸𝑠𝑎𝑣 ∗ 𝑆𝑂2𝑒𝑚𝑓

= ∑ 𝐹𝐸

,

∗ 𝑃𝑀2.5𝑒𝑚𝑓

where
PM2.5
emissions

.

𝑃𝑀2.5𝑒𝑚𝑓
𝑒𝑚𝑓
is the PM2.5 emission
factor of the energy carrier ec.

.

PM2.5 emission savings
𝑃𝑀2.5𝑠𝑎𝑣
𝑠𝑎𝑣 = ∑ 𝐹𝐸𝑠𝑎𝑣 ∗ 𝑃𝑀2.5𝑒𝑚𝑓

4.3.3 Comfort related PIs
Several environmental parameters affect human thermal comfort inside building spaces. The
seven psychrometric parameters that can be directly measured are:
 Air temperature 𝑇
 Wet bulb temperature 𝑇
 Dew point temperature
perature 𝑇





Water vapor pressure 𝑃
Total atmospheric pressure 𝑃
Relative humidity 𝑟ℎ
Humidity ratio 𝑊

Two other important parameters include air velocity 𝑉 and mean radiant temperature 𝑇 . The
latter is the temperature of an exposed surface in the environment. The temperatures of
individual surfaces around the surface are usually combined into a mean radiant temperature
𝑇 . Finally, globe temperature 𝑇 , which can also be measured directly, is a good
approximation off the operative temperature 𝑇 and is also used with other measurements to
calculate the mean radiant temperature.
The above environmental variables together with other secondary factors influence the
comfort feeling that can be quantified and predict
predicted in several ways:
Table 6 - Performance indicators related to thermal comfort for the overall building system

PIs

Thermal
sensation

Definition
ASHRAE thermal sensation scale divides thermal comfort
(Y) in 7 levels
els (hot = 3, warm = 2, slightly warm = 1,
neutral = 0, sligh
slightly cool = -1, cool = -2, cold = -3)

Units

References

[21]

𝑌(𝑇 , 𝑃 ) is function of gender and exposure period (in
hours) and depends by Ta[°C] is the air temperature and
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Pa [kPa] is the water vapor pressure
#of
complaints
/m²

2

𝑣ℎ =

𝜎𝑇̇ 𝐻 2 + 𝜎𝑇̇ 𝑆 2

2𝜋
𝜋

𝜎𝛵𝐻 2 + 𝜎𝛵𝑠 2

1

𝜎𝑇̇ 𝐿 2 + 𝜎𝑇̇ 𝑆 2

2𝜋
𝜋

𝜎𝛵𝐿 2 + 𝜎𝛵𝑠 2

exp −

1 𝜇𝛵𝑠 − 𝜇𝛵𝐻
2 𝜎 𝛵 𝐻 2 + 𝜎𝛵 𝑠 2
2

Thermal
complaints
(h:hot, I:cold)

1

𝑣𝑙 =

exp −

1 𝜇𝛵𝑠 − 𝜇𝛵𝐿

[21]

2 𝜎 𝛵 𝐿 2 + 𝜎𝛵 𝑠 2

Where σ denotes standard deviation and μ mean value
Ts : space temperature,
Ṫ s : rate of change of space temperature
Follows the ASHRAE thermal sensation scale

Predicted
Mean Vote

.

𝑃𝑀𝑉 = (0.303𝑒

∙

[21]

+ 0.028) ∙ 𝐿

where M: metabolic rate, L: heat loss from human body
Predicted
Percent
Dissatisfied

𝑃𝑃𝐷 = 100 − 95𝑒

( .

∙

.

∙

% persons
dissatisfied

)

[21]

4.3.4 Installation related PIs
The solutions proposed in HYBUILD both in terms of components/modules or sub
sub-systems are
requested to have characteristics
cteristics as the easiness for the installation and compactness in order
to be widely installed and deployed in residential buildings. These characteristics are not
obvious to be defined and quantified and no common PI exist (at least in our knowledge).
Since
nce the space or volume required for technical installation of HVAC system, storage or
renewable generation Is limited to the considered building/context the installation PIs should
be referred to the overall system building level. The aim, when possible, is to compare the
HYBUILD solution using the proposed PIs listed in Table 8 with systems for heating and cooling
which exhibits similar performances.
Table 7 - Performance indicato
indicators related to installation easiness for the overall building system

PIs

Definition

Units

References

𝐿
Easiness
for
e =
electrical or thermal
𝐴
[m/m2]
installation
where L is the length of electrical cables
(or pipes) to be installed and A is the
living area
Complexity of the
whole
system
installation
Compactness of the
overall
technical

Number of equipment to be connected
𝑉

+𝑉
+𝑉
𝐸
+𝐸
+𝐸

+⋯

[m3/kWh]
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system

VHP is the volume occupied by the heat
pump
VPCM sto is the volume occupied by the pcm
storage unit
VW sto is the volume occupied by the water
storage unit
EHeat is the yearl
yearly heating energy needed
in kWh/year
ECool is the yearly cooling energy needed
in kWh/year
EDHW is the yearly energy needed for DHW
production in kWh/year

4.3.5 Economic related PIs
In order to create a solution that could be sold in the market, it iiss also critical to track the
economic potential of the solution. More details on these performance indicators are
described in the KPI descriptions in section 5.7.
Table 8 - Performance indicato
indicators related to economic aspects for the
he overall building system

PIs
Return
on
investment

Definition
𝑅𝑂𝐼 =

Units

References

𝐺𝑎𝑖𝑛 𝑓𝑟𝑜𝑚 𝐼𝑛𝑣𝑒𝑠𝑡𝑚𝑒𝑛𝑡 − 𝐼𝑛𝑣𝑒𝑠𝑡𝑚𝑒𝑛𝑡 𝐶𝑜𝑠𝑡
𝐼𝑛𝑣𝑒𝑠𝑡𝑒𝑚𝑒𝑛𝑡 𝐶𝑜𝑠𝑡

𝐼𝑛𝑣𝑒𝑠𝑡𝑚𝑒𝑛𝑡 𝐶𝑜𝑠𝑡 = 𝐶

+𝐶

+𝐶 +𝐶

Ceq: cost of all developed sub
sub-system
Cen: engineering cost
Cl: labor and installation cost
Cf: financing costs related to installation
𝐺𝑎𝑖𝑛 𝑓𝑟𝑜𝑚 𝐼𝑛𝑣𝑒𝑠𝑡𝑚𝑒𝑛𝑡 (𝐺𝐼) = ∑

∗

(𝐶𝑃𝐸

+ 𝐷𝑅)

CPEsav: energy cost of primary energy savings
DR: demand/response remuneration
Net present
value
𝑁𝑃𝑉 =

𝐺𝐼
(1 + 𝑟)

−𝐶

[years]
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GI is the gain from investment as defined in ROI
Co is the investment cost as defined in ROI
t is the current time period
T is the total nu
number of years in the time period
considered
r is the discount rate (which should be based on available
investment and/or inflation)
Payback
period

It is the year T in which the NPV equals 0. Simple
payback period is the year T when NPV equals 0
assuming r is set to 0.

Potential
To calculate the potential market for the solution, it is
market size of important to include not on
only the energy cost savings
the solution
(ECsav = ECref-ECHYBUILD), but also the potential business
models with fl
flexibility (considering the available
flexibility of the solution), renewable energy credits and
any additional alternative revenue streams developed in
the solution.

5

[years]
D7.4
[HYBUILD]

Key Performance Indicators for HYBUILD

Following the methodology describ
described
ed in Section 3 and considering the HYBUILD main
objectives listed in the Table below, tthe KPIs selected by the project partners are:








KPI.1 – Thermal Energy Storage Density
Density;
KPI.2 – Seasonal Energy Performance
Performance;
KPI.3 – Share of renewable and self-consumption;
KPI.4 – Energy savings and CO2 emission savings;
KPI.5 – Compactness;;
KPI.6 – Flexibility;
KPI.7 – Return on Investment
Investment.

In addition, the rightmost column of the Table highlights the level (i.e. component/module –
L1, sub-system – L2, and overall build
building system – L3) at which each KPI is applied.
Table 9 - Relevant KPIs with the corresponding HYBUILD objectives

HYBUILD objectives
1
2

Increase of thermal energy storage density
Expected energy and
d CO2 emissions reduction
ranging from 20% to 40% depending on the
configuration and contexts;

KPI

Application level

KPI.1

L1

KPI.2, KPI.3, KPI.4

3

Increase of seasonal performance of the heating
and cooling system

KPI.2

4

Easy to integrate and compact ssolutions into

KPI.5

L2 – L3
L2 – L3
L1 - L2 - L3
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5
6

existing building
ROI of 8 years for building non
non-connected to DHC
and 15 years for buildings connected to DHC
Superior energy performance contributing also to
the energy system flexibility

KPI.7

L3

KPI.6

L3

5.1 Thermal Energy Stora
Storage Density
The thermal energy density (EDthermal) is a KPI that measures the amount of thermal energy
that can be stored in a certain available volume. It is usually measured in J·m-3 or kWh·m-3, but
any other units for energy per volume can be used
used. Theree are two different levels at which
EDthermal can be calculated: m
material- and system levels. In order to avoid confusion and to be
consistent, it is specified that in this paragraph when it is referred to system level it means the
thermal energy storage level,
evel, which correspond to the component/module (L1) level of the
general HYBUILD structure provided in Section 2.
The energy density at material level (EDmat) only considers the TES material, without any other
component, and takes into account the material thermophysical properties. On the other
hand, the energy density at system level (EDsys) considers the impact of all the components of
the system. The value of this KPI is affected by the type of TES material used (sensible, latent,
chemical or sorption) and also by the operation conditions of the system (mainly
temperatures). Despite that fact that iin practice the real TES capacity is lower than the
theoretical maximum (fully charged or discharged), a simplified
ed definition is used to
demonstrate the overall
all concept of the energy density calculation.
In this section, the equations allow calculating the energy density at the material level and
provide a conceptual guide for calculating it at system level for the three storage technologies:
technologies
sensible heat, latent
atent heat, and storage based on sorption and chemical reactions (usually
known as thermochemical energy storage)
storage).
At material level,, the thermal energy density (EDmat) takes into account the storage capacity of
the TES material based on its thermo
thermo-physicall properties and the operation conditions of the
system.
The energy density of sensible heat TES materials (EDmat,sens) is calculated as a function of their
specific heat, minimum density, and operation temperature range as shown in Eq. 1:
𝐸𝐷

,

=𝑐

.

·𝜌

Eq. 1

· 𝑇

.

where cp.mat [kJ·kg-1·K-1] is the average specific heat and ρmin.mat [kg·m-3] is the minimum density,
both being measured in the ope
operation temperature range (∆Top). The operation temperature
range (∆Top) refers to the nominal temperature conditions at which the material will be
maintained during the operation of the system and are comprised between a minimum
temperature (Tmin) and a maximum
ximum temperature (Tmax). The minimum density of the material
(𝜌 .
) in the operation temperature range of the system is considered because it
corresponds to the maximum volume occupied by the material.
The energy density of latent heat TES materials (EDmat,lat) takes into account the energy stored
during phase change but also the part of sensible heat in both solid and liquid phases covered
within the operation temperature range. Therefore, it is calculated as shown in Eq. 2:
𝐸𝐷

,

= 𝑐

.

.

· 𝑇 + 𝐻

+𝑐

.

.

· 𝑇 ·𝜌

Eq. 2
.
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where cp.mat.s and cp.mat.l are the average specific heats at the solid and liquid states [kJ·kg-1·K-1],
respectively, ∆Hpc is the specific melting enthalpy [kJ·kg-1], ρmin.mat is the minimum density in
the
he operation temperature range, ∆Ts [K] is the temperature variation in the solid phase (the
difference between the lowest temperature of the phase change range and Tmin), and ∆Tl [K] is
the temperature variation in the liquid phase (the difference between Tmax and the highest
temperature of the phase change range
range). The relation between the different temperature
ranges is shown in Eq. 3:
𝑇

Eq. 3

= 𝑇 + 𝑇 + 𝑇

where ∆Tpc [K] is the phase change
change. The TEDmat,lat is calculated with either the temperatures of
the heating or the cooling phase change curves to avoid any hysteresis effects of th
the material.
The energy density of TES materials based on sorption and chemical reactions (EDmat,tc) is
calculated taking into account
ccount the equation proposed by [22],, which is modified
modif to implement
the concept of minimum density
density, as shown in Eq. 4:

𝐸𝐷

,

=

| 𝐻

→

| · (𝑛 − 𝑚)
· 𝑥·𝑟·𝜌
𝑀

Eq. 4
.

where 𝐻 → [kJ·mol-1] is the reaction enthalpy, n [-] is the hydration
ydration state of the highest
hydrate, m [-] is the hydration
ydration state of the product of the reaction (m < n), Mn [kg·mol-1] is the
molar mass of the highest hydrate, ρmin.mat is the minimum density, 𝑥 [-] is reaction
conversion, and 𝑟 [-]] is the mass mixing ratio defined as the ratio between the mass of the
highest hydrate (mn) and the mass of the material (mmat), as shown in Eq. 5:
𝑟=

𝑚
𝑚

Eq. 5

At system level, the thermal energy density (EDsys) is defined as the ratio between the amount
of thermal energy storage capacity (ESCsys) and the system volume (Vsys),, as shown in Eq. 6:
𝐸𝐷

=

𝐸𝑆𝐶
𝑉

Eq. 6

The energy storage capacity estimates the total amount of thermal energy that a system can
store at nominal conditions and takes into account both the storage capacity of the material
and the sensible heat thatt can be stored in the components that are in contact with the TES
material. Therefore, energy storage capacity is calculated according to Eq. 7:
𝐸𝑆
𝐸𝑆𝐶

= 𝐸𝑆𝐶

Eq. 7

+ 𝐸𝑆𝐶

where the thermal energy storage capacity of the material (ESCmat) is calculated as shown in
Eq. 8, and the thermal energy storage capacity of all system components (ESCcomp) is calculated
as shown in Eq. 9:

𝐸𝑆𝐶

𝐸𝑆𝐶

=

= 𝐸𝐷

𝑐

.

·

.

Eq. 8

𝑚
𝜌

·𝑚

.

· 𝑇

Eq. 9
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A guideline was developed for determining which components must be taken into account in
the calculation, which is presented below:



There is no contribution of the components for a TES technology based on chemical
and sorption reactions in which the reaction pair iiss stored at ambient temperature.
temperature
In all other cases:
o If the storage material is moved from one vessel to another during the
charge/discharge, the components do not contribute to the thermal energy
storage capacity of the system
system.
o If the material is always kept in the same vessel, only the components that are
totally or partially in contact with or completely surrounded by the material
(i.e. pumps, sensors, heaters, …) should be considered.
 For components that are partially in contact with the material, only
the mass of the parts completely immersed in the mate
material are taken
into account.
 The
he vessel is not taken into account in the calculation because the
material does not exchange energy with the vessel.

It is assumed that all the components contributing to ESCsys have the same temperature as the
TES material. Thus the thermal energy storage capacity of the components (ESCcomp) is
measured according to the operation temperature range ((∆Top).
In the case that a component is made of elements of different nature, the calculation of its
specific heat (cp.comp.x) iss performed as follows:
 In case that the specific heat and mass of the different elements of the component are
known, the cp.comp,x is calculated as the weighted average.
 In case that the specific heat and mass of the different elements of the component ar
are
not known, the cp of the most representative part is taken as the cp.comp,x
p.comp .
The Vsys in Eq. 6 represents de total volume occupied by the system, measured in terms of
physical volume of its parts,, and is calculated by taking into
o account the volume enclosed by
the shape of the outer surface of the sub
sub-systems, including the insulation. The system is
assumed to be a completely compact solid, where cavities are disregarded. Thus, not all
components contribute to the Vsys, as some might
ight be placed inside other components.
More details on the proposed methodology for evaluating the energy density as performance
indicator for TES systems along with its application to three real case studies covering the
three different TES technologies can be found in the paper by Romaní et al. [5].
[5]

5.2 Seasonal Energy Performance
The performance of the heating and cooling system can be evaluated at all hierarchical levels
(i.e. components, sub-systems
systems an
and system). In the following, we describe the energy indicators
that will be used in simulations and demo site evaluation. All the indicators defined in this
section are calculated over season or year.
At component/module level (L1) the boundaries for the assessment
ssessment of the energy fluxes are
set just around the unit, meaning that we consider the energy delivered by the device over the
energy used to run it. Auxiliaries like pumps and thermal losses of the connections are here not
considered. Differently from the nominal values defined by the manufacturer, the indicator
that will be used is a seasonal figure, meaning that performance refers to a season or year.
28

Deliverable D1.3

The two indicators (SCOP and SEER)) referred to the performance of a device are therefore
defined as follows:
𝑆𝐶𝑂𝑃
𝑆𝐶𝑂𝑃
𝑆𝐸𝐸𝑅

=
=

𝑄

𝑄

=

𝑄

𝐸
Eq. 10

𝐸
𝐸

Where QSH is the produced thermal energy for space heating, QDHW is the yearly produced energy for
covering the DHW needs and QSC is the seasonal thermal energy produced for covering the cooling
loads. The energy E refers to the electricity or thermal energy (in the case of the adsorption module)
used for producing the useful energy. ESH refers to the consumed energy for covering the
t space heating
load, EDHW is the energy used for the DHW consumption and ESC is the energy consumed for the cooling
loads.

These quantities are evaluated under dynamic conditions through simulations, successively
calibrated with measured data during lab test and finally used as benchmark in the demo
cases.
In the project, these indicators are used to demonstrate the improvement of the components
performance with respect to a similar product present in the market.
Apart of the single components, the projec
projectt studies the combination of more than one device
whose interaction
n improves the performance of the single one studied alone. In the following,
we define an indicator that represents a sort of efficiency of the whole sub-system (L2).
Conceptually, it is thee same as the one used for the component level, but the boundaries
change.
For the case of the sub-system,
system, we define the SPF Seasonal Performance Factor [kWh/kWh]
over the year and obtained as the ratio of the delivered energy from the sub
sub-system over the
energy used to produce it.
For the Mediterranean case, the Total delivered energy consists of the cooling energy exiting the latent
thermal storage or directly the chiller, and the heat provided for the DHW load. The Total consumed
electricity is the electricity
tricity used for running the adsorption module, the dry cooler, the chiller, and all
the auxiliaries.

In the case of thermal energy used for producing cooling or heating, a comparable indicator is
calculated, the SPFth where the Total consumed thermal energy is the energy used for
producing the delivered energy by a thermal source.
In the Continental case, the Total delivered energy includes heating provided by the heat pump
or latent thermal storage for space heating and DHW uses, and cooling produced by tthe heat
pump for the cooling load. For the sake of clarity, the SPF can be evaluated for each use: space
heating (SH), space cooling (SC) and DHW:
𝑆𝑃𝐹

𝑆𝑃𝐹

SPF

=

𝐷𝑒𝑙𝑖𝑣𝑒𝑟𝑒𝑑 𝑒𝑛𝑒𝑟𝑔𝑦 𝑓𝑜𝑟 𝑆𝐻
𝐶𝑜𝑛𝑠𝑢𝑚𝑒𝑑 𝑒𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑖𝑡𝑦 𝑓𝑜𝑟 𝑆𝐻

=

𝐷𝑒𝑙𝑖𝑣𝑒𝑟𝑒𝑑 𝑒𝑛𝑒𝑟𝑔𝑦 𝑓𝑜𝑟 𝐷𝐻𝑊
𝐶𝑜𝑛𝑠𝑢𝑚𝑒𝑑 𝑒𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑖𝑡𝑦 𝑓𝑜𝑟 𝐷𝐻𝑊

=

𝐷𝑒𝑙𝑖𝑣𝑒𝑟𝑒𝑑 𝑒𝑛𝑒𝑟𝑔𝑦 𝑓𝑜𝑟 𝑆𝐶
𝐶𝑜𝑛𝑠𝑢𝑚𝑒𝑑 𝑒𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑖𝑡𝑦 𝑓𝑜𝑟 𝑆𝐶

Eq. 11
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In the project,
oject, this indicator is very useful for establishing if the integration of different
components effectively increases the overall performance with respect a market
market-available
product.
In order to evaluate the performance of the whole system (L3), including renewable energy
generation, thermal losses of the distribution system and storages, auxiliaries, distribution
terminals in the building and heat exchange with the thermal sources (district heating or solar
thermal collectors). Similarly, to the previous case, the SPFel is the ratio between the useful
energy required by the users for space heating, cooling and DHW, over the overall energy
consumed for delivering it.
𝑆𝑃𝐹 =

𝑆𝑃𝐹 =

𝑇𝑜𝑡𝑎𝑙 𝑑𝑒𝑙𝑖𝑣𝑒𝑟𝑒𝑑 𝑒𝑛𝑒𝑟𝑔𝑦
𝑇𝑜𝑡𝑎𝑙 𝑐𝑜𝑛𝑠𝑢𝑚𝑒𝑑 𝑒𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑖𝑡𝑦

Eq. 12

𝑇𝑜𝑡𝑎𝑙 𝑑𝑒𝑙𝑖𝑣𝑒𝑟𝑒𝑑 𝑒𝑛𝑒𝑟𝑔𝑦
𝑇𝑜𝑡𝑎𝑙 𝑐𝑜𝑛𝑠𝑢𝑚𝑒𝑑 𝑡ℎ𝑒𝑟𝑚𝑎𝑙 𝑒𝑛𝑒𝑟𝑔𝑦

Looking at the whole system, building and user included, this indicator gives and estimation of
the real energy
nergy system behavior. Compared with a “reference” case where a common
reversible heat pump coupled with a centralized thermal storage is used, the SPF for the
studied cases should be higher.

5.3 Renewable energy Indicators
5.3.1 Share of Renewable
One of the main goals of the HYBULID project is to optimize the use of thermal and electric
storage to maximize the exploitation of renewable energy sources (i.e. solar thermal collectors
and PV). Combining thermal and electric storages in a single sub
sub-system,
system, the solar energy can
be store in the sorption storage, in the Mediterranean concept, and in electric storage, in both
Mediterranean and Continental concept.
According to the energy typ
typology there are different definition of share of renewable
indicators [%] as reported
orted in [10]. Since, HYBUILD project is focused
d at building system level,
the most common definition is given by the ratio between the energy demand cover by RES
(𝐸 ( , ) ) over the total energy demand 𝐸 ( , ) :
𝑆ℎ𝑎𝑟𝑒 𝑜𝑓 𝑟𝑒𝑛𝑒𝑤𝑎𝑏𝑙𝑒(

,

)

=

𝐸

∗( ,

𝐸

( ,

)

∙ 100

Eq. 13

)

where el and th are referred to the electric or thermal generation or demand. It is important to
consider that in order to not underestimate the share of renewable the 𝐸 ∗(
∗ , ) should
consist of three attributes, which are:




𝐸
electrical or
( , ) : direct energy used to cover the demand (either electric
thermal) over a time interval;
𝐸
( , ) : the renewable energy coming from electric or thermal storage and
used to cover the demand in the considered time interval;
𝐸
( , ) : quantity of the energy coming from the grid is given by RES.

This last attribute considers the energy mix from the electricity grid or DH due to renewable
energy. This factor changes substantially from one European country to another and it should
be considered different at least for the three demo
demo-cases.
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5.3.2 Self-consumption
Other relevant KPIs to evaluate the exploitation of renewable through direct use or stored
energy are the self-consumption
consumption and self-sufficiency (both evaluated in [%]) which are defined
for both electric
lectric and thermal production and demand.
The electrical or thermal self--consumption can be expressed as:
𝑠𝑒𝑙𝑓 − 𝑐𝑜𝑛𝑠𝑢𝑚𝑝𝑡𝑖𝑜𝑛 (𝑆𝐶

)=

,

𝐸

( ,

𝐸

)

( .

∙ 100

Eq. 14

)

where 𝐸 ( , ) considered
nsidered only the energy from renewable directly consumed or the stored
into the storage and 𝐸
( . ) is the total amount of the energy produced by PV or solar
thermal collector.
Conversely, the electrical
lectrical and thermal self
self-sufficiency is given by:
𝑠𝑒𝑙𝑓 − 𝑠𝑢𝑓𝑓𝑖𝑐𝑖𝑒𝑛𝑐𝑦 (𝑆𝑆

,

)=

𝐸
𝐸

( ,
( ,

)

∙ 100

Eq. 15

)

The difference between the 𝑆𝑆 , and the share of renewable is that in 𝐸 ( , ) only the
energy produced and consumed
umed on
on-site or exchanged with the storage is considered.
considered The grid
energy mix related to the primary energy is not take
taken into account.
When we refers to PV system, tthe self-consumption and self-sufficiency
sufficiency are affected by
different factors such as [14]::
Relative size of PV power and power demand
demand:: when PV production is higher than demand the
SC is lower while the SP is higher. Conversely, if electri
electricity
city demand is greater than PV
production there is SC>SP. Assuming the PV yield normalized with the building total demand
on x axis, the qualitative behaviour o
of SC and SP is shown in Figure 5, where
here the cross point
represents the NZEB requirement.
100%
90%
80%
70%
60%
50%
40%
30%
20%
10%
0%
0 0,10,20,30,40,50,60,70,80,9
0,1
1 1,11,21,31,41,51,61,71,8
1,81,9 2

PV production normalized with building consumption
Figure 5 – Qualitative
ve behaviour of SC (in orange) and SS (in blue) over normalized PV production [14].



Time resolution:: usually at building level sev
several
eral simulations or monitored data are
considered with low resolution time (e.g. hour, 15 minutes) since the dynamic of the
building is slow. However, considering for example to compute self
self--consumption and
self-sufficiency starting from hourly data this ccan
an lead to an overestimation because
the hourly time-step
step does not consider the rapid dynamic of PV system. For this
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reason, it is important to choose the proper data time acquisition in the monitoring
system according to the specific application.


Number of buildings considered in case that the evaluation is not for only one building.

5.4 Energy savings and CO2 emission reduction
5.4.1 Energy savings definition
The calculation of the energy savings is essential for the assessment of the performance and of
the effectiveness
fectiveness of the HYBUILD solutions since most of the other KPIs derives from this
indicator.
The energy savings indicator is calculated, in terms of Primary energy ([%]) as presented in the
following equation:
𝑃𝐸𝑠𝑎𝑣 =

𝑃𝐸

− 𝑃𝐸
𝑃𝐸

Eq. 16

Where
𝑃𝐸
𝑃𝐸

𝒌𝑾𝒉
𝒚𝒆𝒂𝒓
𝒌𝑾𝒉
𝒚𝒆𝒂𝒓

is the total primary energy consumed after HYBUILD implementation.
is the total primary energy consumed in the reference case without the HYBUILD

solution.

The energy reduction expected thanks to the HYBUILD solution range
ranges from 20% to 40 %
depending on the configuration and context of application
application.
In order to calculate the emissions reduction, it is important also to define final energy
energ savings
for each energy carrier, described in the following equation:
𝐹𝐸
𝐹𝐸𝑠𝑎𝑣

= 𝐹𝐸

,

− 𝐹𝐸

Eq. 17
,

Where 𝐹𝐸 , is the final energy consumption of the energy carrier (ec) after the HYBUILD
solution implementation.
𝐹𝐸 , is the final energy consumption of the energy carrier (ec) in the reference case without
the HYBUILD solution.
𝐹𝐸𝑠𝑎𝑣
use.

is the total annual contribution of the HYBUILD project to the reduction of energy

5.4.2 CO2 emission reduction
Another critical savings potential comes from reductions in operational CO2 emissions as a
result of the solution. Calculating this value could also be helpful in identifying any potential
market surrounding renewable energy credits as well. This is typica
typically
lly done by the following
formula:
𝐶𝑂2𝑠𝑎𝑣
𝑠𝑎𝑣 =

𝐹𝐸𝑠𝑎𝑣 ∗ 𝐶𝑂2𝑒𝑚𝑓

Eq. 18

In this case the CO2 emission savings are calculated by multiplying, for each energy carrier, the
CO2 emission factor per the savings obtained in terms of final energy. The end result is the
annual contribution of the HYBUILD project to the reduction of CO2 emissions.
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When referring to the electrical energy, a more accurate estimation of total CO2 emissions can
be performed by adjusting the carbon intens
intensity
ity to consider the specific dispatchable load curve
for energy at the location where HYBUILD will be installed. However, using the energy mix
carbon intensity generally provides a more conservative estimate and is more generally
applicable to different regions.
gions.
CO2 emissions savings of between 10
10-20%
20% are expected as a result of an optimized BMS, with
20-40%
40% savings for the overall solution depending on the configuration and contexts of the
solution.
In order to estimate the total CO2 emissions savings over the project life, it is important to
consider the life expectancy of the solution as a whole. In addition, such an analysis should
consider the life-cycle
cycle emissions of the solution. Each of these considerations should be
aligned with the research and assu
assumptions performed in work package 5.

5.5 Compactness
At the level of the component
component, the compactness is defined as the ratio of the volume occupied
on a functional unit. The volume occupied is defined as the volume of a virtual parallelepipedal
shape into which
ich the component can be placed. The choice of a parallelepipedal shape is
necessary because it is the easier shape for integration into a building (along walls, on the
floor, in a corner…).
Moreover, it has to integrate everything that can be beyond the m
main
ain box like sensors, screen,
control buttons, additional valves, hy
hydraulic or electric connectors but also all the volumes
specified in the installation guidelines needed for a good working, for security or for
maintenance.
For instance, some air heaters need to be placed at least at 20cm from the wall for ensuring
ensu
good air ventilation. Gas boiler
boilers need to be installed with enough space for ensuring the
maintenance of the burner when needed. These additional volumes have to be taken into
account.
The functional unit is dependent on the component. For component that produces or emits
energy like heat pumps, boilers, heat emitters the functional unit will be the power in kW. For
storage components such as electric batteries, PCM storage, water tank, the funct
functional unit
will be the energy capacity in kWh.
Example of an outside heat pump unit:

Figure 2: Unit size : 347 x 856 x 578
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Figure 3 : Volume occupied as defined for compactness calculation: 104
1047
7 x 1256 x 1178

At the building level, the compactness is defined as the total volume occupied by the
association of every sub-system
system on a functional unit that represents the provided service.
Thus, the total volume is the sum of volumes occupied by diffe
different sub-system.
system. Additional
hydraulic components as pumps, valves, filters, air eliminator
eliminators and expansion vessels have to
be considered as sub-systems.
systems. However, hydraulic piping or electric wiring won’t be
considered as a sub-system
system as it strongly depends on the building configuration and
installation realisation.
The HYBUILD system is designed and sized to provide heating, cooling and DHW into buildings.
So, we propose here to define the functional unit as the sum of energy provided for a full year.
This should
hould be evaluated from the same building energy simulations that will be provided for
the system sizing. The sum of energy provided is in fact the aggregation of load profiles for
heating, cooling and DHW.
This method allows to have one easy to use indica
indicator
tor but it should be used only to compared
systems that provides the same level of services with heating, cooling and DHW.
𝑉

+𝑉
+𝑉
𝐸
+𝐸
+𝐸

+⋯

Eq. 19

VHP is the volume occupied by the heat pump
VPCM sto is the volume occupied by the pcm storage unit
VW sto is the volume occupied by the water storage unit
EHeat is the yearly heating energy needed in kWh/year
ECool is the yearly cooling energy needed in kWh/year
EDHW is the yearly energy needed for DHW production in kWh/year
It is already mentioned that the compactness of the proposed system is one of the objective of
the project and in particular the aim will be to compare the volume of similar
components/modules but also sub
sub-systems already
eady present in the market able to have the
same performance with the HYBUILD solutions.
It is relevant also to mention that in the case of sub
sub-system
system level, the compactness can be also
expressed as the number of components used and their respective volum
volume.
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5.6 Flexibility
Another relevant characteristic of the HYBUILD overall building system is the flexibility
provided by the high-level
level control (or BEMS). This aspect can be addressed from the point of
view of the service provided by the smart building und
under
er management: on the one hand, the
difference between a desired energy behaviour and the results of the optimisation can be an
index of how the smart building is able to adapt its consumption to an external request from
any smart grid entity or authority (DSOs, energy retailers, aggregators, etc.); on the other
hand, the difference between the typical energy behaviour of the managed smart building and
the behaviour resulting from the application of the optimisation processes can be used as an
index of how much flexible the system is by itself. The two indicators work very well together,
as will be shown later in this section
section.
Relying on the first point of view, a first KPI can be shaped in order to measure how the
controlled system adapts its energy behav
behaviour
iour to a desired one. The energy behaviour is
represented by the energy consumption profiles of the building, requested and actually
performed. The optimisation process that stays behind the control criteria aims at minimising
the distance between these ttwo
wo energy profiles, assuming that an external entity, such as a
grid operator, has requested a desired energy behaviour, as part of a DR (Demand Response)
program the building is participating to. The proposed KPI is a normalised numeric index
named Demand Response Power Tracking (DRPT) and is related to the degree of adaptability
of the system to this request:
𝐷𝑅𝑃𝑇 = 1 −

∑

𝐾

𝐸
∑
=

∑
∑

𝐸
𝐸

,

−𝐾 𝐸

𝐸

,

,

Eq. 20

,
,

where:





𝑛 is the number of timestamps of the interested time horizon;
th
𝐸
, is the energy behaviour of the controlled system in that i timestamp;
𝐸
desired energy behaviour request in that ith timestamp;
, is the desir
𝐾 is the indicator of the contribution level the building may provide, calculated as
normalisation factor to compare the two profiles.

Both the two curves for the demand and the response are consid
considered
ered always positive (i.e., only
energy consumption is assumed as requested and performed). The role of 𝐾 is to
mathematically make the areas, i.e., the total energy, of the two curves equal. In other words,
the profile requested by the external ac
actor,
tor, entity or authority is normalised and levelled to
the actual consumption of the single building. In other words, the request of the external actor
may be also very different from the real capacity of the building: this indicator will represent
the ability
lity of the building to follow the consumption pattern suggested by the demanded
profile, with a contribution to the general request well represented in percentage by 𝐾 . For
this reason, 𝐾 can be considered as a performance indicator itself
itself,, of the objective capacity
of the building to contribute to the original (not normalised) request received.
The 𝐷𝑅𝑃𝑇 is a percentage that ranges from 0 to 1. A high 𝐷𝑅𝑃𝑇 indicates that the smart
building is able to follow the consumption trend req
requested
uested (e.g., it absorbs a higher amount of
energy from the grid when a higher demand is requested and a lower one when a lower
demand is requested). If it equals 1, the controlled system has adapted to the requested
desired behaviour without any deviation
deviation. A high 𝐷𝑅𝑃𝑇 with a 𝐾 near to 1 indicates a
building able to follow the requested trend and satisfy the total requested demand at all. Any
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deviation of 𝐾 from 1 indicates the deviation of magnitude of the contribution provided by
the building
uilding to the external grid entity or authority, since its total consumption is different
from the requested one proportionally. Instead, a low 𝐷𝑅𝑃𝑇 indicates that the controlled
smart building cannot change its behaviour very well for that requested profile. Requested
profiles are strongly dependant from the location. As an example, the requested profile in a
Mediterranean area may be very different from the one a smart building may receive in a
Continental one. For this reason, a low 𝐷𝑅𝑃𝑇 may mean
n that the smart building under
observation is either not flexible by itself, or not well suited for the grid conditions of the area
in which it is located. Here, it is where the following indicator can be profitable.
This third and last KPI related to the building flexibility is intended to represent the actual
flexibility of the controlled energy system, in relation to its typical energy behaviour. In this
case, the results of the optimisation process reporting the flexibility achieved by the controlled
system
ystem is put in comparison with its energy behaviour if no request from an external actor
would have been received and, in any case, no optimisation is performed at all. This difference
is a measure of the flexible behaviour of the system in that operation
operation.. This KPI is a numeric
index named Flexibility Capacity Index (FCI) and is related to the capacity of the system to
modify its energy behaviour:
𝐹𝐶𝐼 =

∑

𝐸

,

𝑛𝐸

−𝐸

,

Eq. 21

,

where:



𝐸
𝐸

,

is the typical energy behaviour of the system in that ith timestamp.
th
, is the optimized energy behaviour of the system in that i timestamp.

The 𝐹𝐶𝐼 is actually the average percentage of flexibility pro
provided
vided with respect to the typical
energy behaviour of the system evaluated over the entire time horizon, made up by 𝑛
timestamps. A high 𝐹𝐶𝐼 indicates that the system is intrinsically able to provide a high level of
flexibility, with respect to the opt
optimisation performed. So, a high 𝐹𝐶𝐼 with a low 𝐷𝑅𝑃𝑇
indicates that the problem is that the smart building is flexible by itself but not well suited for
the location in which it receives that requests from the external entity or authority. This solve
solves
the doubt left by the analysis of a low 𝐷𝑅𝑃𝑇 by itself. On the contrary, a high 𝐷𝑅𝑃𝑇 with a low
𝐹𝐶𝐼 indicates that the smart building is able to follow the shape of the requested power
consumption profile, even if its typical behaviour is alre
already
ady similar to the desired one, even
without optimisation.
It is worth noting that the 𝐹𝐶𝐼 works also in absence of DR programs participation. In fact, it is
only dependant to the optimisation performed, which in its turn depends on its objectives. The
objectives of the optimisation may be directed to the provision of DR services or not: the smart
building may be optimised for example for auto
auto-consumption,
consumption, efficiency improvement, cost
reduction, etc. or even a combination of them, in order to find a trad
trade-off
off solution. In this case,
the 𝐹𝐶𝐼 still work, since it is an indication of the flexibility of the building by itself,
implementing a specific optimisation process.

5.7 Return on investment (ROI)
Return on Investment (or ROI) is a common business tool to prioritize whether one investment
is preferable to another investment. This, combined with the expected “payback period” of the
investment, can be used to determine if an investment is interesting to a company. ROI is
typically calculated through the fo
following formula:
36

Deliverable D1.3

Eq. 22
𝐺𝑎𝑖𝑛 𝑓𝑟𝑜𝑚 𝐼𝑛𝑣𝑒𝑠𝑡𝑚𝑒𝑛𝑡 − 𝐼𝑛𝑣𝑒𝑠𝑡𝑚𝑒𝑛𝑡 𝐶𝑜𝑠𝑡
𝐼𝑛𝑣𝑒𝑠𝑡𝑚𝑒𝑛𝑡 𝐶𝑜𝑠𝑡
The total investment cost considered in this analysis should include all the cost of all
developed sub-systems (Ceq). In aaddition, engineering costs (Cen), labor and installation costs
(Cl), and financing costs relating to the installation (Cf) should be considered.

𝑅𝑂𝐼 =

The formula for total investment cost is as follows:
𝐼𝑛𝑣𝑒𝑠𝑡𝑚𝑒𝑛𝑡 𝐶𝑜𝑠𝑡 (𝐶 ) = ∑𝐶

+𝐶

+𝐶 +𝐶

Eq. 23

The gain from investment should be calculated considering the target market where the
system is deployed. This will be explored further in the business models developed in Task 7.4.
In any case, the gain from investment should take into account the cost reductions from
primary energy savings (𝐶𝑃𝐸
𝐶𝑃𝐸 ) due to the different factors (hybrid
hybrid solutions linked to the
renewable system,, optimized energy management, etc.) and the possible income coming from
demand response participation
pation (DR)
(DR). It is relevant to highlight that both investment and profit
will be different for the Mediterranean or the Continental concept and reasonably it will lead
to different results. It should be evaluated over the year with hourly resolution, as of
often the
cost value of primary energy savings may change during the day. The formula for the gain from
investment becomes:
∗

𝐺𝑎𝑖𝑛 𝑓𝑟𝑜𝑚 𝐼𝑛𝑣𝑒𝑠𝑡𝑚𝑒𝑛𝑡 (𝐺𝐼) =

(𝐶𝑃𝐸

+ 𝐷𝑅)

Eq. 25

The cost reduction for primary energy ssavings (𝐶𝑃𝐸 ) will consider the inputs for total
primary energy savings described in Section 5.4.1 within
ithin the market context in which the
solution is being evaluated. Therefore, a separate function should be defined for this
parameter for each specific
ic case (including the specific energy billing structure if possible).
Note that the hour where the energy savings occurs should always be considered, even if this
differs from the hour when the energy was produced due to the use of storage in the HYBUILD
solution.
For the DR term, it is important to note that access to the demand response market in Europe
is highly regulated, with most markets currently closed to residential participants. However,
proposed changes to energy markets in the Clean Energy for All Europeans package could
result in many European countries opening up this market either directly or indirectly to
residential prosumers. For this reason, the demand response term should only be evaluated
“as needed”- only in those cases where a specif
specific
ic monetary value for flexibility can be
captured. In these cases, the potential earnings from the local market should be considered.
T refers to the time period evaluated in years; it is multiplied by 8760 since for this equation
since the time periods should
ould be evaluated hourly.
In addition to ROI, the Net Present Value (NPV) can be used to estimate the current value of an
investment, accounting for inflation and other factors. This is generally a more accurate and
informativee version of the “payback peri
period”” analysis, properly discounting future earnings to
account for the real value of money over time. With this analysis, the year in which the NPV
equals 0 can be considered
onsidered the “payback period”. The NPV formula is as follows:
𝑁𝑃𝑉 =

𝐺𝐼
−𝐶
(1 + 𝑟)

Eq. 26
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Where Co is the initial investment cost, t is the current year, T is the total number years
considered (can be 25 years or the expected system lifetime of the equipment), and r is the
discount rate (which should be based on avail
available
able investments and/or inflation).
The ambitious target that HYBUILD project will generate is to have a simple payback period of
8 years for building non-connected
connected to DHC and 15 years for building connected to DHC. For
this reason, this KPI is applied at the overall building system level.

6

Other relevant PIs

Four additional PIs were also identified in relation to HYBUILD, which are worth mentioning
and defining in this deliverable:





Primary energy savings triggered by the project funded [GWh/year per milli
million €]
Total additional investments in sustainable energy triggered by the project within its
duration [million €]
Contribution of HYBUILD to the reduction of waste
Contribution of HYBUILD to the reduction of material resources

The former one is related to one of the PI (Energy savings and CO2 emission savings),
savings but it also
has to take into account other aspects such as the number of buildings and climate conditions
of the locations where HYBUILD system will be implemented.
Eq. 27
− 𝑃𝐸 )
· 1,000,000 €
𝑃𝐵
where 𝑃𝐸 , [GWh/year] is the total primary energy consumed after HYBUILD implementation
in building “i”, 𝑃𝐸 , [GWh/year] is the total primary energy consumed in the reference case of
building
ilding “i", where sub index “i” accounts for each of the buildings where the HYBUILD system
will be installed, and PB [million €] is the total project budget.

𝑃𝐸𝑆

=

∑ (𝑃𝐸

The second PI accounts for the total amount of money that was invested in sustainable energy
during
ring the project duration as a direct consequence of the activities carried out within the
framework of the project.
The final two PIs relate to the percent reduction of waste and material resources triggered by
the project. While these areas are not a pr
primary
imary focus of the HYBUILD solution, the work
performed in other areas (including the focus on compa
compactness in KPI
PI and the LCA in Work
Package 5) can directly contribute to potential savings.
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7

Conclusions

The present report illustrates the process of defin
definition
ition of the KPIs to be used at different
stages of the project to evaluate the impact of the HYBUILD solutions.
As first step, a list of performance indicators has been collected with the help of consortium
partners. These performance indicators refer to the different hierarchical levels in which the
two HYBUILD concepts are articulated, namely components/modules, hybrid subsystems and
overall building system. Since the project involves the development of several technologies
with a relevant degree of comp
complexity
lexity and multiple aspects have to be considered, it was
obtained a quite long and varied list consisting of over 40 performance indicators. For each of
them, the following information has been provided:
•
•
•
•

Indicator name;
Definition, with some explanation about how the PI is calculated (with specific
reference to the HYBUILD application cases);
Unit of measurement;
Application level (i.e. building, sub
sub-system
system or component/module).

Among the PIs, the most significant have been identified, considering in part
particular their
relevance for the measurement and management of the progress towards project targets, as
they are expressed in the DoA and in the call for proposal.
The seven KPIs (Thermal Energy Storage Density, Seasonal Energy Performance, share of
renewable and self-consumption,
consumption, Energy savings and CO2 emission savings, Compactness,
Flexibility and Return on Investment) have been agreed with the consortium and they will be
quantified throughout the project and compared with the initial objectives.
In the case of KPI1 - Thermal Energy Storage Density and KPI2 - Seasonal Energy Performance,
values obtained within the project will be compared with state of the art ones, thus
demonstrating the improvement of the HYBUILD components performance with respect to
similar
milar products present in the market. The Seasonal Energy Performance indicator in
particular is very useful for demonstrating how the integration of the different components
effectively increases the overall systems performance with respect to market
market-available
products.
KPI 3 – Share of renewable and self
self-consumption
consumption will be used to demonstrate how the
optimisation of the use of thermal and electric storage enabled by HYBUILD technologies will
help to maximize the exploitation of renewable energy sources ((i.e.
i.e. solar thermal collectors
and PV).
KPI.4 – Energy savings and CO2 emission savings will enable the evaluation of the energy
savings obtainable with the developed systems, which is essential for the assessment of their
performance and effectiveness com
compared
pared with the expected building energy reduction ranging
from 20% to 40% and CO2 emissions reduction of 37.4% at EU building level
level.
Compactness and easiness of integration, and flexibility in terms of high level controls (BEMS)
will be evaluated respectively
ely by means of KPI.5 – Compactness and KPI.6 – Flexibility.
Finally, the profitability of an investment into one of the HYBUILD solutions will be assessed by
means of KPI7 – Return on Investment and compared with the expected ROI of 8 years for
building non-connected
connected to DHC and 15 years for buildings connected to DHC.
The present report illustrates the process of definition off the KPIs to be used at different
stages of the project to evaluate the iimpact of the HYBUILD solutions.
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