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EXECUTIVE SUMMARY
In this document, we present our initial plans for a user centric and friendly design. We begin by defining
users and categorizing them into user types. Next, we present an outline of data and information associated
with user communication aspects, partitioned into appropriate categories. Further, a methodology for user
centric design is described, based on the FormIT methodology. In particular, the importance of understanding
user comfort and requirements is highlighted. Lastly, a preliminary proposal for a user interaction system
design is made which describes aspects such as sensor types, physical interfaces, feedback options, data
management infrastructure, sensors for collection of indoor temperatures and information to be displayed
on the physical interfaces.
Since this document is only the first version of a deliverable on user centric and friendly design, its scope is
limited to discussing plans and guidelines. However, during the course of the project, these plans will be
refined further and these guidelines will be used to finalize the design of appropriate user interaction
systems, which would then be implemented. These enhancements and implementation details would
constitute the subject matter of the second deliverable on user centric and friendly design, due in month 22
of the project.
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1

USERS AND USER TYPES

This section describes how we define and interact with our users as well as how we handle ethics and gender
aspects in the pilots.

1.1

USER DEFINITION

What is a user? In OPTi we consider those that use our system as users. But we also need to classify different
types of users as they might have different needs and requirements.

1.2

USER TYPES

For the project we can identify a number of different users such as;
•

Energy companies

•

Property managers

•

End consumers

•

Building energy managers

•

For our pilots we also see different types of buildings;
o

Residential context

o

Commercial context

The project will now define the most important user types and these will then be part of the user centric
design and documented in the next version of the deliverable. This will help us design business models,
technical solutions as well as how we should best design the system interaction from a user perspective.

1.3

ETHICS

We will have signed agreements with the user for the pilot testing. We provide an example from one of the
house owners in the Luleå pilot of a signed agreement between user and project, see below.
We will have similar agreements for all pilots and including also the users.
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1.4

GENDER

We will use the Living Lab approach (Living Lab Approach, 2015) to design the user interaction system. In
order to design an appropriate system we will strive for gender distribution when selecting users for field
trials. Our ambition is to try to understand men and women’s needs and behavior to enhance the quality and
relevance of the system. One obvious first encounter of this is the design of the Virtual Knob. (Kingma and
Lichtenbelt, 2015) have found that the indoor climate in public areas and other buildings is generally based
on the metabolic rate of an average man. This might be a reason why so many women feel cold in the office
and other public areas. We will investigate the question of what can be done to make as many people as
possible feel comfortable in these areas. We will also take into account age differences, whenever possible.
Another possible references are (Gulliksen and Göransson, 2002 and Gulliksen, Göransson et al 2003). They
developed guidelines to ensure that the users are as representative as possible. E.g. traditionally, male
participation leads to developments focused more on technical performance, while female participation
leads to developments with a focus on human needs.
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2

CLASSIFICATION OF DATA AND INFORMATION

In this chapter, we talk about what data/information is to be gathered from or sent to the users as per the
project scope and why such data/information is needed. We also indicate the direction of flow of
data/information, i.e. whether it has to be collected from users to communicate to users. The presentation
is based on the type of data/information. For this, we use three categories: (i) consumption data, (ii) comfort
data/information, and (iii) intervention related data/information. It should be noted that the list below is
only a first version and may be revised or appropriately modified as further progress is made in the project.
These modifications shall be reflected in the second version of this deliverable (D2.4). Finally, we note that
we would attempt to collect data by gender and age, wherever possible, since this would enable a more
holistic assessments and decisions on aspects such as user incentives and comfort, and therefore enhance
the overall impact of the project.

2.1

CONSUMPTION AND PRODUCTION DATA

In this section, we enlist the data related to consumption and production of energy. This is summarized in
Table 1 below.
Table 1: Proposed outline of consumption data to be collected in the project
Type of data
Associated user types
Need
Direction of flow
DHC
power
consumption
at
house/building level

Supply
and
temperatures
substation level

return
at

(from Section 1.2)
• Property
managers
•

end consumers

•

Building energy
managers

•

Property
managers

•

end consumers

•

Building energy
managers

•

User preference From users
modelling (T3.1)

•

Economic
modelling and
sustainability
(T3.3)

•

Physical
Systems
modelling (T4.3)

•

Optimization
and
control
algorithms
(T5.2)

•

Automated DR
algorithms
(T5.3)

•

Physical
Systems
modelling (T4.3)

•

Optimization
and
control
algorithms
(T5.2)

From users
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Water mass flow rates at
substation level

•

Property
managers

•

end consumers
Building energy
managers

DHC power production
at production sites

Supply
and
return
temperatures
at
production sites

Pressures and mass flow
rates at various points in
DHC network

Water temperatures at
various points in DHC
network

•

•

•

•

Energy
companies

Energy
companies

Energy
companies

Energy
companies

•

Physical
Systems
modelling (T4.3)

•

Optimization
and
control
algorithms
(T5.2)

•

Physical
Systems
modelling (T4.3)

•

Economic
modelling and
sustainability
(T3.3)

•

Optimization
and
control
algorithms
(T5.2)

•

Automated DR
algorithms
(T5.3)

•

Physical
Systems
modelling (T4.3)

•

Optimization
and
control
algorithms
(T5.2)

•

Automated DR
algorithms
(T5.3)

•

Physical
Systems
modelling (T4.3)

•

Optimization
and
control
algorithms
(T5.2)

•

Physical
Systems
modelling (T4.3)

•

Optimization
and
control
algorithms
(T5.2)

From users

From users

From users

From users

From users
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2.2

COMFORT DATA AND INFORMATION

In this section, we enlist the data/information related to user comfort. This is summarized in Table 2 below.
Table 2: Proposed outline of consumption data to be collected in the project
Type of data
Associated user types
Need
Direction of flow
(from Section 1.2)
• Property
managers

Zone/space
temperature

Tap
hot
temperature

User
feedback
comfort

water

on

•

end consumers

•

Building energy
managers

•

Residential
context:
property
management
company

•

End consumers

•

Commercial
context:
building energy
manager

•

Residential
context:
property
management
company

•

End consumers

•

User preference From users
modelling (T3.1)

•

Consumer
incentivisation
and behavioural
aspects (T3.2)

•

Economic
modelling and
sustainability
(T3.3)

•

Physical
Systems
modelling (T4.3)

•

Optimization
and
control
algorithms
(T5.2)

•

Automated DR
algorithms
(T5.3)

•

User preference From users
modelling (T3.1)

•

Physical
Systems
modelling (T4.3)

•

Optimization
and
control
algorithms
(T5.2)

•

User preference From users
modelling (T3.1)

•

Consumer
incentivisation
and behavioural
aspects (T3.2)
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•

2.3

Commercial
context:
building energy
manager

•

Optimization
and
control
algorithms
(T5.2)

•

Automated DR
algorithms
(T5.3)

INTERVENTION RELATED DATA AND INFORMATION

In this section, we enlist the data/information related to intervention. This is summarized in Table 3 below.
Table3: Proposed outline of intervention data involved in the project
Type of data
Associated user types
Need
Direction of flow
Demand
Signals

Response

Guidelines for efficient
system operation

(from Section 1.2)
• End consumers
•

•

Building energy
managers

Energy
companies

•

User preference To users
modelling (T3.1)

•

Consumer
incentivisation
and behavioural
aspects (T3.2)

•

Economic
modelling and
sustainability
(T3.3)

•

Optimization
and
control
algorithms
(T5.2)

•

Automated DR
algorithms
(T5.3)

•

Economic
modelling and
sustainability
(T3.3)

•

Optimization
and
control
algorithms
(T5.2)

To users

Page 10 of 18

D2.2: User centric and friendly design ver. 1

3

METHODOLOGY FOR USER-CENTRIC DESIGN

Wikipedia defines User-centred design (UCD) as a framework of processes (not restricted to interfaces or
technologies) in which the needs, wants, and limitations of end users of a product, service or process are
given extensive attention at each stage of the design process. User-centred design can be characterized as
a multi-stage problem solving process that not only requires designers to analyse and foresee how users are
likely to use a product, but also to test the validity of their assumptions with regard to user behaviour in real
world tests with actual users at each stage of the process from requirements, concepts, pre-production
models, mid production and post production creating a circle of proof back to and confirming or modifying
the original requirements. Such testing is necessary as it is often very difficult for the designers of a product
to understand intuitively what a first-time user of their design experiences, and what each user's learning
curve may look like.
Living Lab is a concept to support the processes of user-driven ICT systems. One precondition in Living Lab
activities is that they are situated in real-world contexts, not constructed laboratory settings.
Living Lab is an answer to many contemporary trends such as, for instance:
• users changed roles from passive consumers to active prosumers of content,
• shortened time to market for innovators,
• globalized market through internet and IT’s entrance into people’s everyday activities.
We will base our user centred design in OPTi on the FormIT methodology, see The Living Lab Methodology
Handbook ((Living Lab Approach, 2015).
We plan to interact with the users through meetings, questionnaires and via our virtual knob. We also expect
and plan for that we can get new ideas concerning user interactions from the users themselves
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Figure 1: Schematic of the FormIT process

The FormIT process can be seen as a spiral in which the focus and shape of the design becomes clearer, while
the attention of the evaluation broadens from a focus on concepts and usability aspects to a holistic view on
the use of the system.
In the FormIT process there are three iterative cycles:
• Concept design cycle in the lower part of the figure
• Prototype design cycle in the middle and
• Innovation design cycle in the upper parts of the figure.
In each cycle there are three phases:
• Appreciate Opportunities
• Design
• Evaluate
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Three aspects within each phase:
• Use
• Business
• Technology
Before and after these three cycles, two additional cycles are included in the process. The first is planning,
seen in the lower part of the figure, and the second is commercialisation, which is visible in the upper part of
the figure.
FormIT embodies the five Key Principles of Living Lab operations.

3.1

UNDERSTANDING USER REQUIREMENTS AND CONSTRAINTS

Based on the Living-Lab approach for the user centric design we will collect the feedback from the users and
translate this into requirements for the project. This implies an ongoing dialogue with the users throughout
the project ensuring a step-wise approach as we build the OPTi assets.
•

•

3.2

User aspects to be understood are
o

Privacy

o

Intrusiveness

o

User-friendliness

o

and we expect more findings from the user meetings

The user feedback will be collected through;
o

User meetings & Interviews

o

User feedback via the Virtual Knob

o

Other mechanisms (email, SMS etc.)

TRANSLATING INTO DESIGN CONSTRAINTS AND FEATURES

The user feedback will then be brought back to the project. We will then decide, based on the user feedback
and project goals and budget, how we should best address this and bring it into the OPTi framework.
In some cases in might not be possible to include and this will then be communicated, explained and
motivated for the users.
The “best/most important” findings will be documented into our OPTi guidelines

3.3

EXTRACTION INTO GUIDELINES

Will be handled in version 2 deliverable

3.4

INCORPORATION INTO SYSTEM ARCHITECTURE

Will be handled in version 2 deliverable
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4

SYSTEM FOR USER INTERACTION

A system for user interaction will be designed and used in the project to collect user feedback on thermal
comfort. As indicated in Table 2, this information is required by several tasks in the project such as User
preference modelling (T3.1), Consumer incentivisation and behavioural aspects (T3.2), Optimization and
control algorithms (T5.2) and Automated DR algorithms (T5.3). The system will be based on the concept of a
“virtual knob”. Such a knob represents a user-friendly and non-intrusive interface which although would not
allow consumers to change the settings themselves, but would provide a mechanism to obtain feedback (for
example like/dislike) to indicate their acceptability of a given comfort setting. It should be noted that in this
context, user specifically refers to the end consumer of a DHC system (residents and employees respectively
in residential and commercial settings).
Here, we present a preliminary plan for the design of the above-mentioned system. This would be further
refined and the final plan, with implementation details, would be presented in the second version of this
deliverable (D2.4).

4.1

SENSORS

The primary objective of the user interaction system is to collect user feedback on thermal comfort for
various comfort settings. Hence it is necessary to measure the indoor temperature within the user’s
environment, so that the user provided feedback can be mapped to the temperature. We plan to use existing
sensors (e.g. thermostats) if they are installed in the user’s premises. If not, ambient temperature sensors in
mobile phones can also be used (James, 2013). As per the scope of the project, if none of the above sensors
are already available in a user’s premises during trials, new sensors could be deployed.

4.2

COMFORT ASSESSMENT SYSTEM

A comfort assessment system (virtual knob) is the core component of the user interaction system. Our initial
plan for the comfort assessment system, as presented below, consists of leveraging a wide variety of options
that are available today.

4.3

•

Physical interfaces: We plan to use a mobile application, wherever possible, to interact with the user
and obtain thermal comfort feedback. However, realizing that for some users this option might not
be feasible (e.g. non smart phone users), we would also explore other types of interfaces such as
dedicated touchscreen displays, and/or mechanical feedback devices such as (Flic, 2015). However,
economical judgement will be employed in deciding the appropriate interface for a user.

•

Feedback options: To enable a simple but effective mechanism for feedback collection, we aim to
use a binary or unary feedback set. For instance, in the binary case, users would be given two options:
(a) “I am comfortable with this setting” and (b) “I am not comfortable with this setting”. A unary
setting simplifies the feedback process even further by providing the user just one option, for
instance: “I am not comfortable with this setting”.

•

Data management: Similar to all other data collected during the course of the project, the feedback
information provided by users via the above interfaces is also planned to be stored in the data
management infrastructure in Task 4.2 (data acquisition and management) for use in the various
tasks in other parts of the project. Appropriate APIs would be developed to enable this.

INFORMATION DISPLAYS

The physical interfaces in the comfort assessment system, as described above, can be used for dual purposes.
Primarily, they provide an opportunity to the users to provide feedback on thermal comfort. However, the
same interfaces can also be used to send information to the user, whenever needed. For instance, a user’s
historical feedback can be displayed using appropriate statistical metrics (e.g. mean feedback provided,
percentage of instances user was comfortable, etc.). Similarly, if needed, demand response related
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information (e.g. indicator that a demand response program is active currently) can also be displayed. We
will, based on user feedback, later decide how to best communicate with the users whether it’s through
meetings or via internet or a combination.
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5

CONCLUSIONS AND FUTURE WORK

In this first version of user-centric and friendly design, we presented an initial classification of data and
information related to user interaction, and also presented a methodology for user centric design, with an
initial design plan for a user interaction system. In doing so, we demonstrated various options that were
available for creating such a system. A specific example is user interfaces, which can be implemented in
various forms such as smart phone applications, touchscreen displays and mechanical feedback devices.
Future work would focus on the following enhancements. Firstly, more detailed and fine-grained
presentation of the data and information aspects related to user interaction would be attempted. One of the
specific aspects that would be considered is the frequency of data/information collection and/or display (e.g.
real-time vs. one time). Secondly, the methodology for a user centric design as presented in this document
would be refined, as needed, and employed to create appropriate user interaction system(s). This would
entail making final choices for physical interfaces, feedback options, data management infrastructure,
sensors for collection of indoor temperatures and information to be displayed on the physical interfaces. The
final user interaction system(s), would then be implemented in the field trials. Version 2 of this deliverable
(D2.4) would describe these enhancements and implementation details of the designed user interaction
system(s).

Page 17 of 18

D2.2: User centric and friendly design ver. 1

REFERENCES
Flic: The wireless smart button. Retrieved Oct 9 2015, from https://flic.io/
Gulliksen, J., & Göransson, B. (2002). Användarcentrerad systemdesign - en process med fokus på användare
och användbarhet. Lund: Studentlitteratur (in Swedish)
Gulliksen, J., Göransson, B., Boivie, I., Blomkvist, S., Persson, J., & Cajander, Å. (2003). Key principles for usercentred systems design. Behaviour and Information Technology, 22(6), 397-409.
James (2013, Aug 19). Android phones with ambient air temperature sensors [Web log post]. Retrieved from
http://opensignal.com/blog/2013/08/19/android-phones-with-ambient-air-temperature-sensors/
Kingma, B., & van Marken Lichtenbelt, W. (2015). Energy consumption in buildings and female thermal
demand. Nature Climate Change.
Living
Lab
Handbook,
Retrieved
Oct
9
http://www.ltu.se/cms_fs/1.101555!/file/LivingLabsMethodologyBook_web.pdf

2015,

from

Page 18 of 18

