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Abstract 
Today, climate change is one of the world's greatest challenges. The main cause of this is 
humans' emissions of greenhouse gases, which for instance occur when burning fossil fuels. 
A prerequisite for meeting this challenge is that society change the way energy is produced 
and used. In the pursuit of fighting climate change, it is therefore crucial to create awareness 
among people regarding energy use. 

The purpose of this thesis project is to design a cultivation unit which uses residual heat. In 
this way, we aim to create awareness regarding the reuse of energy that would otherwise be 
wasted in society. To achieve this, we have used an established design process and creative 
methods, such as workshops, focus groups and prototyping. The thesis project resulted in a 
concept for a cultivation unit that in an innovative way brings attention to the reuse of residual 
heat. 

The work has been carried out in collaboration with Luleå Energi, an energy company that 
supplies Luleå with energy, and works to create conditions for more sustainable energy use. 

 

KEYWORDS: INDUSTRIAL DESIGN ENGINEERING, PRODUCT DESIGN, 
COMMUNICATION, SUSTAINABLE DESIGN, ENERGY AWARENESS, ENERGY 
VISUALIZATION. 

  



  

 

 

Sammanfattning 
Idag är klimatförändringar en av världens största utmaningar. Den främsta orsaken är 
människors utsläpp av växthusgaser, som bland annat förekommer vid förbränning av fossila 
bränslen. En förutsättning för att möta denna utmaning är att samhället förändrar det sätt 
energi produceras och används. En viktig del i strävan mot att bekämpa klimatförändringarna 
är därför att skapa en medvetenhet hos människor gällande energianvändning. 
 
Syftet med det här examensarbetet är att utforma en odlingsenhet som använder sig av 
restvärme, för att på så sätt uppmärksamma återanvändningen av den energi som annars går 
till spillo i samhället. För att uppnå detta har ett designarbete genomförts genom en 
etablerad designprocess och kreativa metoder, såsom workshops, fokusgrupper och 
prototyper. Examensarbetet resulterade i ett koncept för en odlingsenhet som på ett 
innovativt sätt uppmärksammar återanvändningen av restvärme. 
 
Arbetet har genomförts i samarbete med Luleå Energi, ett energiföretag som förser Luleå 
med energi och som arbetar med att skapa förutsättningar för en mer hållbar 
energianvändning. 

NYCKELORD: TEKNISK DESIGN, HÅLLBAR DESIGN, PRODUKTDESIGN, 
KOMMUNIKATION, ENERGIMEDVETENHET, ENERGI VISUALISERING. 
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Introduction 
Climate change is considered one of the 
world’s biggest challenges today (UN, 
2019a). A large proportion of greenhouse 
emissions come from the way fossil energy 
is transformed, used and recycled. Thus, to 
be able to meet this challenge, sustainable 
renewable energy is a prerequisite (UN, 
2019a).  

Although renewable energy solutions 
become less expensive and more efficient, 
the global energy demands are expected 
to increase by 37% until 2040 according to 
UN (2019b). Consequently, the society 
must change the way energy is produced 
and used in order to ensure a sustainable 
availability of energy services for everyone. 

As climate change is something that 
people are increasingly reminded of in the 
news and elsewhere in their everyday lives, 
humankind has slowly begun to 
understand their unsustainable 
relationship to the planet (T.Boykoff & 
Roberts, 2007). This understanding is 
reflected in, inter alia, the number of 
sustainability trends which are emerging 
(BMW Guggenheim Lab, 2013). These 
trends have become a driving force that 
has brought new technologies and are 
creating new areas of development. For 

example, the demand for locally and 
sustainably produced food is increasing 
(UN, 2019c), as is the demand for 
renewable energy and the interest to 
conserve and decrease the energy people 
use (UN, 2019a). Hence, some companies 
have begun to explore innovation 
opportunities such as: can the demand for 
sustainably produced food be combined 
with the developing energy business? 

This report is carried out on behalf of the 
local energy supplier Luleå Energi AB, and 
describes an Industrial Design Engineering 
master’s thesis project in which the aim has 
been to develop a conceptual cultivation 
unit. This unit will be using residual heat, 
which is the excess heat that are not being 
directly utilized in e.g. industrial processes 
in the paper and steel industry 
(Industrigruppen Återvunnen Energi, 
2019).  

The current project takes its starting point 
in the exploration of the possibility to 
create awareness of energy and reusing 
residual heat1 to citizens in society. 
Furthermore, in the project we examine 
how the residual heat may be used to 
support solving challenges such as climate 
change. 

 

 

 

1 Residual heat is heat that is a by-product of various 
industrial processors and is thus completely emission-free 
(Industrigruppen Återvunnen Energi, 2019, Authors 
Translation) 
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Objective and aims  
The project was initiated with the goal of 
creating awareness about energy and 
reusing residual heat. The main purpose of 
this project is therefore to design a 
cultivation unit that uses residual heat and 
addresses energy issues in society. 
Residual heat is defined as the heat lost 
from processes, which do not have any 
other alternative use and would otherwise 
have gone unused. 

The client’s requirements are that the 
cultivation unit should be relatively mobile 
and easy to transport. The unit should 
inspire people and bring attention to the 
possibilities of reusing residual heat. Also, 

the client’s desire is that the concept will 
not exceed 250 000 SEK to manufacture. 

Drawing on relevant theories in design and 
other relevant areas and through context 
immersions, the accumulated knowledge 
should contribute to a deeper 
understanding of the needs for creating 
energy awareness through the final 
solution. 

The ambition is to deliver blueprints of a 
conceptual product that fulfills the client's 
requirements. In addition, the concept 
should allow Luleå Energi to continue to 
develop their idea.

Research questions 
To explore and develop a concept for a cultivation unit, the following questions have been 
developed to focus the work: 

How can design as a process be used to develop a concept that raises 
energy awareness? 

How can a cultivation unit be designed to create awareness of the reuse of 
residual heat? 
 

Project scope 
The project takes place during the last semester of 2019 and is part of the master program of 
industrial design engineering at Luleå University of Technology. The project includes the 
development of a conceptual cultivation unit. The current project has not investigated the 
direct use of energy or the technical energy solutions that would be needed by the product, 
as it was considered to be outside the framework of the project. Manufacturing and assembly 
will be outsourced to a company with the right kind of expertise, since the client has no 
business in that area. Thus, the client will have to use a subcontractor.
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Stakeholders 
This section covers all the primary 
stakeholders, shown in figure 1, which can 
affect or be affected by the project and the 
final concept. 

The client company, Luleå Energi, intend 
to use the final concept in their pursuit of 
bringing attention to residual heat, as well 
as influence sustainable thinking through 
conscious use of energy. Furthermore, 
their hope is that other energy companies 
will be inspired by the cultivation unit so 
that its implementation spreads nationally 
and internationally. 

Customers, including companies and 
individuals, who could be inspired to 
investigate their own energy consumption 
and taking appropriate actions to optimize 
their use of energy, perhaps by 
implementing the developed concept 
from this project. As the concept is 
developed as a cultivation unit, the 

customer will ultimately produce a variety 
of crops which they can sell or keep for 
their own use. 

Users are those who will interact with the 
cultivation unit, such as growers, 
maintenance staff and individuals who 
have bought the unit themselves. They will 
truly experience the concept in its entirety 
and what it can offer: its design, its 
cultivation technology and the possibility 
of growing greens outside of season. 

Spectators include all individuals who 
experience the concept in its context. The 
concept could be placed in a busy urban 
environment, such as a town square, where 
people can experience the concept from a 
witness's perspective. 

From here, the term user is used to refer to 
passersby’s, e.g. the target group of the 
project. 

Figure 1 – Stakeholder Mapping 
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Thesis outline 
The thesis is organized in the following eleven chapters. 

Chapter 1: Introduction 
The first chapter contains an overview where the background and the definition of the project 
will be introduced. The introduction chapter also presents the objectives and aims, research 
questions, the project scope and stakeholders. 
 
Chapter 2: Context 
The second chapter outlines Sweden’s relation to energy, residual heat, cultivation units, 
cultivation techniques and current states of farming. Furthermore, it contains a market analysis 
of trends and existing solutions of urban farming and visualized energy. 
 
Chapter 3: Theoretical framework 
The third chapter presents gathered scientific theory. There are various theories which are 
relevant for industrial design engineering and for the project task. 
 
Chapter 4: Method and Implementation 
The fourth chapter covers the working process and the methods that have been used. At the 
end of this chapter there is a discussion about the methods.  
 
Chapter 5: Results 
The fifth chapter presents the results from each phase and method. These results lay the 
foundation from which the final result is built upon. 
 
Chapter 6: Final Design 
The sixth chapter showcases the result of the thesis in the shape of a design concept. 
 
Chapter 7: Discussion 
The seventh chapter discuss the whole project, such as the theoretical framework versus the 
results, relevance and reflections. The research questions will be discussed and lead to project 
conclusions.  
 
Chapter 8: Conclusion 
From the content in chapter 7, answers to the research questions will be stated here.  
 
Chapter 9: Recommendations 
The ninth chapter describes recommendations for further work of the final concept of the 
cultivation units.  
 
Chapter 10: References 
 
Chapter 11: Appendix 
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Context 
This chapter outlines Sweden’s relation to 
energy, residual heat, cultivation units, 
cultivation techniques and current states of 
farming. Furthermore, it contains a market 
analysis of trends and existing solutions of 
urban farming and visualized energy. 

Sweden’s Renewable Energy 
In 2017, nearly 55% of the total use of 
energy in Sweden came from renewable 
resources. This makes Sweden one of the 
countries with the highest level of 
renewable resources in Europe 
(EUROSTAT, 2019). The use of renewable 
energy consists of bioenergy, hydropower, 
wind power and district heating from 
renewable resources (Energimyndigheten, 
2018). 

The usage of renewable energy in Sweden 
has increased over the past years, while the 
use of fossil energy has decreased. The 
largest renewable energy source in 
Sweden today is bioenergy, which has 
great a potential to increase and is 
necessary to replace fossil fuels. Biofuel are 
mainly used in fuel production, small- and 

large-scale heat production for district 
heating, electricity in cogeneration plants, 
and for industrial process needs. The 
Swedish Energy Agency participates in 
several international collaborations on 
research and development in bioenergy 
(Energimyndigheten, 2019). 

Potential of residual heat 
Heat sources are everywhere in society and 
emissions of excess heat are present in 
gases or liquids from i.e. industrial 
processes in the paper and steel industry 
(Industrigruppen Återvunnen Energi, 
2019). This excess heat is called waste 
heat, excess heat or residual heat. 
However, there is no general definition of 
what such heat is, mainly because it can be 
difficult to determine when a process is 
optimized, and the remaining heat is thus 
considered leftover or unused. An 
assessment should therefore be made in 
each individual case (Statens 
Energimyndighet, 2008) . The term 
residual heat will be used in this report, 
referring to the surplus energy that cannot 
be utilized directly in the internal 
processes. 

To utilize residual heat, it is important to 
gather information about the heat source, 
such as flows and temperatures that occur, 
and whether these vary or are constant.  
According to Andersson (2019), it is 
primarily the industrial residual heat that is 
relevant for reuse. Factors that determine 
whether it is possible to use residual heat 
for cultivation include the temperature of 
the heat flow, the continuity of the 
emissions and the distance between the 
residual heat source and the place of use. 

Figure 2 – Sweden’s objectives 
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Today, residual heat is used, among other 
things, to heat homes and buildings, such 
as the Berhn Arena, or to extend the 
growing season for farmers. Examples of 
growers who use residual heat are 
Trollåsens Tomater, Söderlinds organiska 
grönsaker and Elleholms tomater. 

Cultivation unit 
A cultivation unit is a structure used to 
grow e.g. vegetables or plants. A common 
form of cultivation unit is a greenhouse, 
which can be defined as: 

“…a walk-in, static, closed place of crop 
production with a usually translucent2 
outer shell, which allows controlled 
exchange of material and energy with the 
surroundings and prevents release of plant 
protection products into the environment.”  

EU, 2009 

This definition is the starting point of this 
report and the terms cultivation unit and 
greenhouse are from here on considered 
synonymous. Regardless of how a 
cultivation unit is constructed, there are 
several basic functions that must be 
available in order for cultivation to be 
possible. These functions will be described 
in more detail in the following sections. 

Energy 

The energy requirement for a cultivation 
unit consists of the sum of the energy 
needed for e.g. ventilation, heating and 
the operating system. Due to Sweden's 

 

 

2 If an object or a substance is translucent it is almost 
transparent, allowing some light through it in an attractive 
way (Cambridge Dictionary)  

northern climate, the lack of sunlight and 
cold winters makes Swedish greenhouse 
cultivation highly dependent on heating 
and lighting systems. 

However, energy use has shifted in recent 
years towards higher energy efficiency and 
reduced energy consumption. For 
example, in 2002, the relative energy 
consumption was about 370 kWh per 
square meter of cultivated area, while in 
2017 the consumption was only about 200 
kWh per square meter, which is a 
reduction by 46% (Jordbruksverket, 
2018b). 

Heating 

The largest part of energy used by a 
cultivation unit is to heat the unit. The 
purpose of heating the cultivation units is 
partly to control the humidity and partly to 
maintain a desired temperature. According 
to Lööv, Stenberg, Wretling Clarin and 
Nilsson (2011), a well-planned heating 
system is required to achieve an even 
climate and an efficient energy use. 

The supply of residual heat is rarely 
constant during the entire year and the 
temperature of the heat delivered to the 
cultivation unit's heating system can vary, 
thus, different types of technical 
applications are required. For example, 
Persdotter Isaksson (n.d) describes that 
when residual heat has a too low 
temperature, the cultivation unit must use 
advanced heat exchange technology to 
utilize the residual heat. At high 
temperatures, residual heat can be stored 
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and used when the temperature of the 
incoming residual heat is too low. 

To ensure a certain level of heat, some 
form of backup system can be used, for 
example in the form of a connection to the 
district heating system or the return line of 
the heating system. According to 
Persdotter Isaksson (n.d), an accumulator 
tank which stores heated water can be 
used to achieve an even climate in the 
cultivation unit. 

Irrigation 

Water is essential for cultivation as plants 
use water in several ways, such as for 
temperature control and transport of 
energy and nutrients inside the plant. 
However, the need for water varies 
between different climates and species of 
plants (Jordbruksverket, 2018b). 

According to Nilsson and Nimmermark 
(2013), the concept of irrigation includes 
several aspects such as: the choice of water 
source, which temperature the water 
should have and how that temperature is 
maintained, and how surplus water is 
handled. 

Modern greenhouses often use 
recirculation systems to reuse water, and 
also to purify the system and prevent 
emissions of substances that can 
contribute to eutrophication3 if emptied 
into the environment (Hansson & 
Johansson, 2007). IKEA uses such a system 
in a project where they grow vegetables in 

 

 

3 The addition of nutrients to water in lakes and rivers, 
which encourages plant growth that can take oxygen from 
the water and kill fish and other animals (Cambridge 
Dictionary) 

shipping containers (IKEA, 2019). They 
claim that their recycling system needs 
about 1 liter of water to grow about 1 kg of 
vegetables. Also, the amount of water 
required for their concept is about 10% of 
what is needed for conventional 
agriculture (IKEA, 2019). 

Lighting 

According to Persdotter Isaksson (n.d), the 
light in a cultivation unit is an important 
factor for successful cultivation. The 
luminaire commonly used for cultivation of 
conventional crops is HPS lamps, mainly 
because they have a high lumen output. 
However, the use of LED lamps has 
become more common, although it is a 
more expensive investment compared to 
HPS lamps. The reason for this is that the 
LED lamps have a long life, are energy 
efficient and match the plant’s light 
absorption spectra (Persdotter Isaksson, 
n.d). 

Ventilation 

Ventilation systems are used partly to 
control humidity and partly to control the 
temperature. The need for ventilation in 
greenhouses is often a prerequisite for the 
plants to thrive, but varies depending on 
the amount and the type of plant that is 
cultivated (Nilsson & Nimmermark, 2013). 

Instead of using the ventilation to ensure 
optimum humidity, a dehumidifier can be 
used. A dehumidifier is e.g. cost and 
energy efficient, as there is a risk that heat 
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could otherwise be lost when ventilating 
moisture into the environment (Nilsson & 
Nimmermark, 2013). 

Size, shape and isolation 

According to Jordbruksverket4 (2018a), the 
shape of a greenhouse is important for 
how well the cultivation will function in the 
long run. Also, the design influences 
factors such as energy consumption and 
the working environment. Nilsson and 
Nimmermark (2013) believe that the size of 
the unit is also of great importance. For 
example, a small greenhouse has greater 
energy consumption per square meter 
than a large greenhouse, since the wall 
and ceiling surfaces in a small greenhouse 
are larger in relation to the floor area. 
According to Nilsson and Nimmermark 
(2013), this means that a larger 
greenhouse can be more energy efficient 
than a smaller one. 

Various types of cover material are used to 
insulate the outer shell of greenhouses, 
e.g. glass, polycarbonate, acrylic or 
polyethylene. Glass is the most common 
material in Swedish greenhouses, mainly 
because glass has a low price in relation to 
its long durability. Also, glass is an 
environmentally friendly material and has a 
good light transmission (Nilsson & 
Nimmermark, 2013). 

It is important to use materials with good 
insulation capacity for an efficient energy 
use. For example, if a material which has a 
low thermal insulation capacity is used, 
energy can be transported through the 

 

 

4 The Swedish Board of Agriculture 

material (Jordbruksverket, 2018a). 
According to Nilsson and Nimmermark 
(2013), the foundation of a greenhouse 
should be insulated. This lowers energy 
consumption and the insulation allows 
heat from the heating system or from solar 
radiation to accumulate, which in turn can 
contribute to a more even climate. 

Location of the unit 

The location of a cultivation unit can be 
crucial, e.g. in terms of production gain 
and energy efficiency. For example, it is 
advantageous to place a rectangular unit 
with the short sides in the east-west 
direction. In this way, the unit will get as 
much light as possible. Also, if the 
cultivation unit is protected from wind, it 
can lower the energy consumption 
(Jordbruksverket, 2018a). 

Cultivation techniques 
The term ‘cultivation techniques’ refers to 
different methods used when growing 
plants in conventional field crops or in 
cultivation units, and includes activities 
such as: preparation, sowing, maintenance 
and harvesting. In the following 
paragraphs, the most common cultivation 
techniques are further described. 

Traditional Cultivation 

Traditional cultivation means that seeds or 
plants are planted in soil, often in a 
greenhouse where water and nutrition are 
added until it is time for harvest. The soil is 
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a medium which helps the plants by 
keeping moisture and ventilating the roots 
(Hjelm, 2017a). 

Hydroponics 

Hydroponics is described by Hjelm 
(2017b) as a form of cultivation technique 
which is integrated with an irrigation 
system. The cultivation takes place in a 
circular closed system that does not 
require any soil, instead, other substrates 
such as bamboo fibers or cotton are used. 
According to Hjelm, the only thing that is 
necessary for the plants to thrive is water, 
nutrition, light and heat. The plants are 
either placed directly in water, for example 
in a water bath, or are fed water and 
nutrients continuously.  

Current State 
This section explores current trends and 
areas of farming. 

Farming – An Inclusive Business  

A cultivation concept can serve as a social 
hub where people with an interest in 
cultivation meet and exchange knowledge 
and experience. The concept can also 
contribute to work opportunities for 
newcomers who come from cultures with 
strong connections to cultivation (Nygren, 
2019). 

Cultivation in or near cities can contribute 
to integration and make an area more 
attractive to residents. One type of 
integration project in Luleå is cultivation 
lots used by people who moved to 
Sweden from other parts of the world. 
Nygren (2019), who is a chairman of the 
local cultivation association in Luleå, states 
that: 

"…the newly arrived have a completely 
different sense for cultivation and a 
burning interest, people in Sweden are 
just buying everything from the shops." 

Nygren, 2019, Authors translation 

There are also several different projects 
that work to connect stakeholders to create 
better conditions for e.g. agricultural 
development. Odlande Stadsbasarer 
(2019) is a Swedish project that works for 
sustainable and job-creating urban 
cultivation. They currently have a project, 
Odlande Stadsbasarers testbädd, in which 
ten start-ups participate who represent 
innovative technology for cultivation, 
production control and circular use of 
energy, water and waste. Behind the 
project lies the global trends of urban 
agriculture: to conduct urban, sustainable 
agriculture in empty properties and create 
sustainable and vibrant neighborhoods. 

Organic Farming in Sweden 

The production of organic vegetables in 
Sweden has risen sharply. However, the 
last few years it has subsided and stands 
steadily for 18% of the total area of free-
range vegetables in Sweden 
(Jordbruksverket, 2019). Today, most 
organic vegetable cultivations are relatively 
small, and their vegetables are usually sold 
on the local markets. The large producers 
are located in a few places, mainly in 
southern Sweden, and sell their vegetables 
via major wholesalers to the grocery trade. 
Seeing that the interest for organic 
vegetables has increased, the Swedish 
market cannot meet this demand. Thus, 
this has increased imports of organic 
vegetables from other countries. 

According to Jordbruksverket (2019), 
calculations show that organic cultivation 
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can be as profitable as conventional 
cultivation. However, it requires decreased 
labor costs and guarantees of relatively 
large harvests. The cultivation techniques 
need to be improved in order to obtain a 
larger and more even harvest. Added 
value for organic vegetables, which 
salesmen and consumers are willing to pay 
for, must continue to develop. 

Increasing value of Arable land  

Access to arable land is decreasing in 
many countries, mainly due to global 
climate change. Seeing that Sweden is 
expected to have a favorable climate for 
cultivation in the future, the arable land in 
Sweden are becoming more valuable 
(Jordbruksverket, 2018b). 

The Swedish Board of Agriculture 
(Jordbruksverket, 2018b) has proposed 
that Swedish entrepreneurs should grow 
and supply raw materials to produce 
biofuels, which can contribute to reduced 
use of fossil fuels. 

Market Analysis 
The term climate change refers to the 
changes in weather patterns over time 
(UN, 2019d). As the awareness of climate 
change increases, new trends have begun 
to develop. Below is a selection of trends 
identified by the BMW Guggenheim Lab 
(2013). These trends suggest e.g. an 
aspiration towards sustainability and a 
more aware community. 

Urban farming 

This is the practice of growing 
consumable, locally produced and organic 
food in urban areas, with the purpose to 
meet the needs of the local population. 

Data Visualization 

This concept comprises the visualization of 
information in graphs and other visual 
means, meant to simplify data to create 
awareness of critical issues, such as energy 
awareness. 

Green Space 

In an urban context, this term refers to an 
open green area where citizens can come 
and enjoy nature. These areas provide 
ecological functions for cities as well as 
health benefits to its citizens. 

Inclusive Design 

The increase of diversity in city populations 
demand products that consider a user-
centered approach. The goal is that all 
products and experiences should be 
accessible to everyone, regardless of 
culture, ability or age. 

Reduce, Reuse, Recycle 

This is a trend and motto which makes sure 
that waste is dealt with responsibly. It has 
e.g. been used to promote and educate 
sustainable relations regarding waste.  

Vacant Space 

These urban areas contain properties that 
are not being used anymore and could 
therefore be used for constructive public 
activities instead. 

Benchmarking 

Competitive benchmarking is a method 
for world analysis and can be described as: 
finding inspiration in what is already on the 
market. In order to understand the 
competition on the market, an 
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investigation regarding urban farming, 
visualized energy and residual heat 
projects has been carried out. 

Urban Farming 

In recent years, several urban farming 
companies have been established, which 
indicates that this is a growing sector. 

A summary description of different 
concepts within urban farming is provided 
below. These concepts are compiled in 
table 1, where they are compared 
according to specific categories. The 
concepts with the highest score will 
constitute the continued alignment for this 
project. 

EkoFarmer (2017) is a farming container 
made for urban farming. The container can 
produce local food, herbs, flowers and 
medicinal plants. It is powered by an 
automation component that control 
temperature and humidity. The purpose of 
the container is to offer a controlled and 
energy efficient farming environment in 
cities. The container leaves a minimal 
carbon footprint and does not use 
pesticides and herbicides. Furthermore, 
EkoFarmer is adaptable for different users, 
such as companies and municipalities, and 
can be placed in almost any surrounding 
and used all year round. 

Bonbio (2019) is a hydroponic vertical 
farming system which provides a circular 
solution that customers who produce 
organic waste can use to get rid of their 
organic waste. For example, this farming 
system can favorably be used by the 
restaurant business, where waste otherwise 
can be a major problem. 

GrowUp Box (2018) is an indoor farm 
which uses a vertical growing technique 
and produces sustainable salads and 

herbs. The concept aims to reduce the 
environmental impact and the quantity of 
waste products, e.g. by delivering and 
selling their products to local customers.  

Infarm (2019) is a modular plant farm 
concept which lay the foundation for a new 
urban food system. It is a controlled 
ecosystem that adjusts light, air and 
nutrients. Seeing that every Infarm is 
controlled through a cloud-based 
platform, it can adjust and improve itself 
continuously. The purpose of Infarm is to 
preserve water and natural resources.  

Futufarm Greenery (2019) is a 
customizable vertical indoor container 
solution. It uses a climate-controlled smart 
farm containing climate data and tailored 
farming settings. The concept does not 
use any soil, thus, the crops are getting 
nutrition from water and light energy from 
LED-arrays. Futufarm Greenery can be 
placed basically anywhere, and the system 
operates independently from land, climate 
and season due to the power of 
technology. 

Visualized energy 

In this section, concepts which are 
visualizing energy have been examined.  
The concepts are described further below 
and compiled in table 2, where they are 
compared according to specific 
categories. The concepts with the highest 
score will constitute the continued 
alignment for this project. 

The Power AWARE Cord visualizes the 
amount of electricity that are being used. 
The concept uses glowing patterns such as 
pulses, flow and intensity of light. These 
glowing patterns are produced by 
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electroluminescent wires molded into the 
transparent cord, and indicate the amount 
of energy that are being used by the 
connected devices (Backlund, o.a., 2006). 

The Energy Curtain is a curtain which have 
LED-light fibers woven into the textile. The 
LED-light fibers are powered by batteries 
that get charged by solar panels. Thus, 
energy is being stored during the day, and 
the curtain pattern can then be used to 
light up a room when the sun is down. The 
Energy Curtain may be used everywhere 
where curtains are useful (Backlund, o.a., 
2006). 

The AWARE Clock visualizes a household’s 
daily electricity consumption by showing 
the present (kW) and past (kWh) use of 
electricity on a circular graph. 

The users can decide if the clock should 
show one minute, one hour, one day, one 
week or one month. The purpose of the 
clock is to make electricity consumption a 
conscious part of the everyday life of the 
household members (Broms, Energy 
AWARE Clock, 2008). 

 

paraSITE is a solution which uses residual 
heat to heat up a custom-built inflatable 
shelter designed for homeless people. The 
paraSITE is attached to exterior warm air 
outtake vents from buildings. When warm 
air is leaving a building, the air inflates and 
heat the parasitic structure. Thus, the 
parasitic structure then reveals how much 
surplus heat and energy that is normally 
wasted (Broms, 2011). 

The Energy Plant is a plant which is 
growing on an ambient transparent LCD-
display with the purpose to visualize the 
consumption of electricity in a household. 
In the beginning of each month, a digital 
seed is planted which starts to grow on the 
screen. How the plant grows depends on 
the electricity consumption: if there is a 
heavy consumption the plant begins to 
wither, whilst modest electricity 
consumption will result in a plant that is 
growing fast. The purpose of the Energy 
Plant is to provide information in a creative 
way with a little effort from the user (Broms, 
2014). 

  

Table 1 - Comparison between Urban Farming concepts 

Idea, Placement, Purpose: 1 (Not similar) - 5 (Very similar) 
Strengths, Weaknesses: 1 (Not interesting) - 5 (Very interesting) 
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Residual Heat projects 

This section describes a collection of 
enterprises that focus on or include 
residual heat in their enterprises. 

Elleholms Tomatodling AB (2017) is a farm 
which uses residual heat and is located in 
Mörrum, Sweden. Thanks to their usage of 
residual heat from a nearby company they 
manage to produce tomatoes 10 months 
a year. To boost the growth of tomatoes, 
they also use carbon dioxide surplus from 
a nearby liquor factory.  

Höganäs (2016), in collaboration with 
WA3RM, has begun to investigate the 
possibility of reusing residual heat and 

carbon dioxide that are formed in their 
industrial processes. The idea is to reuse 
the residual heat for greenhouse 
cultivation, planting and electricity 
production. 

DC-Farming is an ongoing project at Luleå 
University of Technology. In the project, 
researchers are exploring the possibilities 
of utilizing the residual heat generated by 
data centers. This residual heat is otherwise 
released into the environment (RI.SE, 
2019). 

 
 

  

Relevance: 1 (Not relevant) - 5 (Very relevant)  Feedback: 1 (Little feedback) - 5 (Much feedback) 
Stressful: 1 (Very stressful) - 5 (Not stressful)  Usability: 1 (Not useful) - 5 (Very useful) 

Table 2 - Comparison of concepts that visualize energy 
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Theoretical framework 
This chapter outlines the theories that has 
served as a foundation for this project. The 
project is founded in Industrial design 
engineering, hence this is further 
described as well as areas within design 
theory that has been relevant to the current 
projects design process. 

Industrial Design 
Engineering 
The definition of industrial design varies, 
and there are several ideas of what the 
field comprises. For instance, design can 
be defined as a set of actions, whose 
purpose is to change the current situation 
into a preferred one (Simon, 1996). 
Sometimes, a more open definition is 
used, where design is described as 
everything that isn’t designed by nature, or 
as conscious actions where the result of 
design works in its intended way (Wikberg 
Nilsson, Ericson, & Törlind, 2015).  

However, the various definitions of design 
share three key attributes: first, the word 
design refers to a process; also, the design 
process is goal-oriented; and finally, the 
ambition is to solve a problem, improve a 
situation, meet a demand, or create 
something new and useful (Friedman, 
2003). 

Historically, design as a profession was 
applied as a late step in the design 
process, seeing that a designer’s role was 
mainly to give products an attractive 
exterior (Brown, 2008). During the 
modernist movement in the 1930’s, design 
developed from something mainly related 
to crafts and arts: the modernist 

movement insisted that design no longer 
was related solely to the shaping of 
objects, but also to the way products are 
used (Redström, 2006). 

Design has thus evolved over time in a 
series of focus shifts: from form to function; 
from function to communication; and from 
communication to experience (Cross, 
1982). The development of user 
experience is said to have as much to do 
with creating a fit between user and 
product, as it has with making people fit 
into systems, societies and strategies: 

“If design used to be a matter of physical 
form, its subject matter being in the 
material object, it now increasingly seems 
to be about the user and her experiences.” 

Redström, 2006, p. 123 

Traditionally, there have been conflicting 
opinions considering product design, 
engineering design and industrial design. 
Sometimes this conflict is due to the lack of 
understanding of each other’s roles. 
Industrial designers are sometimes seen 
exclusively as stylists which add an 
aesthetic wrapper to the engineered 
machines. On the other hand, engineering 
designers are sometimes seen as the 
suppliers of unfinished machines that 
needs further work to make them into 
satisfying products (Cross, 2007). 

The growing awareness of the importance 
of design on the global market supports 
the view that successful design can only be 
accomplished by an integration of the 
roles of engineering and industrial design. 
Consequently, this insight has produced a 



  

18 

 

new role: the industrial design engineer, 
which is a combination of the skillset of an 
engineer and an industrial designer (Cross, 
2007). 

As Industrial design engineering is a field 
which is relatively new, it has potential to 
be used for sustainable development, 
considering the growing awareness of the 
importance of design (Cross, 2007), and 
exploration of its application onto other 
fields (Bayazit, 2004).  
 
"…design is never just a profession, it's a 
way of looking at the world and changing 
it." 

Papanek, 1970, p. 132, Authors translation 

In terms of sustainability, Papanek (1970) 
states that humans strive to change their 
surroundings, and that change is up to 
those who create what is in our 
environment and everyday life. With this 
insight, designers can be seen as the most 
powerful tool for reshaping situations into 
preferred ones. Papanek for this reason 
stresses the importance of designers 
having moral and social responsibility 
when they shape humans’ future.  

An understanding of the development of 
industrial design engineering and how it 
applies to our project motivates the use of 
a design process in the development of a 
solution. 

Sustainable Design 
Sustainable development aims at a 
balance between economy, ecology and 
society where contemporary needs are to 
be met without risking the needs of future 
generations (World Commision on 
Environment and Development, 1987).  

“… let us look at the wider environment: 
the world we live in. There is an increasing 
and irreversible shortage of natural 
resources: raw materials, energy, food, and 
land. This must compel us to rationalize, 
especially in design. The times of 
thoughtless design, which can only flourish 
in times of thoughtless production for 
thoughtless consumption, are over. We 
cannot afford any more thoughtlessness.”  

Rams, Speech 1984, 2019 

According to SVID (2018a), everything that 
is designed has an impact on the 
environment in one way or another. The 
design and design process should be 
used to transform resource-intensive 
products into new services that meet the 
same needs and produce the same results, 
but with less environmental impact. 
Therefore, it is important to consider 
sustainability in every decision that is made 
in the design process.  

“…designing products that maximize use 
with minimal climate impact is central to 
sustainability, and for eco-design.” 

SVID, 2018b 

Eco-design is a concept that implies that a 
product or service should be designed to 
reduce its overall environmental impact. 
The design solutions must consider the 
products entire lifespan: the extraction of 
raw materials, production, distribution, 
usage, and finally recycling and waste 
(SVID, 2018b). 

An example of eco-design is subsistence 
agriculture: several cultures have cultivated 
species in different combinations, which 
developed a form of ecological process 
with a relatively predictable harvest. This 
was the foundation for what is now called 
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organic farming (Wimmer, Kun-Mo, 
Quella, & Polak, 2010). 

Eco-design can also be reflected in older 
traditional buildings where local and 
sustainable materials have been used and 
formed to optimize a balance between 
heat and cold (Wimmer et al., 2010). 

The project is linked to environmental 
sustainability as it is about raising awareness 
of waste of resources, i.e. residual heat. For 
this reason, a deepening in the area has 
meant that we in the project team have a 
better understanding of what sustainable 
design means. Also, we have been able to 
adopt the right approach in our work. 

Interaction Design 
“Interaction design refers to the process 
that is arranged within existing resource 
constraints to create, shape, and decide all 
use-oriented qualities (structural, 
functional, ethical, and aesthetic) of a 
digital artifact for one or many clients.” 

Löwgren & Stolterman, 2007, s. 5 

Interaction design is a design discipline 
which is founded in the academic field of 
human-computer interaction (HCI). Thus, 
HCI is a cross-disciplinary subject which is 
influenced by other fields related to the 
creation and development of digital 
artifacts, including computer science, 
information systems and software 
engineering (Löwgren & Stolterman, 
2007). As a design discipline, interaction 
design is also influenced by concepts and 
theories from other design disciplines, and 
from the academic field of design studies. 

Technological artifacts are closely 
connected to people (Löwgren & 
Stolterman, 2007). It is a combination of 

technology, society and people. 
Interaction designers contribute to societal 
development by designing digital artifacts 
that become parts of large and small 
sociotechnical systems (Löwgren & 
Stolterman, 2007, s. 142). 

There are different views on technology: 
some argue that technology is a tool that 
can be used and put away at will, while 
others argue that technology is a driving 
force in societal development (Löwgren & 
Stolterman, 2007, s. 142) 

”We shape technology and technology 
shapes us.” 

 Löwgren & Stolterman, 2007, s. 142 

According to Löwgren & Stolterman (2007, 
s. 144), design work is a part of a larger 
community. It is important to understand 
that culture, beliefs, experiences and 
ideologies can differ for one society to 
another. Some ideas may be seen as very 
innovative and give new possibilities, while 
the same ideas can seem impossible in 
another cultural context (Löwgren & 
Stolterman, 2007, s. 144).  

Therefore, we have considered it important 
for designers to have a deep 
understanding about the factors that affect 
the development of society. Thus, we 
believe that interaction designers have an 
important role in that development. 
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Human behavior 
This section explores relevant theories 
related to human behavior. 

Affordance 

In some way, people manage to use both 
familiar and foreign subjects in their 
everyday life, how is this possible? 
According to Norman (2013), the answer 
lies in one of the most important design 
principles - affordance. 

Affordance is defined by the relationship 
between a user and an object. Norman 
(2013) uses a chair as an example: a chair 
is made for sitting on and its design, 
construction and shape affords sitting. 
Many chairs can also be carried away, but if 
a chair is too heavy it does not afford 
lifting. Accordingly, this chair does not 
have that affordance. 

Feedback 

Norman (2013) defines feedback as 
communicating the result of an action. An 
example is when as text message is sent: a 
small notification is shown which informs 
that the message has been sent.  

In human’s nervous system there are 
feedback mechanisms that wants 
immediate feedback to get fully attached 
to something. Therefore, feedback needs 
to be immediate and informative. If the 
feedback is delayed, people tend to 
become impatient.  

According to Norman (2013), poor 
feedback can be even worse than no 
feedback at all, seeing that it can be 
provoking and irritating. For that reason, 
feedback in a design needs to be 
prioritized and well planned to capture 

attention and provide the desired 
information.  

Scripts 

A designer has a responsibility to let the 
user know how a product or a system is 
supposed to be used and how the 
characteristics of an object is defined. 
Akrich (1997) calls this design discipline a 
script. The users of a product are in this 
view defined as actors. Drawing on the 
metaphor of directing movies, in order for 
actors to be able to act, they need a 
manuscript. In the same way, a user of a 
new product needs a guidance on how the 
product can be used. A successful script 
therefore requires an object with a defined 
framework that gives a precise description 
on how the user is supposed to act. 
However, Akrich emphasizes the need to 
be aware of how the frames are drawn: 
who is included and who is not, in order to 
avoid a solution that limits or excludes 
users.  

Cognition and Emotion 

According to Norman (2004), emotion and 
cognition goes hand in hand and cannot 
be separated. Cognition defines the 
mental action of obtaining knowledge and 
understanding, while every thought and 
action is touched with emotions. Thus, 
emotions are a vital part concentrated on 
cognition. 

Normally, a situation is assessed 
cognitively, but since humans have a 
survival instinct, an emotional reaction 
usually comes first. According to Norman 
(2004), an emotional reaction does not 
appear without an impact on cognition. 
Hence, it is valuable for a designer to keep 
emotion and cognition in mind from a 
human behavior perspective. 
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User Experience 

User Experience (UX) can simply be 
framed as the practice of forming an 
experience through the interaction with a 
device (Hassenzahl, 2011). User 
Experience comes from Experience 
Design which is focusing on how to create 
experiences between mediators and 
interactive products, while user experience 
is more focused on technology devices. 

In the UX approach, sketching is a central 
part. Thus, the benefits of sketching are 
many: designers will e.g. be able to think 
openly and creatively about their ideas, 
and invent, explore, record and evaluate 
them (Greenberg, Carpendale, Marquardt, 
& Buxton, 2012). 

“In order to achieve high-quality user 
experience in a company's offerings there 
must be a seamless merging of the 
services of multiple disciplines, including 
engineering, marketing, graphical and 
industrial design, and interface design.”  

Norman & Nielsen, n.d 

An UX designer aims to change the 
interaction with products for the better, by 
providing the user with a memorable 
experience. Thus, the experience of a 
product must be simple and joyful to be a 
true User Experience according to Norman 
and Nielsen (n.d). 

A selection of relevant UX principles by 
NNgroup (2019): 

1. Focus on the users 

Have an early focus on the users and their 
task. Observe them and define their 
characteristics. 

 

2. Learn by testing in real life 

Use empirical measurements, test 
scenarios and prototypes. Explore and test 
with the users. 

3. Utilize an iterative design process 

Make the design, test it and evaluate it. 
Redesign as many times as needed.  

We believed that an understanding of how 
users behave was important in the 
development of a solution, especially when 
using a user-centered approach. Since the 
project has been about developing a 
solution to create awareness, we have 
considered it important to explore deeper 
into how users perceive and experience 
their surroundings. With this insight we 
have been able to better understand what 
was important to include and what was 
unessential. To design a solution that the 
user would experience, the interaction is 
valuable, both cognitively and emotionally. 

Good Design? 
A common question often brought up by 
both designers and non-designers is “What 
is good design?”. There is no single answer 
to that question. According to Wikberg 
Nilsson et al. (2015), a good design imply 
that the product is reliable, useful and works 
as intended by its user(s). To achieve such 
design, it is essential to include the needs 
and prerequisites of the users. 

Dieter Rams (1984), a man seen as a 
pioneer in the design field, suggests that 
“good design means as little design as 
possible” (p.24). Others share Rams’ view 
on design: simple and pure often result in 
products that are perceived as timeless 
and thus last longer (Lidwell, Holden, & 
Butler, 2003). However, Lidwell et al. (2003) 
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adds that such design may sometimes be 
perceived as simple and boring. They 
believe that designers should ask 
themselves: “What features of the design is 
critical to success?”. The answer to this 
question varies depending on the 
situation. In addition, good design 
depends on what the user is looking for in 
each separate scenario.  

Dieter Rams has developed 10 principles 
of good design which enforce his view of a 
good design (Vitsoe, 2019): 

1.     Good Design is innovative 

There is no end to design opportunities. 
Design develops together with new 
technology, and as long as new 
technology develops, there will be 
opportunities for design. 

2.     Good Design makes a product useful 

Products are made to be used, and must 
fulfill functional, psychological and 
aesthetic criteria. Good design fulfills these 
and exclude anything that might distract 
the user. 

3.     Good Design is aesthetic 

Product aesthetics affect their users and 
their wellbeing. The beauty of the product 
is therefore essential to the products 
usefulness. Beauty can only be achieved by 
truly thought through products. 

4.     Good Design makes a product 
understandable  

Good design is when a product is self-
explanatory, the user understands the 
product by using their given senses. 

 

5.     Good Design is unobtrusive 

Products are tools for the users to fulfill a 
specific task, therefore, they should be 
neither decorative nor works of art. The 
products should remain neutral in their use 
to allow the users unaffected self-
expression. 

6.     Good Design is honest 

The product does not manipulate the 
users with false promises of use outside of 
the products range of function. It should 
never claim to be more than what it is. 

7.     Good Design is long-lasting 

It does not follow trends of fashion which 
change with time. Therefore, it never feels 
out of date. Avoiding the fast-changing 
fashion and trends of the present allows 
the design to last longer. 

8.     Good Design is thorough down to the 
last detail 

Every detail of a design is done with care in 
respect to the customer. Nothing is 
superfluous or lacking purpose. 

9.  Good Design is environmentally friendly 

In respect of the environment, good 
design requires as little resources as 
possible for the product to fulfill the user’s 
needs. In addition, it minimizes harm to 
the environment during the product’s 
entire lifecycle. 

10.  Good Design is as little design as 
possible 

It emphasizes the important aspects of the 
product and eliminate redundancies. 
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Innovation 

Traditionally the approach to innovation 
has been closer tied to traditional product 
development, the creative would rather be 
referred to as inventing (Schumpeter, 
1911). With this traditional approach, 
innovation would instead mean that a 
product or invention had become a 
financial success on its intended market 
(Schumpeter, 1911). This developed into 
an approach where innovation was the 
result of the work made to bring about a 
purposeful change by a company, limited 
by its economic and social capacity 
(Drucker, 1985). Today, Wikberg Nilsson et 
al. (2015) state that innovation can be used 
to describe the actions that result in 
something novel being created. These 
views on innovation can be summed up 
into three approaches (Wikberg Nilsson et 
al., 2015): 

• New solutions and products that are 
introduced to the market. 

• The work and process that produce 
products which encourage new ways of 
thinking and attitudes. 

Norman (2013) adds that there are 
different forms of innovation, incremental 
and radical. Radical innovation is what 
most people view as true innovation where 
new solutions often supported with new 
technology bring a major change, 
something sought after by many, but 
being first does not guarantee success. 
Incremental innovation on the other hand 
is subtler and the more common form of 
innovation. This form of innovation implies 
small changes to existing products and 
solutions, but is viewed as powerful since, 
minor changes amount to greater changes 
over time. Radical innovation brings 
change to industries, whilst incremental 

innovation bring improvement to existing 
solutions (Norman D. A., 2013). 

Aesthetics 

According to Dieter Rams, aesthetics is a 
requirement for good design (Vitsoe, 
2019). The aesthetics of the product is 
something that affects its users in such a 
way that it affects their everyday life and 
their well-being, and it is therefore 
important that the aesthetic is such that the 
product can be used without adversely 
affecting the users (Rams, 1984). What 
then, is aesthetics? Hekkert (2006) 
approaches aesthetics from a biological 
perspective and explains that aesthetics 
should be restricted to the pleasure we get 
from our sensory perception. Hekkert 
(2006) suggest four principles that explain 
how people find pleasure in their 
surroundings using their sensory 
perception and explains the rationale 
behind these principles is evolutionary. 
These principles are (Hekkert, 2006): 

“Maximal effect for minimal means” 

To be considered pleasing or beautiful a 
product or solution must achieve a great 
effect with as little as possible. When 
people agree on a little amount of means 
and a large effect they will be unanimous 
of the attractiveness of the aesthetics. 

“Unity in variety” 

This principle related to the Gestalt 
principles of grouping, contrast, closure 
and isolation and when these rules of 
order are followed, and so long as the 
structures can be perceived, the results are 
often perceived as aesthetically pleasing. 
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“Most advanced, yet acceptable” 

People perceive the same product as 
aesthetically pleasing when they agree on 
its distinctiveness and originality. Exposure 
to similar products and personal 
experiences affect the individual 
perception and therefore lead to different 
opinions. 

“Optimal match” 

A product will be interpreted as beautiful 
or aesthetically pleasing when people 
agree that all the constituent structures 
have the same quality and a level of 
harmony is apparent. 

These principles can be used to predict 
and explain the response that people will 
have towards aesthetics, but it is important 
to understand that differences in personal 
experience and familiarity with similar 
products affect the individual perception 
and the products aesthetics will therefore 
always produce varied responses and 
people will therefore have different 
opinions (Hekkert, 2006). Coinciding with 
Hekkert’s first principle, many interpret 
simplicity to be aesthetic and the reason 
behind this is that there are much to be 
gained through “maximal effect through 
minimal means” (Maeda, 2006; Mollerup, 
2006). By reducing the number of 
unnecessary elements, we can save time, 
time that would be spent interpreting 
unnecessary complexity to reach the same 
conclusion that simplicity would offer with 
less (Maeda, 2006). The reduction of 
elements does also make economic sense, 
since the reduction of elements result in 
the reduction of required resources 
(Maeda, 2006). Both Mollerup (2006) and 
Maeda (2006) points out that although we 
tend to try to simplify our lives it results in 
an increase of complexity in another part 

of them (Maeda, 2006), an example is the 
physical simplicity of most work conditions 
today has resulted in the increased need 
for people to do physical activities outside 
of work, an increase of complexity 
(Mollerup, 2006).  

By examining what is considered good 
design historically, we in the project team 
have gathered insights on what good 
design can mean. We have interpreted it as 
that what is considered good design has 
usually been designed with regard to users 
with the goal of developing solutions that 
meet their needs without using a plethora 
of elements. Both to save the user of 
impressions but also to save the 
environment on resources. 

Design Theory 
This section describes the relevant theories 
gathered from design theory. 

Communication 

Communication is a type of information 
exchange that take place using different 
kinds of means, according to Wikberg 
Nilsson et al. (2015). Communication is 
thought to be amongst the important 
aspects of design within the field of 
semiotics. Within the field of design, 
semiotics covers the design of a solution, 
to communicate certain messages to 
specific users within a certain context. 

It is generally believed that communication 
is a fundamental human ability to interpret 
her surroundings and exchange 
knowledge. In this, it is important to not 
only consider the message and the 
receiver, but also the interaction between 
the inherent parts (Wikberg Nilsson et al., 
2015). This means that for a designer, 
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concepts must be developed consciously 
and carefully, in relation to the users 
through the means of visual expressions, 
aesthetic qualities, formal qualities and 
symbolic functions. Users should be able 
to interpret the concept in such a way that 
it communicates certain value in their given 
situation. Since no situation is the same, 
communication must be designed based 
on the given situation (Wikberg Nilsson et 
al., 2015). It is essential to understand that 
the interpretations are all dependent on 
the experience, knowledge, situation, 
personality and values of the user (Monö & 
Knight, 1997). This means that a concept 
interpreted in a way by one user does not 
necessarily mean that the next user will 
interpret it the same way (Wikberg Nilsson 
et al., 2015).  

This relates to the concept of Script 
(Akrich, 1992), hence a designer must 
carefully consider what, how and why to 
communicate, to make sure that it creates 
value for the user (Wikberg Nilsson et al., 
2015). 

Gestalt Theory 

“Gestalt – an arrangement of parts which 
appears and functions as a whole that is 
more than the sum of its parts.” 
 
Monö & Knight, 1997, p. 33 

Monö (1997) suggests that the term 
describes the experience where several 
parts are distinguished as a whole. The 
impression that is obtained when all the 
constituent parts, and their shape, color 
and materials are interpreted as a whole, 
makes it something "more than the sum of 
its parts". Instead of interpreting all the 
components separately, the way they relate 
and interact with each other is 

experienced, and it is this fusion that create 
something more (Monö & Knight, 1997). 

The foundation of product semiotics is to 
know how elements create impressions 
and meaning through how they relate to 
each other, through harmony, contrast and 
dynamism (Monö & Knight, 1997). Gestalts 
that are increasingly distinct and concrete 
are easier to interpret and remember, and 
we have an innate ability to see the whole 
rather than the parts that it is made up 
from (Monö & Knight, 1997). 

People have an easier time to perceive the 
simple, which is not unexpected since 
several of the Gestalt factors, visualized in    
figure 3, fall under the concept of 
simplicity. This makes simplicity is a 
valuable principle to include in the design 
process. At the same time, it is in line with 
the economic, technical and practical 
ambitions of product development (Monö 
& Knight, 1997). 

Visual Communication 

Form is an important aspect to consider in 
the current project since it partly dictates 
how we interpret and experience artefacts. 
Monö (1997) implies that the gestalt 
should reveal the purpose and function of 
the artefact. A gestalt is in its entirety a 
sign, made up of the form, color and 
material of the artefact. People interpret 
the signs in artifacts and although they may 
be unaware of their purpose, they 
understand that there is, or rather should 
be a reason behind the artifact's 
presentation, i.e. its signs (Monö & Knight, 
1997). 

Hence, based on the purpose of the 
product, the shape should include signs 
that allows it to be interpreted and 
experienced in the intended way. 
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Shapes mediate certain experiences, 
shown in figure 4, examples that display 
neutrality, stability, lightness, density and 
flexibility (Monö & Knight, 1997). 
Developing his approach, Monö (1997) 
suggests that expressions can be applied 
to both people and products. In both 
cases, it is about sharing something. 
People reveal themselves through facial 
expressions, body language, sound and a 

whole manner of other actions, whilst 
products do so mainly through their action 
elements made up of forms, colors, and 
material structures. 

The view above suggest that visual 
communication is a central aspect of 
design. There are others who would 
suggest that if design were to revolve 
around a central idea then it would have 
been around visual communication 
(Buchanan, 1985). Wikberg Nilsson et al. 
(2015) suggests that this approach views 
design as something more than a study of 
form, it is a way of informing, instructing or 
satisfying use. 

Importance of light in communication 

According to Fuxén and Fagrell (2015), 
humans have a basic need to gather 
information from their surroundings. 
Furthermore, humans rely on their sight to 
provide them with the most of this 
information. Seeing that light is a 
prerequisite for sight, it affects humans’ 
perception through its distribution, 
intensity and properties. Also, light is a 
prerequisite for humans to be able to 
perceive colors (Fuxén & Fagrell, 2015). 

Figure 3 – Gestalt principles 

Figure 4 – Form expressions: Inspiration from Monö 
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Color 

Albers (2013/1963) states that color is 
almost never perceived according to its 
physical properties and that its perception 
depends on the person who is 
experiencing it. In design, color is used to 
highlight certain parts, to indicate use, to 
group elements or to strengthen the 
identification of the Gestalt (Wikberg 
Nilsson et al., 2015). 

“First, it should be learned that one and 
the same color evokes innumerable 
readings.”  

Albers, 2013/1963, p. 1 

Albers (2013/1963) states that it is 
important to understand the experience of 
color, not least as a designer, to be able to 
use it properly, to create meaning and 
value. 

There are also other factors that alter the 
experience of color that designers need to 
be aware of, one such thing is culture. It is 
therefore important to understand user’s 
perception and experiences within the 
context (Wikberg Nilsson et al., 2015). 

It is the experience of color that evokes 
feelings that we normally associate with 
them, for example, red as warm and blue 
as cold. To describe colors, Wikberg 
Nilsson et al. (2015) suggests the color 
circle which consists of the primary, 
secondary and tertiary colors. The reason 
for this is that the color circle visualizes 
color temperature, and that color coding is 
based upon this association of feelings of 
color. 

There are a couple of basic principles that 
needs to be considered when applying 
color in design: 

The number of colors 

Color should be used sparingly, to not 
overwhelm the spectator, depending on 
the design a good rule is to use five colors 
at most (Wikberg Nilsson et al., 2015). A 
significant percentage of the population is 
colorblind consequently it is vital not to rely 
on color as the only action strategy alone 
(Lidwell, Holden, & Butler, 2003). 

Combination of colors 

Certain color combinations are more 
harmonious than others, these are 
analogous, complementary, triadic, or 
quadratic colors, or natural color 
combinations, figure 5 and the following 
cover photo, figure 8,, that are common in 
nature (Lidwell, Holden, & Butler, 2003). 

Saturation 

Saturated colors are good at catching 
attention since they are perceived as 
vibrant and dynamic but should be used 
sparingly since they interfere each other 
and taxes the viewer’s eyes. Less saturated 
colors instill the feeling of efficiency, 
seriousness but also kindness (Lidwell, 
Holden, & Butler, 2003). 

Figure 5 – Color combinations 



  

28 

 

Symbolism 

Lidwell et al. (2003) and Wikberg Nilsson 
et al. (2015) state that there is not enough 
evidence supporting the effects that colors 
have on mood and emotion. 
Correspondingly, there are no universal 
symbolism for specific color, for example 
the meanings of color change between 
cultures. Hence, it is essential that 
designers reach out and acquaint 
themselves with their users (Lidwell, 
Holden, & Butler, 2003). 

White and black are not colors in the same 
sense, since white is the absence of color 
and black is the sum of all colors. They are 
nonetheless useful due to their ability to 
reduce and enlarge (Wikberg Nilsson et 
al., 2015). 

Albers (2013/1963), Lidwell et al. (2003) 
and Wikberg Nilsson et al. (2015), agree 
that colors should be used to attract, 
inform, and indicate certain use or to 
group elements and enhance the entirety. 

Usability 

International Standards Organisation (ISO) 
defines usability as the “extent to which a 
system, product or service can be used by 
specified users to achieve specific goals 
with effectiveness, efficiency and 
satisfaction in a specified context of use” 
(International Organization for 
Standardization, 2018). 

Lidwell, Holden and Butler (2003, p.106) 
state that “usability needs have to do with 
how easy and forgiving the design is to 
use”. To satisfy the usability need the 
design should not be too difficult or have 
simple errors result in serious 
consequences. 

Jordan (1998) mentions the ISO-standard 
and develops on the key terms of 
efficiency, effectiveness and satisfaction: 

Efficiency refers to the effort that is 
required to accomplish a set goal, and with 
less effort the efficiency is thought to be 
higher. 

Effectiveness refers to how well a task, or 
goal, is achieved. Although there are tasks 
where there is no middle ground and can 
only be a success or a failure. 

Satisfaction refers to how much comfort 
users feel using the product and how well 
the product lets the users achieve their 
goals. 

Jordan (1998) adds that it is important to 
remember that the definition given for 
usability by the ISO does not only apply to 
products, but also the person that is using 
the product, what goal they are trying to 
reach and in what context the product is 
being used in. Usability is therefore 
dependent on the interaction between 
product, user, the task(s) and the goal that 
is trying to be achieved (Jordan, 1998). 

The effect of user characteristics: 

Experience 

A well-designed product should allow the 
user to use prior knowledge of use, of 
either the same product or a similar 
product, to complete a task or different 
tasks with the same product.  This 
characteristic is affected by the usability 
principle of consistency, which allows users 
to generalize use with the help of their past 
experiences. 
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Domain knowledge 

Designers should consider the knowledge 
that users may have of the context where 
the product will be used, so that they may 
use this to further the usability. It is 
however important to take care and not 
assume that all users will have this 
knowledge, and designers too. This 
knowledge is not related to the prior 
experience of product use, but rather a 
situation in which such products could be 
used (Jordan, 1998). Jordan (1998) gives 
an example of a user using a spreadsheet 
software, and that domain knowledge is 
about the users having prior experience 
with spreadsheets. 

Cultural background 

The cultural background of the users and 
the intended market is important to 
consider since there are intrinsic factors 
that affect product usability. For example, 
user profiles that are based on data and 
knowledge about them affects how a 
population is used to certain things, such 
as how to turn something on or off, or the 
color of emergency exit signs. Thus, such 
things are vital for a designer to know 
(Jordan, 1998). 

Physical characteristics is another factor 
that is important to consider, since the 
average dimensional range often differ 
between nationalities. The average 
European is for example larger than the 
average Japanese. Hence, it is important 
to take the physical dimensions of certain 
markets into consideration to make the 
products suitable for the intended users, 
not least for users to manage emergencies 
(Jordan, 1998). 

 

 

Disability 

Products that limit people with functional 
variations is a design problem (Jordan, 
1998). Design should include a wider 
range of users, design for all, so that 
everyone can benefit (Jordan, 1998). 
Jordan (1998) give examples of products 
where design has been used to develop 
products that include the needs of a wider 
audience: the ball-point pen, hands-free 
calls and the TV-remote. 

Age and gender 

It is important to take into account the 
physical differences and differences in 
attitudes of the genders and age groups. 
People's physical strength varies and it 
becomes important to develop products 
that take this into account (Jordan, 1998). 
Solutions should not require too much 
strength to be used, nor should they be 
too fragile so that they run the risk of being 
broken by users who are stronger (Jordan, 
1998). Then there are those who are more 
likely to be interested in products that look 
high-tech, while others consider aesthetics 
more interesting (Jordan, 1998). Similarly, 
there are users who prefer complex 
products and those who advocate 
products that are simple and 
straightforward in their use (Jordan, 1998). 

Energy as a material 

Energy can be considered to be a difficult 
material. Ilstedt Hjelm (2007) discusses the 
implications of the relationship that people 
have to electricity: people have a hard time 
comprehending how much energy that 
different products use and what energy 
really is. The reason for this is in this view 
because electricity or energy in general is 
abstract and hard to comprehend, and 
especially when its application in society 
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often is hidden behind walls or within 
products. As of now design and 
sustainable development has focused 
primarily on reuse and the sustainability of 
materials, but design thinking can be and 
should according to Ilstedt Hjelm be 
applied to all different strategic areas of 
sustainability, to help create a desirable 
future. 

The knowledge of materials, their 
properties and how they behave is one of 
the key tools of a designer (Ilstedt Hjelm, 
2007). In this view a fundamental idea 
behind the work done in Static!5, was as a 
designer to regard energy as any other 
material, with its own features and 
behaviors. Some examples that were the 
result of Static! is, The Power Aware cord, 
the Energy Aware Clock, the element, see 
figures 6 and 7. 

  

 

 

5 Static! A project aimed at creating awareness about 
energy consumption and promote change in people’s 
behavior (http://dru.tii.se/static/partners.htm 2019-12-19) 

 

 

Figure 6 – The Energy AWARE Clock 
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In order for us in the project group to be 
able to develop an product according to 
what we learnt from the study of how 
industrial design engineering can be 
applied to our project, how our users 
perceive their surroundings and what they 
would consider as good design, we in the 
project team considered it important to 
investigate theories that focused on the 
physical design of solutions. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

For this reason, we have investigated the 
meaning of communication, how forms 
are interpreted, how light is necessary for 
human perception, how this could be used 
in our communication and how we could 
approach the use of energy in our 
communication. We also believed it 
important to understand differences in 
user profiles to understand what design 
could mean to our user group. Our user 
group includes anyone in an urban 
environment, hence we felt that it was 
important to understand design for all.

 

Figure 7 – The element 
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Figure 8 - Natural Color combination, Photo: Michael Romanov, Unsplash 
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Figure 9 – Visualized process 
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Method & Implementation 
This section first describes the process and 
methods and how they have been 
implemented before describing their use 
in the project’s Sprints. 

Project planning 
In the early stage of this project, a project 
plan was made where the approach was 
planned and structured. The project plan 
includes research questions, project scope, 
project objectives and aims, an outline of 
the chosen design process and a 
description of the project organization, see 
figure 10 below. 

The chosen approach for this work was the 
human-centered process developed by 
IDEO (IDEO, 2015) combined with Sprints 
(Knapp, Zeratsky, & Kowitz, 2016).  

Process 
A design process can best be described as 
a system of spaces rather than as a series 
of steps. These spaces - innovation, 
ideation and implementation - separate 
different types of activities which together 
make up the cycle of innovation (Brown, 
2009). We have used a human-centered 
research approach comparable to IDEO's 
human-centered process in combination 
with Sprints, see figure 9. Our research 
approach is described further below. 

Human-centered Process 

The human-centered design process 
developed by the IDEO passes through 
three main phases: Inspiration, Ideation 
and Implementation. The purpose of these 
phases is to understand, to fulfill or to 

Figure 10 – Gantt-chart (Clark, 1922) 
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meet human needs with a suitable desired 
new solution. Furthermore, the process 
involves the possibility to revisit earlier 
phases in order to iterate the process over 
and over again, with new understandings 
as a result (IDEO, 2015). 

Since we in the project aimed to develop a 
new solution that involves the interaction 
of users, the process developed by the 
IDEO was considered to be well suited. 
Such a human-centered design process is 
for example a better guarantee that user-
needs are met compared to a non-human 
centered one, to better fulfill that the 
resulting solutions solves the anticipated 
tasks compared to one that doesn’t 
account user needs, that the solution 
better fulfill requirements of being useful 
and understandable than one that doesn’t 
respect user experience, and better ensure 
that the user-experience is both positive 
and pleasant compared to an approach 
that only takes technology or economics 
into account (Norman D. A., 2013). 

Sprint  

A design Sprint is a process where a 
particular direction is investigated using a 
full design process implemented during 
five days, to feed insights and ideas of the 
project (Knapp, Zeratsky, & Kowitz, 
2016).The design Sprint is meant to 
answer essential questions through 
prototyping and testing ideas with 
potential customers. Sprint is a step-by-
step process where one step is covered 
each day, with five steps in total. With a 
problem as a starting point, Knapp et al. 
(2016) suggest that a team should be 
expected to come up with a solution by 
going through all five steps of the Sprint.  

The benefits from running a Sprint is in this 
view that useful data from realistic 

prototypes can be obtained early in the 
design process. Also, Knapp et al. (2016) 
suggest that it can be beneficial to do 
several Sprints during a design process in 
order to explore different approaches to a 
problem. However, Sprints does not 
necessarily have to last a whole week, but 
Knapp et al. (2016) recommend that a first 
Sprint should be a full five days, se 
example below. 

• Monday Understand - Map the 
problem and choose a main target to 
focus on. 

• Tuesday Ideate - Sketch out ideas on 
different solutions on paper. 

• Wednesday Decide - Discuss and 
choose the best idea. 

• Thursday Prototype - Create a realistic 
prototype on that idea. 

• Friday Test - Get feedback from others. 

The design Sprint can be compared to 
using iterations during a design process 
(Cross, 2007), through a structured 
process, see figure 11.  

The implementation of the Sprints is 
described later in this chapter. 

 

Figure 11 - Sprint process 
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Methods 
This section describes the various methods 
that have been used in the current project. 

Literature review 

To achieve the purpose of this project, i.e. 
to create a conceptual cultivation unit 
which uses residual heat and promotes 
energy awareness, a literature review has 
been conducted. This includes a problem 
formulation and the collection, evaluation, 
interpretation and presentation of 
information (Milton & Rogers, 2013). 

With an intention to get a broad 
foundation and a good insight in human-
centered design, the context and relevant 
design theories, both articles and books of 
areas of design thought to be relevant to 
the project have been reviewed. These 
areas include: industrial design 
engineering, sustainable design, 
interaction design, human behavior, good 
design, and a collection of areas within 
design theory. To find scientifically reliable 
and relevant sources of these areas we in 
the project group used the university 
library's search engine for peer-reviewed 
articles and books. Some terms used 
extensively in this search were: Industrial 
Design, Design, Sustainability, 
Communication, Energy Awareness, User-
Experience, Human-centered Design, and 
Interaction Design. 

The search provided many results on 
industrial design engineering, User-
centered design, User-behavior and Good 
design. There were less sources on 
sustainable design, and very few about the 
communication of energy.  

The literature review has contributed to 
valuable insights in the current state of 

cultivation units, theories relevant to 
communication, the design of objects, and 
how human-centered design is beneficial 
in the concept development in the field of 
Industrial design engineering.  The 
literature review was not only used in the 
inspiration phase to lay a foundation for 
the continued work but also repeated to 
gather supplementary information on 
relevant areas that emerged during the 
course of the project. Such areas were 
explored during the ideation-phase to 
gather more information about 
communication and lighting, where this 
method proved useful. 

When starting a new project, it is useful to 
get to know the areas that the project 
concerns. The sources most useful for 
building this basic understanding are often 
scientific publications that have been 
reviewed and refer to scientifically reliable 
sources. For this reason, this method 
proved to be useful for the project. 

Benchmarking 

The purpose of benchmarking is to 
investigate a concepts ability to meet 
general requirements and to understand 
the design problem. This method 
compares a solution to similar solutions on 
the market and explores their established 
needs and requirements (Wikberg Nilsson 
et al., 2015). 

According to Ullman (2010), there is a dual 
purpose by investigating existing 
concepts: to become aware of what is 
already on the market; and to explore 
possible improvements of existing 
solutions. According to Wikberg Nilsson et 
al. (2015) benchmarking allows us to 
compare similar solutions, to set 
appropriate goals and to create an 
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understanding of the competition and 
highlight potential partners. 

This method was used during the 
inspiration- and ideation-phase of the 
project in order to gain insight of similar 
solutions and relevant trends. During the 
inspiration-phase, the method was used to 
gather information from the internet about 
existing solutions and trends on the market 
related to sustainability, residual heat and 
how energy has been visualized before. 
This information provided the team with 
insights into what solutions have proved 
successful and could benefit the project. 
During the ideation-phase, the method 
proved useful when comparing different 
lighting solutions and different greeneries 
on the market. 

This method was chosen because of the 
relatively little information existing about 
cultivation units, and thus a larger 
investigation that included similar solutions 
was required. Benchmarking is quick and 
efficient and was therefore a relevant 
method to implement. 

Focus Group 

A focus group is a set of users that have 
been chosen to discuss an area through 
the use of questions or according to 
certain themes. The people included in the 
focus group are usually part of the users or 
in some other way considered an expert 
(Wikberg Nilsson et al, 2015). 

This method can be valuable through-out 
the design process, and early in the project 
it can be used to gather information about 
the use of competing products or to gain 
other insights into the user group 
(Wikberg Nilsson et al, 2015). In addition, 
as the process progresses, it can be used 

for feedback on the developed concepts 
(Wikberg Nilsson et al, 2015). 

Focus groups were used in the inspiration-
phase with the purpose to gain better 
understanding about the users and the 
problem. A group of seven people, 
members of the user group and experts, 
were assembled and a discussion was held 
about their interpretation of residual heat 
and how it could be visualized, according 
to a guide developed by the project team, 
see appendix 1. Also, the method has 
been used in the ideation-phase, where 
five of the client’s employees were invited 
to discuss their views on heat, how they 
encounter heat in the work, and their 
thoughts on how energy could be 
visualized to be more readily understood. 
A simple presentation and a guide, see 
appendix 2, were used to facilitate the 
discussion and the results information 
about the client’s thinking and the 
effectiveness of visualization was compiled 
into a document. 

Collage 

A Collage is a collection of pictures 
assembled to communicate e.g. a feeling, 
a preferred future or collection of 
competing solutions, according to 
Wikberg Nilsson et al. (2015).There are 
several kinds of collages that are used 
during design projects, such as: mood 
boards, usage boards, lifestyle boards and 
styling boards. The most common is mood 
boards, which is a visual representation of 
a feeling which is conveyed through a 
collection of words, images or sketches 
(Wikberg Nilsson et al, 2015). 
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Mood boards were in the current project 
produced in the inspiration-phase of the 
project to serve as inspiration for the 
remainder of the project, but also during 
the ideation-phase to explore and present 
solutions relevant to specific areas, in the 
working space of the team. The mood 
boards produced during the inspiration-
phase visualized residual heat, 
sustainability, visualizing energy and urban 
farming, see example in figure 12. During 
the ideation-phase mood boards of varied 
greeneries were developed to help with 
the exploration of form.  

The benefits of mood boards are in our 
view that it reminds the project team of the 
feelings and aspects that associates with 
the product, thus facilitating their 
incorporation into the development of 
their product, making it a simple but useful 
method to use for this project. 

Interviews 

An interview is a meeting with, for 
example, a user or an expert and has the 
purpose to gather information about the 
interaction, motivation, opinions, attitudes 
and experiences of the use of products, 
environments or services (Wikberg Nilsson 
et al, 2015). 

Interviews have frequently been used 
throughout the current project to gather 
opinions and information, mainly from 
experts within relevant areas. During the 

inspiration-phase, experts within different 
areas of expertise were interviewed, 
through an unstructured approach, to find 
out what areas the experts thought would 
be relevant for the project to dig into, such 
as sustainable design and human 
behavior. Structured user-interviews were 
implemented in both the inspiration-phase 
and the ideation-phase to gather 
information about the opinions of the 
users about concepts that had been 
presented by the project team.  These 
were used to evaluate concepts. In 
addition, structured and semi-structured 
interviews have been held with 
construction companies to explore and 
determine materials for the final concept 
and whether it is possible to construct 
within the client's cost requirements. The 
interview structures are further described in 
upcoming sections.  

Market Analysis 

The purpose of a market analysis is to 
explore and examine the potential of a 
business.  This method is used to identify 
resources and opportunities that can 
distinguish the developing product from 
their potential competitors (Wikberg 
Nilsson et al, 2015). Market analysis are in 
this view commonly used early in the 
design process to identify development 
opportunities. However, this method 
proved useful and was used together with 
benchmarking, where it helped with the 
gathering of information about solutions, 
trends, communicative elements and 
materials. 

Function Analysis 

The purpose of a function analysis is to 
chart product requirements to specific 
components and functions, according to 
Osvalder et al (2015). The starting point for 

Figure 12 – Mood board: Sustainability 
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the functional analysis is not how 
something is to be achieved, but rather 
what is to be achieved and the relationship 
between a system's components and its 
functions (Osvalder et al., 2015) 

A function analysis is said to generate a 
better understanding of a product and an 
overview of how its integral parts work 
together, which allows a designer to make 
better decisions during development 
(Osvalder et al., 2015). 

A function analysis was established, see 
appendix 3, during the inspiration-phase in 
the current project. This was done in order 
to provide an overview of the developing 
product’s functions and their relationship. 
The functional analysis served as a basis for 
developing the product specification. 

Product Specification 

A design specification compiles the 
continuous accumulation of requirements, 
needs, preferences, laws and rules that 
develop during the project process 
(Wikberg Nilsson et al, 2015). 
Requirements state what the final product, 
according to laws and rules, should be 
able to do, whilst desired features, needs 
and functions are stated as desirable 
aspects. The continuously updated 
document serves as a compilation of the 
product expectations and helps to give the 
project team a goal to strive towards 
(Wikberg Nilsson et al, 2015). 

The design specification was compiled at 
the end of the inspiration-phase when a 
sufficient understanding of some basic 
requirements and desirables had been 
established. A document, see appendix 
4, was created that categorized the 
requirements and desirable aspects which 
could then be used to efficiently evaluate 

the final concept. This provided the team 
with a tool that ensured that the concept 
met the requirements set by the client and 
those that had arisen during the project. 

Brain-drawing 

Brain-drawing is a method used to 
develop as many ideas as possible using 
sketches and focusing on quantity rather 
than quality to explore the solution space. 
Seeing that sketching provides a different 
approach to communicate ideas, it can 
result in new unexpected ideas and 
generate new approaches to the problem 
and possible solutions (Wikberg Nilsson et 
al., 2015). 

The method was used in the current 
project during the ideation-phase to 
explore the solution-space and to 
generate potential solutions. Brain-drawing 
provided us in the project team with the 
means to quickly generate concepts that 
could then be evaluated. Initially, the 
method was used to explore the general 
solution space. With our increased 
understanding and new insights, the 
method was later used to explore different 
types of approaches to the communication 
of residual heat. By the use of light and 
communicative elements and the 
exploration of the structural form of the 
concept to make it recognized as a 
greenhouse. Form theory and aspects of 
good design, as previously described, 
were considered when sketching to 
understand the whole of the concepts. The 
current project has been about developing 
a concept in an area where there are not 
many current solutions, especially when it 
comes to residual heat. Thus, Brain-
drawing has been useful as a creative 
method for exploring various creative 
approaches to the problem. 
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Dot-voting 

This method is meant to help evaluate a 
collection of ideas where all concepts are 
presented in a similar manner to keep the 
evaluation objective. By voting or 
democratically evaluating all ideas 
presented in an equal way, a fair 
assessment can be made, compared to 
when the ideas are presented in different 
ways (Wikberg Nilsson et al, 2015). 

Dot-voting has been used mainly to 
evaluate the results of the project’s early 
creative methods, such as brain-drawing or 
prototyping. Through thorough discussion 
of the concepts developed, understanding 
was created, and opinions were formed by 
the project members who then used 
stickers or a pen to vote on the concepts 
that they thought had interesting elements 
that could contribute to the final design. 
The method has for us proven to be a 
quick and effective way of evaluating ideas 
and have succeeded in sifting out ideas 
that proved to be useful to continue with 
the project. 

Workshop 

A workshop is a creative meeting or 
gathering where individuals such as users, 
experts, or others with no connection to 
the project participate and explore a 
problem through a process of various 
creative methods (Wikberg Nilsson et al., 
2015). 

Workshops allow project teams to include 
the creative potential of individuals from 
outside the project group to help explore 
the problem space. The method is 
adaptable, since it can be implemented in 
a lot of various ways, and thus allows the 
team to customize the included methods 
and the process depending on the 

purpose of the workshop (Wikberg Nilsson 
et al., 2015). 

A workshop was implemented in the 
current project during the ideation-phase 
to reach out to the users to gain new 
perspectives, ideas and opinions about 
how cultivation units could look like, and in 
what ways energy could be incorporated 
into their visualization. Six people 
participated in the workshop, which 
followed a predetermined guide, see 
appendix 5. The collaborators' creative 
contributions provided insight into 
alternative solution areas and 
communicative elements that could be 
used in product development as well as 
providing inspiration for the continued 
work. 

Surveys 

A survey is a subjective method of 
interviewing where questions stated in a 
questionnaire are answered in writing by 
interviewees (Trost, 2007). A defined user 
group for the survey is important, and the 
selection of respondents that best match 
the users’ characteristics (Osvalder, Rose, & 
Karlsson, 2010). Surveys are according to 
Osvalder et al. (2010) prominent for 
gathering data from larger groups in a 
short period of time and from people who 
are difficult to reach. 
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Surveys were used several times during the 
ideation-phase in the current project. 
Google Forms6 was used to investigate 
and gather information about different 
aspects such as: the users’ opinions about 
residual heat, methods of communication, 
greenhouse archetypes, and developed 
concepts. Surveys were also used during 
the ideation phase to find out the users’ 
perception of what types of lighting and 
communicative elements that were 
considered most effective in conveying the 
message "The cultivation unit uses residual 
heat", and what form the unit itself should 
have to create recognition and links to 
greenhouses. The results of the surveys 
were easy to compile and gave a good 
overview of what was considered superior 
to the other alternatives. This information 
was then used to drive the project forward. 

Because we used a human-centered 
process that aimed to adapt the solution 
to users' needs and preferences, 
questionnaires were an effective way to 
reach users quickly to gather their opinions 
on what we were working on. The method 
enabled us in the project to get quick 
feedback to drive the project forward. 

Prototyping 

Prototypes are simple models of design 
solutions that are used to explore ideas, 
define requirements, improve 
specifications and assess functionality, 
according to Lidwell, Holden and Butler 
(2003).  The purpose of prototypes and 
the method of prototyping is to develop 
an understanding of what the solution 

 

 

6 An online survey administration app provided by Google 
LCC 

needs to do and how interactions and 
elements should be designed to be 
understandable, further described by 
(Wikberg Nilsson et al., 2015) as to: 

Develop a better understanding of the 
design problem. 

• Develop innovative solutions by 
exploring the solution space. 

• Experience and explore the different 
possibilities with the design. 

• Explore and experience the interaction 
between user and solutions. 

• Test the Gestalts functionality, how it is 
understood and experienced. 

The purpose of using prototyping is 
therefore to explore the solution space 
and to evaluate possible solutions (Lidwell, 
Holden, & Butler, 2003).  

Useful for quick and inexpensive 
exploration of early design ideas. 
Prototyping helps to reveal design 
requirements and possible problems, and 
it presents the concepts, which also allows 
the users to evaluate the ideas. There is 
however a risk where impossible designs 
are presented as conceivable (Lidwell, 
Holden, & Butler, 2003). Lidwell et al. 
(2003) and Wikberg Nilsson et al. (2015) 
recommends using prototypes in the 
design process since they can be used 
during anytime during the process to 
evaluate and help define requirements 
and problems, to gather information about 
certain aspects or to communicate the 
concepts to the audience. 



  

43 

 

Different types of prototyping were used in 
the current project in all of the phases to 
express ideas, to support concept 
evaluation and development. These 
included both digital- and physical 
prototypes. Prototypes were made using 
PowerPoint, clay, cardboard, CAD7 and 3D 
printing, further described in upcoming 
sections. For example, an early prototype 
was developed in the Inspiration-phase 
during the first design Sprint. In this, we 
used PowerPoint, with the purpose to 
explore the interface between the users 
and the product. In the Ideation-phase the 
form of a cultivation-unit was explored first 
using clay and then further developed 
using cardboard. The result of this 
prototyping experience became the form 
of the final concept. This was later 
presented using CAD software8 to create 
3D models and render images of the final 
product in a relevant context. Also, the 
CAD-file were used to 3D print a prototype 
of the product in a 1:30 ratio. 

Through prototyping, we in the project 
team could better understand the evolving 
design through experimenting with various 
components and their interaction.  The 
prototypes were also used to get user 
feedback on form and interaction, which 
proved valuable due to the human-
centered approach.  

Morphological Chart 

Cross (2007) describes a morphological 
chart as a method of identifying partial 
solutions based on criteria or functions. 
Partial solutions are combined to create 
potential product concepts. The method 

 

 

7 Computer-aided Design 

often uses a function analysis to provide 
the team with an understanding of the 
components that makes up the main 
function. The methods structure supports 
in developing solutions in a relatively short 
time and its strength is that it divides the 
problem into components which makes it 
easier for designers to understand and 
develop ideas and solutions accordingly. 
The flaw of the method is that it sums 
different part solutions without attention to 
the whole or the user experience (Wikberg 
Nilsson et al., 2015).  

This method was used in the 
Implementation-phase where the ideas of 
the previous phase were combined into a 
final concept. The method was adapted 
from Wikberg Nilsson et al. (2015) and 
followed a similar process except that the 
partial functions had already been 
identified, see figure 12. These were then 
combined into complete solutions, which 
subsequently were sketched or modelled 
with attention to the whole. The 
morphological chart was valuable to us in 
the project because it was a relatively quick 
way of combining separate elements into a 
single concept. 

Decision-making matrix 

Decision-making matrix is a method used 
to efficiently evaluate a collection of ideas, 
either within the project team or through 
external stakeholders providing their 
opinions (Wikberg Nilsson et al., 2015). It is 
in this view stressed that the ideas are 
presented to participants in a similar way, 
so that the presentation of the idea does 
not affect the outcome. The ideas are then 

8 NX Siemens and KeyShot 
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evaluated by choosing a reference 
concept to which the other ideas are rated 
against, either as similar (0), better (+) or 
worse (-) for each of a determined set of 
criteria (Ulrich and Eppinger, 2012). The 
net score indicates the superior ideas.  

This method was in the current project 
adapted according to Wikberg Nilsson et 
al. (2015) to rate the concepts using 
numerical values and not using a certain 
concept as reference. Instead the concepts 
ability to fulfill criteria was awarded through 
a discussion between the participants. This 
method was used in all phases to evaluate 
ideas according to criteria developed to 
ensure the product requirements were 
followed.  

 

 

9 Tromb (www.tromb.com)  

When a number of ideas or concepts had 
been developed they would systematically 
be evaluated against criteria relevant to the 
ideas, appendix 7 for example, where 
different lighting techniques were 
evaluated based on, among other things, 
their costs, availability, communication 
efficiency and wow appeal. We considered 
the ideas or concepts with the highest 
grade to be more suitable to continue to 
develop, and those that did not go further 
were saved as inspiration. 

Sprints 
This section describes the implementation 
of Sprints throughout the project. The 
Sprints include combinations of the 
methods above. Note that several 
methods are used in several different 
Sprints. 

Sprint 1: Introduction 

The first design Sprint in the current 
project took place early in the inspiration-
phase, shortly after the project plan was 
established. This Sprint was facilitated by 
an external design agency9. The purpose 
of using the Sprint was to kick-start the 
project, through exploring the design 
space, i.e. possible directions for the 
design process, and then evaluate the 
outcome to decide if it was in a direction 
that proved relevant. 

By using a Sprint early in the project, we in 
the team gathered a lot of information. 
This information and these insights were 
valuable to define design space and have 
a better understanding of different 

Figure 13 – Morphological chart 
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directions for the project. The outcome of 
the first design Sprint was not chosen for 
further development, however, through 
implementing the design Sprint approach, 
we in the project team learned this in five 
days instead of spending a whole project 
on the wrong idea. This first Sprint 
followed the instructions given by Knapp, 
Zeratsky & Kowitz (2016) and spanned five 
days, further outlined below:  

The Sprint started off by approaching the 
problem, what is described as starting at 
the end (Knapp, Zeratsky, & Kowitz, 2016). 
Options of long-term goals and possible 
obstacles were written down, and dot-
voting was used to decide which aspect 
that were considered most relevant to 
continue working with. The question “How 
might we?” was used to on the goals and 
obstacles determined by the evaluation. 
Answers were brainstormed, written down 
on notes and clustered into categories. 
Using dot-voting, the most interesting 
ideas were established. Using material 
from a pre-study10, information about the 
problem area was gathered and goals and 
obstacles for the project were established 
as:  

a) Pay attention to energy waste  

b) Inspire the use of residual heat.  

Potential obstacles were determined as: 

a) What happens if the product complexity 
discourages the users? 

 

 

10 Lindström Rignell, L. (2019). Odla med restvärme, 
Project report D7006A Advanced Product Design 
(Unpublished - available on request to author)  

b) What happens if the products purpose 
is misunderstood? 

A prototype was developed for user-tests, 
using sketches, information and a 
storyboard. The prototype was meant to 
test the user experience of product. The 
prototype, an interactive Keynote 
presentation was used to visualize the 
experience of passing by one of the walls 
on the cultivation unit. The concept was 
projected onto a wall using a projector to 
simulate the size of the unit. 

On the last day of the Sprint the prototype 
was user-tested. Five users participated, 
one person at a time. The participants 
were introduced using relevant questions 
for example, “What do you think about the 
climate challenges we face?”. In the 
beginning of the user-tests, the participant 
was asked to close their eyes and imagine 
the scenario that the interviewer narrated. 
When told, the participant opened their 
eye and the prototype was presented. 
While watching the prototype the 
participant was encouraged to comment 
and think out loud. Follow-up questions 
were asked, such as: What do you think this 
is?; and What do you think the purpose of 
this prototype is?. The prototype was then 
explained the participant got a chance to 
ask follow-up questions and give feedback 
about the concept and the test itself in 
short user-interviews. The user-tests and 
interviews were compiled to highlight the 
most valuable insights from the Sprint and 
was used in the continuation of the project. 
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Sprint 2: Exploration  

The purpose of this Sprint was to get a 
better understanding of the project 
foundation. The Sprint approach was 
different this time and spanned two days 
during the inspiration-phase. This Sprint 
started off with a benchmarking where 
solutions and other interesting aspect 
within sustainability, residual heat, urban 
farming and visualization of energy were 
researched using the internet. Each area 
was explored and interesting insights and 
information was noted down. At the end of 
each session, the notes were clustered into 
three subcategories: trends, solutions and 
technology. Using a market analysis, urban 
trends related to sustainability were 
investigated. New York, Mumbai and Berlin 
were cities that were explored using the 
BMW Guggenheim Lab (2013) as source. 
Based on the insights gained, a focus 
group was then assembled. The purpose 
was to discuss the participants’ view on 
residual heat and how heat could be 
visualized. Seven users and two experts 
within design and User-experience, 
participated. The discussion was facilitated 
following an interview guide, see appendix 
1, and the session ended with a small 
drawing exercise. Notes and drawings 
were compiled to be used as inspiration 
and support for the continued work. The 
information gathered during the Sprint 
helped the project team to gain an 
understanding of how residual heat is 
already portrayed in society as well as other 
types of depictions of energy used to 
promote awareness.  

We gained insight into what our users think 
about residual heat, that it is something 
abstract and fleeting which they need 
something that they can relate to make it 
more comprehensive. We also got our first 

insight into how residual heat could be 
expressed by for example using light. 

Sprint 3: Form 

This Sprint explored the structural form. It 
was performed during the ideation-phase. 
Three concepts were developed and 
evaluated to determine the products final 
form. Good design-principles, form theory 
and sustainable design were taken into 
consideration during this Sprint, see 
theoretical framework. The current project 
scope was that the solution was to be a 
cultivation unit. This led to an insight that 
the design should be recognizable as a 
greenhouses or similar solutions. The users 
needed to recognize the concepts relation 
to cultivation and understand its purpose 
through its structural form. The purpose of 
this Sprint was therefore to explore 
archetypes that could come in question. 

A first benchmarking was implemented to 
explore the forms of greenhouses, using 
the Google search engine, to identify 
various aspects considered typical for 

Figure 14 – Greenhouse models 
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greenhouses. A mood board, based on 
the findings of the benchmarking, was 
developed to provide inspiration to the 
creative methods used to explore different 
forms and form combinations, see figure 
15. A number of different designs were 
explored with the help of sketches, see 
examples in figure 14. The sketches were 
then used as a basis for designing 
cardboard models. These were used to 
get a feel for the proportions of the 
concepts. The basic idea was to use a 20 
feet shipping container, since the 
dimensions of these are already used for 
transport, i.e. they are movable and meet 
the requirements for flexibility and 
modularity. 

Three concepts were assessed as those 
most recognizable as greenhouses. These 
concepts were built in a scale of 1:25 to 
generate a better understanding of the 

 

 

11 Expert interview, Glazier Larssons glas, (2019-11-08) 

structural form and the concept’s 
proportions, see figure 16.  

An expert interview with a glazier11 was 
held to gain a better understanding of the 
design possibilities of glass material:  what 
different types there are, their insulation 
capacity and approximate costs. The 
interview provided suggestions for other 
materials that could prove useful as the 
concept will be in use during cold winter 
months, for example Twinwall plastic, see 
figure 17. 

  

Figure 15 – Mood board: Form 

Figure 16 – Cardboard prototypes 
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Various materials, such as glass, wood, 
concrete and metal were visualized with 
markers. One material was used per sheet 
of paper which were then cut out and 
attached to cardboard models to test how 
the cultivation unit would be experienced 
with different materials and structures. 
Based on the sketches and the cardboard 
models, three different concepts were 
visualized using more detailed sketches. 
These included material choices derived 
from Google searches about how 
greenhouses and conservatories are 
manufactured and from the expert 
interview information provided by the 
glazier. 

To evaluate these three concepts, a survey 
was conducted to compare their 
silhouettes, see appendix 6. The study was 
conducted in two parts, to understand the 
experience, the first examining which 
silhouettes were considered recognizable 
as a greenhouse and the second to 

determine which of the silhouettes were 
considered most appealing. The 
silhouettes were inspired from the concept 
sketches and visualized different forms and 
roofs, see figure 18.  

The results supported the choice of which 
of these three designs that was considered 
to be the most interesting, and hence 
which would be further developed, see 
figure 19. 

Sprint 4: Communication 

This Sprint was implemented during the 
ideation-phase to investigate methods for 
creating awareness about residual heat: 
the use of light, the use of visual 
communication, and other communicative 
elements as investigated in the theoretical 
framework about communication. 

In general, the use of different light 
sources and techniques allows for a wide 
variety of expressions, which can be used 
to change or emphasize perceptible 
aspects of objects and spaces. 
Additionally, light can be used to intensify 
moods and distinguish functions. Fuxén 
and Fagrell (2015) provides an example 
where warmth is enhanced by orange-red 
warm lighting, which could be enhanced 
further by using the warm light as a 
contrast to a cold context with blue-tinted 
lighting. 

Figure 19 – Favored Silhouettes Figure 17 – Twinwall Plastic material 

Figure 18 – Example silhouettes 
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Visual communication through typography 
generally refers to the size and selection of 
fonts, the length and spacing of sentences. 
Typography involves communication 
through the use of print as a medium and 
can e.g. be used to communicate a 
message efficiently (Bergström, 2016). 

To explore how to create awareness about 
residual heat, we in the project explored 
light techniques that could be 
communicating such awareness. Since, in 
the first Sprint we in the project team had 
reached the insight that energy was 
something abstract, and in accordance to 
Ilstedt Hjelm’s (2007) idea of approaching 
energy as a material, we believed light to 
be the most efficient way to communicate 
heat. Already developed products in the 
market that we encountered in our 
investigation used light to convey energy, 
which made us want to investigate light as 
a communicative medium.  

Several different shapes of light sources 
and light technology were explored, and 
the results were evaluated according to 
criteria, see appendix 2, which was 
developed to meet user needs but mainly 
by requirements on cost, availability and 
environmental friendliness. This 
exploration relied on findings on the 
internet and on insights made during the 
project. The developed criteria include 
aspects such as: how simple the 
technology was considered to be; how 
easy it was considered it would be to 
install; how easy it was considered it would 
be to come by; how much it was 
considered to cost to order or install; how 
efficiently the light technology was 
considered to be able to convey a 
message; and how sustainable it was 
considered to be. In addition, the 
exploration investigated if the technology 
could be considered to have “wow-

appeal”, that is, if the technology could be 
considered to be perceived as innovative 
or attention-grabbing. 

At the end of the exploration, three 
different light technologies were 
considered to have most potential for the 
project and were thus selected for further 
development. In this study, visual 
communication through typography, see 
figure 20, was also examined along with 
the following light designs, see appendix 
7, indirect light, see figure 20, Glowing 
lights and Light panels. 

In order to evaluate the different means of 
communication, short interviews were 
conducted. These concerned the criteria 
previously described. The result of these 
interviews shows how the different lighting 
techniques were perceived by the users, 
see appendix 7.  

One interpretation of the results is that 
glowing light and indirect light could be 
considered to be warmer, and that the 

Figure 20 – Text and indirect lighting example 
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former was considered to be more 
communicative. The indirect light could be 
seen as the simplest, and, together with 
light panels, the most interesting. All 
techniques were considered to have some 
aspect of wow-effect and appealed to the 
participants in some way. 

Sketching was implemented to explore the 
application of the different sources and 
technologies on a cultivation unit, see 
figure 21. First, simple sketches were made 
to explore the extent of the solution space, 
and the large number of sketches were 
then evaluated according to the 
developed criteria. Three of the concepts 
used one lighting technique, three 
concepts combined two lighting 
techniques, and lastly three concepts that 
combined three lighting techniques. 
Typography was not included in the 
sketching stages since it was seen as more 
time-efficient to apply typography to 
detailed sketches in a later stage. A focus 
group was then gathered to gather more 
information on how heat could be 
communicated. The participants were 
individuals selected from throughout the 
client company to include as many views 
from different areas on energy and heat 
communication as possible, see appendix 
2. The focus group provided insight into 
the different views on heat, how they 
encountered heat in their work and their 
thoughts on how energy could be 
visualized to be easy to interpret and 
understand. The focus group also 
provided information on how the client 
company visualize heat in their 
communication, the dialogue that the 
company has with their customers which 
often touch the subjects of environment, 
sustainability and cost, how the company 
presents customer-based data to the 
customers using their services, about the 
product communication in up-coming 

projects and that these participants share 
the view that it is important that the 
upcoming concepts uses energy mindfully. 

A matrix was used to evaluate the early 
sketches, see appendix 8, where they were 
graded according to criteria about how the 
concepts communicated the potential of 
residual heat. The criteria included 
complexity: how simple or complex the 
concept was considered to be; heat 
source: if the concept was considered to 
visualize where the energy came from; 
purpose: if the concept was experienced 
to communicate what the heat was used 
for; and energy need: how much energy 
that the concept was considered to 
require.  This evaluation showed that 
seventeen concepts expressed themselves 
better from the sample of sixty-one. These 
concepts, used combinations of lighting 
techniques that stood out as more 
comprehensive than those from the 
previous investigation, see figure 22.  

A number of other communicative 
elements were developed in the idea 
generation as well. To develop the ideas, 
the concepts were drawn larger and with 
more detail, but still in 2D to maintain 
simplicity and easy comparison, see figure 
23. The sketches were rendered in 
Photoshop where features also were 
added, such as visualization of the internal 
cultivations and lighting effects, see figure 
24. 

Communicative elements were the next 
step. A user-survey was formed with the 
intention to let the users evaluate elements 
that somehow added to the experience of 
being understandable, see appendix 9. 
The survey answers gave indications of 
which aspects were considered better for 
communication. 
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This Sprint resulted in a better 
understanding of the use of light for 
communication and a number of different 
types of light techniques that can be used. 
The design Sprint as a whole provided a 
lot of communication concepts. It also 
resulted in a selection of concepts 
approved by potential users, which could 
thus be used in the continued 
development of the final concept. 

Sprint 5: Combine 

The sub-seeding design Sprint merged 
two key areas into one concept. The results 
from the previous two Sprints in which 
form and communication were explored 
separately were synthesized into a final 
solution.  The previous Sprints provided 
partial solutions to the main problem, the 
design of the cultivation unit, in the form of 
form and communication. These were 
combined using a morphological chart, 
see figure 13, in the methods chapter. 

The elements that were combined were 
shape-based, saddle roof or combined 
slant roof, two different urban layouts, two 
different types of buildings, two different 
ways of visualizing heat, three different wall 
layouts and two different ways of 
emphasizing greenery. In addition, the 
concept should visually communicate 
where the supplied heat came from and 
how it was supplied to the unit, with 
support of text-based communication. 

Figure 21 – Selection of simple sketches 

Figure 22 – Selected sketches 

Figure 23 – Developed sketches 

Figure 24 – Enhanced sketches 
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Quick-and-dirty prototyping was used to 
gather understanding of the various 
developed concepts and made it easier to 
evaluate them. 

 

The four developed concepts, shown in 
figure 25, were those concepts that 
potential users considered most 
communicative during the previous 
Sprints. 

The concepts were evaluated against the 
requirements established in the product 
specification; mobility, scalability or 
modularity, attention-drawing 
communication of residual heat, and last 
but not least, that were considered 
inspiring for potential user. In addition, the 
concept's ability to communicate the 
message about residual heat was 
evaluated with the same criteria used in the 
communication Sprint. The purpose of 
reusing the criteria was to evaluate if the 
adaptation of the elements and use of 

light into the final design somehow had 
impacted the communication. All concepts 
met the original identified needs but 
differed in the latter. Through using a 
decision-making matrix, see table 3, the 
concepts were evaluated in accordance to 
our own gathered knowledge and a final 
concept was chosen for further 
development. 

The chosen concept was considered most 
inspiring, had a reasonable level of 
complexity and was considered able to 
bring attention to residual heat. 

 

Sprint 6: Material Selection 

Physical design involves embodiment of 
materials in which different materials are 
shaped, joined and completed into a 
whole (Ashby, M. Shercliff, H. & Cebon, D, 
2014). Materials are usually chosen 
depending on how they meet desired 
performance requirements and if they are 
compatible with the processes that are 
required to manufacture the product 
(Ashby et al., 2014). 

 

1 

2 

3 

4 

Figure 25 - Combined concepts. 

Table 3 - Decision-making matrix Final Concept 
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“There is no systematic path to good 
design rather, the designer seeks to 
capture and hold a sea of ideas and 
reactions to materials, shapes, textures and 
colors, rearrange and recombining these 
to find a solution that satisfies the design 
brief…”  

Ashby et al., 2010, p. 44 

Exploring materials is an integral part of a 
design process, where at first there may be 
thousands of potential materials, and there 
may only remain a few usable materials at 
the end of the project (Ashby et al., 2010). 
Material exploration is considered 
important, as the designer need to know 
about potential materials in each stage of 
the design process, what differs as the 
process goes on is the precision and fewer 
materials will meet the design 
requirements emphasizing the importance 
of exploring alternatives (Ashby et al., 
2010). 

The materials needed for the cultivation 
units design were selected with 
consideration to aesthetics, sustainability, 
cost and usability, according to the user 
needs established in the product 
specification, see appendix 4. Some of 
these were, being durable and resistant to 
weather and heavy snow and easy to 
transport. The maximum cost of the 
product was set at 250,000 SEK through 
discussion with the client company, which 
required estimation of material costs. The 
materials needed to be as durable as 
possible, environmentally friendly and 
easily replaceable if needed. The 
sustainability of the chosen materials, see 

 

 

12 A person who sells glass or fits it into windows 
(Cambridge Dictionary) 

figure 26, is covered in more detail in 
upcoming result chapter.  

In order to use the cultivation unit all-year-
round, and to be able to maintain the 
required indoor temperature of 21-23 
degrees Celsius, which is needed for a 
cultivation unit, it needed to be sufficiently 
isolated to prevent energy waste. Based on 
the previously described expert interview 
with the glazier12, the insulation is 
estimated to have a U-value13 of 0.1. The 
U-value must not be too low, since 
temperatures rise in the summer, and not 
too high because then the unit would 
require more energy to maintain a 
desirable temperature during winter. The 
client company also expressed their desire 
of making the cultivation unit aesthetically 
pleasing to catch user attention. 

“Familiar materials carry association that 
derive from their traditional uses: polished 
wood – the sense of warmth, civilization, 
discreet luxury...”  

Ashby et al., 2014, p. 41 

13 Heat transfer coefficient (NE, Authors Translation) 

Figure 26 – Material samples 
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  With a draft developed using NX, see 
figure 27, a benchmarking using the 
Google search engine to collect 
information from various construction sites 
was conducted. Focus was on construction 
companies that sold building materials or 
that produce similar solutions, such as 
Byggmax14, LMA15, Lövånger Bygg16 and 
Willab Garden17. This generated 
information about a wide range of 
available construction materials and their 
respective costs.  

 

 

14 Byggmax (2019-12-07) 
15 LMA (2019-12-04) 
16 Lövånger Bygg (2019-12-06) 
17 Willab Garden (2019-11-25) 

To narrow down the amount of possible 
materials, a visit was made to a local 
construction business called Byggmax, to 
get further expert opinions on different 
construction materials. In addition, expert 
interviews were performed with a 
greenhouse and outdoor expert18 and with 
contractors, which generated further 
insight on materials. 

The materials were explored for the 
following components: construction 
framework; Façade, insulation; 
interior finish; wet room, windows, roofing, 
and foundation. 

Sprint 7: Product Cost  

Since the client company Luleå Energy set 
a maximal cost of 250 000 SEK for the 
whole cultivation unit, a cost calculation for 
direct material (DM) and direct labor (DL) 
were made. Gross margin, project cost 
and project equipment, were not 
investigated since they were costs 
considered to vary depending on which 
company the client would approach with 
the construction of this project, see figure 
28.  

18 Expert interview, Contractor, greenhouse and outdoor 
LMA, Lövånger Bygg and Willab Garden (2019-12-06, 
2019-12-06, 2019-11-25) 

Figure 28 – Cost chart Figure 27 – Draft drawing from NX 
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It was difficult to gather detailed 
information since contractors asked for an 
offer to disclose the costs. Due to lack of 
time, this was not possible. However, to 
estimate the labor cost, we instead chose 
an approximate carpenter’s salary which 
includes eventual employer costs, 
estimated time to build the cultivation unit 
and how many carpenters that would have 
to work on the cultivation unit’s 
construction. The carpenter’s salary was 
found to be around 500 SEK per hour. The 
estimated time and the number of 
carpenters approximated to require three 
carpenters working on the project for three 
workdays. The cost was estimated to be 36 
000 SEK, see table 4. 

Material costs for the cultivation unit's 
components were also calculated, see 
table 5.  

Since the product is not established on the 
market, it has been difficult to determine 
the exact costs of materials. Hence, some 
values have been approximated from 
information from construction companies 
such as Byggmax, Beijer and Willab 

 

 

19 Popular term for complement housing or complement 
building – NE, Authors Translation 

Garden. These calculations used the 
materials determined during the material 
selection, described previously. The 
amount of the materials was calculated 
based on the established dimensions of 
the cultivation unit. 

To determine whether the calculated costs 
were reasonable, they were compared to 
the costs of different constructions of 
similar scale and complexity; Attefallshus19 
and free standing all-year-round 
conservatories, see table 6. 

Table 4 – Labor costs 

Table 5 – Material costs 

Table 6 – Cost comparisons 
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The total cost of the concept excluding 
gross margin, project cost and production 
cost is estimated to 185 000 SEK.  

Since the information was obtained from 
construction companies at retail price and 
carpenters buy material in bulk thus 
lowering prices, the cost could be lower 
than the approximation. In addition, the 
costs were calculated for separate parts, for 
example the foundation and exterior finish 
of the cultivation unit. Some of these parts 
overlap with each other, according to the 
expert interview, which could decrease the 
cost. 
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Method discussion 
The following section contains a method 
discussion to ensure validity and reliability 
in the research.  

Research is an essential part of the design 
process, especially when it is aimed at 
identifying user needs and preferences 
through a user-centered process. Research 
is often gathered around users; 
understanding the context and identifying 
problems or frustrations around existing 
solutions and we stress understanding that 
the design research phase being based on 
the person or persons studying it and this 
can result in different interpretations. 
Therefore, it is important to ensure that the 
research approach ensures that different 
user perspectives have been involved, and 
that the methods are approached as 
objectively as possible so that errors do not 
find their way into the work based on the 
opinions of others. This can for example 
be ensured by using different methods. In 
the current project, this has been through 
e.g. using academic literature, i.e. sources 
that have been reviewed and as 
scientifically correct and reliable sources. 
When there haven’t been any such 
sources, other methods have been 
implemented to find information. To 
ensure accumulation of reliable 
information, methods which have support 
in design science have been used. 
Examples of such methods are interviews 
and surveys.  

When the methods have involved 
collecting information from users, at least 
two different approaches have been used, 
qualitative and quantitative. Qualitative 
methods place great emphasis on the 
participants’ experiences, understandings 
and preferences, for example, what people 
feel and how they understand things. 

Quantitative methods, on the other hand, 
are based on collecting information from a 
larger collection of people and what is 
being sought is not their individual 
opinions but the general opinion of a user. 
In order for this information to be as 
reliable as possible, it is important to reach 
people with different experiences and 
understandings, but also to get as large a 
number of answers as possible in order to 
reduce the significance of the individual 
answers. 

When searching the internet, such as 
researching material costs using the 
Google Search Engine, several sources 
have been examined to verify the 
information. Also, possible critical sources 
have been sought, to understand both 
pros and cons.  

Both qualitative and quantitative 
approaches have been implemented to 
complement each other. However, as the 
current project approach has been human-
centered, and the project aim has been to 
create a new solution, the qualitative 
search for understanding people’s 
experiences have been prioritized. In order 
to ensure validity and reliability in the work, 
the approach has therefore been 
described as transparent as possible.  

Working in Sprints aggravated the work 
more than it facilitated. In retrospect, it 
would have been more beneficial to stick 
with a human-centered design process 
(IDEO) for this kind of project. It made the 
work more unstructured combining Sprints 
and the human-centered process, 
especially since the process itself allows 
iteration between phases, see chapter 4. 
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Results 
This chapter describes the results of the 
methods and implementations and is 
divided into the respective project phases: 
inspiration, ideation and implementation. 

Results of Inspiration-phase 
The first design Sprint resulted in a digital 
prototype that visualized the experience of 
passing by the cultivation unit. For the user 
test, the prototype was presented on a 
large projector screen to simulate a wall of 
the cultivation unit. The accompanying 
user interviews provided insight of how the 
participants considered sustainability. A 
majority of the test persons associated 
sustainability with local produced and 
organic food, i.e. ecological sustainability. 
One participant was aware of the different 
areas of sustainability: social-, 
environmental and economical 
sustainability.  

In general, the participants considered it 
difficult to know how to choose between 
the food products on the market today 
since many companies use sustainability in 
their marketing approach, and as the 
participants said: such information have 
been proved unreliable. The participants 
considered sustainability important, but 
said that it should be simpler to make 
sustainable choices. Most of the 
participants claimed to be willing to buy 
organic, seasonal and locally produced 
food, but they consider current information 
of how to do this inadequate. They for 
example said that they would like to have 
consistent and clear information about the 
origin, seasonal vegetables. They 
considered it more effective to be assisted 
in their purchases, rather than having to 

make active choices. This is illustrated in 
the following quote: 

"What is best, Swedish tomatoes in winter 
or Spanish tomatoes at the same time?"  

Participant A design Sprint 1, autumn 
2019, Project team translation 

For the same reason, the participants 
considered it important that the 
visualization of the cultivation unit would 
clearly show its use of residual heat, and 
explain why one should choose the 
produce grown in it. Something that came 
out of the interviews was that the 
cultivation unit should both inspire 
sustainability, and educate and encourage 
self-sufficiency. 

The interpretation of the digital prototype 
varied between the participants. Industrial 
design teachers or students seemed to 
have an easier time understanding the 
prototype, compared to those who were 
not familiar with the area. This was an 
insight into how important it is to make the 
concept understandable to all potential 
users. Other insights were the importance 
of making the visualization interesting, so 
that it could communicate its message 
quickly to people walking by. One 
participant said: “less is more”, and 
stressed the importance of making the 
communication simple, but making sure 
that there is enough information to 
understand the message. 

The benchmarking provided a deeper 
understanding of solutions and trends for 
urban farming as well as energy 
visualization, current concepts and 
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information on the market and existing 
products that visualize energy. The results 
are that there is a growing interest for 
urban farming, as cities increase in 
population, at the same time as people 
seems to be more and more interested in 
sustainability. No cultivation units that run 
on residual heat were found, but concepts 

that could be associated with the current 
concept: Freightfarm20, Bonbio21 and 
EKOfarmer22 are mobile container 
solutions that grow vegetables. They claim 
to be transportable to cities and industries. 
An important distinction is that they run on 
electricity and not residual heat. However, 
their design and solution for mobility were 
interesting for the current project, see 
figure 29. 

Other identified inspiration projects were: 
paraSITE23 which uses residual heat in a 
tent solution where homeless people can 

 

 

20 Freightfarm (2020-01-01) 
21 Bonbio (2020-01-01) 
22 EKOfarmer (2020-01-01) 
23 paraSITE (2020-01-01) 

keep warm in. The Power AWARE Cord24, 
figure 30, uses light to visualize energy use 
and the Energy AWARE Clock25, figure 31, 
visualizes the use of electricity on a circular 
graph, which provided a source of 
inspiration and something that will be 
continued on for future work. The Energy 
Plant26, figure 32, was interesting as it 
visualizes the energy use in the form of a 
digital plant that grows depending on 
energy use, which is relevant in this project 
as it includes plants, energy visualization 
and awareness. 

 

 

  

24 Power AWARE Cord (2020-01-01) 
25 Energy AWARE Clock (2020-01-01)  
26 Energy Plant (2020-01-01) 

Figure 30 - Power AWARE Cord 

Figure 31 - Energy AWARE Clock 

Figure 30 - The Energy Plant 

Figure 29 – Cultivation units 
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The result from the focus group gave a 
better understanding of the challenge of 
how passersby would interpret visualization 
of energy and communication. It provided 
a better understanding of how the users 
perceive residual heat and how they 
imagine it can be visualized. The 
discussion generated information about 
visualizing energy, sustainability and 
different ways of energy visualization, 
which is further presented below. 

The question of visualizing energy was 
difficult to grasp for many of the 
participants. They mentioned related 
things, such as when a lamp is turned on it 
glows, indicating energy. They stressed 
that it is important for something to 
indicate action, preferably with the help of 
something they can relate to, illustrated in 
the quote below: 

 

 

 

“It is important to understand what 
happens and what the product does, and 
it is easier to understand if it is something 
you can recognize…” 

Focus group participant A, autumn 2019, 
Authors translation 

All of the participants agreed that energy is 
an abstract concept, since it is something 
that is not easy to grasp, and therefore 
difficult for us humans to understand. They 
also agreed that they want to be able to 
see the effect of energy, what it yields 
when energy is saved and can be reused. 
The participants' own experiences of 
energy visualization were expressed as 
graphic solutions. One participant 
mentioned a sign at a museum showing in 
percentage the amount of energy for the 
museum’s solar panels at any given 
moment, depending on the weather, with 
the help of a color-coded sign in what was 
considered as a pedagogical way. Another 
participant gave an example of a graphic 
flower on the dashboard when driving that 
grows and widens depending on how 
environmentally friendly the person drives. 
The participants reflected that in using 
energy in the form of residual heat would 
be something positive, compared to when 
energy usage normally seen as something 
negative. 

In the discussion on how sustainability can 
be visualized, they said that it should be 
something that shows that sustainability is 
long lasting and not disposable. They also 
said that showing that visualizing 
sustainability today involves material 
choices, recyclability and usage of natural 
colors.  

  

Figure 32 – Energy Plant 
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Several of the participants mentioned the 
fast food chain Max27, which markets its 
climate compensation for all food ordered. 
They said that it deals with being able to 
compare, showing that one option is 
better than another. Raising awareness 
should in these participants view 
contribute to a positive feeling, a positive 
challenge, create encouragement and 
make users aware that they have a choice. 
This could involve achieving sustainability 
with one small step at a time, so that the 
goal does not feel too far away and 
unattainable, illustrated in the following 
quote: 

“The more information about sustainability, 
the more I trust the company, but it still 
feels difficult to know how to choose the 
right one.”  

Focus group participant X, autumn 2019, 
Author’s translation 

During the conversation about what would 
attract attention for passersby, the 
participants discussed that it is when 
something stands out, a change from the 
ordinary, and preferably something you 
can interact with. Unexpected forms 
arouse curiosity according to these 
participants. The participants discussed 
that it is difficult to keep attention for 
someone that passes-by every day, 
although it may be interesting for the first 
time. One participant mentioned that what 
catches the attention should show where it 
wants to reach and give something to 
bring, an experience and a memory 
illustrated in the following quote: 

 

 

 

27 Max Burgers AB (2020-01-01) 

“It must look inviting and not seem like a 
big advertising pillar, it has to be 
something that gives something, worth 
spending time on.”  

Focus group participant A, autumn 2019, 
Author’s translation 

Showing how much residual heat that is 
wasted, might however make people 
upset. Therefore, the participants 
discussed that it is important to 
communicate what the client company 
Luleå Energi wants to achieve. 

Figure 33 illustrates the results from a 
drawing exercise on how they would 
visualize residual heat that took place at 
the end of this focus group session. 

A Stakeholder mapping gave sufficient 
information to build a basic overview of the 
users in this project. This gave a good 
overview of how different stakeholders are 
affected by each other. A visual mapping, 
see figure 34, gave an understanding of 
how the problem can be approached, 

Figure 33 – Drawing exercise 
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what should be considered for the design 
of the cultivation unit, who would be 
affected and what can be important for 
form and communication. 

Results of Ideation-phase 
The brain-drawing performed by us in the 
team gave approximately 140 ideas which 
were sorted out in the first selection to less 
than 50 ideas, see figure 35. 

The second selection ended up with 
eleven ideas that were further developed 
into different variations of the ideas from 
the second selection. 

Prototyping with clay gave a number of 
small prototypes focused on form 
language, see figure 36. Five of them were 
chosen to be explored further and made 
into five bigger prototypes. 

After reviewing the five larger clay 
prototypes, eight of the tiny prototypes 
were selected and evaluated, see figure 
36. Out of the eight, four were selected to 
be explored even deeper during third 
Sprint. 

Number 1 and 2 was considered to have 
interesting forms. Number 1 with the 
rounded soft shape and number 2 that still 
has the container shape, which is desired 
from the client, but with a slight twist. 

Number 3 has a very simple form but the 
visualization through the rings that has a 
thought that people of all ages can be 
able to see and learn about cultivation and 
residual heat. This was selected because 
the rings can be interesting to apply on 
different forms. 

Figure 34 – Stakeholder mapping 

Figure 35 – First evaluation 

Figure 36 - Clay prototypes 
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The passage of number 7 was considered 
interesting to the design so that the 
passersby easily walk through and get a 
chance to stop and discover. The passage 
wall could serve as shelters on cold days 
that allow people to want to stay a little 
longer and investigate. 

A workshop was then held which 
produced plenty of ideas mainly sketches, 
but some written ideas. A varied mix of 
futuristic ideas and forms to existing 
solutions.  

Examples of suggestions to visualize 
energy use was a pulsating charging 
symbol on the unit, also using materials 
that shift color depending on temperature 
to visualize what happens with the energy 
and that the passersby themselves could 
contribute energy through interaction.  

The participants of the workshop in the 
inspiration phase had many ideas on how 
to visualize cultivations. One suggestion 
was to grow in terracotta clays that show 
sustainability by using natural materials and 
for the same purpose to use natural colors. 

The cultivation unit should according to 
the participants provide an experience 
somehow. The participants had many 
ideas such that the cultivation unit could 
act as a meeting point or interaction. 
Another suggestion was the possibility for 
passersby to go up on the roof, have a 
passage through the unit or to go inside to 
experience cultivation and residual heat. A 
suggestion to provide information is to do 
it in text form, in an artistic way and then to 
easily find out more information, if desired. 

Other own ideas to attract attention were 
to use walls, grow in stair form, have the 
plants upside down or the construction 
around the plants could have an artistic 

expression through patterns, for example, 
place the plants in honeycomb pattern. 
The workshop in the ideation phase 
provided many options in the cultivation 
units’ form language. Shapes mentioned 
were all from container form, to apply 
more containers consecutively, cone form 
and half-spheres or use soft shapes to 
show calm and harmony. 

One concept that came out of the 
workshop was a cultivation pipe that 
transports residual heat through the pipe 
while parts of the pipe are transparent to 
show the plants grown inside, see figure 
37. The purpose was that it visualizes that 
residual heat contributes as energy to the 
greens and that the pipes relate to where 
the residual heat comes from. A reflection 
from the workshop is that something 
relatable is needed to visualize energy, 
energy is very abstract.  An example that 
was given is that horsepower is a 
measurement for the power in cars. Almost 
everyone is familiar with that and there 
could be useful to have something else for 
energy use. 

Shape was explored during the form 
Sprint which resulted in two concepts of 
the cultivation unit to continue with and 
evaluate together with the results from the 
fourth Sprint, communication. 

Figure 37 – Pipe concept 
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The result from the benchmarking showed 
that the forms of archetypal greenhouses 
usually have a rectangular base with gable 
roofs, Skillion roofs or barrel roofs, which 
can be seen in figure 38 below. The most 
commonly was the gable roof, although 
barrel roofs sometimes occur. Skillion roofs 
are most common if the greenhouse is 
attached to a wall. 

The sketches generated provided a basis 
for continued idea work. Since archetypal 
greenhouses were considered, the 
sketching felt limited at first. The first 
cardboard box model gave a better 
impression and more inspiration to the 
idea work. Three additional cardboard 
models were then created to give a better 
understanding of the true proportions, 
which was very helpful to support the 
concept sketches. The three concept 
sketches that were developed are 
presented below. 

 

Concept 1 shown in figure 39 is inspired 
by greenhouses with a Skillion roof usually 
attached to a wall. This is freestanding with 
a Skillion roof and when attached to a 
cultivation unit it will get an appearance in 
the form of a classic greenhouse with 
gable roof. 

Concept 2 is inspired by a gable roof 
greenhouse. It can be split in two smaller 
greenhouses and placed in different ways 
shown in figure 40. The idea is that one 
part is for visualization and communication 
while the other shows pure cultivation. 
When used only for cultivation, the whole 
unit can be used for cultivation and more 
units can be attached to it. 

Concept 3 is inspired by the classic gable 
roof greenhouse, see figure 41. The idea 
was to make it more interesting with a 
slight twist on the roof, but still retain the 
recognition of an archetypal greenhouse. 
Multiple modules can be set next to each 
other.  

Figure 40 – Concept 2: TWIN 

Figure 39 – Concept 1: LEAN 

Figure 38 – Greenhouse mood board 

Figure 41 – Concept 3: TWIST 
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This phase also included expert interviews. 
The expert interview with the glazier 
indicated that there are different types of 
glass with different insulating properties, 
measured in U-value. The lower the 
number of U-value, the better insulation, 
but the material is more expensive and 
gets very hot in the summer. If there are 
many large glass parts on the cultivation 
unit, it will be expensive, but it gives a 
more aesthetically impression and a better 
impression of a greenhouse. If the whole 
cultivation unit is in glass, it is important to 
have a stable construction framework, 
preferably in aluminum or steel to 
withstand weather impacts. The glazier 
suggested Twinwall plastic as a cheaper 
alternative which is used in many existing 
greenhouses. The expert interview with the 
glazier and the benchmarking provided 
information on potential materials that will 
be helpful in the implementation phase 
were the materials will be explored more 
deeply, selected. 

This phase also included a survey, in which 
a total of 93 people participated. Those 
who answered were people of varying 
ages, from 20 to over 60 years. The 
majority of respondents were between 20 
and 39 years and the main users were 
students. The results were interpreted that 
people prefer when there is an angle to 
the roof and that the slope of the roof is 
neither too big nor too small, see figure 42 
and 43. 

Based on the results of the survey, concept 
1 with the Skillion roof was eliminated. 
Another argument is that the cultivation 
unit is not intended to be placed against a 
wall, then it is considered to lose 
recognition of a greenhouse. This resulted 
in concepts 2 and 3 passed on for further 
work in the project. 

Communication was an aspect that was 
investigated with the help of design Sprint 
4 - Communication. This gave insights into 
how light can be used in the project to 
communicate our message that the unit 
uses residual heat. A number of different 
types of lighting techniques were used in 
the product development.  

The lighting techniques were tested 
against the users who clearly felt that a 
light that attained living attributes, similar 
to a fire, was considered the most 
warming, see figure 44. In addition, a light 
with a clear direction, see figure 45, was 
considered to be beneficial not only to 
create attention but also to guide the 
viewers to understand the purpose of the 
concept, to grow plants with residual heat. 
These insights were included in the 
product development. 

Figure 43 – Preferred form 

Figure 42 – Greenhouse silhouette 
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In addition to light, communicative 
elements were evaluated against criteria, 
see appendix 7, and those that were 
considered most effective in their 
communication are shown in figure 46. 

According to our research the buildings in 
figure 47 gave a clear impression of 
visualizing a city. The participating users 
also considered it important that the 
source of the heat was visualized and that a 
clear heat flow together with the elements 
in figure 48 increased the understanding 
of the message.  

 

The users claimed that ambiguity is 
something that should be sought after in 
the design, which was supported by the 
communication manager at Luleå Energi. 
The users therefore considered that an 
explanatory text would make the unit's 
communication more efficient. Through a 
dialogue with the client’s communication 
manager the following text was 
developed: 

Här växer det så det knakar med 
restvärme från Luleå Energi 

This text is brief but includes the concepts 
purpose of cultivation with use of residual 
heat and connects the project to the client 
by mentioning them. Also, the unit's wall 
layout in figure 49 below was considered 
to be most balanced with the message. 

Figure 47 – Building elements 

Figure 45 – Light panels 

Figure 44 – Living light 

Figure 46 – Effective light techniques: Living- 
indirect-light and light panels 

Figure 48 – Heat trails 
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These results could then be combined 
with those produced for the unit's 
structural design. 

Results of Implementation-
phase 
In this project phase, the focus has been 
on completing the concept and giving it its 
final. The result was modeled using 
Siemens NX, images were made using 
KeyShot and a physical model was 
assembled using 3D printed parts. In 
addition, the final product was showcased 
during a presentation at the university 
using materials produced during this 
phase. 

To compile the work into a final concept, a 
morphological chart was used, see figure 
50. This meant that the study that had 
been made of various suitable form of the 
structure could be combined with the 
communicative elements that were 
developed separately. 

 

This led to about ten concepts being 
developed. Through discussion within the 
project team, these concepts were 
reduced to four concepts that were 
considered to have the highest potential, 
see figure 51.  

Figure 49 – Communicative text 

Figure 50 – Morphological chart 

1 

3 

2 

4 

Figure 51 - Preferred concepts 
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These were sketched or modeled in 
cardboard to assist the evaluation. 
Absence due to illness was the present 
reason why only two different visualization 
methods were used. The evaluation was 
conducted with a decision-making matrix 
in which the ability of the various concepts 
to fulfill important parameters was 
evaluated through discussion between the 
project group and the previous results in 
the work. Of these, the form of concept 1, 
and the communicative elements of 
concept 3, were considered the most 
effective. These were then combined 
together into the final concept, using the 
cardboard models used for the evaluation, 
see figure 52. 

This was followed by an investigation of 
which materials would be considered most 
suitable for the construction of the unit and 
how much the construction would cost. 
This was investigated with a Sprint which 
showed that the materials in figure 53 were 
considered to be the most suitable 
materials for building the concept. 

  

Figure 52 - Concept sketch 

Figure 53 - Selected material 
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The cost could be approximated to be 
185,000 SEK, see figure 54. It is likely that 
this cost is higher than the price that a 
contractor would take because they buy 
materials at a lower cost when they buy in 
bulk.  

The concept was modeled with the help of 
NX Siemens to visualize the concepts 
effectively, to evaluate the proportions, see 
figure 55. The construction proceeded 
quickly since the main dimensions were 
determined by the client company's desire 
that the unit should be similar to the 
dimensions of a freight container and that 
the cardboard models used to evaluate 
the concept facilitated the measurement 
of the deviating structure by a freight 
container. The remaining dimensions were 
developed in connection with the survey of 
materials and the cost calculation. 

 

By using measurements for a full-scale 
cultivation unit, 2.4 x 6 m, the construction 
was quick, which also helped in the 3D 
printing of the model as well as in the 
visualization of the CAD drawing. 

The purpose of the 3D-printed model was 
to provide an effective way of 
communicating certain aspects of the 
concept to the public and to our 
customers and to get an overall sense of 
the concept, see figure 56. 

Visualizations were created and used to 
communicate the material choices and to 
place the concept in the intended context, 
see figure 57, The visualizations were also 
used during the presentation to 
communicate the project result. 

The visualizations and the model are 
presented in the next section, Final 
Design. 

Figure 57 - Develop renders in KeyShot  Figure 55 - CAD modelling 

Figure 56 - 3D printed draft model  

Figure 54 – Cost chart 
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Final Design 
This section describes the end result using 
visualizations. The design is the result of a 
user-centered design process where the 
focus has been on communication. The 
final cultivation unit meets the 
requirements set by Luleå energi. 

 

 

 

 

 

 

 

 

Provides recognition but 
arouses curiosity. 

The form has been 
developed with the users’ 
opinions gathered from 
surveys, targeting forms that 
were considered appealing 
and most closely associated 
with greenhouses. 

The combination of forms to 
create something new. 

 

 

 

  

 

  

Figure 58 – Final Concept 
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Figure 59 - Structural integrity 

Handles all seasons 
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Glass section are a central aspect of traditional greenhouses 
which is recognized and shows the cultivation inside. The 
possibility to look into the concept displays the possibilities of 
residual heat. 

Figure 60 – Profiles 
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A mobile unit using the established dimensions of a 20 feet 
container makes it easier to transport. 

Figure 61 – Draft drawing 
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Several cultivation units can harmoniously 
be placed next to each other to meet 
greater needs. 

To effectively convey that this product is a 
cultivation unit, and that it uses residual 
heat, different techniques are used. All 
developed in collaboration with the users. 

A warming light is used to catch the target 
audience's attention and arouse their 
curiosity at a distance. As they get closer, 
the direction of light of the guide guides 
their understanding of the purpose of the 
product. The heat is experienced traveling 
from the buildings to the unit, which is 
emphasized in the window into the 
cultivation using loops of heat that vary in 
brightness. This means that the person 
looks at the cultivation that takes place on 
the inside. 

To support light communication, an 
archetype for buildings has been used, 
which was produced with the users' 
feedback. 

The buildings visualize the source of the 
heat, our society. 

In turn, simple tubes are used to direct 
the heat to the unit to be discharged 
inside the unit, which is visualized by heat 
trails. 

Typography    “Här växer det så det knakar med restvärme från Luleå Energi” 

Explicit information is something that our survey showed that both the users and experts in 
communication advocated, and a text was considered to be the most effective way to do this. 
It strengthens the understanding of the purpose, goal and collaboration for the project and 
the product. 

The client’s goal is to be able to use this concept where residual heat is available to reduce 
the amount of energy being wasted. And for that reason, the concept should be able to work 
in different environments, both in densely populated areas and areas in industry.  

Figure 62 – Modularity 

Figure 63 – Highlight: Communicative elements 

Figure 64 – Highlight: Text element 
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  URBAN 
SETTING 

Figure 65 – Urban setting 
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PARK 
SETTING 

Figure 66 – Park setting 
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The choice of the materials to be used for the construction of 
the concept has been made in consultation with craftsmen to 
be economically, socially and environmentally sustainable. 

Materials 

Figure 67 – Materials 
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PROTOTYPE 
Figure 68 – Prototype 
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The final design is a cultivation 
unit that, in its form, meets Luleå 
Energi’s demands for modularity 
and mobility. The client 
company’s requirement to inspire 
users is met through the concept's 
communication which promotes 
awareness of residual heat while 
also serving as an example of what 
residual heat can be used for. 

 

 

 

 

 

 

Figure 69 – Final Concept 
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Discussion  
The following chapter includes a 
discussion regarding the relevance of the 
degree project and its final concept. Also, 
there is a reflection part which argues 
about the chosen process and methods. 

Positioning the result 
The product that has been developed, a 
cultivation unit, can be seen as part of a 
growing sustainability movement where 
new innovative solutions are increasing. In 
the development of such solutions, we 
stress that design plays an important role.  

Due to the product’s complexity and the 
duration of this project, our main focus was 
on exploring the aspects of 
communicating the message about the 
reuse of residual heat to users. Despite 
such restriction, the project was still 
comprehensive. However, it is important to 
note that it is a communicative concept 
that has been developed and not a 
concept that is intended to function solely 
as a cultivation unit. 

Seeing that the main challenge with our 
project was to find information about 
existing products or concepts that were 
communicating their usage of residual 
heat, we had to explore each part of our 
intended concept separately. When 
exploring the form, we discovered that 
different types of cultivation units had 
started to emerge. Our aim was to find a 
form that could be recognized as a 
greenhouse, seeing that recognition is a 
vital part in design. Regarding solutions 
that visualized energy we found several 
such concepts, however, no solution 
communicated the usage of residual heat. 

With the results of our investigation the 
next step was to evaluate and then 
assemble the most favorable design. This 
approach allowed a more creative space 
for the development of both form and 
communication.  

Relevance 
The final concept is meant to raise 
attention to energy usage and to inspire to 
sustainability. Since climate change is a 
growing issue, buying local produced 
groceries has become a trend. Our 
cultivation unit is meant to be running on 
residual heat and in return provide locally 
produced greens.  Hence, this concept 
can therefore be considered to be relevant 
to the current situation of climate change. 

By conducting surveys, a workshop and 
user tests with mixed ages and 
backgrounds, our ambition was to reach as 
many potential users as possible. The 
majority of the participants were young 
people and students, and they are 
consequently overrepresented in the 
research. However, we think that young 
people and students are those who are 
willing to make a change, although we 
think that it is important to reach all ages 
and backgrounds important. 

The client, Luleå Energi, would like the 
concept to inspire others, such as other 
energy companies, other businesses and 
the society as a whole. As an energy 
company, they want to promote 
sustainability by increasing the proportion 
of self-produced renewable energy, 
reducing the use of fossil fuels, and 
utilizing excess energy in society. The final 
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concept's form and communication meets 
the client’s desires by attracting attention 
with the help of an aesthetically pleasing 
form and a visualization that plants are 
grown using residual heat. 

Regarding the users’ needs and opinions, 
we in the project group have used 
methods that are considered scientifically 
established according to design science 
and can thus be regarded as reliable in a 
user-centered process.  
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Reflection 
The theory section scope was in the 
beginning a bit too wide with many 
different theory areas that were 
investigated without fully knowing which 
areas would be relevant to the project. 
Some areas have been removed from the 
final chapter, those that in the end have 
not been relevant for the current project. 
On the other hand, it has also provided us 
in the project team with a broad 
foundation to work from. It has been both 
difficult and educative to gather inspiration 
from several comparable concepts on the 
market and combining them to create 
something new. To make work easier, we 
could have used a simpler approach from 
the beginning. For example, we could 
have based the process on established 
archetypal greenhouses instead of trying 
to create something new from square one. 
One lesson learned has been to dare to 
take a step back and start over. This 
happened in the ideation phase as the 
results of the creative methods felt 
confusing. The ideas became far too 

complicated and it was difficult to address 
both form and communication in the 
development at the same time. It felt 
relieving to take a step back and choose a 
simpler approach by exploring the design 
of established archetypal greenhouses. 
The work was made simpler by separating 
form and communication in two different 
processes and then by merging them 
together through evaluation as effective 
aspects in the two had been developed. 
Of course, not having to take a step back 
would have saved time and would have 
allowed for more time to test the final 
concept further. 

Instead of relying on surveys as the main 
method of collecting data from our users, 
we could have used other appropriate 
user-centered methods to collect 
qualitative data, such as user testing of a 
full-scale prototype. For example, we in the 
project could have used an existing 
shipping container to provide a more 
justifiable product experience than we 
could provide with our surveys.  
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Conclusions 
This chapter answers the research 
questions established in the project's 
introduction, chapter 1. The questions 
were designed to serve as goals for the 
project and to provide support for defining 
goals and work as guidelines of the work. 

Research Questions 
How can design as a process be used to 
develop a concept that raises energy 
awareness? 

To answer this question, the project has 
followed a user-centered process, see 
chapter 1. In this process, development 
has been done in close connection with 
the users. In this way, we have been able to 
include the group’s needs and 
experiences in the project. The information 
obtained from the group were used in 
suitable methods in the various phases of 
the process to meet the needs of the users 
as well as the requirements from the client. 
Thus, a close cooperation with the users 
has made it possible to quickly identify 
problems and challenges, and to facilitate 
adjustments in the project's approach, see 
chapter 2. 

When researching the market for existing 
solutions which are using design to raise 
energy awareness, we were able to draw 
the following conclusions. First of all, the 
examples we found were relatively few, 
and all of them had been developed 
recently. These examples use several 
different techniques to visualize energy, 
such graphs or by changing their structural 
form. This finding gave us inspiration and 
ideas on how to raise energy awareness in 
our project. 

Finally, our investigation shows that design 
can be used in many ways to raise energy 
awareness. In our final concept, we found 
an effective way to raise energy awareness, 
more specifically the reuse of residual heat, 
was by combining several techniques. 

How can a cultivation unit be designed to 
create awareness of the reuse of residual 
heat? 

The examination of existing solutions on 
the market showed us that cultivation units 
make up a relatively unestablished market, 
and the information that is available is very 
limited. Seeing that the majority of existing 
cultivation units are rebuilt shipping 
containers with high-tech equipment, such 
units are quite expensive. Regarding the 
communication of energy, it is something 
that is relatively unexplored, especially 
when it comes to residual heat. 

When designing our final concept, the 
form of the cultivation unit was developed 
according to Dieter Rams (1984) principles 
with an approach of “less is more”. Seeing 
that recognition is an important part in 
design, we developed a form that can be 
recognized as a greenhouse which 
purpose is cultivation. In addition, we used 
large glass sections in order to further 
clarify the unit’s purpose. 

By using visualization of light and elements 
we were able to show the energy’s origin 
and flow. The silhouettes of buildings show 
that the energy comes from residual heat 
from society by pipes, and the heat trails 
emphasize the delivery of heat to the 
cultivation. To make the message clearer, 
typography was implemented, disclosing 
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the concepts purpose, and to arouse the 
users’ curiosity about energy. The 
combination of form and communication 
come together in this design to raise the 
users’ energy awareness. 

Project objective and aims 
Goal: To design a cultivation unit which 
uses residual heat.  

Purpose: To inspire and create awareness 
about energy and the reuse of residual 
heat. 

Answer to client’s requirements: 

Relatively mobile and easy to transport.  

The cultivation unit has the same 
dimensions as a 20 feet container. With a 
stable construction framework, it can 
handle the impacts that can arise from 
being lifted and transported. 

Inspire people and bring attention to the 
possibilities of reusing residual heat. 

By the forms’ recognition and 
communication which visualizes that the 
cultivation unit runs on residual heat. 

 

Basic blueprints of a conceptual product 
that provide the client with a platform to 
continue to develop their ideas. 

With a material exploration, dimensions 
presented in a draft and suggestions of 
construction and materials, the final 
concept provides the client with a 
possibility for further development. 

Relative cost efficient, client max of 250 
000 SEK. 

The cost calculation is based on the cost of 
the materials and labor costs, which is 
estimated to 185 000 SEK, excluding taxes. 
The price is an approximation based on 
retail prices and the cost might hence be 
lowered if offered to a contractor. 

Should be able to be used as modules 
and allow several units to work together. 

Several cultivation units can be placed next 
to each other. In that way, they may use a 
greater amount of residual heat and give 
the impression of a larger cultivation 
activity. 

  

1 

2 
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Recommendations 
This chapter describes recommendations 
for continued work to develop the 
cultivation unit. The recommendations 
have been based on the project team's 
own opinions and users’ feedback. 

For continued development of the 
cultivation unit, it would be recommended 
that a number of companies would be 
contacted to get their quotations of the 
unit’s construction to get a more detailed 
cost estimation. Due to the projects time 
limit it has not been possible to acquire a 

proper quotation, it has only been possible 
to make an approximate cost calculation. It 
may be worthwhile to be open to 
researching alternative materials if needed. 
Since exploring the technical part of the 
cultivation unit, the estimated cost of the 
components in this concept should not 
limit the cost of the rest of the cultivation 
unit. It's about finding a balance and as 
such the materials provided by this report 
should be seen as suggestions for the 
development of the product. 
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Fokusgrupp - 1/10 
En undersökning av problemrymden  

Centrala områden: 
Energivisualisering 
Restvärme 
Hållbarhet 
 
Frågeställningar 
Hur visualiseras energi? 
Hur visualiseras hållbarhet? 
Vad fångar uppmärksamhet? 

Agenda: 
13.00 

- Introduktion, vi berättar vilka vi är, intresse och vad vi gör, lyft fram restvärme. 
- Fråga om det är ok att vi tar bilder och spelar in. 
- Vi berättar även vad vi ska göra idag, och syftet med fokusgruppen. 
- Det finns inget rätt eller fel. 

- Alla får presentera sig, namn, vad de gör och ett intresse. 
 
13.10 

- Har ni någon erfarenhet av en produkt som enligt er visualiserar energi?  
- Hur visualiserar man energi? 
- Hur visar man att en produkt är hållbar? (ekologiskt, socialt, ekonomiskt) 

- Vad inspirerar dig till att tänka mer hållbart? 
- Har du någonsin blivit riktigt inspirerad av en produkts budskap, kommer du ihåg hur den 

gjorde det? 
- Vad fångar din uppmärksamhet när du går på stan? Vad får dig att komma ur din “lilla 

bubbla”? 
 
(13.45-50) 

- Låt fokusgruppen rita hur de hade visualiserat restvärme (5min), beskriv skisserna med 
en mening. 

 
13.55 

- Tack så mycket att vi har kunnat få ta del av era åsikter! Är det någon av er som hade 
kunnat tänka sig att vara med på ett till möte senare i vårt projekt? Glöm inte fika på 
vägen ut. 
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Fokusgrupp Luleå Energi - 18/11 
Syn på värme  

Centrala områden: 
Värme 
Värme och energivisualisering 
Restvärme 
 
Frågeställningar 
Hur visualiseras värme? 

Agenda: 
14.00 

- Introduktion, vi berättar vilka vi är, intresse och vad vi gör 
- Fråga om det är ok att vi tar bilder. 
- Vi berättar även vad vi ska göra idag, och syftet med fokusgruppen. 
- Det finns inget rätt eller fel. 

- Alla får presentera sig, namn, vad de gör och ett intresse. 
 

14.10 
- Om ni nu bortser från ert arbete, ur ett personligt perspektiv, vad är värme för er? 

- Hur ser ni värme rent visuellt?  
- Hur förekommer värme i naturen?  
- Har du någon upplevelse du vill dela med dig av? 

 
- Vad är värme för er ur ett professionellt perspektiv? 

 
- Hur skulle värme kunna visualiseras? 

- Så att andra förstår? 
 

- Finns det något konkret som ni relaterar till värme som skulle kunna användas som 
visualisering? 
 

- Hur hade man kunnat särskilja på restvärme och “vanlig” värme? 
- Hur gör ni i arbetet? 

 
- Är det något ni själva vill dela upp som kan vara intressant för vårt arbete? 
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Function Analysis 
Overview of the concepts functions and how they are resolved.  

MAIN FUNCTION 
Generate energy awareness 
 

SUB FUNCTION  
Visualize residual heat. 

 
SUB FUNCTION  
Visualize use of residual heat. 

 
SUB FUNCTION 
Provide a protective environment. 

 
SUB FUNCTION 
Allow cultivation of greens. 
 
SUB FUNCTION 
Allow use of residual energy. 

 
 
Supportive function  
Allow cleaning and maintenance. 
 
Supportive function 
Express quality. 

 
Supportive function 
Express sustainability. 

 
Supportive function 
Identify origin. 

 
 

Walls 
Roof 
Sealed parts 

Screen or something else 
Structural form 

Screen or something else 
Structural form 

Internal space 
Availability of artificial and natural light 

Coupling to residual heat source 
Thermal insulation  

Door 
Dominant flat surfaces 

Gestalt 
Materials 

Materials 

Apparent brand 
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1.14.  

Design Specification 
List of requirements and desirables relevant to the project.  

 
1. Function 

1.1. Should attract attention to residual heat and promote energy awareness. 
1.2. Should show how it uses residual heat. 
1.3. Should make clear that the residual heat that it uses has no other use. 
1.4. Several units should be able to be placed together. 
1.5. Should permit cultivation of plants. 
1.6. Should allow easy personnel access to the cultivation unit. 

 
2. Quality & Sustainability 

2.1. Endure outdoor climate year around. 
2.2. Should be able to manage its own weight when lifted into place. 
2.3. Faulty parts should be reparable or if broken beyond repair, replaceable.  
 

3. Manufacturing & Materials 
3.1. Should use sustainable materials. 
3.2. Total production may not exceed 250 000 SEK, low cost alternative is desired. 
3.3. Manufacture should be local. 

 
4. Aesthetics 

4.1. Should express sustainability. 
4.2. Should work in different urban environments. 
4.3. Should attract attention to residual heat and generate energy awareness. 
4.4. Should be modular, to enable several units to be combined. 

 
5. Distribution 

5.1. Should be able to be relatively easily transported to a designated place. 
5.2. Should be able to be transported as one assembled piece, or in a few larger parts that can 

be easily assembled at the designated place. 
5.3. Should be able to be removed as simply as it can be installed. 
 

6. Installation 
6.1. Should be able to be installed as one assembled unit, or as few major modules able to be 

assembled at the designated space. 
 

7. Maintenance 
7.1.  Should be able to be cleaned. 

1.7. R 

D 

1.9. R 

R 

D 

1.5. R 1.3. D Requirements Desirables 

R 

R 

R 

R 

R 

R 

D 

R 

R 

R 

R 

R 

R 

R 

D 

D 
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Workshop 6/10 
Outline of ideation workshop 

Introduktion: 2 min 
Kort presentation av projektet 

- Klienten 
- Kort förklaring om problemet 
- Uppdrag 

 
Uppvärmning: 
Bygg något att odla i Lego (låda, vertikalt m.m) - 5 min (Kolla tillgänglighet) 

Övningar: 
Skissa så många olika typer av odlingsenheter/växthus du kan komma på? - 10 min 
Skissa det du tänker på.  
 
Presentera arbetet. 2 min / deltagare 
 
Skissa på en container som berättar vad den går på för energi.[bild] 4 deltagare x 4 min x 2 
grupper =16 min / grupp (Parallellt) 
 
Skissa 4 min skicka vidare. 
 
Presentera arbetet. 2 min / deltagare 
 
Du går förbi en odlingsenhet på stan, hur hade din dröm variant sett ut? Skiss 15 min 
Kanske ha förprintade rätblock i perspektiv - Hjälp om deltagarna vill själva använda perspektivet. 
 
Presentera arbetet. 2 min / deltagare 
 
Deltagare: Se facebook på Tisdag 
Rum: A2506 - Bokat! 
Material: 
Pennor 
A4 & A3 
Systemkamera 
 
 
Fika: 
Kakor 
LE-godis 

Kaffe 
Te 
Laktosfri mjölk 
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Formgivning
Hej! 
Vi, Claudia och Ludvig, genomför just nu vårt examensarbete inom Teknisk design och håller på att 
utveckla en odlingsenhet som ska kunna visualisera sin energianvändning. Just nu är vi inne på 
formgivning av enheten och skulle gärna vilja ha er hjälp.

Dina svar är helt anonyma.

Tack för at du hjälper oss med vårt examensarbete!

* Required

1. Hur gammal är du? *
Mark only one oval.

 19 år eller yngre

 20-29 år

 30-39 år

 40-49 år

 50-59 år

 60 år eller äldre

2. Kön *
Mark only one oval.

 Man

 Kvinna

 Icke-binär

 Annat

3. Vad har du för yrke idag? *

4. Vilken av dessa silhuetter får dig mest att tänka på ett växthus? *
Mark only one oval.

 1   2  

 3
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3. Vad har du för yrke idag? *

4. Vilken av dessa silhuetter får dig mest att tänka på ett växthus? *
Mark only one oval.

 1   2  

 3
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5. Vilken av dessa silhuetter får dig mest att tänka på ett växthus?
Mark only one oval.

 1   2  

 3
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6. Vilken av dessa silhuetter får dig mest att tänka på ett växthus? *
Mark only one oval.

 1   2  

 3
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7. Vilken av dessa silhuetter får dig mest att tänka på ett växthus? *
Mark only one oval.

 1   2  

 3
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8. Vilken av dessa silhuetter får dig mest att tänka på ett växthus? *
Mark only one oval.

 1   2  

 3
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9. Vilken av dessa silhuetter får dig mest att tänka på ett växthus? *
Mark only one oval.

 1   2  

 3
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10. Vilken av dessa silhuetter får dig mest att tänka på ett växthus? *
Mark only one oval.

 1   2  

 3   4

Nu ska du bortse helt från att det är ett växthus du ser
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11. Om du bortser från växthus, vilken av dessa silhuetter tilltalar dig mest? *
Mark only one oval.

 1   2  

 3
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12. Om du bortser från växthus, vilken av dessa silhuetter tilltalar dig mest?
Mark only one oval.

 1   2  

 3
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13. Om du bortser från växthus, vilken av dessa silhuetter tilltalar dig mest? *
Mark only one oval.

 1   2  

 3
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14. Om du bortser från växthus, vilken av dessa silhuetter tilltalar dig mest? *
Mark only one oval.

 1   2  

 3
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15. Om du bortser från växthus, vilken av dessa silhuetter tilltalar dig mest? *
Mark only one oval.

 1   2  

 3
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16. Om du bortser från växthus, vilken av dessa silhuetter tilltalar dig mest? *
Mark only one oval.

 1   2  

 3
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Powered by

17. Om du bortser från växthus, vilken av dessa silhuetter tilltalar dig mest? *
Mark only one oval.

 1   2  

 3   4
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Criteria Glowing Layered Panels Indirect Schlieren Edge Projection Typography 

Simplicity of 
installation. 2 2 1 2 5 2 4 1 

Simplicity of 
application. 2 2 1 2 5 2 2 1 

Simplicity of 
procurement. 1 2 2 1 5 2 3 1 

Cost of 
technology. 1 1 3 1 5 1 5 1 

Cost of 
installation. 2 2 2 2 5 2 5 1 

Sustainability 2 1 3 1 4 1 3 1 

Communication 
efficiency. 2 3 2 3 1 4 2 1 

WOW-Appeal 3 4 2 3 1 3 1 5 

Score 14 17 16 15 31 17 25 12 

Participant A B C D E F G H I J K L 

Which feels 
warmest? 1 2 2 1 1 2 1 1 1 2 2 1 

Which feels most 
communicative? 1 1 2 1 3 1 2 1 3 1 1 1 

Which seems 
simplest? 3 2 2 2 2 2 1 1 1 1 2 2 

Which feels most 
interesting? 2 1 2 3 2 3 3 2 3 2 3 2 

Which do you 
want at home? 2 1 2 1 2 3 1 2 3 1 1 2 

Which has a wow-
effect? 3 1 2 3 2 3 3 1 3 2 2 3 

Evaluation of different lighting techniques and communication of light 
 

Answers to the short interview about the target groups opinion about the selected uses of light 
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Simple Sketch Evaluation 
Rough evaluation of simple sketches in the heat exploration phase.  

To make an efficient and effective evaluation the criteria that will be used for this method are 
formulated according to how they manage to commune our established message, the potential of 
residual heat. The criteria will include, complexity; how simple or complex the concept is, Heat 
source; If the concept visualize where the energy is derived from, Purpose; If the concept presents 
for what the heat is used, and Energy need; How much energy that the concept requires. To maintain 
concept variation the number of implemented chosen techniques in the concept will be noted. 

Criteria 
Complexity: 1-3 
Heat source: (0) yes / (1) no 
Purpose: 1-3 
Energy need: 1-3 

Implemented techniques: 
a. Glowing 
b. Panels 
c. Indirect
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Concept Simplicity Heat 
source Purpose Energy 

need Techniques Score 

1 1 1 2 2 a 6 
2 2 1 2 2 b 7 
3 2 1 2 2 b 7 
4 1 1 3 2 a 7 
5 2 0 1 2 a, b 5 
6 1 1 2 2 a/c 6 
7 2 1 3 3 a/c 9 
8 3 0 1 2 a/c 6 
9 3 1 3 2 a 9 

10 2 0 1 2 a 5 
11 3 0 2 3 a 8 
12 3 0 1 1 a 5 
13 3 1 3 2 a 9 
14 3 1 3 2 a, b   9 
15 1 1 2 2 a 6 
16 1 1 2 2 a 6 
17 1 1 2 2 a 6 
18 1 1 2 1 a/c 5 
19 2 0 2 2 a, b, c 6 
20 2 1 3 2 a 8 
21 2 0 2 2 a 6 
22 3 1 2 2 b 8 
23 3 1 2 2 b 8 
24 3 1 2 2 b 8 
25 3 1 2 2 b 8 
26 3 0 2 2 b 7 
27 3 0 2 2 b 7 
28 3 1 2 2 b 8 
29 1 1 3 1 c 6 
30 3 0 2 2 c 7 
31 1 1 3 1 c 6 
32 2 0 2 2 a, b, c 5 
33 2 1 2 2 c 7 
34 2 0 2 2 a, c 6 
35 2 0 3 2 a, c 7 
36 1 0 2 2 a, b 5 
37 2 1 3 2 a, b/c 8 
38 2 0 2 2 a, b/c 6 
39 3 1 2 2 a, b/c 8 
40 2 0 1 2 a, b/c 5 
41 3 0 1 3 a, b/c 7 
42 2 0 2 2 a, b/c 6 
43 3 0 1 2 a, b/c 6 
44 2 0 2 2 a, b/c 6 
45 2 0 1 2 a, b/c 5 
46 2 0 2 2 a, b/c 6 
47 2 0 2 2 a, b/c 6 
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48 1 0 1 2 a, b/c 4 
49 3 0 1 2 a, b/c 6 
50 1 1 2 1 a/c 5 
51 1 0 1 1 c 3 
52 2 0 1 2 a, c 5 
53 1 0 2 2 c 5 
54 2 0 2 2 a, c 6 
55 2 0 2 2 a, c 6 
56 2 0 2 2 a, c 6 
57 2 0 2 2 a, c 6 
58 1 0 1 1 c 3 
59 1 0 1 1 c 3 

 
1 Technique 
2 Techniques 
3 Techniques 
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User-survey: Communicative Elements 
A survey aimed towards investigating  elements of communication  

The concepts that were developed for the communication using light resulted in 17 different concepts 
that included a combination of elements to enhance the product message, that the product is a 
cultivation unit and that it uses residual heat. The understandability of these elements has been 
investigated using an assisted user-survey where the participants, members of the target group, 
answered a survey in the presence of a project member whose purpose was to handle and take notes 
about occurring questions about the survey and the included concepts. 

Concepts 
Question - Which element do you think is best at visualizing a building? 

 
 
 
Question - Which element do you think is best at visualizing heat? 

 
 

 
 
 
Question - What flow is best at visualizing heat?  

 
 
 
Question - Which design do you think is more balanced? 

 
 
 
  

         A     B           C            D               E 

           A   B         C          D               E 

F 

           A            B               C                D              

              A      B             C             D        E 



Appendix 9 

Question - Which design do you think is better at communicating "energy and cultivation"? 

 
 
 
Question - Which design do you think is easier to understand? 

 
 
 

Participant data 

 
 

 

           A   B         C           D               E 

             A                      B 
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