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A B S T R A C T   

This exploratory study analyses the daily activities of the end-user in terms of assessing the potential for 
conserving direct and indirect energy. In the course of the study, a socio-technological system approach was 
applied, which made it possible to combine the methods of analysis and interaction of the social group (students) 
and technical infrastructure (living laboratory). The method of creating personas was also applied to segregate a 
large group of the population within one segment. This approach allowed us to consider in more detail the 
different types of behavior in the same segment. As a result, we got more personalized strategies for changing a 
behavior tailored for each individual persona. In conclusion, a recommendation was given on which policies 
implications and to which organizations to address.   

1. Introduction 

Growing populations and increasing affluence has resulted in large 
increases in food consumption and significant changes in dietary com-
positions, both of which impact heavily on energy inputs in the food 
system (Behrens et al., 2017). These trends have driven large de-
velopments in food system energy use and will continue to do so for the 
foreseeable future (Usubiaga-Liaño et al., 2020). The combined pres-
sures of increasing population and wealth will continue and intensify 
during a period in which society is under increasing pressure to transi-
tion to renewable and low-carbon technologies. The food system will 
need to transition but will face specific technological and social chal-
lenges distinct from those seen in other sectors. For example, while 15% 
of the overall electricity mix in the European Union was from renewable 
sources in 2015, this drops to only 7% in food systems (Motola et al., 
2015a). Activities related to food production have been found to account 
for roughly 20–30% of anthropogenic greenhouse gas (GHG) emissions; 
see, e.g., (Hallström et al., 2015; Martin et al., 2015; Konsumtions, 2008; 
Toler et al., 2009). The transition of energy markets has interest in 
consumer behavior (Yoo et al., 2020) and how this knowledge can be fed 
into more effective energy policies (Cherry et al., 2019). This knowledge 
is crucial for energy suppliers to maintain their market shares, especially 
in terms of the awareness of the increasing importance of differentiation 

and, above all, integration of energy efficiency in the form of new ser-
vices (Doľsak et al., 2019). The United Nations Intergovernmental Panel 
on Climate Change (IPCC) makes it clear that climate change is due to 
human activities, and it recognizes buildings as a distinct sector among 
the seven analyzed in its Sixth Synthesis Report (6 Synthesis Report, 
2022). Though technological advances and strict regulations are 
important ways for promoting energy conservation and improving en-
ergy efficiency (Steg et al., 2005), it has been more and more recognized 
that behavioral factors are of great significance in achieving energy 
conservation (Liu et al., 2018; Lutzenhiser, 1993; Socolow, 1978; Dietz 
et al., 2009a; Sovacool, 2014). Also, the main objective of many energy 
and environmental policies is to achieve households’ energy conserva-
tion by changing their energy use behavior (Dietz et al., 2009b). It has 
been suggested that behavioral changes can be just as effective as 
technological changes (Kurisu, 2015). Nowadays, electricity consump-
tion associated with food-related everyday behaviors is significantly 
increasing. If the estimate of energy usage associated with cooking was 
previously determined by 2–7% of the total electricity consumption 
from the household’s total energy demand, then today this figure has 
grown up to 15–30% within EU (Motola et al., 2015b). This means that 
we need to find more energy-efficient ways for everyday residential 
cooking. One of the everyday activities, which electricity consumption is 
mostly growing for the last years and have the biggest dependency on 
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tenant behavior is cooking. Food is the single strongest lever to optimize 
human health and environmental sustainability on Earth (Davis et al., 
2020). The food sector is responsible for a substantial share of the 
greenhouse gas emissions affecting climate change (Ripple et al., 2014) 
and people are starting to realize the importance of their own everyday 
habits in relation to climate change (Shove, 2010). There also has been a 
growing interest in knowing the origins and contents of the foods 
throughout the world. This has stemmed from the intensification of 
agricultural production, leading to questions about technologies, in-
gredients and safety of food, which has put pressure on conventional 
producers and manufacturers (Fortune, 2015; Garnett, 2011). In recent 
years, consumers have also become more aware of the impact that their 
behavioral choices may have on the environment. Swedish supermar-
kets offer consumers a broad array of alternatives, and consumers may 
be overwhelmed with making the ‘right’ choice from the number of 
products labeled to show the environmental, ethical and health qualities 
(Joosse and Hracs, 2015). The concerns of consumers have created in-
terest in alternative food products that promote sustainability, ethical 
questions and quality (Adams and Salois, 2010). Historically, 
energy-saving programs and policies have relied largely on technolog-
ical or economic interventions. By combining technological in-
terventions with behaviorally informed design principles, the 
motivation to a pro-environmental behavior can be increased on the one 
hand and reduce CO2 emission produced by buildings on the other hand 
(De Groot and Steg, 2009; Zhang and Tu, 2021). In addition, behavioral 
choices, such as dietary choices or way to cook food, have a large in-
fluence on the environmental impacts of consumption, as well as iden-
tified dietary changes as one of the most economically effective 
abatement options for climate change (Heller and Keoleian, 2014; Jones 
and Kammen, 2011; Reisch et al., 2013; Hager and Morawicki, 2013). As 
for individuals there are several ways to minimize the personal carbon 
footprint, where one approach is changing the eating habits, e.g., what 
kind of food to consume, how to cook it, and where the food has been 
imported from. The scientific literature focusing on cooking energy ef-
ficiency is mainly about the efficiency of the cooking appliances and few 
studies focus on the influence of cooking behaviors. Furthermore, a 
study focused on the user’s influence on electric consumption of cooking 
(Hager and Morawicki, 2013) states that up to 25% of the electricity use 
can be reduced by changing specific habits. Improving estimates of 
greenhouse gas (GHG) emissions from food production, supply, con-
sumption, and disposal is fundamental to identifying effective policy 
solutions. Through broader awareness of the food-energy nexus, climate 
mitigation as well as resilience can be enhanced. However, work is 
needed to address knowledge gaps, promote better policies and improve 
public understanding of issues related to the food system and climate 
change. Identifying the diversity of consumer preferences is essential for 
developing effective market strategies. Knowing the characteristics of 
each consumer segment can help develop product and service differ-
entiation that meets most consumer needs (Hille et al., 2019). Through a 
better understanding of consumers, the gap between consumer prefer-
ences and a product portfolio can be eventually closed (Parasuraman 
et al., 1988). Consequently, food is an increasing area of interest for 
researchers concerned with energy demand management and climate 
change mitigation. There is clear potential for changes in food produc-
tion and consumption to contribute to achieving energy and emissions 
targets (Calvin et al., 2014). Yet researchers in various disciplines have 
noted that food-related routines, such as cooking and eating, are highly 
resistant to policy intervention. Indeed (Powells et al., 2014), observe 
that cooking and eating are amongst the least flexible of everyday rou-
tines, not least because people need to eat at regular intervals, but also as 
cooking and eating are inextricably entangled in practices of working, 
childcare and leisure. As a result the ability to strategically intervene in 
the character of food-related routines or their temporal patterning so as 
to lessen their energy impacts is diminished, . 

During the pre-test experimental part, when we tried to investigate 
How the participants prepare food in as much detail as possible, it 

immediately became clear that it was also necessary to observe What the 
participants were preparing. If the data on How food is prepared gave us 
an objective understanding of the direct energy consumption of activity, 
then the data on What they eat allowed us to make a primary classifi-
cation of indirect energy consumption. This experiment made it possible 
to identify not only behavior patterns with high energy usage, but also 
analyze which strategy for behavioral change fits a particular persona. 
In other words, we have developed personalized strategies for food- 
related behavioral changes. The scientific literature focusing on cook-
ing energy efficiency is mainly about the efficiency of the cooking ap-
pliances and few studies focus on the influence of cooking behaviors. 
Yet, a study (Wood and Newborough, 2003) distinguishes three factors 
of energy consumption: the appliance fuel source efficiency, the end-use 
appliance efficiency, and the behavior during cooking. By comparing the 
potential energy savings associated, they conclude that the most 
promising energy conservation strategy is consumer behavior modifi-
cations. Furthermore, a study focused on the user’s influence on electric 
consumption of cooking (Collison, 1979) states that up to 25% of the 
electricity use can be reduced by changing specific habits, such as 
matching the diameter of the heat source and cookware, using low or 
medium heat when frying, reducing useless operating time. This study 
also provides a range of energy consumption for the same meal prepared 
by different consumers of different knowledge and profiles and shows 
that education can bring significant energy savings. They show for 
example that the consumption can be reduced from 800 Wh to 700 Wh 
for the same meal composed of carrots, broccoli, white sauce and crepes 
by bringing consciousness and knowledge to the end-user. However, it 
remains relatively uncommon for energy research to focus explicitly on 
food-related routines, or for studies of food-related routines to interro-
gate the multifaceted relationships between these routines and energy 
use in supply chains. Where connections are made these tend to be 
contained within studies of domestic energy demand, a tendency that 
directs attention to the home and obscures avenues for intervention that 
might have broader potential to reduce energy throughout the food 
system. Consequently, in seeking a fuller under-standing of how 
food-related routines arise and persist, and how change could be facil-
itated, this paper identifies opportunities to support energy demand 
management throughout the food system. 

2. Theoretical framework, system boundaries and research 
objectives 

2.1. Theoretical framework 

Research understanding energy consumption is usually approached 
from either an engineering or social science perspective. The result is 
either understanding technologies and materials or under-standing 
people (Love et al., 2015). Author clearly points out that energy con-
sumption is an interaction between people, materials and technologies. 
Understanding them with separate studies or data might create a gap 
and mislead from the holistic socio-technical nature of energy con-
sumption. Through historical socio-technical case studies, transition 
scholars have analyzed how system innovations take place and have 
elaborated a model, called the multi-level perspective on transitions 
(Geels, 2010), that describes the dynamics regulating these complex and 
long-term processes. Geels adds that these dynamics depend on the in-
teractions between three different functional levels: the socio-technical 
regime (meso level) which refers to the dominant and relatively stable set 
of culture, practices and institutions related to a specific field (e.g., 
mobility or energy); the niche (micro level), a protected space “isolated” 
from the influence of the dominant regime, where radical innovations 
can be tested, become more mature, and potentially challenge and 
change regime practices and institutions; and the landscape (macro 
level), which represents the social, economic and political context in 
which actors interact and regimes and niches evolve. Socio-technical 
theory has at its core the idea that the design and performance of any 
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system can only be understood and improved if both ‘social’ and ‘tech-
nical’ aspects are brought together and treated as interdependent parts 
of a complex system. Socio-technical framework conceptualizes work as 
a complex system, comprising both socio elements – people, culture, and 
goals and technical elements – technology, infrastructure, and processes. 
Changes in any one element will cause and necessitate changes else-
where in the system due to its complex interactive nature. Niches are, 
therefore, a crucial step towards a regime shift because they can shield 
radical innovations from market competition and allow continuous 
experimentation to lead innovations to mature (Sengers et al., 2016). In 
other words, niches can act as “incubation rooms” for radical novelties 
(Geels, 2004), where socio-technical experimentation and learning 
processes take place. KTH Live-In Lab is based on theory around Stra-
tegic Niche Management (SNM) and Multilevel perspective (MLP) 
(Schot and Geels, 2008; Geels, 2002). Both theories discuss innovation 
and technology shifts. They argue that players who are actively involved 
in the innovation process affect, through collaboration, the selection 
process of new technologies and the future trajectory of research and 
development. These theories emphasize the importance of demonstra-
tion projects, or testbeds, that provide partial shelter for new techno-
logical innovations, referred to as technological niches (Rip, 1992, 
1995). Products and services can be tested and verified within these 
protective environments, technological niches, with higher levels of 
interactions and of knowledge transfer between different players of the 
market, a key success factor of dynamic clusters (Schot, 1992). The 
traditional electricity customer classification based on a few 
macro-categories (e.g., residential, industrial, and commercial) is poorly 
correlated with the actual electrical consumption behavior of different 
types of customers and the evolution of the electricity markets (Kemp 
et al., 1998). Recently, the increase in high-temporal resolution smart 
meter data availability at the household level has enabled fine-grained 
information about the way domestic consumers use electricity that can 
facilitate a more refined customer electricity classification. In competi-
tive electricity markets, the identification of homogeneous customer 
groups (or clusters) sharing a similar magnitude and timing of electricity 
usage represents a worthwhile asset for utilities and policymakers in the 
design of tailored demand-side management (DSM) strategies for load 
shifting and domestic electricity demand reduction (Chaminade and 
Edquist, 2006; Chicco et al., 2013). Detailed knowledge of the under-
lying drivers shaping the electricity demand of customers can better 
support utilities and policymakers in segment-specific time-varying rate 
designs, in which the tariff rates are in line with effective electricity use 
by various customer types (Pina et al., 2012), targeted marketing cam-
paigns and consumption feedback, domestic electricity load forecasting, 
and tailored energy efficiency strategies to reduce electricity demand 
(Hsiao, 2015; Haben et al., 2016). Household activities, such as food 
preparation, especially cooking with energy-intensive appliances and 
eating hot meals and socializing were shown to be important predictors 
of electricity load shapes. However, by aiming at being representative, 
most of these studies do not investigate heterogeneous consumption 
patterns within the same household group. Energy consumption should 
be understood as following the course of performing social practices, 
rather than as a meaningful activity in itself. It is clear, that different 
consumers segments have different food-related behavior patterns. 

For the purposes of this paper, we consider social data to be any data 
that are about people, their social, mental or physical states, activities 
and artefacts they use. This typically comprises data about attitudes, 
beliefs or emotions, recalled descriptions of actions or practices, re-
flections on meanings of objects or routines. Social data are often 
collected using standard ‘social methods’ such as interviews or surveys. 
We take technical data to be any data that are directly about a physical 
or technical system – such as smart meters measuring electricity or water 
usage (Love et al., 2015). For our research, we have chosen the category 
of young people living in the single apartments as the main consumer 
segment. The experimental study was designed to examine in detail the 
behaviors of four students representing four out of five over a month to 

identify specific patterns of food-related behavior with the low, medium, 
and high level of energy usage. The behavioral insights were recorded 
through the collection of large amounts of data from home appliances, 
everyday surveys, receipts from the grocery store, wearable devices, 
home IoT sensors. Despite the small study group, we tried to focus 
specifically on identifying behavioral patterns that are associated with 
individual choices of a particular persona profile and its impact on en-
ergy consumption. Such patterns can be identified and tracked at the 
individual level, and only then proceed to a larger-scale experiment. 
Another reason in favor of a small group is the need to collect a very 
large amount of data and rather active involvement of each individual 
from the study group for in-depth interviews, everyday surveys, feed-
back sessions, etc., which is easier to control within a smaller group 
where the research can be done with appropriate quality. 

2.2. System boundaries 

Given these developments, research on the energy use in food sys-
tems has become increasingly relevant from a policy perspective. 
Although different methodological approaches have been used (Coley 
et al., 1998; Eshel and Martin, 2006), the dominant approach has been 
life-cycle assessments (LCA) (Pelletier et al., 2011). There have been 
several investigations of the large differences between food products 
(Roy et al., 2009; Saarinen et al., 2017; Notarnicola et al., 2017). LCA 
assessments have been combined to form a basket of goods which may 
represent a typical diet (Motola et al., 2015a). They have also been used 
to investigate the energy requirements of different nutrients (González 
et al., 2011). Assessments of energy use in specific parts of the supply 
chain have been prominent, particularly on food miles and the region-
ality of production (Van Hauwermeiren et al., 2007; Pretty et al., 2005). 
Assessments of other areas of the supply chain have been less numerous 
due to methodological difficulties, for instance, in packaging (Molina--
Besch et al., 2019; Bala et al., 2020). Indirectly, many LCA studies have 
some consideration of energy consumption by focusing on greenhouse 
gas emissions, but the underlying composition of energy inputs into food 
is obscured (Tilman and Clark, 2014). However, LCA has some limita-
tions when used to characterize the energy profile of food systems as a 
whole (as opposed to individual product analysis). First, being a 
bottom-up analysis, decisions on boundary settings, allocation choices, 
and background data makes results difficult to standardize and compare 
across studies (Andrée et al., 2014). Second, there are estimation chal-
lenges when it comes to truncation errors, that is, where the boundaries 
of the system are drawn (Ward et al., 2018). Third, while there is 
increasing attention on the regionalization of data within LCAs, many 
use averages in nations rather than including different production fac-
tors across nations in the food supply chain (Yang and Heijungs, 2017). 

Life cycle assessment (LCA) was used in this study to identify and 
assess the environmental impacts of Swedish food consumption from a 
cradle-to-gate perspective. The functional unit of the study is the annual 
consumption of food in Sweden in order to compare impacts between 
different dietary choice scenarios. As can be seen from the literature 
analysis, the topic of the food supply chain is either focused on one 
particular link or analyzed in a very generalized way, which does not 
allow understanding exactly how the end consumer interacts with it at 
the individual level. We can say that the approach we have chosen is 
human-centered, and we looked at the chain from the perspective of the 
end consumer. The conditions of a residential laboratory provided such 
an opportunity. We managed to involve our focus group in a very 
detailed analysis of the interaction with the food chain. After the initial 
pre-study, we found that the main links of interaction with the food 
chain are sale, home, and disposal from the end user’s point of view. In 
this study, we will classify as food chain links directly related to the 
behavior of the end consumer. It is the behavioral patterns at the stages 
of these links that we will investigate for the potential for energy con-
servation. But since this study was exploitative and we were open to 
including feedback from our focus group, after the start, the participants 
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were asked to include the energy conservation potential of the stages of 
the food chain that are not directly related to their behavior. We 
accepted this proposal and added the objective to investigate the reasons 
for such a desire on the end user’s part. The end-use’s interaction with 
the food supply chain considered in this study is presented in Fig. 1. 

Based on the analysis of end-users’ interaction with the supply sys-
tem we have formalized a research system boundary - a conceptual line 
that divides the system that we want to study from ‘everything else’. It is 
useful to think of a system’s environment as being made up of those 
things that are not part of the system, but can either affect the system or 
be affected by it. As with most research on complex systems, it is 
important to define the boundaries of the systems under study. In our 
study, the main researched system is socio-technical system, which 
include four main elements: individual, kitchen, apartment and city. The 
first element of the defined socio-technical system is the individual, 
which includes activities, preferences, psychological and emotional 
signals associated with food-oriented behavior. The second element is 
the kitchen, which mainly includes appliances and devices used to 
prepare and store food. The third element is the building itself. The main 
difference between the kitchen and building systems is that the end-user 
can influence the change in the kitchen infrastructure to a greater extent. 
Often building systems owned by the building owner and operated by 
the facility managers. The last system is the grocery stores, restaurants, 
cafes, and bars. Schematically the socio/technical system boundaries are 
presented in Fig. 2. 

2.3. Research objectives 

As was mentioned above, this study is exploratory and has a 

reasonably wide range of objectives that we would like to explore. Below 
you can see the list of objectives, which we tried to explore:  

- End-user interaction with the food supply chain 
- Persona making to represent bigger group of people via small se-

lective focus group  
- Food related activities energy analysis (direct and indirect)  
- Potential for energy saving (general and personalized)  
- Overall potential for energy saving for the whole building  
- Policy implications 

However, our main research question is as follows: 
RQ: Which daily food-related activities have the highest potential for 

direct and indirect energy savings for selected focus group? 

3. Methods and data 

3.1. Overall research methodology 

The process of this explorative study is divided into five main stages: 
exploitation, experiment setup, data collection and analysis, knowledge 
finding, and policy prescription. The general research process is pre-
sented in Fig. 3 below. 

As with most exploratory research, we began by analysing the 
available literature on a given topic and identifying major gaps that we 
could explore in our study. In addition, at this stage, we tried to analyze 
the food supply chain from the end-users’ perspective and their 
everyday activities of interaction with the food supply chain on different 
stages. Thus, we narrowed the topic to a more human-centered and 

Fig. 1. End-user’s interaction with food supply chain.  

Fig. 2. Socio-technical systems boundaries.  
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identified the main touchpoints for further and more detailed study. 
That can also help us define the research system boundaries and deter-
mine what will be included in the experiment and what will remain 
outside of it. After defining the research system boundaries, we started 
preparing the experimental part. It is crucial to note here that the 
experiment was planned as an analysis of real life in the context of a 
living laboratory. We did not try to influence our participants’ daily 
routine, but on the contrary, we tried to conduct the experiment as 
discreetly as possible. Of course, we understand that conducting such an 
experiment created a certain influence on the behavior of the partici-
pants in the experiment. The experiment-related biases will be discussed 
in the discussion part of the article. At the second stage, interviews were 
conducted to analyze the overall picture of the participants’ daily 
routine and associated interactions with the food chain. The method and 
the frequency of communication with the participants were discussed as 
well. Additionally, there was a discussion about the types of data that 
each of the participants considers acceptable and comfortable to share. 
It is important to note that each participant gave their consent to share 
data with the possibility of modifying the proposed data framework 
during the experiment. It is also worth noting that this study received 
ethical approval from the Swedish Ethics Agency. Thus, this experiment 
was adaptive for the participants’ comfort and became as customized as 
possible. In addition, the laboratory’s infrastructure influenced the final 
experiment setting. For example, despite a sufficiently large number of 
sensors in the participants’ apartments in the experiment, some sensors 
gave a significant error (for example, a water flow meter), so it was 
decided to exclude this type of data from this study. Thus, we had to 
balance the participants’ preferences in the experiment, ethical norms, 
and the possibilities of the infrastructure of the living laboratory. At the 
third stage, we started collecting data through the sensor and feedback 
from the participants in the experiment. The entire experiment lasted 
one month, but at the end of each week, we asked the participants about 
the comfort of their participation in the experiment. 

Data collection and data analysis took place in parallel so that it was 

possible to eliminate any shortcomings or errors immediately. You will 
learn more about the types of data and the method of collecting and 
analyzing data in Chapter 5. At the fourth stage, we completely 
immersed ourselves in data interpretation and analysis of possible 
findings. With such diverse data, we, of course, have identified a lot of 
interesting findings related to food-oriented behavior. Still, this article 
will only include those findings that are directly related to food-oriented 
behavior. At the final stage of this exploratory study, feedback sessions 
were held with participants and other stakeholders involved in the 
process to assess the relevance of the results and potential dissemination 
of the findings. Some of the findings have been considered relevant for a 
policy-making prescription. 

3.2. Living lab environment  

(i) presentation of the context 

The concept of a living lab refers to the involvement of multiple 
stakeholders, including users, in the exploration, co-creation, and 
evaluation of innovations within a realistic setting (Leminen et al., 
2012). Being part of the academic landscape, it has ethical and easy 
access to the users and diverse partners and collaborators and the op-
portunity to conduct the experiment in the real-life context. This is 
driven by the notion that R&D concerns not just technology, but rather 
“sociotechnical” arrangements of humans and machines embedded in 
social contexts, and therefore should be understood, designed, and 
improved in vivo (Ballon and Schuurman, 2015). This familiar context 
may take the shape of a controlled lab setting which mimics the 
day-to-day usage context. The environments are selected and managed 
by living lab practitioners so as to allow the involvement of different 
types of stakeholders in innovation activities, the introduction of new 
technologies in realistic circumstances, the monitoring of their accep-
tance, usage, and effects, and so on. KTH Live-In Lab is a 
multiple-testbed platform for accelerated innovation in the AEC 

Fig. 3. Research methodology.  

Fig. 4. KTH Live-in-Lab: Testbed EM (left) and Testbed KTH (right).  
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industry, and for collaboration between academia and business (Baran 
and Berkowicz, 2020). Most testbeds in KTH Live-In Lab are operated in 
real environments for testing and researching new technologies and new 
methods. In this way, KTH Live-In Lab aims to facilitate the advent of the 
sustainable and resource-effective buildings of the future. KTH Live-In 
Lab encompasses a 300 sqm building permit-free innovation environ-
ment with alterable four student apartments (Testbed KTH), which en-
ables studies on the future’s resource-efficient and sustainable student 
housing. The KTH Live-In Lab also receives property and user data from 
300 common student flats owned by Einar Mattsson (Testbed EM). In 
this study we will use 300 apartments for the survey for personas cre-
ation and 4 apartments for the intensive 1-months study. As shown on 
Fig. 4, each of experimental apartment has its own kitchen. Each 
apartment from Testbed KTH has electricity meter on each socket, oc-
cupancy sensor, air quality sensors and water meters, which we decided 
to exclude from this experiment and focus primary on the electricity. 
KTH Live-in-Lab is located on KTH campus in Stockholm. In times of 
Corona virus crisis, all school facilities were closed including the uni-
versity’s restaurant and food trucks. The closest supermarkets are at 15 
min walking distance, 7 min biking and 15 min public transports.  

(ii) data collection strategies 

As noted earlier, data collection plays an important role in this study. 
Since we are dealing with some types of private data, we must provide a 
secure and safe process of data collection and storing. All data used in 
this experiment was divided on two major data flows: external data 
(Research systems) and internal data (Building system). Schematically 
you can KTH Live-in-Lab data platform in Fig. 5. All of this data was 
stored at a secure KTH cloud platform that only researchers have access 
to. All data will be deleted after the experiment finish. 

During the experimental part, data was collected during one month 
from the 1st of May until the 29th. The strategy was to collect data 
possible to collect with living lab infrastructure to open the research to 
multiple facets of the consumer food system interaction, while bothering 
the students as little as possible. Therefore, a dataset combining different 
sources was constructed in a way that maximizes data availability while 
minimizing student’s workload. The participants were rewarded each 
week with a supermarket gift card worth 300 SEK (~30€) for their 
multiple task’s realization. The dataset gathered included the data 
sources presented in Fig. 6 and is detailed below: 

Food bills: Food bills were scanned and uploaded to the shared KTH 
Box folder by students each time they went to a groceries store. The data 
accessible through bills are the type of food, prices and name of the shop 
Figuring on the ticket. It was possible to find more data for each product 

Fig. 5. KTH Live-in-Lab data platform.  

Fig. 6. Data framework.  
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such as country of origin, package type and storage temperature using 
grocery store open data. 

Electricity: Apartments in KTH Live-in-lab were equipped with sen-
sors measuring the electricity consumed in different plugs. The study has 
focused on the electricity consumed in the kitchen and more specifically 
on the cooking appliances consumption. In one hand, the data available 
was the consumption of the oven and stove together and on the other 
hand the consumption from the plug located over the kitchen worktop 
where students usually use the kettle and toaster. 

Food pictures: In addition to the survey, students were asked to take 
pictures of their meals. This source of data was meant to provide addi-
tional information to analyze the content of meals such as the size of 
portions, the identification of ingredients not mentioned in the survey, 
the type of preparation of ingredients. 

Bins: The students were offered scales to measure the weight of their 
bins each time they threw them away. The data was collected in a shared 
file with five categories: mixed waste, plastic, carton/paper, glass and 

metal. 

3.3. End-users’ involvement  

(i) End-users’ analysis and personas making 

The 300 students, who have participated in the survey are mostly 
international students (EU, India, China, Middle East, Korea, USA). The 
four students who participated are international: two come from France, 
one from Germany and one from Romania. Genders were balanced with 
two girls and two boys aged between 23 and 27 years old. The four 
students had been neighbors for almost six months before the experi-
ment and were used to eat together for special occasions. The interaction 
activities before, during and after the experiment are listed below:  

(ii) data collection strategies 

Table 1 
The selected concept used for the questionary foe personas development. 
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3.3.1. Before the experiment 
Whereas personas are ideally developed to support the development 

of a particular product or service, the goal of this research was much 
broader. The home improvement personas were intended to support the 
needs of a wide range of policy and technology developers. The resulting 
personas were therefore designed to represent archetypal attitudes and 
motivations for making home improvements rather than to just support 
the design of particular product or policy. Data from the interviews were 
transcribed in full and then the following steps were followed to create 
the personas. 

According to (Miaskiewicz and Kozar, 2011), a persona is a fictional 
user model that is representative of archetypal users throughout the 
design process. Personas are a powerful tool for communication in 
design teams, as the technique forces designers to consider social and 
technological aspects of design that otherwise often go unexamined. 
Personas are increasingly used in policy making to help imagining more 
human-centered policies and services to the population (Good-
man-Deane et al., 2018). 

In our explorative case study, we created personas based on a digital 
survey, conducted via google forms, that included both qualitative and 
quantitative questions about everyday food related behavior. The 
selected concept used for the questionary is presented in Table 1 
(Table 2 and 3). 

The survey data allowed us to identify five different persons and its 
fraction in the focus group for the general study of the food-related 
behaviours, each of which will be briefly described below in Fig. 7 
(Figs. 8, 9 and 10). 

A short description of each persona is following below: 
‘Gourmet’: a person for whom food is an essential aspect of life, for 

whom taste, and variety are important. Representatives of this person 
spend a lot of time planning their meals, studying new products, trends 
and different food cultures. 

‘Busy’: a persona, which is represents a large group of our students 
whose lifestyle might be classified as busy and stressful. Representatives 
of this type of persona sometimes allow themselves to cook complex and 
varied dishes, but only when time permits. 

‘Veggies’: are students who follow a vegetarian or vegan diet. The 
main feature of this type of persona representatives is the consumption 
of food of non-animal origin and an ethical approach to food. 

‘Athlete’: this is the smallest group among those surveyed and in-
cludes students whose lifestyle can be characterized as active and 
associated with regular training for a result. For representatives of this 
type of person, food is part of the sports program. They pay a great 
attention to the composition and the presence of trace elements and 
components necessary for training. 

‘Doesn’t matter’: these are students who do not care what and when 

Fig. 7. Personas development results and fraction.  

Fig. 8. Average electric consumption per preparation type over 4 weeks.  
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they eat. The process of their behavior related to food is regular, and, as 
a rule, they eat monotonous food. They do not ask themselves questions 
about the health or the environmental friendliness of the products they 
consume. 

After identifying the persona types, we conducted a similar survey 
among four students from the KTH Live-in-Lab and revealed that we 
have representatives of four different persons. 

3.4. During the experiment 

During the main experimental part with four students living at 
experimental apartments of Living Lab we mostly used an everyday 
survey-based data collection. The survey played the role of a complete 
food diary. It contained two parts that the participants were encouraged 
to fill after lunch and dinner respectively with flexibility. The students 
could answer it on their phone in around 5min for each part. The 
structure of the survey was similar between students with a few varia-
tions to customize habits. As was mentioned previously, individual in-
terviews were held to adapt the survey to certain habits. The detailed 
questions and format used are described below.  

a) First part of the survey: about morning and lunch 

Quality of sleep during last night: Subjective scale from 1 to 6 (even 
number to force them to position in one side). After the first week, the 
feedback of students claimed to clarify the notion of quality which 
appeared to be understood differently by the participants. The notions of 
length of sleep and quality had to be separated, the quality depending on 
the absence of troubles to fall asleep and the good feeling in the morning 
and the length of sleep depending on sleeping hours. 

Breakfast and lunch time and content: Short text description: the 
specification of separate ingredients and quantity were highly encour-
aged but not obligatory to let participants have freedom to spend time 
answering. 

Morning snacks: Yes/no question with space for comments and 
precision. 

Lunch preparation type: Multiple choice with the following options: 
cook/eat leftovers/eat something that doesn’t need cooking/go to 
restaurant/order food/other. 

Taste feeling: Subjective scale from 1 to 6. After student’s claim for 
more precision, we defined taste as the “appreciation of what is felt in 
the mouth (texture, flavor, spices, …)” and we added a second scale 
named « food experience » which was defined as the emotions related to 
the context (food novelty, cooking accomplishment, moment with 
friends, …). 

Fig. 10. Overall potential for energy saving for the whole building.  

Fig. 9. Behavioral strategies for each persona type.  
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Mental shape: Subjective scale from 1 to 6. Mental shape was defined 
as the “energy that leads to productivity and motivation to do things”.  

b) Second part of the survey: about afternoon, dinner and whole day 

Afternoon snacks and mental shape level, dinner time, content, taste: 
Questions similar as in the morning. 

Physical activity: Multiple choice question about the time spent for 
sport during the day. The categories were [<10min, 10min–20min, 
20min-1h, 1 h–2h, >2 h]. The students were asked to adjust the time 
given as an answer with their perception of the intensity of workout so 
that it can be compared to the energy spent for running. In that way, 
walking and cycling were also included in the question. 

Extra cooking: Yes/no question with space for comment. This ques-
tion is about cooking activities not related to meals such as cakes or 
bread prepared during the day. 

Number of new leftovers: Expected number describing the quantity of 
additional food portions they have prepared during the day. 

Food waste: Multiple choice with categories: little leftover, rotten 
vegetable, out of date product, no waste, other. There was a space for 
more precision on the quantity and name of the items thrown away. 

3.5. Overall data quality analysis  

3.6. Limitations and credibility strategies 

Due to the explorative nature of this study we need to explore some 
initial limitations, which have influenced on the research strategies and 
outcomes quality. The first limitation is a specific customer segment – 
international students, who have very specific behavioral features, such 
as limited budget for the food related costs, interest to socialize through 
the food related activities, etc. The second limitation was a building 
type, which also create some limitations for the end user from the point 
of modification (most of the students’ apartments are rentals, where you 
have a limited potential for infrastructure change due to the short period 
of stay). The third limitation was a covid-19 pandemic, which has 
created a higher load to the ‘at home’ activities. The fourth limitation 
was a short period of the experiment – only one month (May), what also 
created a seasonal aspect of this specific time. And the last and most 
important limitation is awareness of the participant of the experiment 
goal, what created a specific pressure to behave ‘better than normal’. 

4. Results 

4.1. Energy usage for food-related activities 

Data collection gives complementary information than interviews on 
food habits. For example, statistics on food preparation habits enable 
quantified limits of food patterns and provide material to analyze the 
drivers of food waste drivers. 

Since pre-experiment interviews showed that food preparation 
choices could depend on the schedule, statistics are analyzed separately 
for lunch and dinner. Homemade meals represent the majority of food 
consumed by the students, ranging from 80% to 90%. Homemade meals 
include freshly cooked meals (“cooking”), leftovers (“leftovers eating”), 
and meals quickly prepared such as salads, bowls of cereals, bread 
(“Little or no preparation at home”). Less frequent, outside meals 
include restaurant outings, food ordering, and friend’s invitations. We 

Table 2 
Overall data quality analysis.   

Daily survey Groceries bills + grocry 
database 

Food pictures Electricity Bins 

Data boundaries Food consumption at home Food acquisition at 
supermarkets and online 
grocery 

Food consumption at home Primary focus: Electricity 
consumption at home 

Waste production at home 
(data is including weights 
of domestic wastes and type 
of waste) 

Reliability Reliable subjective data Reliable objective data (if 
items are presented in the 
grocery store database) 

Reliable clarifying data Reliable objective data Reliable objective data 

Time constraints Time to answer the survey 
should be as low as possible 

Frequency of shopping is 
lower then frequency of 
receiving weekly 
feedbacks 

Fastest feedback approach 
(foodstagram) 

Data recorded every 
hour: good precision for 
analysing meals 
consumption 
May be more precise if 
we want to analyze 
separate actions 

Data gathered at low 
frequency: need a long time 
experiment to have 
representative data 

Data analysis Description of the meals 
often difficult to analyze; 
Difference between snacks 
and meal is subjective 

Was made manually, but 
might be automated in the 
future studies with OCR 
technology 

Need a human interpretation, but 
might be automated in the future 
studies with computer vision amd 
machine learning technology 

Clear correlation 
between time stamps and 
different kitchen units’ 
electricity units 

Lack of the timestamps, but 
might be automated in the 
future studies 

Workload for the 
consumer 

5min answers twice per day Picture upload once 
shopping activity was 
done 

Picture upload once eating activity 
was done 

N/A Manual weighting 
recording once trash bin is 
full 

Acceptability Easily done and accepted Easily done and accepted Easily done and accepted. It could 
include a social function (sharing 
pictures and group motivation) 

N/A Separate domestic waste 
from food related waste is 
unconvenient 

Physical 
equipment to 
collect data 

Phone/computer to answer Phone/computer to take 
pictures and to upload 

Phone/computer to take pictures 
and to upload + storage capacity 

Smart meters Scale 

Experiment 
feedbacks/ 
biais identified 

Well accepted in general, 
students got used to it and 
some would have had no 
difficulties to continue. 

Preferable to be 
automated in the future 

Biaes: increases the will to take 
nice pictures and to care about 
food presentation 

N/A Preferable to be automated 
in the future  

Table 3 
Energy usage by different types of equipment related to cooking (KTH Live-in- 
Lab).  

Average energy consumption (kWh/month) 

Oven, stove, and cooking appliances 
(kettle, toaster) 

Fridge and freezer 
(10W) 

Whole 
apartment 

22 (12.0–30.0) 8 65 (56–72)  
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can observe a general tendency to cook more often at dinner than at 
lunch. It seems to be a conscious habit since it was mentioned during 
interviews, whose main driver is time availability. Differences in food 
organization habits correspond to different leftovers management. If we 
compare the number of leftovers prepared per week, two students pre-
pare fewer leftovers than the other but seem to choose time equivalent 
alternatives. 

When we observe each student’s cooking frequency, we find that it 
generally represents less than 50% of meals at home, so they cook a 
maximum once per day on average. This observation correlates with the 
fact that they don’t want to spend too much time on food preparation 
per day, as reported during the interviews. Indeed, with a simple model, 
we can show that they all have a time tolerance limited to 1 h per day, 
excluding breakfast. More precisely, we can approximate that each 
preparation type is associated with a time of preparation identical for 
each student. Roughly, let’s consider only two categories: cooking and 
leftovers/quick meal. We estimate that the time allocated for each is on 
average 30min and 15min, respectively. We observe that they have 
pretty similar time spent for food preparation on average 20 min per 
meal, excluding breakfast despite their different habits. 

Data analysis also led to very interesting side results on electric 
consumption. The mix of data from the survey and the kitchen’s elec-
tricity sensors enabled a quantitative analysis of the relationship be-
tween food preparation and energy consumption. How important is the 
energy consumed for food preparation, and what strategies would best 
reduce it? 

This paper focuses on the possible savings by changing how the 
consumer uses appliances for the same meals. It shows, for example, that 
electricity can be saved when several portions are cooked and that 
cooking potato with the conventional oven is ten times more electricity- 
demanding than boiling them. In this case study, we will present a few 
cooking-related electric consumption examples and compare the con-
sumption of different meals to see what energy reductions would be 
feasible and acceptable. First of all, let us present some order of 
magnitude of the energy use related to food preparation. 

According to the data, 30% of the electricity consumed in the whole 
apartment is used for food preparation. It represents around five times 
the energy needed for the fridge and freezer. The consumption can vary 
between the profiles and between the weeks for the same profile, 
depending mainly on the number of meals prepared at home and 
cooking habits and practices. Out of the energy consumed for food 
preparation, the oven and stove together represent a significant part. 
Indeed, the proportion of energy used by the oven and stove compared 
with the other appliances plugged over the worktop (kettle, toaster …) 
ranges from 70% to 100%, depending on the student’s habits. Mealtimes 
given in the survey can be crossed with the electricity timestamps to 
relate the energy consumption to each meal’s preparation type. Note 
that when food is prepared outside home, it does not consume electricity 
in the apartments even though energy is involved, so this analysis will 
involve only food preparation at home. 

The results are sufficiently homogeneous to draw average con-
sumption patterns which can help building quantified scenarios. 

We can note that the average energy used when warming leftovers is 
slightly higher than the average energy needed to heat a meal in the 

microwave (60 Wh on average). This can be explained by the fact that 
leftovers are sometimes completed with something new in practice. 

The content of meals given can also be associated with their electric 
use. The meals can be classified in energetic categories: baked meal 
(>1000 Wh), long cooking recipes (600-900 Wh), mixed boiled and fried 
meal (400-600 Wh), boiled food (100-400 Wh). 

Here are examples of meals in each category and their electric 
consumption: 

4.2. Potential for energy saving 

The analysis of food-related activities and its energy usage, both 
direct and indirect, helped understanding links between food related 
habits and energy consumption and evaluate the potential for energy 
savings. We initially mentioned that we did not plan to include any form 
of indirect energy use in the study. But since analyzing the end-user 
preferences’ analysis led us to conclude that this type of data is of 
great interest from the end-users and that we should include it to see a 
more holistic picture of food related behavior of the end user within 
defined system boundaries. In the end, this decision was good because 
we identified several interesting observations related to the comparison 
of direct and indirect energy saving potential associated with food 
behavior. It is clear that both types of assessment methodologies are 
different and have the potential for future improvement.  

(i) direct energy use 

Direct energy use was calculated from the electricity meters data and 
have relatively objective values with minimal errors factor (see Table 4). 
Ideally, it should also include the water data, but as was mentioned 
before, we had some problems with water flows meters and decided to 
exclude water data for this study. For the future study we are planning to 
add water into the overall direct energy usage calculation. A you can see 
in Table 5, the most electricity is used for the cooking activity, and it 
vary for different persona types. Most electricity is consumed by a 
persona type ‘Gourmet’, what is logic, because this type of people cooks 
a lot and use different ways of cooking. The persona type ‘Athlete’ and 
‘Veggie’ have similar electricity usage because they are cooking more 
often due to their specific diet. It might seem like a persona type ‘Busy’ is 
using less direct energy (electricity) for cooking, but it is due to the fact 
that this type of persona buys a lot of cooked food, what you can see if 
you have a data about indirect energy consumption. Besides cooking 
activity, we did an analysis of electricity usage for such activities as 
eating, storing and cleaning. Eating mostly include the electricity use for 
lightning and parallel use of equipment, while eating (laptop, TV set, 
projector, loudspeakers). Cleaning is mostly including the use of vacuum 
cleaner and lighting. Storing activity is mostly related to the electricity 
usage by the fridge and the end user has a little opportunity to change 
this specific type of electricity consumption. For the behavioral strate-
gies we have decided to focus mostly on a cooking activity, because it 
has the biggest fraction in the total direct energy use.  

(i) indirect energy use 

Table 4 
Average electricity use per preparation type.   

Cooking Eating leftovers Eating something that doesn’t need 
cooking 

Energy used on average (Wh) 620 123 70 
Example of preparation Frying, baking, cutting and peeling, boiling, 

steaming … 
Warming leftover/adding leftovers to a new 
cooked meal 

Cold meals, toasting, boiling 

Preparation time (min) 15–60 5–20 
Average proportion among meals at 

home 
41% 59%  
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As for indirect energy use, things are more complicated. The indirect 
energy use was calculated from the climate impact of products, which is 
usually called the climate footprint or carbon footprint and is expressed 
here in kg carbon dioxide equivalents (CO2e) per kg food. These values 
were taken from RISE’s climate database for footprints for approxi-
mately 700 food products produced to represent Swedish consumption. 
It is important to keep in mind the current climate footprints in the RISE 
climate database for food: 

• Indicates kg carbon dioxide equivalents (CO2e) per kg food, at fac-
tory gate without packaging  

• Contains general climate footprints, i.e., not climate footprints for 
specific producers’ products  

• Based on life cycle analysis (LCA). Climate footprints should be seen 
as an approximate measure of the product’s climate impact and not 
as exact values  

• Based on the best available data with regard to quality, time and 
geography 

Final CO2e values were converting to kWh to be able compare the 
values of direct and indirect energy use. We clearly understand that our 
method of evaluating indirect energy use has a lot of generalization, 
what might cause an average error factor up to 10%. Still, it might give 
us a better general picture for this stage and some interesting ideas for 
the future studies. The summary of the results is presented in Table 6. 

There you can also see the potential energy saving priorities, which 
were aligned with the end-user feedback. The disposal activity, which is 
represented in kilos of waste will be included into the future analysis as 
well, because it was selected as a high priority activity for change by the 
end users. The next step is to define behavioral strategies/ 

recommendations for each persona type. 

4.3. Behavioral strategies for each persona 

As was mentioned previously, we decided to focus on three activities, 
which have the highest potential for direct and indirect energy saving: 
acquisition, cooking and disposal. After a deep analysis of each persona 
profile, we have developed some customized behavioral strategies, 
which were discussed with the experiment participants and approved as 
desirable to integrate in the future. 

4.4. Overall potential for energy saving for the whole building 

The final step in this study was to extrapolate the results from four 
apartment up to 300 apartments with taking into consideration the 
fraction of each persona type in the rest of the building. Assuming that 
our suggested behavioral strategies will be acquired for, at least, 50% 
time will bring up to 18% and 7% saving of energy use for ‘Gourmet’ 
persona type and up to 20% and 12% for ‘Athlete’, Veggie’ and ‘Busy’ 
persona types for direct energy and indirect energy representatively. 
Knowing the percentage of each persona fraction in the whole building 
we can see the that the final energy saving potential is overall lower due 
to a high presence of ‘doesn’t matter’ persona type, which potential we 
assume as zero. 

5. Discussion 

This study was organized from the point of view of a socio-technical 
system. This means that equal attention was paid to the analysis of the 
end-user and the environments in which different everyday activities 
happened. We paid attention to the end consumer’s lifestyle, food- 
related culture, and preferences from the social side, which were re-
flected in five different personas developed from a survey. From the 
point of view of the technological side, we examined the infrastructural 
features of the home environment, processes, and analysis of operations 
(Home IoT system and smart meters). Thus, we raised an important 
question about the need for more granular research within the customer 
segment and the identification of more personalized strategies for 
changing the individual’s behavior towards more environmentally 
friendly. On the basis of a living lab, we were able to create two focus 
groups - one for a general analysis and the other for a detailed analysis of 
behavioral patterns. By using the personas creation method, we avoided 
an extensive and expensive study on 300 apartments. We were able to 
experiment with only four apartments, taking into account that the final 
results of matching the recommendations for each person were 

Table 5 
Meals classified in energetic categories.  

1. Baked meal Wh 2. Long cooking recipes Wh 

Homemade pizza 
Leak pie 
Baked chicken with 
veggies 
Self-made bagels 

1284 
1080 
1262 
1155 

White bean dish (tomato, bacon) 
Vegan tikka masala 
Stew chicken 
Soup (kale, onion, carrot, leak, 
potatoes) 
Cooked veggies 

881 
846 
822 
681 
691 

3. Mixed boiled and fried Wh 4. Boiled/short fried Wh 
Pasta with homemade 

sauce 
Rice with chicken in 
sauce 
Curry with vegetables 

561 
405 
457 

Boiled potato or mashed potato 
Scrambled eggs (+bacon) 
Boiled eggs 
Instant noodle 

227 
187 
246 
105  

Table 6 
Food-related activities energy analysis. 
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approved by 92% by the focus group of 300 participants. Of course, we 
are well aware that this method is not suitable for every customer 
segment and requires more cases studies to be fully validated. But for 
exploratory research, we found it acceptable and are satisfied with the 
qualitative and quantitative assessment results of the proposed behav-
ioral strategies. As a result, the mutual influence of one part of the 
system on another gave quite positive results that can be addressed to 
various organizations and define the next steps for our study. In addition 
to this, the segregation of the population into different personas allowed 
to suggest targeted policies, as compared to one-fit-all policy for a ho-
mogeneous population. 

The policy making mechanisms quite often have a multi-level nature, 
which can span across micro-level (individual) meso-level (organiza-
tional) and macro-level (structural). In this study we would like to focus 
on action-formation mechanisms link between individual micro-level 
activities or behavior to organizational meso-level of the food supply 
chain. Transformational mechanisms are those where individuals, 
through their actions and interactions, generate intended and unin-
tended outcomes. Considering that during the final stage of the experi-
ment’s outcomes we focused on analyzing three main activities: the 
acquisition, preparation, and disposal, our policy-related recommen-
dations will be directly addressed to those parts of the food supply chain 
to which the listed activities belong.  

(i) Trade related recommendation 

Most of the decisions about food related behavior are happening in 
the grocery store and we need to rethink the acquisition process design 
with including nudging strategies for more pro-environmental oriented 
decision making in the store. For example, better zoning, green labelling 
in-store design could be an interesting area to improve. During the final 
interviews, it became clear that it is not easy to find some information 
about the products purchased in supermarkets. For example, many of 
the survey participants acknowledged that they could not identify the 
manufacturer of a particular product for some products. Likewise, most 
of the products do not have any green labels or detailed specifications 
about the production process, delivery method, type of plastic, and so 
on. It says about the fact that they are absent, but about the fact that the 
consumer had difficulties in finding this information. Likewise, the lack 
of a unified system for assessing the yield of all activities does not make 
it possible to compare different activities. For this reason, we have 
translated the is purchasing activity from CO2 in kWh. We plan to 
address some of these findings for several Swedish supermarkets.  

(ii) Household related recommendations 

As for the household, here the main activity analyzed was cooking, 
even though there are other activities, such as food consumption itself, 
which also use electricity (light, TV, etc.), storage (refrigerator opera-
tion), and cleaning (electricity consumption of a vacuum cleaner and 
other devices). The preparation of food itself involves the use of various 
appliances. Concerning the use of home appliances, there are several 
main conclusions here. First, some devices are not being used correctly, 
according to the reflection of our industry expert group, who analyzed 
the usage pattern. For example, some students used an entire volume 
regime in the oven instead of the microwave function. Also, most par-
ticipants did not know that the new oven models did not need to be pre- 
heated (as it was in the previous models). Secondly, both the partici-
pants in the experiment and the participants in the survey - most have a 
limited idea of how much energy is consumed for a particular meal type. 
Most of the participants are ready to change recipes for those that 
consume less energy, but they need a certain guideline. Third, most of 
the participants were positive about the idea of an assertive service that 
could help them cook more environmentally. Thus, our main recom-
mendation for manufacturers of home appliances is the transition from 
product thinking to PSS and build upon the products assistive services to 

interact with the end-users and constantly support them in their food 
related daily routine.  

(iii) Waste disposal 

Initially, garbage disposal analysis was not originally part of the 
research scope. As was mentioned earlier, our research was conducted 
within the framework of a socio-technological system with the active 
involvement of the end-user. For this reason, we decided to include a 
primary analysis of the amount of waste produced and its analysis at the 
request of the participants in the experiment. Even though the average 
production of general waste and plastic packaging itself is well below 
the European average norm, plastic and waste are the most interesting 
and desirable for improvement part for the end-user. Both the partici-
pants in the active phase of the experiment and the survey showed a 
willingness to receive more information and recommendations on this 
topic and are ready for a more radical approach regarding packaging. In 
this regard, these conclusions could be insightful for organizations 
involved in packaging products and those responsible for regulations 
related to the use of plastic in the food system chain. 

While this study provides results assuming different degrees of in-
crease and decreases in certain foods, realizing these changes may 
require support from all actors along the supply chain, from consumers 
to policy makers. The Food and Agriculture Organization (FAO) also 
recommends that sustainability be included in designing food-based 
dietary guidelines and policies (Sustainable, 2012). Few researchers 
studied Swedish market of sustainable food and provided a collection of 
potential instruments, which can be aimed at producers, distributors and 
consumers (Aarset et al., 2004; Åström et al., 2013). These include in-
struments related to information and voluntary agreements, in addition 
to economic and legal instruments. Current work with Product Envi-
ronmental Footprint (PEF) and Environmental Product Declarations 
(EPD) comprise one such method to ensure transparent information on 
food products. As such, this could also provide demands on food pro-
ducers in public procurement and the retail sector to improve food 
systems and to improve upon current systems to offer more environ-
mentally benign products (Martin and Brandão, 2017). However, there 
is a lack of sufficient translation of these conceptual developments to 
clarify how policy or management might address the everyday context 
in which routines arise. Thus, in light of these findings our aims may be 
interpreted as an attempt to understand the conditions that enable en-
ergy intensive food routines to sustain, and to identify opportunities to 
facilitate participation in practices that might lead to less energy 
intensive routines. There are challenges in the double-helix science and 
policy approach, such as translating conflicting scientific results into 
policy recommendations. For example, bottom-up estimates of carbon 
emissions and energy usage from food system differ substantially from 
top-down approach. These differences may make policy recommenda-
tions difficult to develop and communicate (Rosenzweig et al., 2021). 
The goal should be to improve the measurement, monitoring and 
reporting of energy use related to the food system and help to include 
food system measures to the climate policies on macro, meso and micro 
levels. Recent research signals the importance of various social and 
technological arrangements in forming the context of everyday routines. 
For example, numerous studies emphasize the coevolution of cooking 
and eating with systems that provide rhythm and tempo to everyday life, 
particularly schedules, interactions with the different elements of the 
socio-technical (Warde et al., 2007; Southerton, 2013; Torriti, 2017), 
and their interconnection with other domestic. The combination of these 
factors results in routines with strong daily patterning (Kurz et al., 
2015), low seasonal variation (Hoolohan et al., 2016), and low levels of 
adaptive capacity (Strengers, 2013), meaning they are highly resistant 
to change. 
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6. Conclusion 

The conclusion of this exploratory study should begin with a high-
light of end-user interactions with the food chain. The main observation 
is that the end-user directly or indirectly interacts with all of its links in 
one way or another. An interesting observation is that the consumers 
have a great desire to be aware of all the chain links and obtain reliable 
information about the food supply chain in general or specific. The 
creation of personas showed how differently representatives from the 
same customer segment might interact with the food supply chain and 
have significantly different food/related behavior patterns. That also 
create a heterogeneous request to the information about different parts 
of food supply system. When one type of person wanted to know certain 
aspects of food, other persona types were interested in a more general 
understanding of all possible links and the picture as a whole. As for the 
process of creating personas itself, despite the generalizing approach, 
specific behavioral patterns can be traced, which makes it possible to 
understand more granularly the behavior data and hidden motivations 
to behave in particular ways. We also would like to pay attention to data 
analysis since, despite the large amount of collected data, we still believe 
that data quality can be significantly improved with subsequent itera-
tions of repeating the experiment and subsequent automation of some 
processes in data collection. 
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the data, Wrote the paper. Angélique De Bellefon: Collected the data, 
Contributed data or analysis tools, Performed the analysis, Wrote the 
paper. Per Lundqvist: Conceived and designed the analysis, Other 
contribution, Supervision. Omar Shafqat: Contributed data or analysis 
tools, Performed the analysis. 

Declaration of competing interest 

The authors declare the following financial interests/personal re-
lationships which may be considered as potential competing interests. 

Elena Malakhatka. 
Per Lundqvist. 
Omar Shafqat. 
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Andrée, P., Ayres, J., Bosia, M., Mássicotte, M.J. (Eds.), 2014. Globalization and Food 
Sovereignty: Global and Local Change in the New Politics of Food. University of 
Toronto Press. 

Åström, S., Roth, S., Wranne, J., Jelse, K., Lindblad, M., 2013. Food Consumption 
Choices and Climate Change; Report B2091. IVL–Swedish Environmental Research 
Institute, Stockholm, Sweden.  

Bala, A., Laso, J., Abejón, R., Margallo, M., Fullana-i-Palmer, P., Aldaco, R., 2020. 
Environmental assessment of the food packaging waste management system in 
Spain: understanding the present to improve the future. Sci. Total Environ. 

Ballon, P., Schuurman, D., 2015. Living labs: concepts, tools and cases. Info. 
Baran, G., Berkowicz, A., 2020. Sustainability living labs as a methodological approach 

to research on the cultural drivers of sustainable development. Sustainability. 
Behrens, Paul, et al., 2017. Evaluating the environmental impacts of dietary 

recommendations. Proc. Natl. Acad. Sci. Unit. States Am. 114 (51). 
Calvin, K., Wise, M., Kyle, P., Patel, P., Clarke, L., Edmonds, J., 2014. Trade-offs of 

different land and bioenergy policies on the path to achieving climate targets. 
Climatic Change. 

Chaminade, C., Edquist, C., 2006. Rationales for Public Policy Intervention from a 
Systems of Innovation Approach: the Case of VINNOVA. CIRCLE. Lund University. 

Cherry, T.L., McEvoy, D.M., Westskog, H., 2019. Cultural worldviews, institutional rules 
and the willingness to participate in green energy programs. Resour. Energy Econ. 

Chicco, G., Ionel, O.M., Porumb, R., 2013. Formation of load pattern clusters exploiting 
ant colony clustering principles. IEEE EuroCon. 

Coley, D.A., Goodliffe, E., Macdiarmid, J., 1998. The embodied energy of food: the role 
of diet. Energy Pol. 

Collison, R., 1979. Energy consumption during cooking. Int. J. Food Sci. Technol. 
Davis, H., Wilde, D., Altarriba Bertran, F., Doleǰsová, M., 2020. Fantastic (e) ating food 
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Doľsak, J., Hrovatin, N., Zorić, J., 2019. Can loyalty programs be effective in promoting 
integrated energy services? Evidence from Slovenian electricity consumers. Energy 
Res. Social Sci. 

Eshel, G., Martin, P.A., 2006. Diet, energy, and global warming. Earth Interact. 
Fortune. The war on big food. Available online: http://fortune.com/2015/05/21/the- 

war-on-big-food/. 
Garnett, T., 2011. Where are the best opportunities for reducing greenhouse gas 

emissions in the food system (including the food chain)? Food Pol. 
Geels, F.W., 2002. Technological transitions as evolutionary reconfiguration processes: a 

multi-level perspective and a case-study. Res. Pol. 
Geels, F.W., 2004. From sectoral systems of innovation to socio-technical systems: 

insights about dynamics and change from sociology and institutional theory. Res. 
Pol. 

Geels, F.W., 2010. Ontologies, socio-technical transitions (to sustainability), and the 
multi-level perspective. Res. Pol. 
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