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Summary

SunHorizon will demonstrate up to TRL 7 innovative, reliable, cost-effective coupling of solar and HP technologies. It
addresses three main research pillars that interact each other towards project objectives achievement, demonstration and
replication: i) optimized design, engineering and manufacturing of SunHorizon technologies, ii) smart functional monitoring
for H&C, iii) KPI driven management and demonstration.

D5.1 reports those advances during the first year of the project concerning modelling and simulation of the SunHorizon
solutions aiming at building energy demand and systems’ performance prediction. Such predictive capabilities will
contribute to the development of a smart-integrated control system that will be fully deployed and demonstrated in real
conditions within two representative SunHorizon demo sites and partially validated in simulation in some other.

Key objectives covered by D5.1 are to (1) select those two demo cases where the SunHorizon Controller will be fully
deployed in real conditions (2) develop simulation models of the building for demand characterization and energy systems
models for renewable energy sources contribution, (3) develop prediction algorithms for demand and production
forecasting, (4) define a weather forecast service, and (5) define the necessary interfaces for model and service interaction.
In this sense, the following main activities have been conducted:

= Collection of details from SunHorizon demo sites, which are relevant for the selection of demonstration cases and the
generation of suitable energy models

= Definition of a common simulation methodology to provide suitable prediction capabilities to the SunHorizon advanced
controller thanks to the integration of the building digital twin (in IESVE software) and energy systems’ models (in
TRNSYS software) into the overall control workflow.

= Definition of requirements for a weather forecast service and identification of relevant input/output variables to enable
the interaction of the prediction models and algorithms with the self-learning and end-user feedback controller features.

The output of the task is a first step for the implementation of prediction algorithms to estimate the energy demand and
the renewable energy contribution into the SunHorizon controller. The algorithms will feed tasks 5.3 and 5.4, for self-
learning and optimization strategies capabilities.

This study provides a complete and adapted methodology for demand and RES contribution prediction of the project for
two different cases, residential and tertiary building, which sets a robust basis for replication and scalability in future
developments that will contribute to a more efficient energy supply and the decarbonisation of heating and cooling
applications.
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1 Introduction

1.1 Motivation and objectives

SunHorizon project aims to demonstrate that, the proper combination of innovative renewable-based technologies
(Technology Packages- TP from now on) such as solar panels (PV, hybrid, thermal) and heat pumps (thermal
compression, adsorption, reversible), adequately managed by an advanced integrated control system with fault
detection and maintenance surveillance capabilities, among others, is capable of maximize the energetic and
environmental performance of the heating and cooling energy supply thanks to: (i) avoidance of waste energy, (i)
identification of malfunctioning of equipment, (iii) maximization of energy coming from renewables, (iv) increase of energy
self-consumption, (v) reduction local energy bills and (vi) cut of derived CO, emissions.

In order to ensure optimal efficiency energy management and to maximize the renewable energy contribution in the built
environment, the amount of energy demand to be satisfied and how much renewable energy is available need to be
consider in advance, so that the most suitable exploitation of resources (taking advantage of storage and building thermal
inertias) can be planned. Demand and RES forecasting has helped building operators to make wiser control decisions
as well as to implement smart energy management and operation systems that allows for production optimization and
avoids waste energy.

Demand prediction allows for anticipation of the energy systems production and peak-load management. It have been
widely studied in literature and depending on the amount of data need and expert know-how, the four most used methods
are: (i) statistical analysis (e.g. regression analysis, ARIMA), (ii) energy simulation programs (e.g. TRNSYS, Energy Plus,
IDA-ICE, IESVE), (iii) data-driven intelligent computer systems (e.g. Artificial Neural Networks — ANN, Machine Learning
techniques) and (iv) simplified models such as “degree day methodology” or “bin hours” (Zhao & Magoulés, 2012).

Particularly, SunHorizon will implement building and energy system simulation models to provide demand and
performance prediction capabilities to the control and energy management strategies of the proposed TPs. However, a
commitment between accuracy and processing time should be also considered. Complex models are normally able to
provide better accuracy but, at the same time, they are more time-consuming. This requirement is even more critical when
simulation models should be run multiple times as part of a decision-making iteration workflow to derive optimal control
strategies. This is the case of SunHorizon, which aims to use the suitable ‘just-enough-accurate’ models and tools that
provide a balanced solution in this sense.

Furthermore, building energy models are greatly affected by climate conditions, which determine a dominant part of the
energy loads, affected at the same time by the thermal inertia of the walls (White & Reichmuth, 1996). Thus, in order to
provide reliable predictions, building simulations should be fed with weather forecast data and the proper interfaces
between simulation tools and climate services are required.

Simulation models by themselves and reliable weather forecast information are, however, not enough to ensure that
prediction requirements for control purposes are met. In this sense, robust model calibration with real data that can be
automatically managed (like the simulation-based decision-making process itself also should be), is essential to ensure
that control decisions are adequate and optimized for real operation. Self-learning algorithms can enable the automatic
model calibration process. In addition, other model parameters and input variables, such as the end-user behavioural
habits, will affect prediction results and should be reliably anticipated.

Therefore, the selection of a suitable integrated architecture of all the prediction services and/or relevant data sources
(simulation models, user feedback interface, monitoring data, etc.) must be devised to reach SunHorizon predictive control
goals.

According to all these aspects, T5.1 (reported in this document D5.1) has been conducted with the main objective of
defining and developing those methods and models to provide the SunHorizon advanced control approach with the
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required prediction capabilities both in terms of building energy demand, renewable energy contribution and energy
systems’ performance.

In this sense, being the simulation models the core element of the targeted predictions, a specific objective of this
document is to summarise the modelling steps and assumptions related to the creation of the following energy models:

= building energy model of the Sunisi house located in Riga

= building energy model of Sant Cugat demosite, located in Sant Cugat.

= energy system’s model of Sunisi house (including existing systems and SunHorizon energy systems).

= energy system’s model of Sant Cugat demosite (including existing systems and SunHorizon energy systems).

The document is organised following the logical steps for energy model creation. As the amount of information for accurate
modelling of the building case study is quite limited, the current document should be considered as a reference of the initial
inputs adopted to overcome data gaps and missing building details. The results of the simulations should be considered
only as initial estimations and not as completely representative of the building physical phenomena of the case study.
Iterative modelling and calibration steps are required to improve the reliability of the results and gradually substitute the
modelling assumptions.

Finally, it should be noted that, since T5.1 constitutes the initial task of the control developments and is strongly related to
other project activities (see Section 1.2), D5.1 also focuses on the definition and description of the main methodological
solutions adopted as part of the development / implementation strategy of the SunHorizon advanced controller.

1.2 Relation to other tasks and deliverables

This deliverable (D5.1) is the result of Task T5.1 in WP5. Figure 1 shows the conceptual approach of the whole WPS5,
which is mainly devoted to develop an integrated control system with advanced capabilities relying on the integration of:
(i) demand and performance predictions, (i) self-learning features/algorithms and (iii) end-user feedback information. In
particular, this conceptual map situates T5.1 in relation with the detailed activities to be conducted and those relevant
information flows within the Project.
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Figure 1. General concept of the SunHorizon integrated control system with advanced capabilities
Specific links between T5.1 and the rest of the project activity are described in Table 1 and illustrated in Figure 2 particularly
within WP5 context.
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Table 1. SunHorizon tasks interacting with the activity reported in D5.1
Task /WP  Name Relationship

T2.1 data collection (including building geometry and constructive characteristics
as well as technical specifications of the existing systems) were used as inputs for
SunHorizon use cases the creation of energy models. Moreover, T5.1 has been developed with a strong
scenario definition link to T2.4 system definition and preliminary simulation studies. Particularly, D5.1
TRNSYS models for HVAC equipment build on T2.4 activity with the
corresponding adaptations for their integration into the control loop.

WP2

SunHorizon prediction algorithms/models rely on calibrated models that require
real monitored data. WP4 (T4.1) is in charge of defining the specifications and
develop the monitoring architecture capable of providing monitored data to the
models

Functional monitoring
WP4 platform and optimization
tool

Prediction algorithms is the core element of the SunHorizon advanced control
WP6 Demonstration system, which will be fully demonstrated in 2 representative project demo sites
within WP6 activities (as explained in Section 1.3)

T5.2 will define and develop a Smart Home End-User Interface in the form of an
T5.2 Smart Home EUI end-user mobile app that will collect information from user habits. This information
will be used to get predicted end-user behaviour as model input

Self-learning algorithms derived from T5.3 will contribute to a twofold purpose: (i)
T5.3 Self-learning algorithms enabling automatically calibrated simulation models, (i) learning from user habits
to provide usage patterns as model inputs

Decision-making strategies to be developed within T5.4 will be the base of the
SunHorizon controller, orchestrating those different data sources and smart
services. Among them, model-based predictions are at the core of the control
decision-making process.

T5.4 Decision-making strategies

T5.6 will produce the final deployment of the integrated control system to be
Control modules integration ~ demonstrated in WP6. This will be an iterative process (develop-test-refine) in
and validation which T5.1 prediction algorithms and models will be included. Conceptual and
software integration is aimed.

T5.6
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« Digital twins (building and
system models)
¢ Weather forecast

* User information (habits and
perception)
* Smart EUI

* Maintenance rules
* Surveillance services
« Data quality check service

* Prediction algorithms

« Self-learning algorithms for
auto-calibration of models
and consideration of user
patterns

* MPC controller development
* Decision-making strategies for

operation control

* Virtual demonstration of
classical MPC

+ Demonstration of hybrid
controller in different demo
sites

Figure 2. Links among SunHorizon WP5 developments for an advanced integrated control system

1.3 Methodology

This section briefly describes those main steps followed during the first year of the project to achieve SunHorizon T5.1
goals and prepare the ground for upcoming developments for the integrated control system.

Particularly, Table 2 illustrates a summarized organization of the work during the T5.1 development.

Table 2. Gantt chart for those activities conducted according to T5.1 methodology of work

T.5.1

Activities / Month

Detailed concept of SunHorizon smart control

Identification of prediction services requirements and interconnection needs

Selection of tools

Development / Implementation / Demonstration strategy

Collection of demosite feedback and constraints for control demonstration

Selection of demo sites for controller full deployment

Data collection

WP2 initial data collection from demo sites and TPs

Continuous upgrade of demo site and TPs data

Creation of simulation models
Building digital twin models in IESVE
Energy systems’ models in TRNSYS

Weather service (Requirements definition)
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Coordination of links to other WP5 activity
T5.2 (Prediction of end-user behaviour considering feedback app outcomes)

T5.3 (Self-learning algorithms for model auto-calibration and comfort
predictions)

T5.4 (Co-simulation approach)

Brief explanation of the abovementioned methodology and specific activities are included below:

1.- Detailed concept definition — The general concepts for the proposed SunHorizon hybrid controller and their objectives
where first revised in order to provide further details on the actual role and interconnection of the different smart services
(particularly focusing on prediction modules) as well as on the specific software tools to be used. Section 2.1 summarizes
the main outcomes of this activity.

2.- Development / Implementation / Demonstration strategy — This stage concentrated most of the efforts during the
initial phase of the project control-related activity, since it was crucial to analyse all the technical and non-technical
constraints for the controller demonstration in the 8 different demo sites of the project and decide the most balanced and
representative demonstration scope, also accounting for the available development resources. In this sense, it was
decided to make a difference between two different levels of demosites: (i) Type A, where the full deployment and
demonstration in operational conditions of the SunHorizon hybrid controller will be performed, and (i) Type B, where the
control developments will be validated in simulation.

More details are explained below:
Within demo cases ‘Type A’ the following actions will be accomplished:

- Complete digital twin developed in IESVE

- Classical MPC controller developed and validated in simulation, which will be used for comparison with the
SunHorizon hybrid controller.

- Hybrid controller developed and validated in simulation as a first step for the full demonstration

- Hybrid controller deployed and validated in real demo operational conditions (as the rest of solar and heat pump
SunHorizon integrated TPs will). SunHorizon control will be implemented physically, so there would be real
interaction of sensors/actuators with the high-level controller and its smart capabilities.

Within demo cases ‘Type B’, the following actions will be accomplished:

- Hybrid controller developed and validated in simulation

- Simplified building model developed. (Auto-calibrated) digital twin using IESVE software will not be needed for
validation in simulated conditions, so it will not be developed. Benefit from IESVE model is the easiness for
autocalibration. Since the building model in this case will be considered to ideally represent the reality (and then
it will be considered as perfectly calibrated at any time), the whole modelling (building + energy systems) will be
created in TRNSYS. WP2 energy modelling of the SunHorizon TPs will be reused for this purpose, while the
building model using TRNBuild application will be created.

The following list of benefits, potential risks and mitigation actions related to the full demonstration of the controller in Type
A demo cases were evaluated:

Benefits to be demonstrated in ‘Type A’ demo cases:

= Accounting for feedback of users/tenants, which enables improved comfort/user satisfaction

= Collection of vast amount of data, which will be available to better understand and solve any potential problem or
underperformance of the HVAC systems

= |Integration of optimised maintenance information and rules, which contributes to reduce the maintenance costs and
extends systems' life

= Digital twin will be developed and available for extended analyses that might be interesting for demo owners
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= Enhanced reduction of energy consumption and related economic costs

Potential risks and planned mitigation actions considered:

= SunHorizon controller may be seen as interfering with the local control rules of the different technologies and/or existing
equipment at the demo sites. However, it will perform a high-level/supervisory control, not affecting low-level control
rules, so physical integrity of the facilities is not compromised.

= Unexpected control decisions in first stages of validation/deployment may occur, but different operational modes will
be integrated (e.g.: optimized/automated/manual) so the operator has access/control of the facilities at any time

The decision was made taking into consideration the following criteria:

- Type of building

- Previous existence of a Building Energy Management System (BEMS) and constraints for the interaction of the
existing and new control systems.

- Data availability and restrictions

- Owner requirements

- Technical adequacy and relevance: variable boundary conditions to maximize potential of storage were preferred,
in order to test the controller in the most challenging conditions and demonstrate their real interest/benefit.

- Possibilities to integrate end-user feedback. If end-users were not likely to be involved with the project and new
solutions, trying to demonstrate this kind of capabilities would not be interesting.

- Demo owner requirements (e.g. budget restrictions, managerial preferences, authorization process constraints)

The main characteristics of each project demo site according to the aforementioned criteria are presented in Table 3.

3-storey residential

DEIC WAL o

Not yet — Annual might be

detached houses

available

Berlin No . Different ownership cases
terraced house available
Niirnberg | 4-apartament building No Not yet ;C;T:;Lmlght be Concerns on complexity of control system
s .
Tertiary buiding (civic Yes Energy bills + 15 minute data of
Sant Cugat centre) (imited) supply and return temperature None
from the HVAC system
Madrid 9-apartment building No Not yet - An.nual might be Owner concerns on complexity of control
available system
Single-family detached . Energy bill . Overall control preferred to be developed
San Lorenzo Yes Daily temperature and setpoint .
house . by the same technology provider
reporting
SunHorizon will only address a small part
Verviers Tertiary building High-level Energy bills of the demand. Inter.ac.tlon with the high
level BEMS and existing systems can
Sport Centre (sports centre) BEMS Some measured data .
make the SunHorizon controller
application complex
SunHorizon will only address a small part
Vgrwe.rs Tertiary building High-level Energy bills of the demand. Inter.ac.tlon with the high
Swimming o level BEMS and existing systems can
(swimming pool) BEMS Some measured data .
Pool make the SunHorizon controller
application complex
T Two single-family No Not yet — Annual might be None

Table 3. Demosite characteristics for control development strategy decision
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As a conclusion of this decision stage, Riga and Sant Cugat demo buildings were selected as the two ‘Type A’ demo sites
for the full deployment and demonstration of SunHorizon controller in real conditions.

This particularly enables to demonstrate SunHorizon potential in one residential building (with heating demand dominance)
and one tertiary building in which cooling demand is also required as a dominant energy load. This supports the selected
demonstration strategy in terms of the coverage of the widest variety of scenarios according to building types and
addressed energy uses.

3.- Data collection — The creation of the simulation models that will act as the core components of the prediction
capabilities require relevant amount of information about building and energy systems characteristics. During the first 6
months of the project, in close collaboration with WP2 activity (T2.1) building geometry and constructive details and typical
building use patterns were collected from demosites. In addition, technical specifications an sizing details of existing HVAC
systems and novel SunHorizon solar and heat pump technologies were gathered. This is an iterative process in which the
second part of the year was devoted to information upgrade, particularly concerning the specific Technology Package
schematics and sizes for the different demo sites. Since their definition is still an open topic to be delivered later in the
project, the energy system models developed for T5.1 purposes are quite consolidated versions, but still subject to final
adjustments.

4 - Creation of simulation models — Once all the technical characteristics of the buildings and HVAC systems were
collected, the energy simulation models reported in Section 3 were developed.

5.- Weather service requirements — Once the previous steps concerning the development strategy were clearly defined
as well as the first draft version of the models were created, the requirements to integrate a weather forecast service into
the control loop during the operational phase were addressed. Different options are described in Section 4 and the final
solution will be selected in T5.4 when the main optimization algorithm of the controller will be developed.

6.- Coordination with other WP5 tasks — Finally, simulation models require to consider adequate input/output variables
that can be defined according to the communication with other smart services of the SunHorizon controller, particularly
deriving to the upcoming project activity (extending up to the end of the second year of the project) in terms of self-learning
techniques and end-user feedback. Self-learning will be applied for model calibration, addressing those model parameters
that most influence the prediction results of the building simulations. End-user feedback collected from the Smart Home
EUI will contribute to substitute standard occupancy/usage profiles by reliable predictions of the user behaviour within the
target prediction horizon.

For this reason, in parallel to the creation of the simulation models, the coordination with first advances and decisions from
T5.2 and T5.3 were considered. Main aspects in this sense are described in Section 5. Moreover, the co-simulation
approach that will enable the implementation of IESVE-TRNSYS simulations to support T5.4 control decisions also
allocated a substantial part of the activity once the controller demonstration scope and requirements were defined. Within
SunHorizon, model coupling through co-simulation is considered as important as the creation of the individual building and
systems’ simulation models. Then, the feasibility for different co-simulation alternatives were tested in this phase of the
project. Main conclusions are included in Section 3.3.
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2 Prediction capabilities of the SunHorizon smart control

2.1 Revised SunHorizon controller concept

The SunHorizon smart control concept was defined during the proposal stage as outlined in Figure 1. Nevertheless, at the
beginning of the project, this concept has been detailed and the following software architecture and dataflows between
the different smart services has been devised:
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Figure 3. Detailed SunHorizon integrated software architecture and dataflows
Two software components will act as the core of SunHorizon integrated monitoring and control solution (remarked in green
in Figure 3). On one hand, a cloud-monitoring platform developed by Schneider will centralize the interaction with field
devices (sensors and actuators) for data monitoring and high-level control setpoints communication. Monitored real data
will be made accessible for iISCAN application developed by IES, which will be the core component particularly for control,
surveillance and KPI processing.

In what concerns the advanced controller, iISCAN will act as the ‘brain’ of the proposed solution and will manage the
communication between different services involving prediction capabilities. Specifically, iISCAN will (i) directly manage the
simulation running of the building energy models for demand characterization that will be developed using IESVE
simulation environment, and (ii) may incorporate the main algorithm of the advanced predictive controller implemented in
Python scripts.

The key characteristics of this main SunHorizon control algorithm have been detailed in the revised concept developed in
T5.1. (Figure 4 shows a graphical representation of its different components and functionalities) and the involved steps
are described next:

1.- The algorithm launches the optimization calculation loop aiming to determine the most suitable control strategy for
the next prediction horizon. During T5.3-T5.4 iterative development process, different options will be tested in regards to
the frequency with which this loop is activated. As a minimum restriction, the algorithm will be launched once during the
prediction horizon (e.g. each 6h, 12h, 24h). However, if the computational effort of the involved simulations enables higher
triggering rate for the process, maximum frequency will be tested. This is expected to provide interesting benefits to reduce
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deviations between predicted and actual behaviour. Finally, an event-driven triggering of the optimization process will be
also considering. This will indeed monitor the existence of new weather and/or use predictions as well as the gap between
predicted and monitored data; in case such deviation exceeds certain limits, the optimization loop would be launched
again.

Moreover, different timespans will be considered as possible prediction horizons to find the optimal balance about accuracy
and relevance of the simulation-based prediction itself and the computational effort and feasibility for the simulations to be
run according to the operational requirements in terms of fast enough control response.
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Fixed-time
triggering

Get weather

. forecast \
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Figure 4. SunHorizon controller main optimization loop concept

2.- The optimization calculation loop will set up and solve an optimization problem in which the mathematical function is
in this case substituted by the set of equations behind the simulation models. Then, several energy simulations will be
launched to predict the energy demand and systems’ performance under different operational decisions, so that the
algorithm will lead to the most suitable ones. This, in the end, is the purpose of SunHorizon T5.4, where decision-making
strategies will be defined. Such process should indeed set the guidelines to describe the optimization problem including:

= A reference of reasonable operational decisions that should be considered. This will also define those model inputs
(normally corresponding to high-level control setpoints) to be optimized.

= The cost function and constraints (e.g. accounting for energy use, economic and comfort criteria) that will allow the
system to decide which the best set of control actions is for the next period.

= The solver algorithm, which will be also selected to adapt to the particular optimization problem.

3.- Energy simulations (acting as the ‘mathematical function’ to be optimized) will run taking advantage of 2 different

simulation environments: (i) IESVE for the building energy demand characterization, and (i) TRNSYS for the prediction of

the energy systems’ performance. The selection of these simulation tools is further justified in Section 3, including the

description of the co-simulation approach that is required to couple IESVE and TRNSYS calculations (see Section 3.3).
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IESVE will provide prediction of the energy demand/needs of the building according to the expected weather and use
patterns for the next prediction horizon. Although standard building energy simulations may be applied in all phases of the
building project/life from design to commissioning and operation, in this case, the operational use of the models particularly
requires addressing the discrepancies between design performance and actual performance, and thus creating a digital
twin of the actual building. This is achieved through model calibration that will be satisfied by iISCAN, and other modules
of the VE tool suite such as HONE' and PARAMETRIC?, thanks to an automatic process in which key model parameters
are identified and refined based on the comparison of simulation outputs and real data.

TRNSYS energy simulation models will include all the energy systems of the building (particularly SunHorizon TPs)
accounting for their technical specifications and realistic low-level control rules and setpoints. TRNSYS will receive as
input the building energy demand to be supplied in each targeted time period and will allow the optimizer to test different
control strategies.

Finally, each time that the optimization algorithm launches one energy simulation, weather and building use predicted
profiles have to be provided as model inputs. To that purpose, iISCAN will also manage the connection to the weather
forecast service to be developed in upcoming stages of the project (see Section 4) and will make the weather prediction
available for the simulation tools. Similarly, end-user feedback information provided through the Smart Home EUI and field
data from Schneider’'s monitoring platform will be stored in iSCAN databases, so machine learning techniques can be
applied and more accurate predicted building usage profiles will be considered in the models.

" HONE [online]https://www.iesve.com/software/ve-for-engineers/module/Hone/5949
2 Parametric tool [online]https://www.iesve.com/software/ve-for-engineers/module/Parametric-Tool/5948
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Horizon

3 Simulation models

As already advanced in Section 2, SunHorizon will rely in combined IESVE + TRNSYS energy simulations for the core
predictive capability of the hybrid controller. The purpose of this section is to describe the creation of the energy models
and present their main features and assumptions. However, first the selection of the simulation tools is explained. The
corresponding decision was made according to the following criteria:

1.- The simulation approach should facilitate model auto-calibration in order to provide the highest reliability of the
performed predictions. At the same time, being at the core of the control workflow, the simulation models should easily
communicate with the rest of the proposed smart services.

In this sense, IESVE simulation environment already offers all the required fundamental capabilities and flexibility to define
detailed building simulation models that can be run with comparable accuracy to other renowned software such as
EnergyPlus or TRNSYS. In particular, IESVE tool suite incorporates iSCAN application, which is able to interact with field
monitoring data and integrate them together with the simulation results in order to perform an automatic calibration process
at any time. Moreover, iISCAN can also compute further calculations (e.g. KPIs), manage the dataflows with other external
applications (like SunHorizon controller services), and integrate any third-party script developed in Python to run even
more specific routines. The automatic calibration process is described in more detail in Section 5.2.

The use of other simulation software instead were possible, but would have obliged to develop automatic calibration
algorithms from scratch wasting valuable efforts that otherwise can be dedicated to improve the intelligence of the controller
through the analysis and development of enhanced calibration algorithms.

Nevertheless, IESVE presents the limitation of the available simulation modules embedding energy models of innovative
energy technologies such as SunHorizon solar panels and heat pumps. Then, it was not consider the most practical tool
to create the required energy systems’ models. Instead, TRNSYS was selected for this particular purpose. TRNSYS
constitutes a renowned dynamic simulation tool among the international research community which provides great
flexibility to model new configurations and combinations of different systems and easily integrate user mathematical
models (e.g. of novel energy technologies).

2.- A balance between computational effort and prediction accuracy must be ensured, in order to enable the practical
operation of the overall hybrid control approach.

In this sense, there are different energy modelling techniques (such as RC-networks and Reduced Order Models, ROMs)
that have proven to perform satisfactorily for a number of problems (e.g. in District Heating applications). These solutions
opt for reducing the computational effort thanks to limited model complexity, while the prediction accuracy is not exploited
atits best. This limitation in the prediction accuracy may not make a big difference when fast control actions are not needed
and/or an aggregated energy demand is addressed (thus compensating model simplifications and variable usage profiles
in favour of a reduced prediction error). However, when energy ecosystems with lower thermal inertia and or higher
influence of inputs’ uncertainties are addressed, an increased accuracy is expected to be critical.

For this reason, SunHorizon will use more complex simulation models for a building-level problem. This will involve evident
higher computational effort and expected better accuracy. This is the case of IESVE and TRNSYS models. However, even
if the computational requirements will be more important, efforts for model creation (also considering the automatic
calibration process) are normally reduced. Additionally, it should be noted that running calculations for 6h-24h simulated
time (i.e. for the prediction horizon) will normally last a few seconds of actual time, thus not risking the practicality of the
proposed hybrid predictive controller.
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In any case, in order to mitigate the potential risk of excessive computational efforts, verification tests within the first
integration proofs of concept will be done, also allowing for the corresponding adaptations of the optimization algorithm3.

3.1 Building models

The objective of this section is to summarise the modelling steps and assumptions related to the creation of the building
energy models for Sant Cugat’s and Riga’s selected demo sites. Itis organised following the logical steps for energy model
creation. As the amount of information for accurate modelling of the building case studies is limited at the current stage of
the project, this should be considered as a reference of the initial inputs adopted to overcome data gaps and missing
building details. Resulting simulation models and calculations should be considered as preliminary estimations and not as
completely representative of the building physical phenomena of the case study. Iterative modelling and calibration steps
in upcoming stages of the project will enable to improve the reliability of the results and gradually substitute the modelling
assumptions. The overall process followed a data-driven and evidence-based modelling approach with the intent to use
as much metered data as possible for the creation of the energy model of the corresponding demo cases.

Next, those main steps and relevant information to be provided during the creation of the IESVE building models are
described:

= Definition of building boundary conditions (location and weather) - Neighbouring buildings and surrounding
obstacles (e.g. relevant close hills/mountains) that may affect solar incident radiation should be considered. To that
end, a topographical analysis of the target building location is recommended. In case of relevant shading effects, the
corresponding elements will be included into the building energy model as external shading objects. Moreover, weather
information is indispensable for simulation-based energy demand characterization. In this sense, two different
information sources/formats are considered: (i) design data (e.g. as those contained in [1]), and (i) time-series data
included in a weather file from the closest weather station and/or suitable weather data models based on historical
registers. Design data is only used as reference to understand the average climatic conditions on site, the climatic
zone and the reference values for the estimation of heating and cooling loads, whereas time series data extracted from
actual measurements, historical registers or weather forecast services are used to generate weather files for energy
simulations of the demo-site. Annex A.1 shows an example of weather design data for Riga’s site, while typical time
series information o