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In short: Consider the near future city (and Smart Grid) where solar panels cover most of 
the city, i.e., they cover private houses, office buildings, or communal spaces s.a. roads or 
parking lots. This future Electricity Grid is different than the current electricity system in at
least one major aspect: Every participant is both a consumer and a producer of energy 
(opposed to now when there is one large producer, the atomic power plant, and the rest are 
just consumers). This implies several changes: e.g., the flow of energy is not uni-
directional, from the power plant to consumers, but more like point-to-point, from each 
house/building to another house/building. Benefits of this system abound, such as 
Resilience and Economical, and this is why authorities are nowadays putting considerable 
effort into establishing such an ElectricityGrid.

1 General consideration of the chosen topic
The energy source is solar panels.

Solar panels as source of energy

• This year the G7 Summit of leading world powers just committed to getting the global 
economy off fossil fuels and embrace renewable energy instead. [2]

• News tell about research that will make solar panels easier to handle and very much cheaper 
to buy. It is expected that, in 2050, the solar cells will contribute with 1/6 of the worlds need 
for energy. [5]

• 2015 is declared by FN as The international year for light and light technology and one of 
the focuses is on light as a sustainable source of energy. [4]

• Solar cells and the smart grid have an increased attention in the market. See the Solar city 
project that is a partnership between companies like Google and Tesla  by companies like 
Honda, Google, Goldman Sachs, U.S. Bank and Tesla Motors.[7]

Smart Grid

• By using the solar energy, every institution, private house, communal building, will be 
producers of the energy. All these actors, and not only one company, as is the case today, 
will gain money from producing energy, as well as be more independent, more self-
sustained, than today, when they depend on a single point of failure. All these will be 
connected through a GRID.

• The smart grid makes use of technologies, that improve fault detection and allow self-
healing of the network without the intervention of technicians. This will ensure more 
reliable supply of electricity, and reduced vulnerability to natural disasters or attack. [10]

• The improved flexibility of the smart grid permits greater penetration of highly variable 
renewable energy sources such as solar power and wind power, even without the addition of 
energy storage. Current network infrastructure is not built to allow for many distributed 
feed-in points. Rapid fluctuations in distributed generation, such as due to cloudy or gusty 
weather, present significant challenges to power engineers who need to ensure stable power 
levels . Smart grid technology is a necessary condition for very large amounts of renewable 
electricity on the grid for this reason. [10]

The existence of this network will make the system of energy consumption and production 
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RESILIENT.

Target group

The target group are the companies that maintain the energy network, either independent or 
subcontracted by the municipalities.

Technology involved, that is already in place today

• gateways (smart meters)
• the solar panels,
• batteries (here can be included also the batteries used for electrical cars),
• the network that conducts the energy, both locally and externally (e.g., cables and switches, 

that would have to direct the flow of energy into a point-to-point topology)

The Smart meters are gathering information about the energy use both internal (in the 
house, building) and external (energy distributed outside the building). These offer info 
like, how much energy is produced and how much it is used, at different intervals of time, 
and other info that can be translated statistically. The information from the Smart meters 
can be transfered to a cloud system where it can be better processed.

Technology that will be included in the IoT system

• smart meter
• a server (in the cloud) where the data is stored and where the data is computed (like the 

Elhub)
◦ This server is a central place that gathers information from the whole network, from the 

smart meters.
◦ We will work with the information that the smart meters are producing. The information 

will be stored on a server, and at the user requirement, an intermediary system will 
output the information that the user wants, like how much energy is produced at a certain
hour in a certain building. 

• the application that displays the information to our target group.
◦ The information is gather and made available in real time, to reflect the constant changes

in the production and use of the energy.
• THE GRID

◦ Between all these actors will be established connections (every one will be connected to 
every one), as it is the case with the Internet network today. 

This connectivity and communication makes our system RESILIENT. Having a huge 
amount of suppliers of electricity that can deliver power everywhere in the grid, makes the 
system resilient. The electricity is transmitted in the way the information is transmitted 
through the Internet network. All that are connected to the grid are producers as they are 
consumers.

The electricity is directed through the GRID through opening and  closing some switches. 
(see Illustration in the attached file – resilient_grid.pdf)
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Problems

The technology gets destroyed: the battery is broken, the panels get destroyed, or 
infrastructure and switches fail. In this case a maintenance company needs to come and 
make reparations. Until the maintenance team comes, the source of energy for the affected 
house is set to another source, that is available in the grid, or is the house itself. Note how 
this system differs from the current one where if the power plant goes down all consumers 
are affected instantly and completely, or if a switch fails a whole neighborhood is 
paralyzed. 

Possible solutions

The maintenance companies have overview over which sources are more fitted to deliver 
energy at that moment. We can think of an application that will get and display the 
information about electricity availability for the maintenance team. One neighbor could 
have extra energy stored because they are in holiday. The transfer of energy could be done 
also automatically in some situation. The same, the maintenance companies will be 
informed of the damage automatically. Essentially, all problems will be given a priority, 
depending on consumption needs and available supplies (which can include the 
weather/sun, the battery, and available possible produces). Each electrician will attend to 
the most priority of the jobs (possibly, also closest to its location).

What we can do as interaction designers:
We design these systems so that will be easy to use,  easy to be taken in use, and accepted  
by all the actors.

2 Approaching the problem 

Technical infrastructure / Simulation of the grid

(see an illustration of the grid simulation with Arduino Yún in the attached file: 
grid_modeling_ArduinoYun.pdf )

• The Arduino Yúns will represent each point in the network. 
• Each Arduino Yún is connected to a small solar panel  and a battery.
• The data is recorded by Arduino Yúns and transmitted through wireless to the 

server/cloud/web services.
• The data is analyzed and sent in real time to the technicians application (on his tablet or 

phone)
• The technician can give commands back to the system through the application
• Based on this data the system does automatically some changes on the network – 

opens/closes the connection between two ore more points
  

5



INF2260 – Design brief / Understanding the problem

Production of energy and measuring of the data 

The gateways (smart meters) – these will be simulated by using Arduino Yún1 for the gateways 

The solar panels  – miniature solar panels made to work with Arduino for the solar panels
• 2V 0.5W Thin-film Flexible Solar Panel – http://www.seeedstudio.com/depot/2V-05W-

Thinfilm-Flexible-Solar-Panel-p-1857.html?cPath=1_118 
• 1W Solar Panel 80X100 – http://www.seeedstudio.com/depot/1W-Solar-Panel-80X100-p-

633.html 

The batteries  – miniature batteries that work with miniature solar panels and Arduino
• LiPo battery based power shield – http://www.seeedstudio.com/depot/Energy-Shield-p-

1373.html?cPath=1_75 , http://www.seeedstudio.com/wiki/Energy_Shield 
• LiPo Rider Pro – www.seeedstudio.com/depot/LiPo-Rider-Pro-p-992.html 

The kind of information that can be transmitted through gateways:
• Weather the battery, solar panels got broken and the house/institution cannot supply it's own 

energy – this can be simulated through turning off the supply of energy from the battery.
• How much energy the house consumes/stores at a certain moment in time / in average 

depending on season, time of day etc. – use here the feature of the LiPo Rider Pro 
component that can measure the quantity of energy in the 
battery(http://www.seeedstudio.com/wiki/index.php?title=Lipo_Rider_Pro)

• The information is transmitted in real time

The application used by the technician

• The technician will be offered an application that will warn him when/where the problem 
appears.

• Will be informed on the type of problems:
◦ Priority 1: the house cannot provide it's own energy
◦ Priority 2: one part of the network is broken  

• Overview of every building consume/availability of energy at the respective moment / in 
average (depending on season, time etc.)

• An geographical overview with map positioning, with the possibility of zooming in on a 
building and other GPS/map functionality.

Done automatically by the system

• classification of the problem type
• warning of the technician
• if problem of the priority one, automatically switching to another source of energy until the 

technician solves the problem.

The communication between the different parts of the system

• The data is sent to the server (cloud) or different web services using a web-based service 

1 https://www.arduino.cc/en/Guide/ArduinoYún 

6

http://www.seeedstudio.com/wiki/index.php?title=Lipo_Rider_Pro
http://www.seeedstudio.com/depot/LiPo-Rider-Pro-p-992.html
http://www.seeedstudio.com/wiki/Energy_Shield
http://www.seeedstudio.com/depot/Energy-Shield-p-1373.html?cPath=1_75
http://www.seeedstudio.com/depot/Energy-Shield-p-1373.html?cPath=1_75
http://www.seeedstudio.com/depot/1W-Solar-Panel-80X100-p-633.html
http://www.seeedstudio.com/depot/1W-Solar-Panel-80X100-p-633.html
http://www.seeedstudio.com/depot/2V-05W-Thinfilm-Flexible-Solar-Panel-p-1857.html?cPath=1_118
http://www.seeedstudio.com/depot/2V-05W-Thinfilm-Flexible-Solar-Panel-p-1857.html?cPath=1_118
https://www.arduino.cc/en/Guide/ArduinoYun


INF2260 – Design brief / Understanding the problem

called Temboo2 (will be allowed to make 1000 calls to Temboo per month using the free 
plan). 

• With Temboo we can send data from the measurements to a Google Doc spreadsheet (log 
this data on the web)

• Temboo can send an automated e-mail based on the recorded data – for example we send an 
alert to the technician when a problem appears.

Tutorials

• on using Arduino Yún and Temboo – [9] 
• on energy monitoring –  Open-Source Energy Monitoring Hardware [6]
• charge controller – [3]
• other tutorials that could be useful [1]

◦ How Did I Improve My Central Heating Control with Arduino?
◦ DC Power Monitor 
◦ DC Power Monitor
◦ Data logger: Records the wind speed and power from a small wind turbine 

Companies that have a closed solution to what we want to build

• Solar Winds – [8]

2 Temboo is a web-based service that allows you to connect different web services together and proposes ready to use
libraries for the Arduino Yún.
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Illustrations

See the attached illustration files
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