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The work presented here is cooperation with Alessandra Parisio and her group at
KTH/Electrical Engineering. They develop scheduling algorithms to schedule when
appliances should be run. Several examples of user interface have been developed
to illustrate the simulation data for energy costs and CO2 emission for the end-users.
This document also presents the work that has been done in cooperation with the
European research project ME3GAS1. The goal of ME3GAS is to put consumers in
control of their energy efficiency and appliances at home without compromising
comfort or convenience. ME3GAS is carrier project for “Smart Home Communication”
task of the “European Virtual Smart Grid Lab” Activity, in which the “Interactive User
Application for Energy Scheduling” has been developed.
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http://www.me3gas.eu/
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1 Energy Scheduling

1.1 Scenario
Imagine that you live with your family in a house that is connected to a smart grid. A
smart grid is an electricity network, which among others can remotely control
electrical consumption of consumers. Appliances in the household that are energy
consuming can be turned on when the electricity is cheap. Your washing machine,
dishwasher and dryer can communicate with the electric company. The
communication can take place directly through the mains. You can get information
about the current electricity price and the current carbon footprint from the grid.
The house has a new system that can figure out and run home appliances when the
price or CO2 footprint is the lowest. It is also possible to produce combinations in
between.
The consortium between EU regulators for energy markets ERGEG (European
Regulators’ Group for Electricity and Gas) has defined smart grid as [1]: “smart grid
is an electricity network that can cost efficiently integrate the behaviour and actions
of all users connected to it – generators, consumers and those that do both – in
order to ensure an economically efficient, sustainable power system with low losses
and high levels of quality and security of supply and safety’’.

1.1.1 Select Energy Schedule Application
Figure 1 shows an example of how an interface might look like. It is a mock-up and
the user interface is not connected to real data. The energy cost is in SEK and the
CO2 emission is in grams. To make it easier for the user to select, a number of
options were presented, see Figure 1. A user needs to decide whether the most
important is the price of electricity or if it's the CO2 footprint that is most important or
a combination of both. The Timeline shows time of day. Imagine that the clock is
11:45 a.m. on a Saturday morning. A number of options are shown, when your home
appliances can start and when they will have completed their programs. The
washing machine and the dishwasher may even interrupt their programs to resume
the program after a while. The different options have different prices for electricity
costs and various CO2 footprints.
We showed the energy scheme for five users, and discussed how they interpreted
the user interface and whether it was interesting and useful with this kind of
application.
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Figure 1: Energy scheduling – select the scheduling that fits you best.

1.2 Discussion
We have shown the energy schedule for five users and discussed the functionality.
When we started to ask people whether they would be willing to control appliances in
this way, we discovered quite quickly that many thought it was too little they would
earn (regarding the electricity price) on having to choose schedule for when the
appliances would run. In reality, it is small differences in price depending on whether
you are running the washing machine on a weekday evening or if you run the
machine during weekend. Two people were very environmentally conscious in their
everyday life and thought this type of application would be more rewarding to see
how the amount of carbon dioxide can be kept down. The attitude to the environment
is a factor that affects the interest and commitment to the environment [2]. The study
in [3], with participants from the competition “energy-conscious village", shows that
the competition attracted those who already knew something about energy
efficiency, because they had already taken steps to improve the efficiency of their
homes and therefore the information that they got was more meaningful for them
than for those who did not participate. It is more likely that people who are interested
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in the environment or energy issues, using tools that are available and also utilizes
advisory and other information [3].
We can develop interfaces and visualize various energy applications, but we cannot
ignore people's behavior. More studies must be done to find out how people want to
control their home appliances and other electrical devices in the home. Some people
are more environmentally conscious than others, they want to reduce energy
consumption and make as little CO2 footprint as possible. They are not driven by the
price. Others are thinking more to the price and want to get as low energy costs as
possible. This about how to control a home (appliances) needs to be seen in a
holistic perspective to see how people want to change their everyday lives and live
more environmentally friendly. One task is to find motivational factors. What are the
driving forces for a person to change his/her behavior?
DIY (Do It Yourself) communities is an example where you can share your DIY
projects and knowledge on various topics to a large audience [4]. A motivating factor
for people, who are not driven by saving money, can be to share their own
environmental commitment with others [2]. There is a great interest in sharing
experiences, daily life, interests, etc. through Blogs, Facebook and online do-ityourself communities. Results from [4] shows that comments, asking questions and
answering are the most common entries in DIY communities. Respondents want to
share their projects and get questions and inspiration from the community.
Where can a household save energy? Energy Agency (in Sweden) [5] has compiled
how an average household uses electricity, "Refrigerator and freezer and lighting are
the two largest items. Entertainment electronics, stereo, TV, DVD, video and
computer with accessories, is the third largest item. Cooking and dishwashing comes
then, and last come wash and drying." This summary did not include any potential
heat for homes by electricity.
Within the carrier project ME3GAS several applications have been developed for the
smart home. For example, applications for energy saving (see document 11814A1300-AD1306.pdf for a video and the section below). The method is to save energy
by completely power off the devices when they are not used, i.e. the devices are not
in stand by mode when not used.
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2 Energy Savings

During the project, ME3GAS, various pilots have been developed. The pilots have
been running in three different countries Ireland, Sweden and Spain. The focus of
the activities within the Swedish pilot (in the final stage) was on saving energy. See
[6] for the ME3GAS deliverables about the Pilots.
The Swedish pilot consists of 15 residential households in the Stockholm area, as
well as a residential and an office installation in Kalmar (i.e., 17 installations in total).
The installations were of two types:
•

•

Experimental installations in “friendly” environments (basically the households
of various project members) with the aim of prototype and test out new ME3Gas
technologies and interfaces.
Customer installations with the aim of testing stable ME3Gas technologies in
“real” environments

2.1 Installation in a Household
The current installation in Emmanuel’s house (belonging to a consortium member) in
the Stockholm area consists of a set of smart plugs connected to various household
devices, a small PC for reading data from the heat pump, hardware for reading the
household’s total energy usage and outside temperature.
We will describe the extension of the installation in Emmanuel's house. In the EIT
ICT Labs internal report from 2012 [7] the first installation was described. The
extension was about reduction in standby energy consumption. The method is to
save energy by completely powering off the devices when they are not used.
According to the study [8], the standby energy in residential households can amount
to around 5% or more of the total consumption.
Google calendar based actuation function has been installed in the house (see
Figure 2). The calendar will allow the household inhabitants to specify at which times
it is ok for a certain device to consume energy, by making bookings. When there is
no booking, the ME3GAS middleware will turn off the device to save energy. This
assumes that devices are connected via smart plugs, which can be turned on and
off, and that the middleware knows which bookings concern which devices (and thus
smart plugs). One calendar is used per device. A specific QR code is associated with
each calendar and the code is physically attached onto the corresponding device. An
inhabitant can scan the code by using a mobile device to start using the calendar.
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Figure 2: The standby energy reduction system in Emmanuel’s house

2.1.1 Evaluation
It was mainly the parents who filled each calendar with bookings for each device, to
predict how the devices would be used in advance (weeks and months). It should be
noted that it was always ok to add a new booking if it was needed. For example if a
child in the family was home sick from school and wanted to watch TV. The system
was run in two month and afterwards feedback was collected via discussions with
the family members. Some problems and observations were pointed out:
•

It could be tedious to initial create all calendars for the devices.

•

It was annoying if the TV abruptly was switched off in the middle of a movie
because of the booking was ended.

•

They had a positive attitude towards the system even though they sometimes
became irritated. They liked the idea that it was good for the environment if they
saved energy.

•

The older children in the family (age 13 and 15) learned pretty quickly how to
make bookings. They could add new bookings to play computer games on times
when the games console plug was turned off.
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2.2 Installation at an Office
The office installation was at CRL in Kalmar, Sweden. The office was an open office
environment for about 10 persons. The focus is thus the same as in the installation in
Emmanuel’s house.
At the office, each person has their own computer and screen on their own desk.
There are also shared equipment for hardware constructions and printers. The aim
of this installation was to test a solution for eliminating standby energy when no one
is working. When the office alarm is turned on, the ME3Gas system is triggered to
completely power off (including standby) a number of connected devices. The
devices were powered on again when the alarm was turned off. This kind of
arrangement could save energy especially during nights and weekends since some
devices are often mistakenly left on when people leave at night, i.e. the devices
consume standby energy.
The system consists of a ME3GAS Smart App which turns PlugWise smart plugs on
and off based on the status the office alarm system, see Figure 3.

Figure 3: The standby energy reduction installed in the office of CRL

2.2.1 Evaluation
The smart plugs to the middleware reported the energy consumption of the
connected devices, and then it was saved in a database to test the energy savings
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efficiency of the App. The logging took place during the period 2013-03-01 to 201310-20. There were eight plugs used in the installation distributed in the following
manner. Six plugs logged energy data from desks of particular employees and two
plugs logged data from common work desks and office equipment. Energy
consumption in kWh was logged on an hourly basis during the whole period for each
plug. For each plug, energy consumption in kWh was logged on an hourly basis
during the whole period. The App was activated 2013-03-15 and deactivated 201308-26. This means that before and after the activation, the energy consumption
represented the consumption “as normal”. Ten weeks were selected (4/3-17/3 and
26/8-21/10) when the App was not active and the average weekly consumption was
counted to 26.07 kWh. The average consumption each week during the seventeen
weeks when the app was active was 11.33 kWh. Thus, on average we saved 26.07
– 11.33 = 14.74 kWh per week by the App was active.
The cost savings is dependent on the national energy price. Keep in mind that the
quantity of energy that can be saved by the App is highly dependent on the type of
devices connected to the plugs and it also depends on how much energy those
devices consume during the day and in the evenings / nights and weekends when
they not used.
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