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Executive Summary 
This document (D8.3) reports the activities of Task 8.2 of the GOFLEX project. 
 
The goal of GOFLEX project is to demonstrate the possibility to harvest flexibility in electrical 
consumption at prosumers levels. There can be different types of prosumers, such as: 
households with some standard controllable electrical appliances, factories with industrial 
processes and charging stations for electric vehicles. The GOFLEX system is tested in 3 differ-
ent demo sites across Europe, representing different contexts. 
 
The implementation of the system prototypes in the demo site of ESR area is presented in 
this report. At the time of this report, corresponding to the Milestone 4 of the project, the 
representative systems of the different types were all installed, and this demonstrates the 
proper operation in the field of the whole system. Over the next months, a scale up of the 
number of connected systems will be done: 

¶ Direct Control:  the proposed equipment is installed and operational at 
60 prosumers; the scaling up goes to 200 prosumers. The direct con-
trol system is normally installed in a house and the controlled flexible 
loads are a heat pump, a water heater or a direct electrical heating ap-
pliance. 

¶ Factory Energy Management Systems (FEMS): 3 industrial processes 
are installed and connected at the time of this report and the scaling 
up goes to 10 factories.  

¶ Home Energy Management Systems (HEMS): 2 homes were connected 
at time of this report, one of it being a CDHEMS, and the scaling up will 
go up to 20 HEMS in the next weeks. 

¶ Charging energy management systems (CEMS): 2 CEMS are currently 
connected, encompassing 4 charging stations. More charging stations 
will be installed and connected. 

 
The report will present technical aspects of the prototype as well as wider aspects such as 
installation routines and problems, interaction with local inhabitant, information provided to 
the client, etc. 
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Version Date Status Author Comment 

0 26.09.2018 Draft Moix P-O Copy of project notes in the Canvas  
1 04.10.2018 Draft Moix P-O ESR part added  
2 07.10.2018 Draft D. Gabioud Draft version of paragraph 3.2.5. 
3 08.10.2018 Draft Various Multiple input from HES-SO 
4 11.10.2018 Draft P. Roduit Version ready for review 
5 24.10.2018 Ready for 

submission 
P. Ferrez Full reviewed version 



 

 

 

 D8.3 Report on the System Prototype Implemented in the Field ς Use Case 2 3 

Generalized Operational FLEXibility  

for Integrating Renewables in the Distribution Grid (GOFLEX) 

Table of Contents 

LIST OF FIGURES................................................................................................................ 5 

LIST OF TABLES ................................................................................................................. 7 

LIST OF ACRONYMS AND ABBREVIATIONS......................................................................... 8 

1 INTRODUCTION ........................................................................................................ 9 

1.1 Purpose ................................................................................................................... 9 

1.2 GOFLEX System ........................................................................................................ 9 

1.3 Related Documents ................................................................................................ 11 

1.4 Document Structure ............................................................................................... 11 

2 PROSUMER PARTICIPATION ................................................................................... 12 

2.1 Direct trading prosumers ....................................................................................... 12 

2.1.1 Factories (FEMS) ........................................................................................................................................ 12 

2.1.2 Homes (HEMS) ........................................................................................................................................... 15 

2.1.3 Charging Stations (CEMS) .......................................................................................................................... 21 

2.1.4 Charging/discharging Stations (CDEMS) .................................................................................................... 21 

2.2 Delegated trading prosumers ................................................................................. 23 

2.2.1 Homes with Single Load Controllers (Direct Control) ................................................................................ 23 

3 PROTOTYPE INSTALLATION .................................................................................... 33 

3.1 Automatic Trading Platform ................................................................................... 33 

3.1.1 Flexibility Market (FMAR) .......................................................................................................................... 33 

3.1.2 Flex Offer Agent (FOA) ............................................................................................................................... 33 

3.2 Energy Management Systems ................................................................................ 33 

3.2.1 Factories (FEMS) ........................................................................................................................................ 33 

3.2.2 Homes (HEMS) ........................................................................................................................................... 36 

3.2.3 Charging Stations (CEMS) .......................................................................................................................... 38 

3.2.4 Charging/Discharging Stations (CDEMS) .................................................................................................... 41 

3.2.5 Single Load Controllers .............................................................................................................................. 41 

3.3 Distribution Observability and Management System (DOMS) ................................. 62 

3.3.1 DOMS goal ................................................................................................................................................. 62 



 

 

 

 D8.3 Report on the System Prototype Implemented in the Field ς Use Case 2 4 

Generalized Operational FLEXibility  

for Integrating Renewables in the Distribution Grid (GOFLEX) 

3.3.2 DOMS specifications .................................................................................................................................. 66 

3.3.3 DOMS setup at ESR .................................................................................................................................... 67 

3.4 Cloud Service Platform (SP) .................................................................................... 68 

4 CONCLUSIONS ........................................................................................................ 68 

APPENDIX 1: EXAMPLE OF LETTER SENT TO THE CUSTOMER ............................................ 69 

APPENDIX 2: CONSENT FORM ......................................................................................... 71 

APPENDIX 3: INTERVIEW OF THE FIRST CLIENT ................................................................ 72 

APPENDIX 4: DIRECTCONTROL ATTRIBUTES ..................................................................... 74 

4.1 Measures ............................................................................................................... 74 

4.1.1 Ambient room temperature sensor (Philio Pat-02b) (5 to 10 min) ........................................................... 74 

4.1.2 Boiler/PAC temperature sensor (Qubino ZMNHID) (10 to 30 min) ........................................................... 74 

4.1.3 Power meter (Home Energy Meter [HEM] ZW095) (15 sec) ..................................................................... 74 

4.1.4 SmartMeter billing (1/day) ........................................................................................................................ 75 

4.1.5 SmartMeter energy (15 min) ..................................................................................................................... 75 

4.1.6 SmartMeter technical (1/sec) .................................................................................................................... 76 

4.1.7 Gateway (Once per modification) .............................................................................................................. 76 

4.2 Commands ............................................................................................................. 76 

4.2.1 Gateway ..................................................................................................................................................... 76 

 

  



 

 

 

 D8.3 Report on the System Prototype Implemented in the Field ς Use Case 2 5 

Generalized Operational FLEXibility  

for Integrating Renewables in the Distribution Grid (GOFLEX) 

List of Figures 

Figure 1 - Illustration of GOFLEX Concept .................................................................................. 9 

Figure 2 - GOFLEX System Components ................................................................................... 10 

Figure 3 - Structure of the Swiss pilot ...................................................................................... 11 

Figure 4 - Illustration of the controller and linker .................................................................... 16 

Figure 5 - Illustration of the three-phase power meter. .......................................................... 16 

Figure 6 - Illustration of the room temperature sensor ........................................................... 17 

Figure 7 - Illustration of the NTC measurement probe ............................................................ 17 

Figure 8 - Illustration of the relays ........................................................................................... 18 

Figure 9 - Illustration of the single-phase power relay ............................................................ 18 

Figure 10 - HEMS assembly schematics ................................................................................... 19 

Figure 11 - HEMS lab test setup ............................................................................................... 20 

Figure 12 - HEMS lab test setup with focus on communication .............................................. 20 

Figure 13 - Green Motion charging station installed in ESR's car park. ................................... 21 

Figure 14 - CDEMS battery pack in the lab test setup ............................................................. 22 

Figure 15 - Standard electricity main introduction to a house: the ripple control receiver (left) 

replaced by the GOFLEX Direct Control Gateway (top-right) .................................................. 23 

Figure 16 - Listed heat pumps at ESR ....................................................................................... 24 

Figure 17 - Listed water heaters at ESR.................................................................................... 25 

Figure 18 - 9ȄŀƳǇƭŜ ƻŦ ŀ ōƻƛƭŜǊΩǎ ŎƻƴǎǳƳǇǘƛƻƴ ŘŜǘŀƛƭǎ ............................................................ 26 

Figure 19 - Listed heaters at ESR .............................................................................................. 26 

Figure 20 - Listed flexible loads at ESR ..................................................................................... 27 

Figure 21 - Typical load curve of a heat pump on a cold evening. It is on only part of the time, 

meaning that the load cannot be turned off whenever wanted ............................................. 28 

Figure 22 - The value proposition to the prosumers: .............................................................. 29 

Figure 23 - ¢ȅǇƛŎŀƭ ǇǳōƭƛŎŀǘƛƻƴ ŀǎ ǇƻǎǘŜŘ ƻƴ CŀŎŜōƻƻƪΣ ¢ǿƛǘǘŜǊ ŀƴŘ 9{wΩǎ ǿŜōǎƛǘŜ ............... 30 

Figure 24 - Selection of the first prosumers ............................................................................. 32 

Figure 25 - FEMS cabinet installed at FEMS 8 .......................................................................... 34 

Figure 26 - A power meter installed at FEMS 8 with the split-core current transformers ...... 35 



 

 

 

 D8.3 Report on the System Prototype Implemented in the Field ς Use Case 2 6 

Generalized Operational FLEXibility  

for Integrating Renewables in the Distribution Grid (GOFLEX) 

Figure 27 - HEMS controller installed in its dedicated cabinet ................................................ 36 

Figure 28 - Hot water tank temperature sensor ...................................................................... 37 

Figure 29 - Power meters installation in electrical cabinet ..................................................... 37 

Figure 30 - Smart grid ready heat pump and its controller ..................................................... 38 

Figure 31 - Etrel's G6 (left) and G5 (right) charging stations for electric vehicles. .................. 39 

Figure 32 - The two G6 (top) and the two G5 (bottom) charging stations installed in Sion. ... 40 

Figure 33 - Etrel's dashboard used for monitoring and control of the charging stations as well 

as for the users' management. ................................................................................................ 40 

Figure 34 - The first installed CDEMS including a heat pump (left), two water tanks for space 

and water heating (right) and the deployed battery (right) .................................................... 41 

Figure 35 - Schematic view of a fully equipped Direct Control building .................................. 45 

Figure 36 - GOFLEX Direct Control Gateway Architecture ....................................................... 46 

Figure 37 - Pictures of the Z-wave sensors (from left to right, ambient temperature, boiler 

temperature, and electrical sub-meter) .................................................................................. 47 

Figure 38 - cloud.iO data model ............................................................................................... 50 

Figure 39 - Sample diagnostic web page for a house, from the History Database .................. 53 

Figure 40 - ICT back-end infrastructure for Direct Control ...................................................... 54 

Figure 41 - Servers for the Direct Control back-end infrastructure ......................................... 55 

Figure 42 - Very first installation with a prototype version of the gateway and an optical eye-

based communication with the meter (instead of a cable M-bus connection) ...................... 57 

Figure 43 - Picture of the first prototype version of the gateway installed in the electrical 

cabinet. ..................................................................................................................................... 57 

Figure 44 - Near final version of the Gateway connected to the optical fibre modem. .......... 58 

Figure 45 - Sub-meter for a heat pump ................................................................................... 59 

Figure 46 - Heat probes for boilers .......................................................................................... 59 

Figure 47 - Menu to add a new participant ............................................................................. 60 

Figure 48 - Menu to input domestic hot water related meta-data ......................................... 61 

Figure 49 - ESR must feed the DOMS with data, so that the DOMS can make flexibility offers 

on the flexibility market ........................................................................................................... 62 

Figure 50 - Example of load and forecast of the ESR grid ........................................................ 63 



 

 

 

 D8.3 Report on the System Prototype Implemented in the Field ς Use Case 2 7 

Generalized Operational FLEXibility  

for Integrating Renewables in the Distribution Grid (GOFLEX) 

Figure 51 - Distribution of the forecast error on year 2016 .................................................... 63 

Figure 52 - Energy of a forecast error ...................................................................................... 64 

Figure 53 - Distribution of the error durations ........................................................................ 64 

Figure 54 - All the small errors represent a small fraction of the total energy. ...................... 65 

Figure 55 - Energy versus duration of recorded forecast error ............................................... 65 

Figure 56 - Comparison between the live measurement (TG8000) ........................................ 67 

Figure 57 - Zoom on measurement from official meter and unofficial meter providing the live 

measurements.......................................................................................................................... 68 

List of Tables 

Table 1 - List of FEMS ............................................................................................................... 12 

Table 2 - Measured value with target sampling periods ......................................................... 43 

Table 3 - Monitored parameter by smart meters .................................................................... 44 

Table 4 - Z-Wave sensor description ........................................................................................ 47 

Table 5 - Protocol stack for the CII Interface ........................................................................... 48 

Table 6 - cloud.iO Node objects for Direct Control .................................................................. 52 

 



 

 

 

 D8.3 Report on the System Prototype Implemented in the Field ς Use Case 2 8 

Generalized Operational FLEXibility  

for Integrating Renewables in the Distribution Grid (GOFLEX) 

List of Acronyms and Abbreviations 

Abbreviation Definition 

CA Consortium Agreement 
CDEMS Charging/discharging Energy Management 

System 
CEMS Charging Energy Management System 
DHW Domestic Hot Water 
DOMS Distribution Observability and Management 

System 
EMS Energy Management System 
EV Electrical vehicle 

FEMS Factory Energy Management System 
FMAN Flexibility Manager 
FMAR Flexibility Market 
FOA Flexibility Offer Agent 
GA Grant Agreement 
HEMS Home Energy Management System 
IoT Internet of Things 
SP Service Platform 

 

  



 

 

 

 D8.3 Report on the System Prototype Implemented in the Field ς Use Case 2 9 

Generalized Operational FLEXibility  

for Integrating Renewables in the Distribution Grid (GOFLEX) 

1 Introduction 

1.1 Purpose 

This document provides a progress report regarding the situation and the accomplished 

work of WP8 ς System Deployment & Evaluation ς Use Case 2 after 24 months (November 

2016 ς October 2018). It provides the reader with the description of the Swiss Pilot deploy-

ment phase, explaining how the prosumers were found and how the different systems were 

installed.  

A deeper analysis of the value of flexibility used for ESR business cases was described in 

D8.2, whereas D8.4 (M36) will describe the global results of the Swiss pilot. 

1.2 GOFLEX System 

The GOFLEX system manages energy production and consumption at the local level, from 

the bottom up. In this way, consumers can participate actively in the future energy system 

by offering to be flexible in their energy production and/or consumption. In GOFLEX, end 

users of energy place offer to sell or activate discrete amounts of energy flexibility on a mar-

ket. In the project demonstrations, the distribution system operator (DSO) accesses this flex-

ibility by submitting a buy-offer to the market. Technology is also provided to for the DSO to 

automate and optimize use of flexibility in the grid. Figure 1 illustrates these concepts.  

 
Figure 1 - Illustration of GOFLEX Concept 

Carrying out automatic trading of energy flexibility requires an integrated suite of technolog-

ical components. Working from the bottom upwards, energy users such as factories, homes, 

and electric vehicles each require a suitable energy management system to physically con-
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trol the energy loads that deliver flexibility. Thus, a Factory Energy Management System 

(FEMS) controls factories and commercial buildings; a Home Energy Management System 

(HEMS) controls residential locations; a Charging Energy Management System (CEMS) con-

trols electric vehicle charging stations; a Charging/Discharging Energy Management System 

(CDEMS) controls an electric vehicle capable of discharging to the grid. Other types of energy 

management system such as smart plugs or direct controls are also used. The energy man-

agement systems communicate available flexibility to a FlexOffer Agent (FOA). The role of 

the FOA is to transform information on available flexibility into a standard format and pro-

vide it to a centralized Flexibility Manager (FMAN). The FMAN places the offer on a Flexibility 

Market (FMAR) and receives notifications about whether the offer is accepted. When an 

offer is activated, the FMAN notifies the energy management system via the FOA. Collective-

ly, the FMAR, FMAN, and FOA comprise an automatic trading platform (ATP). The DSO ac-

cesses energy flexibility by trading on the market.  From the DSO side, a Distribution Observ-

ability and Management System (DOMS) receives grid data and forecasts from the Service 

Platform (SP). DOMS then optimize where and when flexibility is needed to meet operational 

needs. The required flexibility is expressed as a buy-offer and sent to the trading platform. 

Figure 2 summarizes the technological components of GOFLEX systems. 

 
Figure 2 - GOFLEX System Components 
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1.3 Related Documents 

This document is related to the similar deliverables of the other WPs. It is also directly linked 

to D8.1 and D8.2. 

1.4 Document Structure 

This report explains the elements implemented in the Swiss demo case. To facilitate the un-

derstanding of the demo case, Figure 3 presents the scope of the demo with the different 

technical solutions that must be deployed. 

 
Figure 3 - Structure of the Swiss pilot 

After a brief introduction on the purpose of this report in Section 1, Section 2 will follow with 

the description of the interaction with the prosumers. Section 3 will then describe the instal-

lation of the technical solutions in the field, followed by a short conclusion in Section 4. 
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2 Prosumer Participation 

This section describes the prosumers participating in the demonstration by trading mode and 

type of energy management system. Copies of information provided to the prosumers are 

included. 

2.1 Direct trading prosumers  

2.1.1 Factories (FEMS) 

The selection of partners as FEMS was carried out based on the list of large consumers 

known by ESR. During this first stage, 45 companies were selected. Then, we analysed the 

process that took place in those companies with the goal to identify the most interesting 

partners for GOFLEX project. 39 companies have thermal processes (warm or cold) linked to 

thermal storages and therefore the flexible ones have been selected. These thermal pro-

cesses are often just one part of the overall activities that take place on an industrial site. At 

the end, only 31 sites with predominant thermal processes have been selected. 

 
Table 1 - List of FEMS 

N° Description Electrical 

power 

Flexibility PV plant 

Winter Summer 

01 Asphalt base 100 kW Middle High - 

02 Cold storage for food 75 kW High Middle мΩмрл ƪ² 

03 Semi industrial bakery 50 kW High  Low 140 kW 

04 Wine cellar 105 kW High (except har-

vest) 

500 kW 

05 Swimming pool and skating ring 160 kW Middle  High - 

06 Private services building and public 

swimming pool 

125 kW Middle Middle 250 kW 

07 Microparts producer 90 kW Middle Middle - 

08 Public building (library and restaurant) 80 kW High Low - 

09 Public building (school and 2 sport hall) 30 kW High Middle 250 

10 Public building (museum) 40 kW High None - 

 TOTAL 855 kW   2'290 kW 
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HES-SO maintains close links with the local companies and this was a great help to make this 

selection but not enough to convince all partners with the most potential. In total, twenty 

companies were approached, and participation agreement was signed with ten of them 

(Table 1). 

A classification of flexibility has been estimated:  

1. High: The consumer should always react to a cut-off or switch-on 

command (probability > 90%) 

2. Middle: The consumer should most of the time react to a cut-off or 

switch-on command (probability >50% and < 90%) 

3. Low: The consumer does not react most of the time to a cut-off or 

switch-on command (probability < 50%) 

4. None: There is no flexibility and no consumption (e.g. heating installa-

tion of a building during summer time). 

This general classification was established following our discussions with facility managers 

and our experience in the operation of the controlled installations. They must be confirmed 

by tests during the pilot phase. 

An agreement has been signed with each company. It has no real contractual value, but it 

sets the framework of the required collaboration to participate to GOFLEX project. The doc-

ument states that: 

¶ There is no charge for the companies for the installations of the sys-

tems and of the different required meters, 

¶ The installed FEMS installed will make possible the visualization of the 

energy consumption and will propose analysis tools during the project, 

¶ A complete analysis of consumption and a report will be done at the 

end of project, including possible detected problems as well as advices 

on optimization, 

¶ If the use of flexibility generates a demonstrated financial interest, a 

fair remuneration will be discussed with ESR, 

¶ The company is free to communicate about its participation in 

GOFLEX, for marketing purposes, company-positioning, image towards 

the energy transition, etc., 

¶ The technical risks are low as the current installation will always keep 

all its functionalities and the final decision to accept or refuse incen-

tives from the FEMS belong to the local control system, 
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¶ The HES-SO and ESR, are committed to providing all technical support 

to solve any problems. If modifications are suggested, they will be 

made with the agreement of the partner and will be carried out by 

professionals, 

¶ GOFLEX is a research project, there is no guarantee of financial or en-

ergy gains, 

¶ If the company would like to continue using the system at the end of 

the project an arrangement will have to be found for the continuation 

of the service. Otherwise, we will undertake to uninstall all the system, 

¶ The confidentiality of the data is guaranteed. They will be stored by 

ESR and managed by HES-SO and ESR. In parallel, part of them can be 

forwarded to GOFLEX project partners for research, development of 

optimisation solutions, economic interest calculation and load man-

agement. In all cases, these data will be made anonymous before be-

ing transmitted to the partners. The link between the company name 

and the data will only be known by HES-SO and ESR. No public com-

munication mentioning the names of the companies will be made. 

In October 2018, the deployment status is as follows: FEMS 02, 08 are running since August 

2018 and FEMS 07 is running since October. Installations of FEMS 03, 04, 06 and 09 are 

planned during October and they will be commissioning successively. FEMS 01 has been 

abandoned due to difficulties to find an agreement with the subcontractor who oversees the 

ǇƭŀƴǘΩǎ ŎƻƴǘǊƻƭ ǎȅǎǘŜƳΦ ¢ƘŜ Ŏƻǎǘǎ ƛƴǾƻƭǾŜŘ ǘƻ ōǊƛƴƎ ǘƘŜ ŎǳǊǊŜƴǘ ŎƻƴǘǊƻƭ ǎȅǎǘŜƳ ŎƻƳǇŀǘƛōƭŜ 

with GOFLEX system were disproportionate and unjustified. We are currently in search of a 

replacement company. 

For FEMS number 05 and 10, problems related to communication with current control sys-

tems needs to be solved with the concerned subcontractor.  

Among the 10 companies with whom the project was able to enter in deployment phase, 8 

of them had existing links with HES-SO which was mandated for previous projects. In fact, it 

has been much more difficult to convince bigger companies with other interests in other 

part of the country or outside the country. One of the principal difficulties was to establish a 

contact with the right person inside the company able to support and defend the project to 

decision-makers. Among the ten refusals we had, nine concerned multiple level companies 

in which such decisions are not taken at the local level. It has been easier to work with local 

companies, with no external link. 

The second big difficulty, once an agreement had been established with a company, was to 

convince their subcontractors in charge of the automation and control systems with whom 
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we want to interact. For FEMS 01, this element has been prejudicial for the implementation 

of the project, even if the final customer had given his consent. For FEMS 02, we finally 

found a way to collaborate and the fact that this subcontractor has ongoing projects with 

the HES-SO was significant. Control systems of 6 out of the 10 demo sites are performed by 

the same international automation company. It allowed us to present GOFLEX project in a 

different way to this subcontractor, with more weight and importance. When six of your 

clients want to participate in the same project, it is more difficult to deny collaboration. In 

addition, the development made for one is useful for the following five. These arguments 

have enabled us to establish a good collaboration with this sub-contractor. If we had to ne-

gotiate one by one each implementation of FEMS, the result would not have been as posi-

tive, resulting in much more rejection. This is exactly what makes the implementation of 

FEMS 05 and 10 slower and more difficult. 

As other difficulties frequently encountered, we could mention the fact that companies and 

people in general have internalized and understood the concept of energy efficiency. 

GOFLEX approach is different and goes one step further in the decarbonisation of electricity 

by proposing to increase the overall efficiency of the power system and maximize the con-

sumption of renewable energy at a higher level. This point was and is not easy to explain to 

non-ǎǇŜŎƛŀƭƛǎǘΦ ¢ƘŜ ǊŜŦƭŜȄ ƛǎ άL will consume more, so I will pay morŜέΦ ²Ŝ ƘŀŘ ǘƻ Ŝƴǎǳre that 

if consumption and costs will increase throughout the test phase of the project, these costs 

would not be charged by ESR. Finally, some big consumers are connected to ESR grid, but are 

not client of ESR. These companies have access to the liberalised electricity market and we 

decided to exclude them. 

2.1.2 Homes (HEMS) 

 Selection of HEMS 

For the installation of HEMS, a first list of possible participants was drawn up based on 

households' characteristics, searching to have the most complete prosumers, equipped if 

possible with solar panels, smart grid ready heat pumps and charging station for electrical 

vehicles. 

A list of the most promising houses where to install a HEMS was created and the owner were 

then contacted. The main arguments that were used to convince people to participate to 

GOFLEX were the following: 

¶ The possibility to monitor the whole consumption and production of 

the building, 

¶ The system will boost the use of solar panels for self-consumption, 

¶ The possibility to actively participate to the energetic transition to al-

low for a better use of renewables. 
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However, some demands received a cold welcome. Based on the major difference of price 

between injected and purchased electricity, some people were more searching for a solution 

to get off the grid. In all cases, proximity with the clients was a clear plus to convince them. 

 Installation principle 

Controller and linker 

1. The controller (Figure 4) collects the inputs and allows the piloting of 

the loads via internal and wireless relays. 

2. The linker (Figure 4), materialized as an industrial PC, insures the link 

between the controller and the Robotina server. 

 
Figure 4 - Illustration of the controller and linker 

Measurements 

1. Electrical power 

The consumed or produced power can be measured through three-

phase power meters (Figure 5). We decided to measure separately the 

general consumption of the house, of the heat pump, and of the elec-

trical vehicle. Finally, the production of the solar panels will also be 

separately measured. 

 
Figure 5 - Illustration of the three-phase power meter. 
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The power meter is powered through its connections to the grid and it 

communicates with the controller via Modbus. Most appliances use 

three phases, even if sometimes electrical vehicles can be charged us-

ing only one phase. 

2. Room temperature 

We plan to equip the living room of each household with a tempera-

ture and humidity sensor (Figure 6). The communication with the con-

troller is made via Zigbee wireless protocol. 

 
Figure 6 - Illustration of the room temperature sensor 

3. Temperature of hot water storage 

For the measurement of hot water temperature, we plan to install an 

NTC measurement probe (Figure 7) in contact with the tank, wherever 

possible. It is also possible to measure two points. So, if another tank 

for sanitary water exists, it will be possible to measure it separately. 

Like for the room temperature sensor, the communication with the 

controller is made via Zigbee wireless protocol. 

 
Figure 7 - Illustration of the NTC measurement probe 
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Piloting 

1. Relays on controller 

The controller includes some I/O (Figure 8) that can be used to give in-

puts to heat pumps if they can be installed close to each other. 

 
Figure 8 - Illustration of the relays 

2. Single-phase power relay and consumer measurement 

The single-phase wireless relay (Figure 9) is, as its name indicates it, 

connected only on one phase. It allows cutting the connected load as 

well as measuring its consumed power. 

 
Figure 9 - Illustration of the single-phase power relay 
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 Assembly schematic 

 
Figure 10 - HEMS assembly schematics 
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 Test setup 

Before starting installations in real households, we decided to install one HEMS in our labor-

atory (Figure 11) to test the devices sent by Robotina. This step was mandatory to know how 

to connect and configure all the appliances. Many difficulties were met because the devel-

opment of the software (i.e. configurator, GOFLEX GUI) was not finished. With the help of 

two Robotina's employees who came to Switzerland, it was possible to solve the remaining 

problems. 

 
Figure 11 - HEMS lab test setup 

The picture below shows more details of the connections between the controller and the 

other appliances 

 
Figure 12 - HEMS lab test setup with focus on communication 
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2.1.3 Charging Stations (CEMS) 

The hunt for existing Etrel compatible charging stations for electric vehicles on the domain 

served by Energies Sion Région (ESR) started mid-2017. The selected charging stations must 

be Etrel compatible, since EtrelΩǎ dashboard will be used for their monitoring and control. A 

few existing public and private charging stations were considered as candidates for CEMS. 

Most of these charging stations are manufactured by Green Motion (www.greenmotion.ch), 

the charging stations market leader in Switzerland, and are unfortunately not Etrel compati-

ble (no open communication standard such as OCPP are included in those stations). Figure 

13 ƛƭƭǳǎǘǊŀǘŜǎ ƻƴŜ ƻŦ ǘƘŜǎŜ DǊŜŜƴ aƻǘƛƻƴ ŎƘŀǊƎƛƴƎ ǎǘŀǘƛƻƴǎ ƛƴǎǘŀƭƭŜŘ ƛƴ 9{wΩǎ ŎŀǊ ǇŀǊƪΦ This 

non-compatibility means that most of the existing public charging stations located on the 

domain served by ESR are not an option for CEMS.  

 
Figure 13 - Green Motion charging station installed in ESR's car park. 

Based on this, it was decided to focus on private (e.g. households) or semi-private (e.g. ac-

cess-restricted car parks ƭƛƪŜ ŎƻƳǇŀƴƛŜǎΩ ŎŀǊ ǇŀǊƪǎ) possibly existing, but mainly new Etrel 

compatible charging stations. Thus, so far, we have installed four Etrel charging stations in 

two different CEMS. Three charging stations are operational at the University of Applied Sci-

ences and Arts Westerns Switzerland (HES-SO) and the fourth one is installed in the parking 

lot of a private individual in Sion. 

2.1.4 Charging/discharging Stations (CDEMS) 

Recruitment of CDEMS was done jointly with the recruiting phase of HEMS. A first observa-

tion was that no electrical vehicle able to discharge was found, like in the other two pilot 

sites. As a result, it was decided to use 3 kWh battery packs to emulate the discharging mode 
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of the vehicles. A specific search was still performed to have existing electrical vehicles were 

CDEMS must be installed.  

The first tests on CDEMS were made in laboratory (Figure 14). The outside communication 

did work, and it was possible to put or remove power from the battery.  

 
Figure 14 - CDEMS battery pack in the lab test setup 

  














































































































