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I. Introduction 

As part of my final year of the master’s program at ICAM, I was offered the 
opportunity to conduct my research thesis abroad. Among all the possibilities 
offered by my school I chose the Western Norway University of Applied Sciences 
(HVL) in Bergen. This experience was a unique opportunity to align my professional 
ambitions in the field of renewable energy with the discovery of a new culture and 
my passion for mountains. I was integrated into the department of Mechanical 
Engineering and Maritime Studies under the supervision of Professor Richard J. 
GRANT with whom I worked on the SolarLab, a passive house running on solar 
energy only.  

In this report you will find the global and local context of solar energy and how the 
SolarLab monitors and manages solar production, an overview of my project 
detailing the tasks that I have led, including the automation of the heater and 
electric vehicle chargers, the design and implementation of the electrical relay box, 
and some recommendations for the next student. 

A. Global energy context 

Each year we consume more electricity due to new technologies, artificial 
intelligence and mass production. In 2024 the global electricity demand increased 
by 4.3% nearly double the average growth of total energy demand between 2010 to 
2023 (2.7%) (IAE, Paris, 2025) (Figure 2). As fossil fuels are finite, it is essential to turn 
to renewable energy. Why that much interest in Solar energy?  

Solar energy holds enormous potential. If we could harness just the direct solar 
radiation striking the Earth, we could meet the current annual global energy 
demand of approximately 1081.1 TW (Energie Use Per Person, 2025) in just one hour. 
Figure 1 compares the available energy resources, showing that even the sum of all 
fossil fuels remains far below the sun’s potential. Since 2010 the solar power 
generation has grown exponentially worldwide. In 2010 we used to genereate 
32.21TWh of ectricity from solar power whereas in 2024 we generated 2,128.37 TWh 
of it, with China coming on top with 839.04TWh produced in 2024. This puts solar 
energy in the 6th place of the electricity production sources just behind wind and 
nuclear in 2024. (Energy Institute, 2026) 

This abundance, combined with its low environmental impact and decentralized 
deployment possibilities, explains the growing interest in solar energy worldwide. 
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B. Solar energy in Norway: context and potential 

Norway is internationally recognized for its strong commitment to sustainable 
energy and technological innovation. The country stands among global leaders in 
renewable energy production as it has the highest share of electricity produced 
from renewable sources in Europe, 88% of its production comes from Hydropower 
plants and 11% from wind farms. (Norwegian Ministry of Energy, 2025). It is well 
known that Norway has Europe’s most energy use per person. With not far from 
100,000kWh of energy consumption per person, Norway stands far from Europe’s 
average consumption of 39,255kWh (Rosado, 2025). The country needs a lot of 
resources to be able to answer consumer demands pushing them to diversifies 
their energy production sources. 

Although Norway is mainly powered by hydropower, solar energy is increasingly 
recognized as a valuable complement. Installing solar farms is a big challenge in 
Norway as the country is mainly shaped by mountains; to overcome this issue solar 
panels are directly mounted on rooftops and facades. Study shows that solar energy 
could power half of the country’s annual electricity demand with up to 87 gigawatts 
of possible installation (Gholmi, 2024). Despite its northern latitude, the cool climate 
improves photovoltaic efficiency and summer daylight provides significant 
production potential. This enormous amount of solar energy can not be fully 
exploited due to grid limitations showing the need for energy storage and smarter 
energy management systems. 

Bergen, one of Europe’s wettest cities, offers particularly challenging conditions to 
test solar technologies. 

  

Figure 1: Change in total final 
consumption of electricity in the 
world, 2012-2024 

Figure 2: Global energy potential 
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II. SolarLab presentation 

The SolarLab is the result of four years of continuous work by ICAM students at HVL. 
Each semester, a new student contributes to improving the passive house and its 
energy systems. The aim is to provide students with hands-on experience on how 
solar energy can power a small building, while facing the challenging climate of 
Bergen. 

The project has known several phases as described below: 

1. Selection of the building that would become the SolarLab. The installation of 
12 solar panels, 6 monocrystalline (275Wp) and 6 polycrystalline (285Wp) 
panels for a total power of 3.36kWp as well as 6 bi-facial solar panels 
mounted vertically connected to Sunny Boy inverters to convert the direct 
current produced by the solar panels into alternative current. Each inverter 
can convert up to 1.5kW but actual production is below 1 kW per hour due to 
panel limitations.  

2. Real-time display system via the Raspberry Pi. To make the Raspberry 
communicate with the inverters the former student had to set up Modbus 
TCP protocol. The management of the power produced, and consumption is 
key in this project making Sunny Island Inverter a crucial component of the 
lab. Sunny Island inverter allows to manage energy flow between solar 
panels, batteries and electrical loads. SMA Energy Meters were installed to 
collect data consumption of the different equipment as well as an SMA 
Home manager that supervises the entire system and collects data. 

3. Setting up TIGO system which allows the user to monitor the production of 
each panel in real time. The initial Power Oak battery was replaced with a 
Tesvolt TS25, offering better reliability and compatibility.  

4. Modelling of the passive house and its surrounding landscape on Sketchup 
and Skelion to optimize solar panels orientation and to justify its location to 
HVL board. 

5.  Installation of a pyranometer (Kipp & Zonen SMP11) and development of a 
program on Python to collect, store and update the data on the website. 

6. System optimization: Flexit CI 600 double-flow ventilation system was 
installed and a backup generator tethered to HVL main grid was connected 
to ensure continuous power to the passive house when solar panels are not 
producing. A heater was installed and connected to a remote-control app 
(Shelly) to dump the excess of energy produced by the solar panels. 
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Here is an overview of the system: 

III. Contribution to the project 

My missions were multiple going from managing the passive house to its 
improvement and automation as well as fixing other minor problems that could be 
encountered during the semester. The main missions of this master thesis were the 
automation of the heater, fixing the storage capacity of the website and 
automating multiple systems to better manage the SolarLab battery. 

A. Heater Automation 

The heater and the car charger are our main source of energy dump; without them 
the battery would reach 98% of its capacity and the inverters would turn themselves 
down. This shut down means that during a short period of time the SolarLab cannot 
gather production data as the inverters are not producing anymore. This event 
mainly happens during summer season, during the week but more often during 
the weekends when no one is working implying that the car charger is not 
connected to any car, making the heater the only source of energy dump. 

The previous student installed a Shelly1 1PM Gen 3 device with a relay switch 
allowing its user to control the heater remotely. This method was very demanding 
as the student or the tutor had to regularly look at their phone to check the State 
of Charge (SOC) of the battery and anticipate activating the switch. It also 
demanded access to Wi-Fi to be able to connect to the Shelly App. 

Given these difficulties my first mission was to automate the heater. As explained 
before the shelly allows its user to remotely control a switch or any electrical devices 

 
1 A Shelly switch is an intelligent switching module that operates via a WI-FI network. It replaces traditional 
mechanical switches and allows you to control electrical devices remotely. 

Figure 3: SolarLab system 
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through its application but it can also be automated. The shelly has different 
communication protocols and support different scripts: MQTT, HTTP, inbound and 
outbound Web sockets. To control the heater given the State of Charge of the 
battery we had to be able to read it from the Sunny Island inverter and to do so we 
had to choose the correct communication protocol to use. 

1. Programming Language Choice 

The entire control system is implemented in Python, which was already used for 
the pyranometer, is supported by raspberry and is more familiar to me. Python 
allows rapid development while maintaining clear and maintainable code, which is 
particularly relevant in our context. In addition, Python provides libraries for both 
HTTP-based communication and industrial protocols such as Modbus TCP. 

2. Communication with Sunny Island: Modbus TCP 

The Sunny Island inverter is interfaced using the Modbus TCP protocol, through the 
pymodbus library. This choice is aligned with the communication capabilities 
officially supported by Sunny Island systems, which exposes data (such as battery 
State of Charge) via a Modbus TCP server over Ethernet. 

Modbus TCP is widely used in industrial energy systems due to its reliability and 
standardized register-based data model. In this project, the State of Charge is read 
from dedicated holding registers. 

Moreover, Modbus TCP operates entirely on the local network and does not require 
external services. This makes it particularly suitable for a control loop that must 
remain operational, predictable, and independent from internet connectivity. 

As Sunny Island does not provide a native HTTP, MQTT, or WebSocket API for direct 
data access, Modbus TCP represents the most appropriate and officially supported 
solution for retrieving battery and system data. 

3. Communication with Shelly Devices: HTTP REST API 

As for the Shelly devices, they are controlled using HTTP requests through their 
built-in REST API, implemented in the code using the requests library. This choice 
was motivated by the fact that Shelly devices natively expose relay control and 
status information via simple HTTP endpoints. 

HTTP allows: 

• direct ON/OFF control of relays, 

• retrieval of the current relay state, 

• stateless and independent communication cycles. 

This stateless behaviour improves system robustness, as a temporary 
communication failure does not compromise the global execution of the control 
algorithm. Each request is independent and can be retried in the next control cycle. 
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Additionally, HTTP is easy to debug and maintain, and it integrates naturally with 
Python. Given that the Shelly devices are used exclusively for binary control (relay 
switching), HTTP satisfies the functional requirements without introducing 
unnecessary complexity. 

To sum up, using HTTP and Modbus TCP avoids dependency on an intermediary 
service and results in a simpler and more transparent architecture. 

4. Description of the automatic SOC based program 

The developed program allows an automatic control strategy that manages an 
electrical load via a shelly, based on the SOC measured by the Sunny Island inverter. 

5. Data acquisition from sunny Island and shelly control via HTTP 

The battery SOC is retrieved from the Sunny Island using the Modbus TCP protocol. 
This functionality is implemented in the SunnyIslandSOC class. 

The SOC value is stored in Modbus holding registers and decoded as a 32-bit 
unsigned integer: 

 

 

Modbus TCP does not directly provide one 32-bit integer but provides two 16-bit 
modus registers which needs to be converted in one 32-bit unsigned integer 
allowing the user to read the percentage of battery.  

This method ensures reliable access to energy parameter, which serves as the main 
input for the control logic. 

The Shelly smart relay is controlled using its embedded HTTP REST API, which 
allows direct interaction through simple HTTP requests. The relay state is queried 
using: 
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Relay activation and deactivation are done with this HTTP command: 

 

These stateless requests ensure that each control action is independent, improving 
system robustness in case of temporary communication failures. 

The program is in an infinite loop, executed every 60 seconds. At each iteration, the 
program reads the SOC and the relay state before applying the control logic. As the 
battery SOC increases or decreases slowly it does not require more frequent 
updates. 

Furthermore, we chose that the shelly will activate the relay switch when the SOC 
reaches 90% and is turned off when it goes down to 85%. This hysteresis-based 
solution is described by the following program: 

 

To activate the heater, we first verify that the state of charge is equal or greater than 
90%, value that is stored in soc_on which has the same value as self.soc_on (the 
same goes for self.soc_off = soc_off = 85%) AND the self.current_state which is the 
current state of the shelly, ON or OFF in this case if it’s off.  

If both conditions are respected the heater is turned on, otherwise the heater is 
turned off. 

To finish with, the program logs and displays in the command, key information such 
as the SOC values and relay state: 

 

It allows the user to check the system by a simple look in the command. 

6. Manual mode 

The initial design of the system was based on a fully automated control. The heater 
was automatically activated when the battery State of Charge reached 90%, and 
deactivated when the SOC dropped back to 85%. However, this fully automatic 
system showed its limits as the manual activation of the heater was not possible. 
The program systematically overrode any user command. This constraint reduced 
the flexibility of the system.  

To address this issue, a manual override mode was implemented. This mode allows 
the user to remotely activate the heater when required via the app, mainly to 
charge a car. 
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 Here is the code that reads when the manual mode is activated. 

 

The manual operating mode is designed to detect and manage user-initiated  
activations of the Shelly relay occurring outside the automatic control logic. Manual 
activation is identified when the relay state changes from OFF to ON while the  
battery SOC is below the automatic activation threshold. Once detected, the  
system switches to manual mode and stores the SOC value at the moment of  
activation. A dedicated stop threshold is then calculated, allowing a controlled  
battery discharge. During this phase, the automatic control logic is suspended to 
respect user intervention.  

In manual mode, the system allows the battery SOC to drop of 15%, after which con-
trol is automatically returned to automatic mode. This provides a compromise be-
tween user flexibility and energy management constraints. See  Appendix 1 for the 
full program. 

The control program was initially tested at lower SOC values to accelerate the vali-
dation process. First tests revealed communication issues between the controller 
and the Sunny Island inverter, which were resolved by correcting a Modbus config-
uration parameter based on external technical documentation.  

Once communication was made, tests were conducted over an entire weekend. To 
ensure reliable long-term operation, the program was deployed as a systemd  
service on the Raspberry Pi, allowing automatic restart after power loss or system 
reboot.  
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B. Storage capacity for the website 

1. Context and system description 

The SolarLab has a website (SolarLab) where you can find information about the 
main use of the lab, its history but more importantly irradiance data from the 
pyranometer installed on the SolarLab and the one installed in the University of 
Bergen (UIB). This website therefore plays a key role in monitoring and sharing the 
laboratory’s solar resource data. 

Since one or two years the SolarLab has been equipped with its own Wi-Fi router to 
ensure continuous internet connection. Eduroam, the school Wi-Fi, occasionally 
stops working which would cause some data loss. Since the installation of the 
router, all the lab equipment’s have been connected to it and as the internet 
subscription is around 5 GB, we consume it quite quickly.  

2. Problem identification 

We noticed that the irradiance graphs were not updated anymore to the website. 
Ensuring the availability and continuity of these data is essential for both 
monitoring purposes and external users of the platform. 

3. Initial Hypotheses and verification 

Initially, a power outage of the laboratory during the summer period was suspected 
to be the cause of the system malfunction. To verify this assumption, the production 
data available on Sunny Portal, the application used to collect the laboratory’s 
energy production data, were analysed.  The suspected shutdown period was cross-
referenced with the corresponding production curves, which showed that the 
laboratory was still producing energy at that time. This observation ruled out a 
power supply interruption. 

Another possible cause was related to network connectivity. An analysis of the 
mobile network operator’s application revealed that the maximum data allowance 
of the Wi-Fi subscription had been reached between the 19th and 22nd of June and 
July, explaining why the graphs were not updated anymore. Further investigation 
showed that excessive data consumption was caused by the frequent transmission 
of images to the website. The large volume of uploaded images significantly 
increased data usage, ultimately exhausting the monthly data quota and leading 
to a loss of network connectivity. 

https://solarlab.online/
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The images are irradiance graphs, generated by a python script made by a former 
student. It collects the irradiance data, sends it to an excel file, makes 3 graphs of it 
(real time, last 3 days and 1 week) and sends it every 10 minutes to the website, 
which means that 432 images are sent to the website every day.  

 

4. Implemented solutions 

To ensure that sufficient data allowance remained available until the end of each 
month, we decided to reduce the frequency of graph uploads to the website. The 
graphs are now sent every hour instead of every ten minutes, dividing by six the 
number of images transmitted per day and significantly reducing monthly data 
usage. 

Additionally, it was observed that when the program was restarted, data from 
previous days were not included in the generated graphs. To address this issue, the 
script was modified to reload historical data at startup. Historical data are loaded 
once using the load_historical_data() function, which reads daily CSV files from the 
previous seven days, reconstructs complete timestamps, and stores the 
measurements in dedicated lists. During execution, new data are appended in real 
time, while the weekly graph is updated using a sliding 168-hour time window, as 
shown in Figure 6. 

Figure 4: 24h irradiance Figure 5: 3 days irradiance 

Figure 6: 168h data recovery 
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The exact time points from the CSV file are then rebuilt 

 

To make sure that only the last 168 hours values are recovered we filter the values  

 

Then the values are uploaded to the lists used for the graphs 

 

The same logic is applied to the 72 hours graph. 

Since these changes the graphs have always been updated to the website.  

 It should be noted that sending graphs to website was not the only cause of hight 
data consumption, the computers used in the lab were also connected to the local  
Wi-Fi. An alternative solution would have been to change the contract to have more 
Giga Bytes, however this solution would have been more expensive. 
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C. Smart battery management for automated systems 

The SolarLab can now dump battery automatically through the heater, but the 
heater should not be our main source of energy dump, the car charger should be 
as it’s a more useful way to use the battery instead of heating the planet.  

The car charger is a plug-and-charge unit from the Amina 1 brand, meaning that 
no matter the battery state of charge of the lab it’s going to charge the car. We 
usually use it in place of the heater during weeks, but it requires us to call the owner 
of the electric BMW, get the keys and plug the car, very demanding. 

Following the same logic as the heater, we chose to automate all dumping battery 
equipment making it easier for battery management, this became my last mission. 

The management of the battery was the most challenging task of the semester. 
Understanding how all the components are connected between them, which cable 
to choose, which contactor were adequate and how to program everything in one 
singular code.  

First, we had to come up with the charging priority. Which car charger will be 
activated first? at what percentage? When will the heater be needed? 

For the moment only one car charger is installed the second will be purchased later. 

The first idea was to prioritize the car charger already installed CC1 which would 
activate itself when SOC would be between 60% and 75% then between 76% and 
89% we would also activate the second car charger and finally the heater would be 
activated when the SOC would be greater or equal to 90% but we would deactivate 
power from one of the car charger in our case CC2 otherwise it would trigger the 
fuse (Appendix 2). CC1 is already set on 10A so if we were to install another car 
charger, we could set its intensity properly to make sure that if both car chargers 
are working simultaneously, it would not trigger the fuse.  

This logic, although effective, shows certain limitations. In the absence of hysteresis, 
the battery can frequently oscillate between two states. For example, when the SOC 
is between 76% and 89%, both CC1 and CC2 are active. However, if there is a 
temporary drop in production (due to cloud cover), the SOC may fall back to 75%, 
which leads to the deactivation of CC2. As soon as solar production becomes 
sufficient again and generated energy exceeds consumption, the SOC quickly rises 
back to 76%, triggering the reactivation of CC2. 

These repeated transitions between the CC1 and CC2 states can occur over short 
periods and result in frequent on/off cycling of the charging process. This behaviour 
is damaging to electric vehicle charging, as it can cause premature wear of both 
the charger and the vehicle’s charging system. Implementing hysteresis is 
therefore necessary to stabilize state transitions and protect both the charger and 
the vehicle. 



 

16 
 

Given this information a few changes were made in order to protect the cars and 
their chargers. A hysteresis system with different energy levels was put in place as 
presented in Figure 7. The detail of the energy levels will be presented in III.C.5: 
energy level concept 

 

1. Programming 

This Python program is designed to automatically control electrical loads (two 
chargers and one heater) using Shelly 1PM Gen4 smart relays, based on the battery 
State of Charge provided by a Sunny Island inverter. The programming is based on 
the heater automation program as communication is the same (HTTP and Modbus 
TCP), but the decision logic is more complex as we now have 3 shelly. An internal 
energy state (energy_level) was defined and the use of hysteresis thresholds to 
manage state transitions were added. 

Each Shelly device is represented by an instance of the ShellyGen4 class. This 
abstraction allows the program to treat each load in a uniform way, regardless of its 
physical function. 

 

Figure 7: Hysteresis logic 
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The relay command logic and the battery state of charge acquisition are the same 
as the program described in III.A.5 

2. Energy Level Concept 

Instead of directly controlling loads based on SOC thresholds, the program 
introduces an intermediate variable called energy_level 

 

This variable represents the current energy state of the system and simplifies the 
control logic. 

Energy level Active loads 
0 All loads OFF 
1 Charger 1 
2  Charger 1 + Charger 2 
3 Charger 1 + heater 

 

This approach improves readability and makes the system easier to extend or 
modify. These variables are implemented in the program. It defines different SOC 
thresholds for increasing and decreasing energy levels. 

Increasing level logic: 

 

 

Decreasing level logic: 

 

This hysteresis creates buffer zones2 that prevent rapid state oscillations and ensure 
stable system behaviour. 

 
2 A buffer zone is a range of values intentionally left between two decision thresholds where no action is taken, in 
order to ensure stability and robustness of a control system 
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Once the energy level is determined, the corresponding Shelly commands are 
applied: 

 

The structure links each energy level to a specific load configuration. 

The program is run every 60 seconds to ensure a progressive response of the 
system. For the entire program see Appendix 3. 

 

3. Electrical relay box 

Building the electrical relay box proved to be a challenging task, as it required a 
good understanding of how to organize, integrate, connect, and protect multiple 
electrical and electronic devices. The correct selection and dimensioning of 
components were crucial to ensure both the safety and the reliability of the system. 

The relay box is installed after the main fuse box and is designed to supply power 
to two electric vehicle chargers (CC1 and CC2) as well as a heater. All these loads are 
monitored by a single SMA Energy Meter, which imposes a key constraint on the 
overall system design. 

The dimensioning of the relay box had to consider the maximum measurable 
current of the energy meter, as the combined power consumption of both chargers 
and the heater is measured on the same device. According to the manufacturer’s 
datasheet, the SMA Energy Meter can measure up to 63 A per phase conductor, 
corresponding to approximately 14.5 kW in a single-phase 230 V system. 

The Amina 1 car charger has a maximum current rating of 32 A, delivering a peak 
power of 7.4 kW. The heater has a nominal power of 2.5 kW, corresponding to a 
current of approximately 11 A. Under these conditions, operating one car charger at 
full power simultaneously with the heater would exceed the maximum measurable 
current of the energy meter. 

To address this limitation, the already installed car charger (CC1) was configured to 
operate at a reduced current of 10 A. Combined with the heater operating at 11 A, 
this results in a total current of 21 A. This configuration theoretically allows the 
second car charger (CC2) to operate at full power while remaining below the energy 
meter’s 63 A limit. 

However, an additional constraint arises from the protection devices. Each 
contactor within the relay box is protected by a rated fuse of 20A for both car 
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charger and 16A for the heater. The fuse initially protecting the energy meter was 
rated at 20 A and was replaced with a 25 A fuse. The recovered 20 A fuses was then 
used to protect one of the contactors. As a result, only 25 A remain available for the 
simultaneous operation of multiple devices on the protected lines. 

To prevent nuisance tripping of the fuses and ensure safe operation, the second car 
charger was also configured to operate at a reduced current of 10 A. This 
configuration guarantees that neither the energy meter limits nor the fuse 
protection thresholds are exceeded under normal operating conditions. 

I was asked to dimension the contactor as if we were to use the car charger at full 
capacity. This decision was made so if one day we wanted to use more intensity we 
didn’t have to change the contactor. As said before max intensity of an Amina 1 car 
charger is of 32A meaning that the contactor should be of 32A or more. The only 
contactor available was of 40A, perfect for our needs. Each contactor is then wired 
to a specific shelly allowing automatic control. The electrical schematics can be 
found in Appendix 4. 

 

Cables had to be bought in order to add the new car charger, around 14 meters of 
3G6mm2 cable. The section was chosen given the maximum power that could be 
delivered to the car charger and to respect regulations. To determine the correct 
section, we used the table Figure 8. 

 

Figure 8: Section diameter of a cable given the intensity 
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The result after wiring all components is shown in Figure 9. 

 

4. 3D Modelling 

3D support for the shelly were designed on SolidWorks and printed with HVL 3D 
printer. They are easy to mount on a din rail as we install them using rivets that goes 
through the support to the aluminium plate. The support shape allows the user to 
install without difficulty the shelly device while maintaining it properly. 

 

  

Once the electrical relay box was completed, additional outdoor equipment had to 
be installed. New power cables were pulled and protected using flexible conduits 
to shield them from rain and environmental exposure. During the installation 

Figure 9: Relay box wiring 

 

Figure 16: Shelly 3D printed support 
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phase, it was observed that the existing electrical socket was exposed to water 
ingress, despite being certified IP44 (water-resistant). To address this issue, a 
custom protective cover was designed using SolidWorks and 3D printed.  

The cover provides effective protection against water while maintaining ease of use 
for the end user when plugging or unplugging electrical equipment. Particular 
attention was paid to both functionality and aesthetics: the mounting system is 
concealed inside the cover, resulting in a clean and unobtrusive appearance while 
remaining simple to install. The attachment mechanism consists of two screws 
fixed to the wall. The cover is mounted by aligning its internal slots with the screw 
heads and sliding it downward to lock it in place. To ensure the stability of the cover, 
two additional screws are fixed at its bottom as shown in Figure 11. 

This mounting solution allows for quick installation and removal of the cover, 
making maintenance operations easier while ensuring reliable protection of the 
electrical connections in outdoor conditions. We had a lot of spare flexible water-
resistant tubes and as I was outside, I used it to protect the cable of the 
pyranometer that was hanging along the wall as my final task. 

Figure 17: 3D printed socket cover 

Figure 18: Installed sockets cover 
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Conclusion 

This project allowed me to automate the SolarLab, starting with the heater and 
then integrating the electric vehicle chargers. Setting up the energy states and 
hysteresis thresholds made the system more stable, protected the equipment, and 
prioritized charging the cars first. Overall, the lab is now much closer to running on 
its own, which was really satisfying to see in action. 

On a personal level, I learned a lot about programming, electrical design, 
procurement of materials, manufacturing and installation of an electical system. 
But it wasn’t just technical, working in Norway was a completely new experience. 
The way people work, the environment, and even small daily routines were different 
from what I’m used to in France. It made me adapt, communicate differently, and 
see how a team can solve problems in a different culture. Living and working there 
gave me a lot of perspective, both personally and professionally, and I think it’s 
something I’ll carry with me for a long time. 
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Next steps recommendations 

Test the new battery management program in real condition and put some tags 
on the box so that people can know which shelly control which device.  

It could be interesting to create some logs to see when the power is being drawn 
from the lab to the car chargers and the heater. As all of them are connected to one 
energy meter we will know the overall power taken. The energy values are displayed 
on sunny portal but knowing by a single look at the curve color or any distinctive 
markers which device consume how much power could be interesting. Using the 
energy meter would be the first option. 

A second option would be using the shelly 1PM Gen 4 as they are meant to measure 
current up to 16A. The devices are mostly used around 10A it could, in theory, be 
possible to get power consumption from them.  
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Appendix 2: Flowchart 3 Shelly automation 
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