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Task 2.7 Advanced controls 

Presented task regarding the advanced controls and further its integration (features and modular 
elements) - task 3.6 – to the panels are reported in following documents: 

 Task 2.7-report_v1.1 - H2020 MORE-CONNECT_633477_ADVANCED_CONTROLS (current text)
 Task 3.6-report_v1.1 - H2020 MORE-

CONNECT_633477_PERFORMANCE_MONITORING_AND_CONTROL_OF_INTEGRATED_SYSTEMS

Progress of the tasks regarding the Czech pilot project is described in more detail on the latter. 
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1 Control strategies 

1.1 What we can control in an intelligent building 

Objective 
In the control problematics in buildings, we need to consider the four main factors that affect life quality 
inside of them: 

 Thermal comfort
 Indoor air quality
 Visual comfort
 Aural comfort

The goal is to improve those factors with the least building’s operating cost possible, ideally, even reducing 
it. Therefore, in summary, control objective is: 

 To provide a good comfort level: Learn the comfort zone from the user’s preference if possible;
ensure satisfactory comfort level (thermal, air quality and illuminance) with good dynamic
performance.

 To increase energy savings: Combine the comfort conditions control with an energy saving
strategy.

 To improve air quality control: Provide enough ventilation to keep CO2 levels low – possible use
of controlled ventilation (DCV) systems.

“A good control system ought to have many benefits such as minimize the energy consumption, reduce 
the pollution caused by energy usage, improve the comfort, prevent out of hours operation of the 
equipment, reduce the maintenance cost and limit the excessive wear and tear associated with the building 
systems.“ D.W.U. Perera 

How to evaluate 
 Thermal comfort can be measured by the Predictive Mean Vote (PMV) and PPD (predicted

percentage of dissatisfied), presented in ISO 7730:2005.

 Visual comfort is about having enough luminance level either by solar radiation or by lighting -
“The Lighting Handbook” by Zumtobel Lighting GmbH based on EN 12464-1 and EN 12464-2
standards serves as a good reference.

 Aural comfort is related to the acoustical environment inside a building, which means speech
intelligibility and privacy.

 CO2 concentration inside a building characterizes the level of indoor air quality (IAQ).

Relevant Standards 

 EN15251 specifies indoor environmental input parameters for design and assessment of energy
performance of buildings addressing indoor air quality, thermal environment, lighting and
acoustics.

 ANSI/ASHRAE Standard 55 defines the range of indoor thermal environmental conditions
acceptable to a majority of occupants, but accommodates an ever-increasing variety of design
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solutions intended both to provide comfort and to respect today's imperative for sustainable 
buildings. 

 ISO 7730
 PMV sensor cost has to be taken into account. 

Finding optimal control solution 
Main topics and issues of the problematics: 

 Exists a compromise between the air quality and thermal comfort inside a building when it comes 
to energy savings. I.e., in general, a stronger ventilation requires higher energy consumption for 
heating the environment, while reduced ventilation means more difficulty in keeping satisfactory 
level of CO2 concentration. 

 Solar irradiation and lighting help to increase the indoor air temperature.  
 Energy consumed to raise the temperature to a different level may be lower compared to 

preserving current conditions. Therefore, during low outside temperatures, low occupancy levels 
or at nights, temperature can be lowered either by lowering the heater power or by switching it 
off depending on which is more efficient. Subsequently, the temperature can be brought back to 
the desired level.  

 All control systems should aim at reducing external heating requirements. 

Furthermore: 

 Maintaining IAQ is a major problem in a building with small openings as there is not much natural 
ventilation.  

 When heating systems are operated continuously throughout the day, thermal comfort can be 
easily satisfied, but it may lead to energy overconsumption, regarding that the occupancy is 
intermittent. 

Hence, it is important to manage these three factors simultaneously to obtain a better quality of life while 
saving energy: 

 Ventilation
 Temperature
 Lighting

And other factors regarding energy consumption (age, size, envelope, weather conditions, equipment 
efficiency, hot water production, etc.). 

Optimal solution:  
Integrate the effects   precisely select a building control system. 

What to control? 
Actuators/Effectors: 

 Shading systems, to control incoming solar radiation and natural light, as well as to reduce glare.
 Windows opening for natural ventilation or mechanical ventilation systems, to regulate natural

airflow and indoor air exchange, thus affecting thermal comfort and indoor air quality.
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 Electric lighting systems.
 Auxiliary heating/cooling systems.
 Demand-controlled ventilation (DCV) systems offer an efficient solution for the optimization of

energy consumption and indoor-air quality.
 Load control switches - Demand-response technologies for home appliances.

1.2 Most commonly used control strategies 

Control 
strategy 

Advantages Limitations 

On/Off 
control 
(Thermostat) 

 Feedback type

 Availability

 Generic

 Well understood

 Low initial cost

 Simple structure

 Fast response

 Accepts only binary inputs

 Often incapable of tracking the setpoint
accurately and hence could be inefficient

 Not versatile and effective in the long run

Feed forward 
control 
(Weather-
compensated) 

 Availability

 Increased energy savings

 Very fast reaction to changes

 Open-loop type

 Negligence of all effects related to
unmeasured signals/disturbances

 Unpredictable changes of the system
behavior

 Parameter storage requirements to
accommodate many operating
conditions

 System performance not measured

 Possibility of system failure if the
relationship between the environmental
measurements and system model
parameters change

PID control 
(Feedback) 

 Feedback type

 Robustness to disturbances

 Derivative term combat with
sudden load changes in the
system

 Little measurement and process noise
can cause large variations in the output
due to derivative term

 Energy inefficient

 Tuning is time consuming
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MPC 

 Increased energy savings

 Cost effective

 Robustness to disturbances

 Can involve bounds

 Control of multiple variables

 Steady state response 
improvement

 Future disturbance prediction

 Prediction of future control
actions

 Better transient response

 Handle slow moving processes
with time delays

 Need to identify a suitable model of the
system

 Installation could be expensive

 Set-up can be time consuming

Table 1 - Typical control techniques used in buildings 

ON/OFF technique examples: thermostat, humidistat and pressure switch. Commonly found in home 
heating systems and domestic refrigerators. 

Figure 1 - ON/OFF heater 

Example: Thermostat 
 Simple and inexpensive control of heating or/and cooling method. Main disadvantage: often 

incapable of tracking the setpoint accurately which might turn into energy inefficiency. 
 Work in a “hysteresis” mode or with a “dead-zone” in case there is cooling and heating systems. 

Advantages: 

 Simplicity
 Low initial cost

Disadvantages: 

 High maintenance cost
 Low energy efficiency

Figure 2 - Thermostat 
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Most used in HVAC systems due to the advantages it offers. However, intensive oscillations during 
operation and low energy efficiency reflect high cost of both maintenance on actuators and energy.  

Weather-compensated (Equithermal) control 
A feed-forward type of control, known in the market as Equithermal controller for HVAC systems. The 
disturbances are measured and accounted for before they have time to affect the system. This strategy 
responds to its control signal in a pre-defined way without a feedback technique (not-error based), which 
means it is based on the knowledge of the process or measurements of its disturbances. 

In heating systems, weather compensation is a communication between the source of hot water (boiler, 
for example) and an outside temperature sensor. Since the weather is the main influence on the heat 
demand of a building, the controller adjust the heat supplied according to the weather conditions and 
inside temperature set point, via pre-defined heating curves, ensuring a more constant temperature in 
the rooms and better energy savings (15 % according to some system manufacturers). 

     Figure 3 - Heating curves Figure 4 - Equiterm regulator 

Available equithermal regulators have the heating curves implemented in its memory, measure the 

temperature, and contain control circuitry and relays for pumps and valves. 
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Figure 6 - PID 
controller 

Figure 5 - Typical residential equithermal control diagram 

PID controller: Continuously calculates the error between desired setpoint and a measured process 
variable, and adjusts the control signal accordingly. Also known as Feedback control for HVAC systems. 

Proportional accounts for present values of the error. For a large and positive error, for example, the 
control signal will be proportionally large and positive. 
Integral accounts for past values of the error. For example, if the current control signal is not strong 
enough, error will accumulate over time and the controller will respond by applying a stronger action. 
Derivative term predicts the future offsets based on the actual rate of change of the process and 
suppresses oscillations. 

A control signal is delivered based on a weighted sum of these three “P”, “I” and “D” actions. 

Main features: 
 Commonly used in industrial control systems
 Widely applicable
 Robustness
 May require using only one or two terms (P or PI controllers, for example) to provide the

appropriate system control

 Simplicity of implementation (Standard PLCs already have blocks for it)

Main disadvantages: 
 Often unable to handle random disturbances
 Wind-up effect
 Incapability of dealing with multi-input multi-output systems
 Possibility of large deviations from setpoint
 Requires tuning
 Optimal control and stability are not guaranteed
 Operates at low energy efficiency (which may not be suitable in the long run)
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A PID controller is very versatile and can be widely applied because it does not use knowledge/model of 
the interested system. When correctly tuned, the controller can adjust its output to match the power that 
is required to keep the process stable at the setpoint, however, it requires the tuning for this purpose, 
creating some limitations and inconveniences.  
Thermal dynamics in a building is usually a slow responding process. Therefore, proportional control can 
be engaged in building temperature control with certain good stability and reasonable small offset, the 
same being valid for relative humidity control. Including the derivative term in the controller for such 
applications also contributes to combat the sudden load changes encountered in the system. However, 
not enough amounts of measurement and the noise of the process can cause large variations in the output 
due to the presence of this term.  
PID control is one of the best control strategies, yet it might not be the most suitable for building control. 
In a building, thermal interaction between all its zones leads to multi-variable behavior and a standard 
PID controller assumes a single-input single-output (SISO) system. Additionally, it is true that it is easy to 
tune it for SISO systems but it might be even impossible to tune them for multiple-input, multiple-output 
(MIMO) systems. It cannot reflect outside temperature effects either and the three parameters tuning for 
each building zone after installation consumes time and re-tuning after the commissioning may be 
necessary. 

PI TWO-POSITION 
Output 0% to 100% of power On or Off 
Thermal Comfort Much better x 
Equipment Life Longer x 
Energy Consumption Not much better x 
Simplicity x Much simpler 

Table 2 -Comparison between PID x ON/OFF *based on M.R. Kulkarni, F. Hong / Building and Environment 39(2004) 31–38 
comparison of these two control methods for a residential building 
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Model predictive control (MPC)  

Main characteristics: 
Predictive control applied to building automation systems provides increased energy savings, being often 
more cost-effective than non-predictive control applications and some other benefits too. They can be 
applied to both single-zone and multi-zone buildings, whether residential, commercial or public buildings. 
However, the decision of implementing the predictive control for a particular building depends on the 
payback period. This multivariable control technique is based on a prediction model, using past 
information and future inputs to predict what the future output should be. While controlling the process 
accordingly to the model, MPC generates a cost function control vector to minimize it over the prediction 
horizon, disturbances and constraints that might be present. Model identification is the bottleneck of the 
whole MPC application procedure and there are not any stringent requirements on the model structure, 
it is possible to use any black box, grey box or white box model. 

Figure 7 - Basic principle of MPC for buildings 

Main benefits: 

 Energy and maintenance cost savings
 Multivariable
 Peak load shifting capability
 Transient response improvement (decrease in rise time, settling time, and peak time)
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 Steady-state response improvement (decrease in offset error)  
 Predictions of future disturbances 
 Future control actions prediction 
 Control of variables within bounds 
 Reduction in fluctuations from a set-point (better regulation) 
 Efficiency and coefficient of performance (COP) improvements 
 Robustness to disturbances and changes in operating conditions 
 Indoor air quality and thermal comfort improvement 

 
Main disadvantages: 
 

 Relies on model accuracy  

 Strong dependence of the model 
 Need to identify a suitable model of the system 
 Installation could be expensive (use of remote server for calculation, for example) 
 Not possible a direct implementation to PLC 
 Needs computational time 
 Does not account for user controllability and subjective level of comfort is not adaptive 

 
Modeling approaches: 
 

 Physical based (white box) 
 Data driven (black box and grey box) 

 Artificial neural networks 
 Fuzzy logic 
 Support vector machine 
 First and second order time delay models 
 Statistical models  

→ AR (Autoregressive),  
→ ARX (Autoregressive exogenous) 
→ ARMA (Autoregressive moving average) 
→ ARMAX (Autoregressive moving average exogenous) 
→ BJ (Box Jenkins) 
→ OE (Output Error) 
→ Subspace identification methods (4SID) 
→ Prediction error methods (PEM) 
→ MPC relevant identification (MRI) 
→ Deterministic semi-physical modeling (DSPM) 
→ Probabilistic semi physical modeling (PSPM) 

 Combinations of them 
 
Software for comprehensive modeling: 
 

 Energy Plus  
 Fluent 
 TRNSYS 
 MATLAB/Simulink 

 Modellica 
 ANSYS 
 HYSYS 
 JModellica 
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It is important to highlight that the accuracy of data driven models depend on the measured data quality 
(measurements must have good accuracy, low noise and sampling frequency appropriate). Nevertheless, 
precision of data driven models is quite satisfactory in general (compared to physical models), being the 
problem the low generalization capabilities. High quality models are very accurate, but complex, not too 
tractable computationally and with loss of physical insight. On the other hand, low quality models offer 
less energy saving potential. There is always a trade-off between the accuracy and the computational 
tractability of the model, being the preferable solution in general the use of a model with the least 
complexity possible, developed on simple physics or simple mathematical formulations, to achieve 
reasonable accuracy and computational simplicity. 

MPC offer the highest percentage of energy savings between the commonly used control strategies, up 
to 25%, some authors claim. 

Figure 8 - Illustrative comparison between MPC and PID 

1.3 Forecasting - use and benefits for home application control strategies 

Smart-grids and forecast 
Forecasting in energy consumption proves to be a powerful tool in the integration and expansion of 
renewables sources and the energy savings that come with it, whether in a micro-grid (residential building 
– MORE-CONNECT’s focus) or a bigger scale one as more and more renewables sources plants have been
installed lately. Predictive control itself allows smart operation of a system – reducing costs and increasing 
energy savings. 

With the advent of smart-grids technology and Energy Demand Management - control of demand through 
different methods, such as flexible tariffs, education or dedicated control systems aiming at shaving the 
peaks - forecasting services regarding current demand on the grid, available energy sources or consumers’ 
behavior play an increased percentage of cost savings. 
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Current demand response schemes can be executed with controllable relays and reducing the load during 
peak hours (e.g. by turning off high consumption appliances such as boiler, HVAC systems, washing 
machines.) or using alternate energy sources (solar systems, for example). Peak demand management 
does not necessarily decreases total energy consumption, but help the utilities with attending the 
requirements of energy infrastructure offering.  
Another big concern of utilities with the increasing of PV power plants implementation is the intrinsic 
uncertainty of that source of energy and issues with overvoltage that might occur on the grid. To deal with 
such, that are four main actions that could be taken: 
 
1. Reducing the voltage of the secondary on the distribution transformer 
2. Allow PV systems to absorb the reactive power 
3. Shave the PV peak by limiting the grid feed-in 
4. Active power curtailment 
 
Therefore, a local control scheme of optimal battery flow and grid feed-in with peak load demand shaved 
is also a great solution to meet the requirements of electric grids standards (not violating any constraints 
nor affecting the design or generating overvoltage), to provide better grid stability, and to ease and 
increase the integration of PV battery systems to existing grids infrastructure. Moreover, it can much 
benefit from the use of forecasting services (irradiance forecast, e.g.). Additionally, energy storage 
requires the scheduling of operation depending upon weather and load forecast in order to achieve the 
goals of peak PV and peak load shave. Heating systems can provide more comfort and less energy 
consumption by predicting and supplying the heat needs in advance, and so forth. 
 

 
Figure 9 - Intelligent home with appliances schedule 

Energy pricing and control 
In a real-time electricity, pricing context where consumers are sensitive to varying prices, having the ability 
to anticipate their response to a price change a forecast system is very valuable. Price-responsive devices 
that allow an economic operation of system as whole are possible to control: 
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Figure 10 – Example of scheduler for energy usage: “The preliminary simulations showed 25.6% of electricity cost saving 
using SEMSCCGS” - Raziq Yaqub1, Sadiq Ahmad, Ayaz Ahmad and Muhammad Amin 

-Directly, when there is a bi-directional communication interface and knowledge about the end-user’s 
environment. 
- Indirectly, which decentralizes the consumption control task by sending out a generic control signal 
interpreted by each consumer’s energy management system. Each consumer can then react to it by its 
own devices specially optimized for his/her environment.  

 
 

Development of NWP and PV Forecast 
Numerical weather predictions (NWP) tools have helped in the advance of new power forecasting models 
for electric plants based on renewable resources, providing valuable inputs for operation. NWP aim at the 
supply of information concerning the state of the atmosphere for a given time horizon. 

UCEEB’s PV Forecast 
The forecast of solar irradiance is mainly designed for the prediction of power produced in the following 
day. Forecast horizon is from 24 to 48 hours in advance in hourly increments. The service is based on a 
number of independent sources, thus ensuring its reliability. For a better accuracy, it is possible to install 
a solar radiation sensor in the place for which the weather forecast is calculated and thus provide feedback 
to our algorithm. It will then take care of the future more accurate predictions for a given site. 
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For the calculation of photovoltaic power plants’ performance according to prediction, one can use an 
adaptive algorithm, which is running in the local PLC and communicates with the service PV Forecast. This 
algorithm takes into account production conditions in forecasting weather in local PV installations to 
balance production and consumption, ensuring they can meet customer demands while avoiding costly 
energy purchases on the local market. It helps the efficient production and distribution of solar power 
resources by advanced PV technology, achieving cost parity in more markets where systems are tied to 
electrical distribution networks. 
Utility and distributed solar customers can use this feature to predict and manage energy output and to 
minimize energy costs. Solar managers can plan solar generation even during rapidly change of weather 
patterns. This technology takes full advantage of the performance modeling capabilities of our software 
platform, including compatibility with PVsyst models and multiple inverter modules, as well as other 
system variables you may have designated in the software (panel tilt and azimuth, shading modules, etc.). 
Results are further fine-tuned using virtual weather data for atmospheric and module temperature. 
 
Heating demand and scheduling from utility’s varying price and user’s behavior 
Various modern heating systems in the market can be connected through communication systems and 
controllers (energy manager), offering possibilities such as: 

 Self-adaption to heat requirements of the individual rooms 
 Optimization of the inlet temperatures 
 Self-learning in accordance with the physics of the building and the habits of the residents 
 Demand-based hot water heating 
 Display and documentation of the yield of an installed photovoltaic system 
 Optimum mix between local consumption and generation of the energy, and how much is fed into 

the grid 
 Automatic optimization own power consumption 

 

 
Figure 11 - Scheduling for heating systems 
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1.4 Control from the users’ perspective 

User interactivity: 
User interactions always have a direct effect on the system under consideration in order to give the user 
the feeling that he or she controls his or her own environment. A combined control process for the 
actuator/effectors listed before requires optimal performance of almost each of them. It is indispensable 
that the operation is safely ensured in respect to users’ preferences and the simultaneous normal 
operations of these control subsystems, in order to avoid conflicts arising between.  
User’s subjectivity of comfort: 
Satisfaction within the environment is important and has great impact on health and productivity. Since 
environmental comfort is different for every person, physiologically and psychologically, it is hard to find 
an optimal point for everyone in a given space. The methodologies here cited are based on laboratory and 
field data to define conditions that satisfy a specific percentage of occupants. 

Personal factors involved: 
 metabolic rate 
 clothing level 

Environmental factors involved: 
 Air temperature 
 Mean radiant temperature 
 Air speed 
 Humidity 

Thermal Comfort Tools: 
 CBE Thermal Comfort Tool, available at: http://comfort.cbe.berkeley.edu/ 
 ASHRAE's Thermal Comfort Tool software, available at: https://www.ashrae.org/resources--

publications/bookstore/thermal-comfort-tool 

1.5 Some of the main relevant companies in the Czech market 

The following companies offer solutions and products regarding control systems, control strategies, 
control devices and connections, integration of system, heating systems and controls. 

 Teco a.s. 
 Siemens 
 Honeywell 
 Regulus 
 Buderus 
 Viessmann 
 Crestron 

 Energocentrum 
 Jablotron 
 Feramat 
 ABB 
 SPEL 
 Schneider 
 B&R
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2 Advanced controls, monitoring, optimization and application
 of multi-sensors  

New sensor set for more-connect has been developed to be integrated directly in to the facade as well as 
in the interior of the building to monitor indoor environment. Some of these sensors allow being equipped 
with wired digital communication interface as well as with wireless communication interface. The 
examples of the sensors used for monitoring of the structure as well as for monitoring and control of the 
internal climate are given bellow. All the sensors are provided by RS485 communication interface and 
some of them can be equipped with RF communication interface as well as the IoT interfaces LoRa and 
Sigfox. 

3 Control system for modular components 

3.1 Data and electrical connections in M-C panels 
Figure 12 shows the schematic of the planned connections to be demonstrated in the prototype panel 
and later in Czech M-C pilot project. The control and home automation systems will be based on the Czech 
company Teco a.s., which provides solutions that suit the projects goals and have a relevant market in the 
field. Further description of the complete set of the embedded and integrated control system is present 
in the report Task 3.6-report_v1.1 related to the task 3.6 - Performance Monitoring and Control of 
Integrated Systems. 
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Figure 12 - Schematic of connections in the panel 
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