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Abstract of the HAPPENING project 

Currently, buildings are responsible for 40 % of the energy demand and 36% of the CO2 emissions in Europe. 

Decarbonisation of existing buildings plays a key role in order to reach the overall climate protection targets. However, 

current renovation rates lie in the order of 1%. 

Heat pumps are a key technology in bringing renewable shares into heat supply of buildings; especially their combination 

with onsite renewable electricity production e.g. by PV allows to bring high renewable shares. Their current installation in 

existing multi-apartment buildings is however still marginal. 

The proposed technological solution is based on decentralized heat pumps, in such a way that it results an easy-to-install 

solution for installers, low-intrusive for the occupants and easily adaptable to a large number of different building 

situations. This is flanked by developing near-zero planning, implementation and operation processes, in order to facilitate 

the work during the planning phase, ensure a high-quality installation and effective operation, and reduce the efforts and 

costs within the whole retrofitting project. The challenge of cost-competitiveness is addressed by developing new financial 

and business models. Bringing new players (such as financial experts) and financing models to the renovation market is 

expected to bring the needed paradigm change and boost investments in the residential retrofitting sector. Dissemination 

of measured performance and system characteristics from HAPPENING will be one of the key results of the project. 

Through 3 demo sites (Spain, Italy and Austria), the project will demonstrate a highly versatile, scalable and replicable 

solution package for buildings energy system retrofitting allowing 70-75% of renewable energy fraction, 30-50% of PE and 

GHG savings, reduction of planning time by 50% and installation/operation time by 30% and payback time for ESCOs and 

investors of less than 8 years, compared to best available solution existing today. 
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1. Introduction 

1.1 Objectives of the deliverable D2.5 

The objective of the deliverable D2.5 is to show the implementation choices and details of the new smart control hardware 

architecture. The smart control architecture is built by adapting commercially available monitoring and control hardware, 

mainly from the partner INNOVA, to the specific application. This is then integrated by custom solutions to provide a real 

demonstrator for the whole control system – composed by a Supervisor device, its control algorithms, several leaf devices 

(micro-HPs, main HPs…) and their connections. 

1.2 Deliverable description 

The deliverable D2.5 is structured in several chapters explaining the following key aspects: 

• General architecture: high level outline of the smart control hardware architecture and components, and 

focus on connectivity between the components. 

• Micro-HP – smart control and monitoring: details about the micro-HP interface for control, and available 

sensor information / measurements. 

• Supervisor system: description of the Supervisor system hardware and connectivity options. 

1.3 Contribution of partners 

Main contributor to the deliverable is INNOVA, specifically in the following points: 

• Adaptation of INNOVA micro-HP hardware and control software for wireless remote control and 

monitoring. 

• Adaptation of INNOVA supervisor system (smart embedded controller) for monitoring and control of 

multiple micro-HPs, connected to the supervisor by means of a wireless mesh network; predisposition for running 

the real-time centralized supervisory control algorithm. 
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1.4 Relation with other activities in the project 

This deliverable is related to other tasks in the WP2. Actually, this report includes micro-HPs as provided by deliverable 

D2.2 and Subtask 2.1.2 – Industrialisation of micro heat pumps with R290 refrigerant. 

In addition, it provides a complete hardware and software basis for D2.6 : Model Predictive Control strategies (Task 2.2 - 

Subtask 2.2.4). 

And finally, the WP2 as a whole, and also the developments exposed in this deliverable, are closely related to the WP4, as 

these developments will be demonstrated in the demo buildings. 
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2. General architecture 

The smart control hardware general architecture is shown in the next Figure 2.1: 

 

Figure 2.1: Smart control hardware system architecture 

It is valid for each demo case of the project, where one or more micro-HPs are distributed between the rooms of each 

dwelling of the demo building. 

The monitoring and control of the micro-HPs is carried on by a centralized embedded system – Supervisor from now on – 

that has a direct connection to each device and that is configured with full knowledge (map) of the device location inside 

dwellings and rooms. 
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2.1 Low-level connectivity 

The connections between the components of the smart control hardware system are implemented as follows: 

• micro-HPs – Supervisor: wireless mesh network 

• Supervisor – main heat pump(s): wired serial bus (RS-485) 

2.1.1 Wireless mesh network 

The wireless mesh network is based on proprietary commercial modules that work in the ISM band. 

The modules rely on a low-level communication protocol optimized for low data rate, high distance communication even 

in presence of obstacles and high interference from other wireless devices (Wi-Fi, Bluetooth, 5G…), that is optimal for the 

typical use case in the context of this project (residential2 buildings with multiple devices distributed around). 

One of the key aspects and features of the adopted wireless communication technology is that it builds a mesh network, 

where each node continuously discovers all the visible neighbours and uses them as relays for the information it has to 

send over, even without having a direct connection to the destination node. 

This is of particular interest for smart control and monitoring of HVAC units, thermostats, sensors, and so on, because in 

the typical usage scenario, a lot of devices are scattered around the rooms of a building – be it residential or commercial – 

and when joined in a single mesh network, the resulting mesh network is likely to show strong performance in terms of 

signal coverage and reliability. 

Security of the wireless network is guaranteed by encryption using keys exchanged between nodes only at network 

deployment stage. 

 

2 It has to be noted that there are no significant issues in adapting/extending this solution to the commercial use case. 
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2.1.2 Wired serial bus 

The connection between Supervisor and main heat pump(s) is built upon a standard Modbus RTU over RS-485 bus. This 

provides a simple, robust and well-tested solution for the connection of one or multiple HPs (up to 32, in the current HW 

configuration). 
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3. Micro-HP – smart control and monitoring 

Each WTA micro-HP is controllable through a high-level interface exposed on the wireless mesh network, while keeping full 

low-level control over its components and internal control loops. 

An external supervisor can control the main operation of the micro-HP itself, namely: 

• Turning the unit on/off 

• Selecting operation mode (summer / winter) or enabling automatic seasonal operation changeover 

• Setting room air temperature setpoint 

• Setting desired maximum power level 

In addition to this, the micro-HP exposes all the available information about its running status and on-board sensors and 

measurements (see Figure 3.1): 

• Temperatures 

▪ Room air temperature 

▪ Inlet water temperature 

▪ Outlet water temperature 

▪ Exchanger temperatures 

• Water flow 

• Electrical power consumption  

• Thermal power output 
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Figure 3.1: Micro-HP on-board measurements 

All this information is refreshed with a cycle time of less than 30 seconds, providing valuable real-time information for 

external supervisors with real-time integrated control algorithms. 

In addition to this, the full configuration parameter set of each unit is exposed on the wireless control interface – protected 

by password – for eventual tweaking and fine tuning of the functionality in selected cases. 

3.1 Micro-HP hardware 

The micro-HP local control system is deployed on its main control board (see Figure 3.2) that includes: 

• Unit control logic 

• Main I/Os (valves, temperature probes, digital inputs…) 

• Closed-loop fan control  

• Full inverter (modulating) control of the compressor 

• Connectivity (wired and/or wireless, wireless for this use case) 

Digital inputs for specific function activations are provided to support (optional) control commands from the dwelling local 

controllers. 

The micro-HP hardware supports external control by means of a wired RS-485 bus or, optionally, through expansion 

modules. Wi-Fi + Bluetooth expansion modules are available, for direct connection to the Internet and Bluetooth end-user 

devices (smartphones). 
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For this specific use case / demonstrator, the wireless connectivity is provided by an expansion module that works in 

wireless mesh mode, as described in 2.1.1 (and shown in Figure 3.3). 

 

Figure 3.2: Micro-HP main control board 

 

Figure 3.3: Micro-HP wireless mesh expansion module 
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4. Supervisor system 

The Supervisor device is based on a custom-built system, with the following features: 

• Low-power SoC based on ARM CPU, industrial-grade temperature, and humidity operating ranges 

• Linux-based OS, optimized for low resource devices 

• Multiple connection options, namely: 

▪ Ethernet 

▪ Wi-Fi 

▪ 3x RS-485 ports 

▪ Wireless mesh (through gateway) 

• Additional I/Os 

▪ 2x dry contact outputs 

▪ 2x digital inputs for dry contacts 

• Standard DIN rail mount for electrical cabinets 

 

Figure 4.1: Supervisor system and wireless mesh gateway 
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The Supervisor has two main functions: 

1. acts as gateway and data concentrator between the micro-HPs on the wireless mesh network, main HPs on the 

wired bus and external BMS; regarding the BMS, in particular, it provides a slave interface that the BMS can use 

to directly control the nodes of the network and fetch information or deploy new configurations – e.g., get running 

statuses and sensor measurements, or set unit parameters;  

2. runs the real-time supervisory control algorithm that, based on commands from the BMS and data gathered from 

micro-HPs, main HPs and other sensors, optimizes and controls the energy flows in the whole system. 

To adequately carry on its functions, the supervisor requires and holds a map of the building - relations between micro-

HPs, rooms, dwellings – that is built during system installation / deployment and updated later only if needed by some 

significant changes in the architecture of the system. 

In addition to this, it provides a common external API that can be queried by other external components (data loggers or 

logging services, for example) that allows the download of monitoring data and telemetry of the system and its 

components. This can be used as a data source for further visualization and data analysis systems, or for end-user UIs (e.g., 

web portals or smartphone apps). 
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5. Conclusions 

This deliverable gathers the information about the smart control hardware architecture and its main components. 

This includes a summary description of the main connectivity solutions that have been chosen for this application, 

highlighting the advantages of a wireless mesh solution in this context. 

The main components that are involved in the control, micro-HPs and the Supervisor, are presented by outlining their 

hardware capabilities and reciprocal relations. 

Finally, in the context of the demonstrator, the document defines the multiple roles of the Supervisor as central control 

unit that implements the integrated real-time management algorithm, as data concentrator and monitor for the whole 

system, and as interface for the connection of external systems – including, but not limited to, BMSs, web services or 

commercial data loggers. 


