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1 INTRODUCTION   
The European electricity markets have experienced several changes during the last 30 years.  
Many details can be identified to explain this development, but it is especially three main 
reasons that have led to the design of today’s electricity markets. Firstly, the liberalization of 
electricity markets that took place in 90th century in many European countries, including 
Sweden, opened up the markets and changed the conditions for producers, retailers and 
consumers of electricity. Consumers could select freely among large numbers of suppliers which 
led to a more competitive market. Secondly, technical development on the distribution side with 
new technologies for measuring and providing consumers with real time data is another 
breakpoint that set trace on the electricity market. These technologies resulted in greater 
opportunities for the consumers such as to subscribe hourly-rate-agreement as a new option. 
The last reason is the penetration of renewable sources in electricity production mix during the 
last years. Renewable energy sources take an increasing share in the production mix both in 
Sweden and in other parts of the World.  (Swedish Energy Markets Inspectorate, 2014; Meeus & 
Konrad Purchala, 2005) 
Governments have invested in renewable electricity to address many of issues available on the 
political agenda, but the most important ones are to reduce emissions, increase energy security 
and avoid high fuel costs (Pina, Silva, & Ferrão, 2012). Increased share of renewable energy 
sources such as wind- and solar power means partly new conditions for the electricity market 
and imposes many challenges for the future. High volatility and lower grade of predictability 
associated with renewable sources sets the functionality of the power system at risk (Swedish 
Energy Markets Inspectorate, 2010; Georgilakis, 2008). The fact that electricity systems require 
continuous balance between demand and supply in real time leads to further hassle. Achieving 
balance is not a simple task and depends on various factors. Slight happenings such as an outage 
in a generation unit or sudden load changes can put the whole system in danger. (Albadi & El-
Saadany, 2008)   
A future with a power system mainly based on sustainable energy sources will cause even bigger 
challenges for the supply side in order to regulate the balance. The available options for 
regulating the system on the supply side has no sustainable dimension and cannot form the basis 
for the future electricity system. Reserves based on conventional fuels or trading with 
neighboring electricity markets via interconnection (no guarantees for origin of sources) cannot 
ensure the penetration of renewables sources and protect the balance of the electricity system 
(Finn & Fitzpatrick, 2014). Many researchers have therefore highlighted the importance of 
working on the other part of the equation, the demand side. (Kirschen, 2003) 
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Demand Side Management (DSM) is a term that has been discussed and researched extensively 
during the last years (Finn & Fitzpatrick, 2014; Palensky & Dietrisch, 2011; Strbac, 2008). The 
term includes programs, activities and mechanisms that make use of available energy in a more 
efficient way without installing new generation or investing in transmission infrastructure 
(Mohsenian-Rad, Wong, Jatskevich, Schober, & Leon-Garcia, 2010). Energy Efficiency, Demand 
Response and Energy Conservation are typical demand-side options associated with DSM 
(Boshell & Veloza, 2008). With new and efficient technologies electricity usage can be reduced 
which creates higher efficiency for the electricity system. Demand response (DR) is more 
oriented toward reacting on different market and price signals in form of “load management” or 
“load shifting” that enable consumers to shift electricity consumption from “peak-periods” 
(expensive) towards “off-peak periods” (cheaper) utilizing the real-time electricity price. At the 
same time, the power utility avoids to invest in new generation to meet the peak demand (Bayod-
Rujula, 2009). Energy conservation is more related to the behavioral dimension to reduce 
electricity usage based on different choices that consumers can make in their daily life. (Boshell 
& Veloza, 2008)   
There are many benefits with DSM and the most important ones are: obtaining higher system- 
efficiency, managing supply-demand balance in system with large share of renewables, 
economical benefits in form of investments resulting in higher efficiency for the system and 
active consumers that are an important part of price-decision-making. At the same time many 
challenges appear in the formation of DSM systems and must be handled in order to create a 
comprehensive perspective for the future. The most important challenge to deal with is the 
absence of information and communication technology infrastructure that allows the 
establishment of the various DSM-programs. Another issue is the lack of understanding of the 
benefits obtained with DSM. There is a need of clarity regarding the available potential in the 
various segments of electricity-consumers and functioning business models that allow this 
development to take place. Further challenges are in form of an inappropriate market structure 
where some parts must be adapted and other changed for full implementation of DSM. The 
operational complexity connected with the introduction of DSM- programs has also been 
pointed out as a barrier there advanced controlling systems and technological-known consumers 
are key ingredients for a successful concept.  (Strbac, 2008) 
The heterogeneity of electricity-consumers is a factor that must be taken into account and is of 
high importance in order to manage many of earlier mentioned challenges concerning DSM. 
Consumers of electricity are usually divided into three segments: residential, commercial and 
industrial. The demand profile for these segments varies in many respects. To identify the 
characteristics, patterns and needs of each group is essential and required to clarify to what 
extent the various DSM programs can be applied for respective group. (Encinas, Alfonso, lvarez, 
Perez-Navarro, & Garcıa-Franco, 2007) 
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 Problem statement 
DSM is not a new phenomenon, research in the area started some 30 years ago (Lampropoulos, 
Kling, Ribeiro, & Berg, 2013). Despite that, knowledge about the potential for DSM in different 
market segments is limited. Factors like time, response infrastructure and electricity price have 
led to passivity regarding the introduction of DSM. (Strbac, 2008) 
Since DR is a branch of DSM it has also suffered from passivity and low amount of 
implementation due to the lack of incitements. The strongest incitement for implementing DR is 
the financial benefits (Lindberg et al., 2014). Reasonably, the possible finical gain gets larger the 
more electricity there is to be managed at the demand side. The manageable electricity usage is 
also related to the characteristics of the process that is investigated. A process that is highly 
flexible in its use of electricity is more likely to have good potential for DR (Palensky & Dietrisch, 
2011).Previous studies have shown that households’ interest for DR depends on available types 
of incentives and price levels (Bartusch & Alvehag, 2014). The relationship between avail and 
discomfort is not balanced with today’s electricity prices, financial benefits for shifting or refrain 
activities at times when electricity prices are high have not been large enough in order for 
households to proceed with DR. (Swedish Energy Markets Inspectorate, 2014) 
Neither have Swedish industries, which count for a large part of the total electricity use in 
Sweden, implemented DSM and particularly not DR profoundly. The reason is primarily that the 
alternative cost is too expensive. For example, a production line that is running at full capacity is 
very costly to stop or reduce. Therefore must the price of electricity be as high as the marginal 
cost of cutting production in order to motivate electricity cutbacks during peak periods. The tools 
needed for smooth production adjustments due to periods of high electricity prices does not exist 
and the price of electricity have historically not been high enough. Managers have therefore not 
been forced to make structural changes or invest in equipment that makes production more 
adaptive to DR. (Lindberg, Zahedian, Solgi, & Rickard, 2014; Henning & Trygg, 2008) 
The commercial sector has not been as comprehensive covered by scientist despite that 
numerous actors could count as electricity intense. The sector includes segments like 
restaurants, hotels, service, wholesales, etc. (Bel, Ortega, Escrivá, & Marín, 2009).One segment 
of interest in this sector are grocery stores. In Sweden, grocery stores stand for approximately 3 
% of total electricity consumed in the country (Swedish Energy Agency, 2010). Most actors in 
this segment have similar final use of electricity such as refrigeration, air conditioning, 
ventilation, electronic equipment, lighting (indoor and outdoor) and other (Bel et al,. 2009). 
Total electricity consumed in turns depends on several factors like store format, characteristics 
of electrical equipment, business practices, product mix, preservation and display (Tassou, Ge, 
Hadawey, & Marriott, 2011).Consequently, both the technical and the operational part of 
businesses are of importance when considering electricity consumption for grocery stores. 
Furthermore, analyzing single actors in this segment creates a suitable understanding for the 
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potential of DR. Since similarities exist in final use of electricity, minor DR potential in single 
grocery stores could have large impact if actions are implemented in a larger scale.   

 Purpose  
The purpose with this study is to describe the potential for electricity demand response in 
grocery stores by identifying technical characteristics and investigating the operational 
conditions within the businesses. Potential for power reduction during periods of time will be 
assessed. Representatives will be selected for closer analysis of the technical and operational 
parts in the businesses in order to obtain better assessment.  

 Research question 
The purpose will be fulfilled by answering the following research question (RQ): 

How does the characteristics of technical equipment in combination with 
operational conditions influence the potential for electricity demand response in 
grocery stores?  

In order to answer the RQ requires an understanding of the electricity-consuming parts in the 
operations and the flexibility grade of respective part. The relation between the technical and 
operational process is essential in assessing the flexibility in electricity consumption. By 
answering the RQ better assessment of potential for electricity demand response in grocery 
stores can be shown and contribute to further research in the area of DSM. 
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 Disposition  
 

  

2-Theoretical Framework: Chapter 2 presents relevant research that linked to the 
study’s subject. The chapter consists of five parts: Demand response, Grocery stores, 
Technical characteristics, Operational characteristics and DR-controlling strategies.  
Theoretical Framework is used in the analysis to interpret and explain the empirical 
findings. 

3-Methodology:  Chapter 3 describes study’s approach and method used to achieve the 
purpose with this study. Data sources are presented and it is explained how these will 
contribute to the fulfillment of the study’s purpose. It is then outlined how the 
empirical data is analyzed, ending with a discussion regarding research quality for this 
study in terms of validity and reliability.   

4-The Ica Perspective on Demand Response Potential: Chapter 4 presents the empirical 
material gathered via data sources mentioned in methodology. Firstly, the data received 
from ICA’s energy-strategist is presented, it is followed by inputs achieved through store 
managers and lastly the results from observations. 

6-Conclusions: Chapter 6 outlines the conclusions based on interpretations and 
reasoning presented in the analysis. Thereafter proposals for further research are given. 

5-Analysis: Chapter 5 presents the analysis of this study, both the technical and 
operational dimension were included for respective system (Refrigeration, lighting, 
HVAC). The chapter ends by analyzing store managers’ preferences and thoughts 
regarding DR actions. 
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2 THEORETICAL FRAMEWORK  
The theoretical framework consists of five parts. In the first one clarifies the concept of DR by 
presenting a definition and highlighting the different programs of DR, benefits, challenges and 
driving forces. The second part aims to present the concept of store formats and the relation to 
DR in terms of electricity consumption. The third and fourth parts highlights the technical and 
operational characteristics of grocery stores with importance for the potential of DR. The last 
part presents the available controlling strategies used in grocery stores.  

 Demand response   
There are multiple reasons why DSM has become a topic more relevant the last years. The rising 
demand of electricity together with rising ratios of renewables in the electricity production mix 
does not only include challenges for stability of the electric grid it also includes transfer 
challenges of the electric net since it is becoming more essential to transfer electricity between 
regions. (Palensky & Dietrich, 2011) 
In DSM three clear concepts can be identified, Energy Efficiency (EE), Energy Conservation 
(EC), and Demand Response (DR). The implementation of DSM strives to achieve reduction of 
the overall energy consumption by promoting high-efficiency equipment and building designs. 
(Boshell & Veloza, 2008) 
EE is located in the lower end of DSM; the nature of EE is that permanent changes are made in 
order to reduce energy consumption. For a curve representing the daily consumption of energy, 
implementation of EE would move the entire curve downwards, creating a lower energy 
consumption during the entire day. EC is more related to the behavioral dimension in order to 
reduce electricity usage based on different choices consumers can make in their daily life 
(Boshell & Veloza, 2008). DR on the other hand cuts, or shifts, the tops of the curve. 
Implementing DR leads in some cases to a more uniform consumption curve throughout the day, 
though it could also lead to the curve peaks being moved to another period of time. This 
phenomenon is called DR with rebound and causes a shift in peak consumption. If it is 
implemented successfully the peak periods are shifted to more economic beneficial periods in 
time. (Palensky & Dietrich, 2011) 
Traditionally, the approach to the electricity market mechanism is that electricity is delivered 
when there is demand. Recent years this has changed to a mentality saying that the market is 
most efficient when fluctuations in demand are as small as possible.(Albadi & El-Saadany, 
2008). Though DR does not have a clear definition the most significant part of the phenomena is 
end-customers changing their consumption based on market indicators.  
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The U.S. Department of Energy defined it as:  
“Changes in electric usage by end-use customers from their normal consumption 
patterns in response to changes in the price of electricity over time, or to incentive 
payments designed to induce lower electricity use at times of high wholesale market 
prices or when system reliability is jeopardized” (U.S. Department of Energy , 2006, s. 6) 

As mentioned in the definition one of the main indicator is price, as a response to high electricity 
prices consumers try to shift their consumptions to periods when it is relatively cheaper. 

2.1.1 DR-programs 
There are several programs addressing the issue of price fluctuations over time. Time of use 
tariffs penalize certain periods of time in order to minimize costs. For example, these periods 
could be 8:00-10:00 or 17:00-19:00 on weekdays, periods that historically have experienced 
higher demand than other hours of the day (Söder, 2015). The tariff would then penalize 
electricity usage during that period and get customers to arrange their processes such that they 
are less intense during the period.  A study showed that residential electricity consumers 
respond to the price signals of a demand-based time-of-use electricity distribution tariff in the 
short term. This was achieved by cutting peak demand and shifting electricity use from peak to 
off-peak hours. The study also provided evidence that there are corresponding effects in for 
households living in single-family homes. (Bartusch & Alvehag, 2014) 
Depending on the characteristics of the processes there is endless ways of arranging processes 
such that electricity usage is shifted. A study concluded that DR regarding building cooling can 
decrease the electricity use during peak-periods with 15-30 %. This was achieved by pre-cooling 
the building before periods of high demand and creating space for temperature increases which 
led to less electricity use during peak hours. The study confirmed that sub-metered HVAC 
(heating, ventilation, and air conditioning) and whole building power data is crucial in order to 
receive accurate models.  (Yin, Xu, Piette, & Kiliccote, 2010) 
Another main indicator is incentive payments based on securing the stability of the electric 
system (Nilsson, Stoll, & Brandt, 2015). Recent years the interest for DR have raised the 
businesses or organizations that leads the development are usually system operators or 
transmission system operators. The reason is that implementation of DR in many ways are a 
cheaper way of securing the balance of the system rather than investing in reserve capacity 
(Torriti, Hassan, & Leach, 2010). Also, the amount of electricity required to meet demand is 
greatly associated with the losses associated with the distribution. The resistive losses vary as the 
square of the power flowing through the electricity network. Losses in the grid therefore change 
significantly for every unit of power that can be removed or moved to a period of less power flow 
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(Shaw, Attree, Jackson, & Kay, 2007). Concerning reserve power, it is a lot cheaper to implement 
DR programs instead of investing in greater generation capacity. The marginal income for the 
owners of the reserve capacity would have to be very high since it would only produce income for 
a few hours of the year, or perhaps no hours of the year depending on various factors (Torriti et 
al., 2010). This also reduce system balancing costs and grid reinforcement investments. (Albadi 
& El-Saadany, 2008) 
By implementing direct control programs operators have the opportunity to remotely control 
the electricity usage of their customers. Thereby reduce the consumption at times when the 
operators benefit from such action (Han & Piette, 2008). Interruptible rates contracts are also a 
way for the operators to manage problems regarding balance and disruptions of the grid. These 
contracts often regard a certain amount of customer capacity that can be managed by the 
operator. (Palensky & Dietrich, 2011) 
To sum up DR programs two wide groups can be identified. Price-based DR that includes 
programs allowing customers to change consumption pattern by reacting on purchase prices and 
incentive-based DR including programs that give costumers fixed or varying incentives in 
addition to their electricity rates. (Faria & Vale, 2011) 

2.1.2 DR-approach   
Applying DR programs means either to reduce or to shift electrical load over time as a way to 
respond to signals provided by the market. Each DR system is a collaboration between two 
parties that tries to maximize utilization without affecting each other largely. The collaboration is 
specified through agreements that includes rights and obligations toward each part (utility and 
costumer). The parameters used in categorization of DR programs are the type of agreement (i.e. 
incentive or price based) and the type/size of the costumer. Depending on which category each 
costumer belongs to there are several actions to perform in order to apply DR. Regardless the 
categories three types of DR approach can be identified. In fully automated DR no human 
interventions are needed since all actions are pre-programed in advance. In this case the 
costumer has limited control over the procedure. Manual DR requires participation of building 
staff that react on different signals and manually manage the demand. Such program results in 
high degree of dependency on single operators which can be problematic in some cases 
especially if they are not present on the day of event. Semi-automated DR is a middle ground 
between the two previous presented programs. The program includes pre-programed DR 
strategies but at the costumer side providing the costumer the right for the final decision. (Dam, 
Mohagheghi, & Stoupis, 2008) 
Before deciding which DR approach or DR program to select there are a lot of factors that each 
costumer must consider and reflect on in the decision making. Many of these factors are related 
to the size of costumer and the type of operation that forms the potential for DR. It is on local 
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level the most important guidelines must be formed such as maximum allowable interruptions 
during a day/season, maximum amount of load reduction during a day/season, a set of critical 
loads, production or operation systems that must be on at any point in time and last but not least 
production/operation requirements. More specifically the costumers need to focus on the size of 
load regarding each technical process. The sensitivity grade of each load toward interruptions 
and the dependency of other processes upon the load. The time required for starting up the load 
is another factor of importance in this context. (Dam et al., 2008) 

2.1.3 Load characterization  
In order to find a suitable local load management policy there is a need of understanding and 
identifying the characteristics of electricity consumption and mapping load patterns related to 
the different technical processes. It is essential to understand own electricity demand in order to 
manage it. Useful tool for that purpose is a load curve that graphically illustrates how a customer 
uses electricity over the course of a day as presented in figure 1. The vertical axis shows the 
costumer peak demand at any point in time (hours) and the area under the curve illustrates the 
amount of electricity consumed. Such load shapes can be used for understanding specific 
processes or the whole system.    

 
       Figure 1-visualization of electrical load curve(own). 
By creating a holistic view over electricity consumption and mapping the different load profiles 
simplifies the investigation for finding possibilities for changing load-shape during period of 
time with or without advanced technological devices. Depending on loads characterization 
within an operation formed by technical restriction and end-users’ flexibility for load 
management, four different categories can be found. Uncontrollable loads that are crucial for the 
operation and cannot be the target for any DR program. Reparameterizable loads are those that 
can be controlled thermostatically and have temperature parameters re-set. Third category 
consist of interruptible loads that can interrupted during a short period of time at given point of 
their working cycle. Shiftable loads is the last category that characterizes by the ability to 
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postpone or anticipate working cycle to another period of the day. (Soares, Gomes, & Antunes, 
2012) 
In DR two load-shape changing are of high interest, Peak clipping and Load shifting. In peak 
clipping (figure 2) the goal is a reduction in peak loads during a period of high demand with or 
without enabling technologies. Both price and incentives-based strategies can be used for this 
model. In Load shifting (figure 3) the focus is on shifting loads from on-peak to off-peak periods. 
In this case it is more about displacement of particular process in order to satisfy load-shape 
objectives. There are another load-shape changing strategies but are more oriented toward EE 
and EC.  (Goswami & Kreith, 2015)   

          
Figure 2-Peak Clipping (Goswami & Kreith, 2015).  Figure 3-Load shifting (Goswami & Kreith, 2015). 

2.1.4 Degree of control  
It is understandable that participants of DR would have fully control on how the different actions 
are implemented when signals receive from the market but the degree of control for participants 
of DR activities varies depending on several factors (Dam et al., 2008). The available 
technologies regarding the different technological processes is one of them. Depending on the 
kind of operation there is a need of certain smart devices in order to respond on received signals. 
Participants of DR might need to install enabling technologies in form of smart thermostats, 
peak load controllers, energy management systems, metering and communication smart devices. 
Another important point is the knowledge level of the staff in the operation. (Albadi & El-
Saadany, 2008) 
The degree of control depends also on the type of DR program and approach chosen by the 
participant. Each program includes different actions that must be fulfilled in order to achieve the 
goal with DR. The power utility or system operator need in some cases “guarantees” that the 
participants really apply the agreed actions at each signal submitted. In order to ensure the 
power reduction, they prefer in some cases to have direct access to loads on end-user side. At the 
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same time to monitor load profile of each participant is not the simplest task to perform. 
(Callaway & Hiskens, 2010) 
The importance of having suitable load control mechanism in DR programs has led to 
introduction of new “third actor” called aggregator (Callaway & Hiskens, 2010). The main idea is 
that aggregators will act as mediators between utility operator and participants with 
responsibility for DR on end-users’ side. These new entities by using advanced technical devices 
regarding communication and control at end-users’ premises have a huge opportunity to offer 
DR to the market. End-users get monthly payment in order to allow aggregators control their 
appliances. For the moment only industrial consumers have been included but the possibility for 
extending the concept even for other consumers exist and is of interest for the future 
development of electricity market generally and for the development of DSM particularly.  
(Gkatzikis, Koutsopoulos, & Salonidis, 2013) 

2.1.5 Benefits  
The benefits of DR fall under four main categories: participant, reliability, market wide and 
market performance. Participants in DR programs realize financial benefits in form of cost 
savings from using less electricity at high prices or shifting consumption to off-peak periods. 
Depending on agreement type it is common with additional payments particularly in incentives 
based programs. Participants realize also reliability benefits which are related to the reduced risk 
for losing service in blackout. More specifically by applying DR participants have the opportunity 
to help in reducing the risk for outages. (U.S. Department of Energy , 2006) 
It is not only participants that utilize the benefits of DR some are market-wide. By having a more 
efficient utilization of the available infrastructure a lower overall electricity price is expected. 
Applying DR programs reduces system peak loads in the long term and postpone the need for 
building new power plants or investments on distribution and transmission infrastructure. At 
the same time DR promote the penetration of intermittent sources into the system since it will be 
easier to deal with the variations in productions. All these factors will be reflected in the price of 
electricity for all electricity consumers. (Albadi & El-Saadany, 2008) 
Another category of DR benefits is related to improvement of market performance. Costumers 
has a larger role to play with the implementation of DR programs by having the opportunity to 
manage their own consumption. Participants of DR programs have more choices in the market 
leading to a larger market power. Additional market improvement is the reduction of price 
volatility in the market. DR programs reduces the market power exercised by the larger actors in 
the market in form of power utilities and electricity retailers. Minor reduction in demand leads 
to a big reduction in generation which prevent power utilities to utilize periods of high demand. 
(Albadi & El-Saadany, 2008)  
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Table 1 summarizes the benefits associated with DR. 

 
Table 1- Benefits associated with DR  (Albadi & El-Saadany, 2008). 

2.1.6 Driving forces  
Driving forces for household, industrial and commercial customers are somewhat different, as 
well as obstacles and potential solutions. The economic incentives are essential, but other factors 
can play in. For residential customers, the costs associated with DR are relatively low. For 
industrial and commercial customers, the alternative cost related to DR actions is a central part 
in the discussion making and may differ considerably between industries, business cycles and 
production modes. (Linnarsson, Hollmén, Fritz, & Springfeldt, 2013)  
The common drivers for applying DR actions from costumers’ perspective are reduction in cost, 
higher degree of control on own electricity consumption and access to additional services in form 
of security and information systems. To become an active player in the electricity market 
through such programs is another factor that appreciated and valued highly from costumers’ 
point of view. (Delgado, 2005) 
From a system perspective the main driving forces to implement DR programs are to success 
with the conversion toward fossil free community and meet environmental targets, to ensure the 
security of supply, to give more space for costumers to be a part of price decision making and to 
use available resources in a more efficient way. (Larsson & Ståh, 2011) 

2.1.7 Challenges  
There are a number of challenges that need to be considered for a broad application of DR in 
near future. This section aims to highlight relevant factors of importance for implementation of 
DR programs from participants’ point of view.  
In addition to achieving financial profitability for everyone involved in DR programs there is a 
need of understanding end-user attitudes, motivations and barriers to implement new ways of 
electricity use and load management strategies (Stragier, Hauttekeete, & Marez, 2010). One of 
the most important criteria for a successful implementation of DR is a broad participation in 
order to achieve the desired impact (Fell, Shipworth, Huebner, & Elwell, 2014). Therefore 
participants must trust the actors who perform the load control, accept implemented load 

Participant Market wide Reliability Market performance
Demand respose benefits

Avoided deferred infrastructure costs Diversified resources Reduces price volatility
Incentive payments Price reduction Reduced outages Reduces market power
Bill savings Capacity increase Customer participation Options to customers
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changes during period of times and are offered a reward for participating to achieve a suitable 
implementation of DR (Darby & McKennab, 2012). But from the public's point of view, there are 
some concerns that are important to address in order to get there. 
Many consumers are not attracted by the idea that an external actor such as an energy company 
(company that makes a profit on energy-related business) or an aggregator has control over their 
electrical appliances (Mert, 2008). Costumers are accustomed to control their own appliances 
and to decide on when to use electricity. Therefore, loss of personal control over own electricity 
use has been considered as a major concern for costumers (Fell et al., 2014). The main reason is 
the fears linked to the end-users believe that comfort will be impaired if an outsider controls 
their electricity use (Mert, 2008).The challenge may lie in convincing end-users that the control 
and implementation of DR is done safely and that it is still possible to override control when 
necessary (Stragier et al., 2010). The customer put great value in being able to turn off the 
controller manually so that the feeling of being controlled becomes less pronounced  (Darby & 
McKennab, 2012). The acceptance of a new technology or service increases if the user perceives 
that it has control. (Venkatesh, 2000) 
Lack of understanding of the benefits of DR is another factor that slows down the development 
of DR. Applying control approach has been considered as a barrier since it increases the 
operational complexity according to participants. There is a need of clarity regarding the value of 
DR, partly for the system but also for the participants. By having a clear business case for DR 
and workable methodologies for quantification of costs and benefits reduces a lot of complexity 
noted by implementing such programs. (Strbac, 2008) 

 Grocery stores 
In this section explains the reason behind why retail companies are acting in different store 
formats. The factors that are considered in the formation of store formats and lastly, the 
influence of such factors on electricity consumption.  

2.2.1 Store formats  
The high level of competition in grocery retail sector pushed retailers to operate in different store 
formats in order to retain existing customers and attract new ones. The main idea with the 
different store formats is to cover more segments. By account for the needs and desires of each 
segment retail companies try to form a store formats that in a better way satisfy respective 
segment’s expectations. Normally the factors that affect the choice of costumer for a store format 
are basket size, distance to the store and price level. (Berne, Mugica, & Rivera, 2005) 
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What differentiate one store format from another is mainly price level, assortment/range of 
goods and service level. Other factors to take into account in the design are location and size of a 
store. When deciding the location of a store the attractiveness and travel distance to the place in 
combination with the size of sales area are significant for the decision making (Toporowski & 
Lademann, 2014).  

2.2.2 Electricity consumption  
Energy consumption in grocery stores are normally specified in kWh/m2 sales area per year and 
can be seen as the energy intensity of a store (Tasou, Ge, Hadawey, & Evans, 2011).In terms of 
specific electricity consumption (kWh/m2 ,yr) the grocery store segment belong to one of the 
highest electricity consumers. Compared to commercial buildings the grocery stores have some 
characteristics that diverse them in terms of electricity consumption. High capacities of 
refrigeration appear in grocery stores; these operates 24 hours a day all days of the year. They 
have long opening hours, in some cases as long as 16 hours a day between 7 am to 10 pm. They 
usually operate every day while other commercial buildings may close on the weekends.  (Norén 
& Pyrko, 1999) 
In 2009, the Energy Agency conducted a survey over energy use for grocery stores, malls and 
other retail outlets, the project was named STIL2. STIL2 indicated that Swedish retail premises 
has on average a specific energy consumption of 256 kWh/m2 per year. STIL2 found also that 
grocery stores are the most energy-intensive types of retail stores with an average of energy 
consumption up to 399 kWh/m2 per year.  One explanation that has been pointed out is the 
large amount of refrigeration facilities required in the handling and storage of food products. 
(Swedish Energy Agency, 2010)                                                                                                                                                         
Grocery stores accounts for nearly 3% of Sweden's total electricity consumption, about 4 TWh. 
Between 1990 and 2009, grocery stores electricity use increased from 257 to 309 (excluding 
electric heating) or 321 (including electric heating) kWh/m2 per year. In other words, electricity 
usage in grocery stores increased by approximately 20%. One explanation behind this 
development is the large diversity in today’s assortment including more goods that need to be 
refrigerated or frozen. New devices have been appeared in form of bake-off ovens, grills etc., 
which have contributed to the increase of electricity use.  (Swedish Energy Agency, 2010) 
Largest single item for electricity use in grocery stores is food cooling where the average for a 
store in Sweden has been estimated at 145 kWh/m2 per year. After this, the lighting with 90 
kWh/m2 per year and then fans 24 kWh/m2 per year. In Figure 4 presents the distribution of 
the specific electricity usage (kWh/m2 per year) for grocery stores. (Swedish Energy Agency, 
2010) 
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Figure 4-Distribution of specific electricity usage in grocery stores (Swedish Energy Agency, 2010). 

When investigating energy consumption of grocery stores there are a lot factors of importance 
with large influence that must be considered. Business practices, store format, product mix, 
shopping activity, available electrical equipment, geographic location, operating hours and 
quality of operation are factors that form the total energy consumption in a store. (Tasou et al, 
2011) 

 Technical characteristics 
This section covers the technical characteristics and factors of influence on electricity 
consumption with focus on refrigeration, lighting, and HVAC (heating, ventilation, and air 
conditioning) - systems in grocery stores.  

2.3.1 Commercial refrigeration  
Today’s refrigerating machines for cooling food follow same principle.  They are based on a 
refrigerant in cooling unit that can be evaporated and condensed at given pressure and 
temperature. Depending on cooling need and temperature requirements selects the right 
dimensions for cooling unit and the suitable refrigerant. (Monica Axell, 2004) 
Refrigeration systems in supermarkets consists of two main groups, direct and indirect systems. 
In direct systems, the refrigerant goes in a circuit with start from the machine room, where the 
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compressor is found, to display cases in the sales area where evaporation and absorption of heat 
takes place. Long pipes are needed in order to connect the compressors to display cases and to 
the condensers on the roof. (Arias, Claesson, Sawalha, & Rogstam, 2004; Monica Axell, 
2004)Figure 5 illustrates a typical direct system. 

 
Figure 5- System design-direct system (Arias et al., 2004). 

Direct systems have been dominating historically and until 1995 they were used almost in all 
stores. The reason for the decrease was due to a government decision that banned refrigerants 
R12 and R502 from January 1, 1995, because they contain CFCs that affect the ozone layer 
negatively. Advantages of the system are that it requires fewer components, has high efficiency 
and investment costs are relatively low. Disadvantages are that it requires a large amount of 
refrigerant and the risk of leakage is large. (Arias et al., 2004) 
In completely indirect systems, the refrigerant circulates only inside the machine room. In this 
systems there are two different refrigeration systems including different brines and level of 
temperature. This leads to a need of extra heat exchange both on the condenser and on the 
evaporator side between the refrigerant and the brine. It is common with a central indirect 
system with multiple coolers or refrigerated linked. (Arias et al., 2004; Monica Axell, 2004) 
Figure 6 illustrates a typical design for completely indirect system. 
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Figure 6-System design-completely indirect system (Arias etal., 2004) 

Advantages of this system are lower refrigerant charges, simple-cheap service and the possibility 
of using natural refrigerants. The drawbacks are risk for lower energy efficiency, risk for 
corrosion and the fact that pump need to be insulated. (Arias et al., 2004) 
A special case of direct refrigeration system is the plug-in counter that has all the necessary 
components internal. Figure 7 visualize the system design for a typical plug-in counter.  

 
Figure 7-System design for plug-in counter (Monica Axell, 2004). 
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Refrigeration units; Refrigerator-and freezer 
rooms are isolated and acts as interim storage 
in a store. The volume of the room and 
temperature- requirements on goods are 
factors that affect energy use. (Monica Axell, 
2004) 
 
Fridges and freezers appear in different shapes and sizes in today’s 
grocery stores. There are vertical and horizontal both with and without 
doors. The choice of refrigerating unit depends on many factors but for 
the trader sales are in focus. It must be attractive for the consumers to 
achieve sales. Another important fact is temperature requirements on 
goods that must be fulfilled which in turn affect the specifications of 
refrigerating unit.  Many traders prefer open counters with 
argumentation that the closed ones are perceived as a physical “trade-
barrier”. Reasonably it takes a lot more energy for a refrigerator to keep 
food cold if a door doesn’t exist (Monica Axell, 2004). A study has 
shown that installation of doors on fridge-counters in stores does not 
affect the sales, but it is pointed out that further studies should be done 
in this matter. (Lindberg, Axell, Fahlaen, & Fransson, 2008) 
There are many refrigerating cabinets in today’s grocery stores installed by manufacturers in 
order to promote their products. Promotional goods usually sell in such cabinets where ice cream 
and energy drinks are the most common (Monica Axell, 2004) .They are also available in various 
shapes and sizes depending on the product's size, temperature requirements and design. 
Table 2 shows what is included in the commercial refrigeration and how electricity is distributed 
among the different refrigerating sources. 

 
Table 2- Electricity to commercial refrigeration (Swedish Energy Agency, 2010). 

KWh/m2
Refrigerating machines 93,3
Fridge- and freezer cabinets 3,4

3,7
16,2
28,9
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Electric heating for defrosting
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Figure 8-Visualization of typical freezer room (Monica Axell, 2004). 

Figure 9-Typical horizontal refrigerator with doors (Monica Axell, 2004). 
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Refrigerants; Refrigerant is a generic term for the medium that is contained in a closed circuit 
process from which heat or cold “delivers” in different contexts  (Nilsson, 2001). Refrigerants 
can be found in heat pumps and cooling units. Refrigerant distribution in supermarkets in 
Sweden has varied significantly because of phase-out of CFC and HCFC refrigerants (Arias et al., 
2004). HCFC (hydrochlorofluorocarbon) is a partially halogenated compound containing 
chlorine. It does affect the ozone layer and have a great impact on the greenhouse effect. R-22 
belongs to this group. HCFC without chlorine is called HFC and has no impact on ozone layer. 
HFC appears in form of R134A and R404. CFC (chlorofluorocarbon) is a fully halogenated 
hydrocarbon compound containing chlorine, which in turns affects the ozone layer negatively. 
R11, R12 and R502 are examples of CFC refrigerants. (McMullan, 2002) 
Recently CO2 has been an attractive alternative to use as refrigerant in refrigeration system to 
reduce energy consumption and environment impact (Swedish Environmental Protection 
Agency, 2003). The conversion from old refrigerants to CO2 to is not feasible without replacing 
the entire system since systems including CO2 work at higher line pressure. From 2017, it is 
forbidden to perform new installations with refrigerants containing chlorine compounds, such as 
R404. It is also forbidden to use them in existing system as from 2020, which makes CO2 to a 
desirable refrigerant in the future. (Swedish Refrigeration & Heat Pump Association, 2016) 
Defrosting; Defrosting is a procedure performed periodically on refrigeration systems in order to 
maintain their operating efficiency. In other words, defrosting is essential process to keep 
temperatures within bounds at any time. The purpose of defrosting is to remove ice building 
from evaporator caused by air inlet during the operation. Over time when air passes over 
evaporator builds a layer of ice that block air flow and as a consequence reduces the cooling 
capacity of the system. Regular defrost cycles aims to counteract this problem by stopping the 
flow of refrigerant and allowing the recirculation of hotter air melt the ice.  (Pedersen, Sloth, 
Wisniewski, & Green, 2015) 
Most common defrosting methods available for commercial refrigerated and storage cabinets are 
off-cycle defrost, hot gas defrost and electric defrost (Rainwater, 2009). In off-cycle defrosting 
the refrigerant flow to the evaporator is interrupted enabling evaporator fans to blow air across 
the frosted evaporator in order to melt the accumulated frost. In this method no additional 
heating is required which make it energy efficient but on the other hand it takes considerably 
longer time to be done with the procedure. 
Electric defrost methods are based on electrical heating elements that are either integrated or 
amounted adjacent to the evaporator coil. By interrupting the refrigerant flow and start on 
electric heaters hot air blows over evaporator surface enabling the frost to smelt. Since additional 
heat is injected the electric defrost method is relatively quick. (Rainwater, 2009) 
In hot gas defrost method the interruption of the refrigerant flow to evaporator occur via 
solenoid valve and evaporator’s fans turns off. By opening hot gas solenoid high temperature 
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refrigerant gas flows into the evaporator with a high pressure in order to melt the frost. 
(Hoffenbecker, Klein, & Reindl, 2005) 
Defrosting in refrigerated display cases is an energy intensive process. In a study it was indicated 
that electric defrost heaters stands for up to 25 % of the total electricity consumed in refrigerated 
display cases (Mei, Chen, Domitrovic, & Braxton., 2002).Defrosting are usually scheduled at 
preset times and typically occur every six or eight hours, with a duration of 20 to 30 min (Tassou 
et al., 2001). Preprogrammed defrosting results in some cases in unnecessary defrosts leading to 
higher energy use and increase in product temperature. Usually defrosts are terminated on a 
temperature or time setting. The first one is preferred since it ensure that all ice has melted. The 
energy used in this procedure is mainly for melt the ice on the evaporator. During defrosting the 
surface of evaporator is not heated uniformly causing “over defrosting” in some areas and this 
excess heat must be removed when refrigeration starts on again. The cost of defrost can be 
considered to consists of an overhead and an amount of energy to refrigeration system (Tasou et 
al, 2011). In a study it was found that overhead was around 85% of energy used highlighting the 
possibility for energy saving by applying defrosting only when necessary. (Lawrence & JA, 2008) 
Many factors affect defrost frequency and energy use there many of them are related to external 
factor. One of them is linked to the relative humidity within a store that has direct impact on the 
formation of frost on display cases’ evaporators (Tassou et al., 2001). Several studies have been 
indicated a direct relation between relative humidity, defrosting frequency and energy use 
(Tassou & Datta, 1999; Kosar & Dumitrescu., 2005; Henderson & Khattar, 1999). From database 
review conducted in a study it was found that electrical savings from 0% to 7.4 % could achieved 
by using temperature terminated electric defrost rather than time-terminated if the relative 
humidity was maintained at 35% from 55% (Kosar & Dumitrescu., 2005). In a laboratory tests it 
was found that frost accumulation increases exponentially with increased relative humidity there 
23% reduction in condensate collection could be achieved by reducing relative humidity from 
65% to 45%. Other factors of importance are ambient air temperature, evaporator fin spacing 
and air flow rate. (Bullard & Chandrasekharan, 2004) 
It is worth to mention that defrosting affects the food items in a negative way influencing their 
shelf-life. As heat is added during the process the temperature of goods rises and in certain 
location it increases to a level that is not safe. At the same time the fluctuation of temperature 
experienced by food items can results in product weight loss and deterioration in appearance. 
(Lawrence & Evans, 2008) 
Recently several systems have been developed for defrost on demand which means automatic 
steered defrost system that initiates defrost cycles and varies the interval between them based on 
actual need (Allard & Heinzen., 1988). These systems include sensing methods in form of 
artificial techniques, air pressure differential, temperature difference between air and evaporator 
surface, neural networks, fun power sensing and other techniques for measuring ice thickness. 



21 
 

However, these methods haven’t been implemented in a large scale due to the complexity of 
sensing methods, reliability and cost. (Tasou et al., 2011) 
Ambient temperature, door-opening and thermostat setting position; Several factors are of 
importance when investigating influences on refrigerator and freezer energy consumption. 
Ambient temperature, door opening and thermostat set points are such factors that must been 
taken into account and have direct impact on refrigerator-freezer energy consumption. Many 
study-experiments were conducted to investigate the effect of each single variable (ambient 
temperature, door opening, and thermostat set point) and their combined effect on energy 
consumption. (Saidur, Masjuki, & Choudhury, 2002; Meier, 1994; Parker & Stedman, 1992) 
 The role of ambient temperature is significant since 60 to 70% of the total refrigerator load is a 
result of conduction through refrigerator wall. Therefore, the higher difference between internal 
and ambient temperature the higher is the load imposed on a refrigerator. This underlies the 
sensitivity of a refrigerator’s electricity use to the ambient temperature. The results showed that 
by increasing ambient temperature with one degree the total energy consumption is increased by 
47 to 53 W h. (Saidur et al., 2002) 
By opening refrigerator door warm and moist air exchange with cool air inside the refrigerator 
cabinet. This in turn leads to heat gains as a result of heat/vapor transfer on the interior surfaces 
of the refrigerator and bulk air exchange (Saidur et al., 2002). Five categories of loads are 
associated with door openings (Masjuki, Saidur, Choudhury, & Mahlia, 2000): 

1. Convective heat transfers from the warm ambient air flowing across the cooler refrigerator 
surfaces. 

2. Latent heat transfers with condensation of water vapor from the moist air flowing across the 
cooler refrigerator surfaces. 

3. Radiative heat transfers from the surroundings to the interior surfaces. 
4. Sensible heat transfer from the warm air mass within the cooled space after the door is closed. 
5. Latent heat transfer due to dehumidification of the air after door is closed. 
 

The results shows that each door opening increases the energy consumption by 9 to 12 W h 
(Saidur, Masjuki, & Choudhury, 2002; Parker & Stedman, 1992). Earlier study has been 
indicated an increase of 32 % of energy consumption for 100 door openings (Alissi, 1987). 
Another one was showed an increase by 28 W h per door opening (Hasanuzzaman, Saidur, & 
Masjuki, 2008).The temperature of refrigerator and freezer cabinet is controlled by setting the 
thermostat position. From energy consumption point of view refrigerator use lesser electricity if 
its thermostat is re-set to a higher temperature (Saidur et al., 2002). In a study it was found that 
one degree reduction in freezer temperature results in an increase of 8% in energy consumption 
(Hasanuzzaman, Saidur, & Masjuki, 2008). Another study showed an increase of energy 
consumption by 7.8 % reducing freezer temperature by one degree (Saidur et al., 2002). 
Comparing ambient temperature, door opening and thermostat setting position in-between it 
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was founded that ambient temperature has the largest impact followed by door opening and 
thermostat setting position. (Saidur et al., 2002) 

2.3.2 Lighting  
Lighting is an important part of the decor in a store. It is also obvious that lighting is an 
important component of marketing, by making certain goods and spaces extra exciting and very 
exposed, while other parts can be toned down. It has also a big role in a store's electricity 
consumption. According to STIL2 (Swedish Energy Agency, 2010) lighting accounts for more 
than one quarter of a store’s electricity usage. Another observation was that the total installed 
capacity of lighting was decreased between 1990 and 2010 but the increased operating time still 
led to a higher electricity consumption. Consequently, in determination of electricity usage for 
lighting system, lighting design, lightning-type and operating time must be taken into account. 
In STIL2 (Energy Agency, 2010a) includes a detailed examination of the available lighting 
sources in trade stores and it has been investigated how much installed capacity for lighting an 
average store has. Figure 10 presents the distribution of lighting sources in grocery stores in 
percentage.  

 
Figure 10-Distribution of the different light sources in grocery stores in percentage (Swedish Energy Agency, 2010). 
The result showed that stores’ average capacity for lighting was on 17 W/m2 per year and table 3 
illustrate the distribution among the different light sources. 
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Table 3- Installed capacity of different light sources (Swedish Energy Agency, 2010) 

Lighting Emitting Diode (LED) is the latest in lighting technology. In contrast to the 
conventional lighting sources has LED many characteristics that lighting planner have been 
required for many years. The main advantages with LED lighting are higher light yield in relation 
to conventional lighting sources (resulting in lower energy consumption), longer lifetime 
independent of switching on and off, emits almost no radiation and make it possible with 
stepwise dimming (Ljuskultur, 2011). Although that the results from Energy Agency’s study 
showed an absence of LED lighting evidence suggests that LED lamps will have a dominant 
position in the future. The factor that have been slowed down the development for a broad 
implementation of LED lighting is above all the high installation costs. Grocery stores has 
already started installing LED lamps there spotlights and refrigerated display cases have been 
the first candidates . (Wall, 2005, s. 110) 
Several factors must be considered when lighting is installed such as number of luminaries 
needed, the structure of placement and the fulfilment of different illumination requirements. In 
sales area in addition to providing good lighting conditions the functionality of the system 
should make it possible to highlight some products in order to make them more attractive. In 
many cases, there are standard solutions for different locations as in case with grocery stores 
where the luminaries in ceiling are evenly distributed with high illuminance where the 
calculations are based on different data programs. The number of luminaries become large using 
such standard. The problem is that using less luminaries results in insufficient lighting level and 
with too many luminaries the system become more expensive. Therefore, calculations must be 
made in order to find the optimal solution. (Wall, 2005, ss. 69-71) 
Analog and digital lighting dimming systems; The ability to control the lighting systems 
depends a lot on the type of ballast used in the fluorescent luminaries and the connection 
structure. In Sweden it is common with HF (high frequency)-ballast that enables high efficiency, 
extends the lifetime of lamps and leads to energy savings. Available techniques in the market 
enable two approach for lighting dimming systems, analog and digital. In the following 
highlights techniques used in respective approach: 

Commercial Refrigeration Installed power[W/m2]
5,4
4,2

3

1

Fluorescent light / conventional ballast
Metal halogen light
T5-fluorescent light
T8-fluorescent light with HF-ballast
Halogen light
Filament light
Other light sources

1,7
1,5
0,2
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In analog lighting dimming system 1-10 V accepts a 1-to-10 VDC (Volts Directs Current) control 
voltage for setting the dimming level (figure 11). Depending on the signals received the system 
react there one volt represents minimum lamp brightness and ten volts represents maximum 
lamp brightness. In such system the ignition/extinction occurs through  a 230 V switch (Wall, 
2001, s. 115). Without a dimmable HF-ballast the ability that exists is only about switching on 
and off.  In a complete 1-to-10 VDC dimming system several analog dimming ballasts are 
connected in parallel and controlled from single control unit, meaning simultaneously control 
(Ribarich & Contenti, 2002).  

 
Figure 11-Analog lighting dimming system 1-to-10 VDC (Wall, 2001). 

In digital lighting dimming systems replaces the analog ballast with a digital one (figure 12) 
(Wall, 2001, s. 116). Such ballast includes micro-controller for sending and receiving information 
digitally. Additional functionalities of such micro-controller are storing the ballast address, 
setting the dim reference for the ballast control, receiving user instructions and sending back 
information to the user (Ribarich & Contenti, 2002).  In other words, the electronics available in 
such ballasts make them programmable and adjustable to the needs and desires of the 
costumers. Each single lamp can be controlled separately by the end user enabling precisely 
deliver of the right amount light when and where it is required. There are several standards used 
for digital lighting dimming systems and one of them is called DALI (Digital Addressable 
Lighting Interface) there the manufacturer has been agreed on a common protocol in order to 
make their ballasts compatible. Consequently, pre-programmed digital ballasts with DALI 
standard are available in the market. With digital lighting dimming systems, the degree of 
controlling and regulating become higher and more flexible. Large systems are monitored and 
controlled with a personal computer. (Ljuskultur, 2012) 

 
Figure 12-Analog versus Digital ballast with DALI (Wall, 2001). 
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2.3.3 HVAC-system 
In order to maintain the desired comfort level and indoor air quality conditions in grocery stores 
there is a need of well-functioning HVAC-systems. HVAC-systems stands for 15-25% of the total 
energy consumed in a store. Factors to take into account when considering HVAC-systems’ 
energy consumption are system design, geographic location and controls (Tasou et al., 2011). 
The most common way to cool or heat the indoor environment of a grocery store is to provide 
ventilation air with a temperature that ensures the shopping area temperature to be held at a 
predetermined set point  (Fyhr, Lars, & Markusson, 2013). The energy needed to cool and heat 
grocery stores can therefore largely be associated with the ventilation system. Traditionally, 
heating systems consists of oil boiler, electric boiler or district heating, but the high amounts of 
refrigeration in grocery stores enables them a heat recovery system in order to heat the inlet air.  
The system utilize the large amount of heat rejected from the refrigeration system, especially 
from the condensers, to the environment. (Arias & Lundqvist, 2006) 
There are both natural and mechanical ventilation systems. With natural ventilation the 
circulation of air in and out of the building occur with natural forces without need for mechanical 
equipment. Thermal buoyancy and wind pressure are the primary forces that drive natural 
ventilation. Mechanical ventilation is based on electrical fans that regulate the circulation of air. 
The main advantage with mechanical systems are the controllability of ventilation and the cost of 
mechanical equipment can be seen as a drawback. (Dennis Barley, 2001)  
According to STIL2 mechanical systems are used in all Swedish grocery stores. The survey 
indicated an average of 23.9 KWh/m2 per year electricity use toward fans. Electricity efficiency 
and age of fan aggregates are factors that affect electricity consumption. (Swedish Energy 
Agency, 2010) 
A more complex type of ventilation system known as FTX, which is a heat recovery system 
included in a mechanical ventilation system. Three different heat recovery system designs can be 
identified in Swedish grocery stores. The main difference between these designs is how the air 
system and refrigeration system are connected and how heat exchanger respective auxiliary 
heater are placed in the system. However, the model and system is based on same principles. 
(Arias & Lundqvist, 2006) In figure 13 one out of three heat recovery system design is presented.   
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Figure 13-Heat recovery system design (Arias & Lundqvist, 2006). 

As it is presented the system has a fluid temperature of around 36° C to the dry cooler and a 
temperature around 32° C is returned. Heat exchanger in the HVAC system in turn receive a 
temperature of 32 ° C and relinquishes a temperature around 28° C. The auxiliary heater that 
has been connected after the heat exchanger is mainly to ensure desired temperature for the 
water before the finned heat exchanger in the air system. The functionality of the extra heat 
exchanger in the figure 13 is to somehow separate refrigeration and ventilation systems in order 
to ensure that failures in one system doesn’t affect the operation of the other (Arias & Lundqvist, 
2006) . Apart from the energy needed to achieve a desired temperature of the inlet air, the 
ventilation energy consumption also depends on the efficiency of fans, dimension of ducts, air 
flow and operation time. (Fyhr et al., 2013) 
What distinguishes grocery stores from other types of commercial buildings is that it contains 
areas that locally generates large amounts of cooling or heating. A large air replacement rate is 
therefore needed in order to smoothen the temperature difference. Since the ventilation replaces 
the air in such a high rate the quality of air in grocery stores is therefore often held with a high 
margin to the allowed maximum air pollution limits. (Fyhr et al., 2013) 

 Operational characteristics  
This section presents factors of importance related to the operational part of grocery stores 
and with impact on earlier presented technical systems.  
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2.4.1 Opening hours  
Sweden has since 1972 no rules regarding how long and when a store will be open with the 
cessation of Business Hours Act that was addressed all these issues (Mikael & Per, 1992).The 
grade of freedom is limited by Working Hours Act which includes rules about how much one are 
allowed to work per day, per week and per year. (The Swedish Work Environment Authority, 
2015) 

2.4.2 Operating time 
In the determination of electricity use regarding grocery stores operating time for electrical 
equipment is an important factor. There is a strong link between opening hours and operating 
time for electricity consuming processes. On the other hand, there are some equipment with 
continuous character independent of opening hours. In STIL2 the calculations are based on an 
average value for opening hours on 3 880 h/year. (Swedish Energy Agency, 2010) 
Operating time for lighting has been estimated to 4015 h/year. It is important to keep in mind 
that this number is an average value for the whole store’s lighting since the operating time for 
lighting varies in different areas of the store. In a similar way an average value for operating time 
for ventilation has been estimated to 5747 h/year. Operating time for cooling system is 
considered as a continuous system (8760h/year) and cannot be stopped due to different 
temperature requirements on goods according to food legislation.  (Swedish Energy Agency, 
2010) 

2.4.3 Food legislation  
The Swedish National Food Agency support consumers in their daily life through regulations, 
recommendations and communication. According to law the company that produces or sells 
foods has the responsibility for food safety (National Food Agency, Sweden, 2015). A part of the 
legislation addresses at which temperature the food should be stored. In the first place, the 
storage instructions on the packaging of the product must be followed, chilled animal products 
generally require temperatures between 2 and 8 ° C. For storage of frozen products, the 
temperature should generally be a maximum of -18° C. For fruit and vegetables there are no set 
guidelines for the temperatures. Depending on the product it must maintain a temperature of 
plus one degree up to +15 ° C.  At the same it is important to separate them from other foodstuff. 
(Swedish food retail, 2007) 
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The table below summarize the temperature requirements for food products.  

 
Table 4- Temperature limits given by food legislation (Swedish food retail, 2007). 

Food of animal origin must be chilled to the statutory temperature in all parts of the product. 
The cooling must be done immediately after production. Defined maximum temperatures under 
the law are:  

 
Table 5- Temperature limits for products of animal origin (Djupfrysningsbyrån, 2007). 

2.4.4 Illumination requirements 
Grocery stores as a place of work are covered by the Work Environment Act which demands 
lighting. Guidelines can be found in the Swedish Work Environment Authority's regulations 
(AFS 2009: 2). Energy Agency and inter-branch organization called “Ljuskultur” develop 
guidelines and data on how good lighting is to be obtained and how to proceed in order to meet 
regulatory requirements. This is reported in the compendium Swedish Energy Agency, STEM, 
“lighting in grocery stores”, 1999, Program Requirements. The following highlights the most 
important parts from the compendium: 
In grocery stores, lighting should create good visual conditions for both staff and customers. An 
important task of the lighting is also to show the products in the best possible way. Program 
requirements include recommendations and advice for creating this environment by using 
lighting energy efficient. There must be sufficient lighting so that the customer should be able to 
read price labels on goods and shelf edges and for personnel to perform their duties. 
Good color rendering should be pursued to allow customers to evaluate the quality of goods. A 
good color rendering and appropriate light color makes the products attractive. 
The lighting design should take into account the life length of lighting devices. With suitable 
control system lighting level should be adapted to the time of day, amount of customers, job-

Category Temperature limit
Chilled food +2 < °C < +8
Frozen food -18 < °C < -10
Deep-frozen food < -18°C 

Category Temperature limit
0 < °C < +2

< +7°C 
< +4°C 

Fresh fish products
Meat cuts
Poultry
Minced meat
Meat offal
Liquid egg

< +2°C 
< +3°C 
< +4°C 
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tasks and security. From an environmental perspective to get as low energy consumption as 
possible is of high importance. 

2.4.5 Ventilation and air quality regulations  
In the following presents a brief summary of the laws and regulations in Sweden governing 
requirements oriented toward ventilation and air quality. 
The Work Environmental Act (1977: 1160), purposes include the prevention of illness and 
accidents at work. The employer is responsible for ensuring that staff are not damaged from for 
example indoor environment. In the Swedish Work Environment Authority's regulations (AFS 
2009: 2) include detailed regulations and guidelines on air quality and ventilation in the work 
premises and personnel facilities as well as the maintenance and function testing of ventilation 
systems. It's about control of for example outdoor air and fresh air intake, the purity of the 
supply air and drafts, exhaust air and recirculated air. 
According to Swedish Planning and Building Act (2010: 900), PBL, the buildings should have 
the technical characteristics that are essential in terms of protection with regard to hygiene, 
health and the environment and energy conservation and heat insulation. Planning and building 
Act clarify that the purpose of function testing of ventilation systems is to ensure a satisfactory 
indoor climate in buildings. Therefore, during each periodic inspection the function and 
properties of ventilation system should be verified in regard to the provisions in force at time the 
system was launched. 

 DR-controlling strategies    
In this section outlines available controlling strategies oriented toward the technical systems in 
grocery stores with focus on refrigeration, lighting, and HVAC-system. 

2.5.1 HVAC- controlling strategies 
The demand for heating and cooling can vary greatly in periods of time, especially in 
geographical areas of extreme hot or cold climate. In such cases it can be beneficial to reduce or 
shift the energy demand for heating or cooling ventilation air from periods of peak demand to 
periods were the demand is relatively smaller. (Amar & Mohammed, 2004) 
The overall strategy for implementing DR in HVAC-systems should act such that the demand 
limiting actions happen in some consecutive order, meaning that when the system receives a 
warning signal a first procedure should be implemented in order to reduce the demand of power. 
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If the reduction does not create enough decrease of power demand a second procedure should be 
taken in to action. The second procedure would imply more significant actions in order to reduce 
demand and if the second procedure does not lower demand to desired levels a third procedure 
should take place and so on. The strategy for these procedures should be such that the actions 
with the least effect on comfort and operation should be implemented first and actions with 
more severe affects should follow in the next procedures.  (Motegi, Piette, Watson, Kiliccote, & 
Xu, 2007)  
Global temperature adjustment; A common way to reduce energy consumption in regard to 
heating is to change the global temperature set point, which the overall temperature set for the 
larger part of the building. The global temperature adjustment system applicability requires 
some sort of central control like direct digital control (Motegi et al., 2007). It is supposed to be 
the most effective way to achieve a reduction in demand without having failures of the system 
(Escrivá-Escrivá, Isidoro, & Alcázar-Ortega, 2010). The temperature is normally changed to 
decrease the difference between the indoor temperature and outdoor temperature which 
consequently decrease the energy needed to maintain the indoor temperature. The energy 
required to hold an area colder or warmer than its surroundings will increase positively 
correlated to the difference between the area and the surroundings. For systems where the flow 
of air is constant the temperature will vary in order to keep the area at a desired temperature. In 
order to shed energy-demand the temperature of the cooling or heating medium could be set to a 
temperature closer to the surroundings. The compressor will require less energy since the flow of 
the medium will be reduced. (Motegi et al., 2007) 
Dangers involved with global temperature adjustment is mainly that it can cause the system to 
intensely start a cooling or heating process. It is therefore important that the ventilation control 
unit is programmed in such way that it is synchronized with the demand reduction period and 
allows the temperature in the affected area to change without energy input. (Motegi et al., 2007) 
Load interruption and pre-heating; Heating require significantly larger amounts of energy 
compared to cooling for grocery stores in Sweden (Fyhr et al., 2013). Pre-heating is a strategy 
where the temperature inside the building has been reduced during a period of time and a return 
to the set point is wanted for a specific time. In order to reduce an energy spike when the system 
is trying to reach the set point pre-heating can be performed in order to receive a more even and 
less energy intense temperature increase. The system then starts to heat the building some time 
before the targeted time and thereby decrease the effects of the system being very energy intense 
for a short period of time. (Escrivá-Escrivá et al., 2010) 
Performing pre-cooling or pre-heating can be a way to obtain conditions that makes load shifts 
possible. The procedure is performed such that a change in temperature is made during 
depending on demand for electricity, the strategy is to reduce electricity consumption when the 
overall demand is high. The ability of the building to store energy is decisive regarding the length 
of time the load reduction can be performed. (Vakiloroaya, Samali, Fakhar, & Pishghadam, 2014) 
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Robust buildings with high thermal conductivity will have less tendency to increase in 
temperature if the ventilation system is interrupted. External factors such as outside 
temperature and wind speed will also effect the time it takes for the internal climate to get 
uncomfortable. Though the period of interruption can be adapted to the time allowed for 
interruption. (Escrivá-Escrivá et al., 2010) 
The procedure is performed in order to reduce the energy consumption peak hours the indoor 
temperature is raised before the peak period such that the demand of heating is less during the 
peak hours. For buildings were the goal is comfort heating a set point is the determent for how 
much air needed in order to reach that temperature. The set point is set such that people residing 
in the space experience a comfortable environment (Escrivá-Escrivá et al., 2010). This type of 
control strategy is often associated with HVAC reduction during hours when the need of 
ventilation is less. After the reduction the temperature is lower than the given set point and the 
pre heating is therefore used in order to reach the given set point.  
Fan frequency and system pressure; For systems with variable air flow the temperature of the 
air will be held constant and it is therefore hard to implement a shed of energy demand by 
reducing or increasing the flow of the medium. The method is not desirable for this type of 
system since it requires the variable frequency drive or the inlet guide vanes to be locked. 
(Vakiloroaya et al., 2014) 
Air distribution activities is mostly common for VAV-systems. Direct control may be hard to 
implement in a system of variable air volume. This because the system is made up of various 
components that each dependent on various factors. A controlling system containing multiple 
parameter controls could therefore be a good compliment for achieving load shifts. Problems 
with HVAC-controlling is that the pressure for the whole building is set up by very few fans, 
often times just one. Therefore, the fan must produce the pressure needed for the point in the 
duct system that requires the largest pressure. Shutting slides in areas where the air flow can be 
reduced can be programmed to perform such actions when the need of airflow is low and thereby 
create a higher pressure in the areas where airflow must be higher. (Motegi et al., 2007) 
In order to reduce power demand for DR purposes the frequency of the fan can be set to a fixed 
frequency that is slower than the current frequency. There is two ways of implementing this 
solution as a part of DR-actions. The first option is to apply a fixed percentage limit to the fan, if 
the limit is set to 70 % then the fan cannot operate a speed more than that limit. This type of 
strategy depends on how the fan operates normally. A fan that operates at 100 % will experience 
a shed in demand if the speed is lowered to, for example, 60 % of the capacity. The problem 
arises if the fan already operates at a low capacity, the shed of demand would in that case be very 
little or perhaps none at all. An alternative to this type of solution is to program the fan into 
lowering its operation by a certain percentage of the current operation capacity. (Motegi et al., 
2007) 



32 
 

Rebound effects; DR actions that causes the system to consume high amounts of electricity in a 
later stage is known as rebound effects and in order to perform successful DR actions for HVAC-
systems these should be minimized (Escrivá-Escrivá et al., 2010). HVAC systems have a high 
tendency to produce a rebound effect after periods of load reduction. Severe rebound effects can 
cause system failures or economical failures that strikes away the benefits of demand decreasing 
actions. To minimize the rebound effect, the system needs to have a stepwise returning system, 
meaning that the supply of power to the fans and temperature of the air does not immediately try 
to compensate for the temperature and air quality that is apparent during the load reduction 
period. In order to minimize the power needed to return to the state before the power reduction 
a transition time period should be allowed. (Motegi et al, 2007) 

2.5.2 Lightning-controlling strategies 
On days when the sunlight is abundant it is not uncommon that whole buildings or parts of 
buildings are over lighted, naturally businesses with high amount of lightning are the best 
candidates for lightning reductions. Since lightning produce heat there is also a heating factor to 
consider, buildings with cooling demands will experience a reduction of the energy needed to 
lower the temperature in the building if lightning is reduced. (Achaa, Shahb, Ashfordc, & 
Penfold, 2012) 
The ways to implement lighting DR can be divided into two categories, absolute reduction and 
relative reduction. Absolute reduction is achieved by programming the present lightning level 
for times when DR is required. The configuration of this can differ, for example could the light be 
turned off for some part of the lightning fixtures or all fixtures could be allowed to be turned on 
at a lightning degree of 60 % of full capacity (Rubinstein & Kiliccote, 2007). The problem with 
absolute reduction is that the configuration that is preprogrammed does not consider present 
lightning and could therefore increase demand if lightning already is on a low level. The benefits 
are that it is usually relatively easy to implement and applicable for a lot of lightning controlling 
systems. (Motegi et al., 2007) 
Relative reduction means reducing loads with the respect to the level of lightning at the time of 
DR. Instead of reducing to a determined level the lightning is reduced by a percentage of the 
present level. This procedure will minimize the risk of raising the electricity used at times when 
the goal is to reduce the load. The system requires that the lamps or power output communicates 
with the controlling system and the implementation of this type system requires a more complex 
solution. (Rubinstein & Kiliccote, 2007) 
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2.5.3 Refrigeration- controlling strategies 
Several controlling strategies are available and can be used for defrosting of commercial 
refrigerated and storage cabinets. The most common techniques to initiate and terminate defrost 
cycles include time-temperature controlled defrost, time-pressure controlled defrost, 
temperature measurement, humidity measurement, Refrigerant Mass Flow Rate, Comparison 
of Air-Side and Refrigerant-Side Heat Transfer and optical sensors. 
Time –temperature controlled defrost; The most basic defrost control strategy used in grocery 
stores is the time-controlled defrost. The defrosting is predefined according to a schedule that 
initiates and terminates the defrost cycles. Since this strategy is not based on actual need the 
defrost cycle can be insufficient in duration resulting in non-complete removal of the frost. In 
other cases, the duration can be prolonged meaning more heat is supplied than required to 
remove the frost. By adding temperature-controlled termination improves the timed defrost 
strategy. In this technique the defrost cycle ends when evaporator temperature has reached a 
predetermined temperature or when defrost cycle has reached a predetermined duration, 
whichever occurs first. On the other hand, the temperature is only used to terminate a defrost 
cycle and as a consequence the possibility for initiation of a non-required defrost cycle still exist.  
Strategy based on both these techniques together is called time-temperature controlled defrost. 
(Hahn & Broyles, 1968) 
Time-pressure controlled defrost; Another technique that can be used in combination with 
timed defrost is the one based on pressure termination. In this technique the defrost cycle is 
terminated when evaporator pressure has reached a predetermined pressure or when defrost 
cycle has reached a predetermined duration, whichever occurs first. Even here the possibility 
exists to initiate a non-required defrost cycle since the pressure is only used for termination of a 
defrost cycle. (Rainwater, 2009) 
Temperature measurement; The temperature difference between the air and refrigerant within 
the evaporator is another indicator that can be used for initiating a defrost cycle. In this demand 
defrost strategy the air temperature within the refrigerated display case and the refrigerant 
temperature within the evaporator is measured. When the difference exceeds the predetermined 
limit a defrost cycle is initiated. The defrost cycle is then ended when refrigerant temperature 
reach a predetermined value or when defrost duration exceeds a given value. (United States of 
America Patentnr 6,205,800., 2001) 
Humidity measurement; Demand defrost strategy can also be based on relative humidity and 
used as an indicator in order to initiate a defrost cycle. In this technique the time between 
defrost cycles vary depending on the relative humidity level in the refrigerated space. With a 
relative humidity at 100 % in refrigerated space requires a timing interval of 12 hours between 
defrost cycles. As relative humidity decreases the time interval increases. (Bell, 1978) 
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Refrigerant mass flow rate; Another technique used in order to determine the initiation of 
defrost cycle is based on refrigerant mass flow rate through an evaporator. This strategy uses a 
control system that detects the variation in refrigerant flow through evaporator and based on 
that determines if defrost is needed or not.  The fact is when frost builds amount heat that can be 
removed by the evaporator decreases. In the end when the frost became too big the expansion 
valve that controls the refrigerant flow is unable to maintain a stable flow of refrigerant. The 
behavior of the valve changes in form of rapidly opening and closing and it is exactly this 
instability that indicates when the defrost cycle should be initiated. (Lawrence & Evans, 2008) 
Comparison of air-side and refrigerant-side heat transfer; The onset of evaporator icing in 
refrigerated display cases can also be determined using a technique that compare the air-side 
and refrigerant-side heat transfer. The heat transfer in refrigerant-side can be calculated by 
measuring temperature, pressure and flow rate of the refrigerant. At the same time by measuring 
the temperature of air entering and exiting the evaporator in combination with data on air flow 
rate the air-side heat transfer can be calculated. When the residual is significantly different that 
zero a fault has occurred in the refrigeration system. By monitoring the residual faults in 
refrigeration system can be detected which can be useful in order to initiate a defrost cycle and 
decide the duration time needed to smelt the frost. (Thybo, Rasmussen, & Izadi-Zamanabadi, 
2002) 
Optical sensor; Fiber-optic sensors can also be used in order to determine ice thickness and to 
control the operation of a defrost cycle both in terms of whether to initiate a defrosting but also 
to determine the duration time needed. Two types of fiber-optics sensors are available reflection 
and transmission type sensors. The first mentioned operate by shine light on the ice surface and 
receive reflected light. The intensity of the reflected lighting is analyzed in order to determine the 
ice thickness.  Reflection fiber-optics sensors must be mounted perpendicular to the ice 
formation for proper operation. Transmission fiber-optics sensors consist of a separate light 
transmitting device and a light receiving device. The devices are mounted parallel to the surface 
of the evaporator and in line-of-sight of each other. As ice grows the transmission of light 
between the devices will be blocked. This output voltage from the transmissions sensors 
indicates whether the ice thickness is below or above the line-of-sight. (Paone & Rossi, 1991) 
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 Summary  
Figure 14 illustrates a brief summary of the theoretical framework. 

 
Figure 14- Theoretical Framework Summary 

 Demand response in this study is defined as following: 
“Changes in electric usage by end-use customers from their normal consumption patterns in 
response to changes in the price of electricity over time, or to incentive payments designed to 
induce lower electricity use at times of high wholesale market prices or when system reliability is 
jeopardized” (U.S. Department of Energy, 2006, s. 6) 
Before deciding which DR approach or DR program to select there are several factors that each 
electricity costumer must consider in the decision making. It is on local level the most important 
guidelines must be formed such as maximum allowable interruptions during a day/season, 
maximum amount of load reduction during a day/season, a set of critical loads, production or 
operation systems that must be on at any point in time and last but not least 
production/operation requirements (Dam et al., 2008). It is essential to understand own 
electricity demand in order to manage it. Creating a holistic view over electricity consumption 
and mapping the different load profiles simplifies the investigation for finding possibilities for 
changing load-shape during a period of time with or without advanced technological devices. 
Depending on the type of operation in combination with available controlling systems four 
different load categories can be identified uncontrollable, reparameterizable, interruptible and 
shiftable (Soares et al, 2012). 
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The technical systems in grocery stores include refrigeration, lighting and HVAC (heating, 
ventilation, and air conditioning). Refrigeration in supermarkets consists of two main groups, 
direct and indirect systems. The difference is on however the refrigerant circulates only in 
machine room or even in sales area where the display cases are placed (Arias et al, 2004;). 
Several factors are of importance when investigating influences on refrigerator and freezer 
energy consumption. Ambient temperature, door opening, thermostat set points and defrosting 
are such factors with large impact on the refrigeration system and must be taken into account 
(Saidur et al, 2002; Meier, 1994; Lawrence & JA, 2008; Parker & Stedman, 1992). Other 
parameters to consider with large impact on refrigeration system’s performance are in terms of 
legislations and regulation formed to support consumers. Food legislation addresses at which 
temperature intervals different product categories should be preserved and how the placement 
of foodstuff should occur in stores.  
Lighting is an important component of marketing the products within the stores, by making 
certain goods and spaces extra exciting and very exposed, while other parts can be toned down. 
Several factors must be considered when lighting is installed such as number of luminaries 
needed, the structure of placement and the fulfilment of different illumination requirements. 
The ability to control the lighting systems depends a lot on the type of ballast used in the 
fluorescent luminaries and the connection structure (Wall, 2005). Several guidelines have been 
developed in order to guide store owners in constructing good visual conditions both for 
consumers and staff in line with illumination requirements.  
In order to maintain the desired comfort level and indoor air quality conditions in grocery stores 
there is a need of well-functioning HVAC-systems. Factors to take into account when considering 
HVAC-systems’ energy consumption are system design, geographic location and controls (Tasou 
et al., 2011). What distinguishes grocery stores from other types of commercial buildings is the 
areas that locally generate significant cooling and heating. Therefore, the access to a suitable 
HVAC system is necessary in order to smoothen the temperature difference (Fyhr et al., 2013). 
Swedish Work Environment Authority's regulations (AFS 2009: 2) addresses many issues 
oriented toward HVAC system highlighting the importance of obtaining well-functioning system 
to maintain the right conditions for consumers of stuff in terms of air quality and ventilation.   
Other operational parameters with large influence on all above mentioned systems are more 
related to the concept of food retailing and include business practices, store format, product mix, 
shopping activity, geographic location, operating hours and quality of operation (Tasou et al, 
2011). 
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3 METHODOLOGY  
In this chapter describes study’s approach and the method used to achieve the purpose of this 
study. The reader can take part of how different choices have been proceeded and the reason 
behind them. Detailed description presents for each data source used for gathering the 
empirical material and how the empirical findings have been analyzed.  

 Research approach  
As mentioned earlier DSM is not a new phenomenon and DR particularly has been studied 
earlier for other sectors. The focus in this study was to describe the potential for DR in grocery 
stores which belongs to another sector that has not been investigated to a great extent, at least 
not in Sweden. By having a descriptive purpose the goal is to understand more about a 
phenomenon that is already proven in previous researches, but the knowledge about it is limited  
(Yin, 2007; Blomkvist & Hallin, 2014). Qualitative research method is best applied for detailed 
explaining of a complex phenomenon with multiple sides (Bryman & Bell, 2011; Blomkvist & 
Hallin, 2014). Describing how the technical and operation part of grocery stores influence the 
potential for DR was not a simple task. Many parameters were of importance and have been 
included in this study both regarding the technical and operational side.  Therefore, the 
phenomenon in focus has been considered as multisided. As a consequence, it was important to 
depth study single grocery stores to get detailed empirical data in order to understand the 
complexity of the phenomenon which in turn led to a better description of potential for DR. 

 Theoretical framework 
Theoretical framework of this study was mainly based on academic articles with focus on 
definitions, concepts and previous researches related to the research area. It was essential to 
start by creating a suitable understanding of the research area in order to have sound basis for 
achieving the purpose with this study. The theoretical framework was also the ground for the 
interview guides that were created later on and useful part for the analysis.  For finding relevant 
academic articles related to subject of this study Mälardalen University’s databases have been 
useful. Science Direct, IEEE Explore and Google Scholar databases were used for that purpose. 
Key words used in the searching process were the following: “electricity demand side 
management”, “potential for demand response”, “demand response in commercial sector”, 
“demand response in residential sector”, “potential for demand response in industries”, 
“Demand response strategies”, “Defrosting”, “HVAC-systems” “refrigeration system” and 
“demand response in grocery stores”.  Since the number of hits have been large it was necessary 
to limit the time horizon and focus on the remaining ones.  Therefore, the focus has been on 
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researches that has taken place as of 2000. It has been exceptions in some cases due to the 
importance of material that has been highlighted in some articles.  

 Research design  
In a case study the focus is on studying a phenomenon in its real context based on one or more 
cases.  The reason is that it is not always possible to distinguish the phenomenon from its real 
world. Therefore, case studies are more suitable for research questions related to “how” and 
“why” questions. Another important characteristic of case study is the diversity of sources for 
data collection in form of interviews, observations, documents and archive material. This brings 
detailed empirical data which enables to capture real world complexity. One more distinctive 
feature of case study is systematic approach in the sense that each election must be argued and 
motivated both in selection of cases and data collection methods. (Eisenhardt, 1989; Yin R. , 
2007) 
Generalizability of case study research has been a topic for discussion over the years. The 
question has been how can a single case be representative to other cases? It is obvious that it is 
very difficult unless impossible in some cases. Therefore case study researchers are more 
interested on details in a single case and use it as base to claim theoretical generalizability 
(Bryman & Bell, 2011). By that means that in the end of study the researcher discuss the result 
obtained and investigate how it can be applied for similar cases and try to understand the 
complexity of the phenomenon. The diversity of data sources associated with case studies 
provides a great opportunity to understand a phenomenon that has not been investigated in a 
large scale and theories about it are limited. As a consequence, case study researches can be 
useful in developing grounded theories for new phenomenon or existing phenomenon with 
limited literature. To explain all steps made and to work in a systematic way will reduce a lot of 
this criticism. When the reader gets clear explanations, reflections and arguments regarding 
different selections it will be easier to follow the researcher during the study. (Yin, 2007; 
Eisenhardt, 1989) 
A review of previous studies that have focused on DR in the industrial and residential sectors 
shows that different research designs have been used in form of case studies, surveys and 
experiments. The aim with each study has been crucial for the selection of research method. In 
examination of drivers and barriers regarding DR in different groups of electricity consumers, 
quantitative research has been used in form of surveys. In investigation of how new business 
models can affect the consumers’ ability for response on electricity price has experimental design 
been used based on different prototype models (Persson, Berg, Fernlund, & Lindbom, 2012). 
Another study was focused on investigation of conditions for DR for medium sized electricity 
costumers where case study was selected as a research design. The study included 40 companies 
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representing different industries. Interviews were the primary source for the empirical data. 
(Cronholm, Forsberg, & Stenkvist, 2006) 

 Selected grocery stores 
Reviewing Swedish grocery market, it was found that few big actors have dominant position. 
ICA, COOP, Axfood and Bergendahls represents the four largest players in the market. Thereof 
some with a long history and others new-established. COOP and ICA belongs to the first group 
while Axfood and Bergendahls are the new ones. The common factor for all is domestic origin. As 
a result, the majority of Swedish people do their shopping in a store belonging one of these 
grocery chains. In the early 20th century foreign actors began to penetrate the Swedish market. 
Danish Netto and German Lidl established in Sweden 2002 respective 2003. One of the reasons 
behind the late penetration of foreign companies in Swedish food retail market belongs to the 
market structure and the high degree of concentration caused by few large actors. There are also 
smaller grocery stores that do not belong to any group. (Swedish Board of Agriculture, 2012) In 
the figure 15 presents the percentage of total sales in 2014 for respective actor.  

 
Figure 15 Percentage of sales in 2014. Change in share compared to last year available in brackets (DLF,DELFI,HUI-Dagligvarukartan, 2015). 

ICA Group AB is a retail company with 1314 own and proprietor-run stores in Sweden, with 
common wholesale system. The group operates in Sweden, Norway, Estonia, Latvia and 
Lithuania. ICA can be considered as an association of many smaller businesses where each store 
is responsible for own finance and personnel. The ICA-stores are categorized depending on their 
size, including ICA MAXI, ICA Kvantum, ICA supermarket and ICA Nära. ICA Group is 40% 
owned by the Swedish Hakon Invest AB and 60% of the Dutch company Royal Ahold N.V. (ICA 
Group AB, 2015)Total sales amounted to 121.1 billion (SEK) year 2014. The distribution of sales 
for respective store format is visualized in figure 16.   
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Figure 16- Each profile's share of total sales (DLF,DELFI,HUI-Dagligvarukartan, 2015). 

In this study ICA was considered as a good candidate for exploring in regard to the dominant 
position in the market with a share of more than 50% and in regard to the diversity in store 
formats available in the market. By describing how the technical and operational parts in ICA’s 
store formats influence the potential for DR the purpose of this study have been fulfilled.  

 Data collection  
In this thesis three data sources have been used for empirical gathering: interviews, documents 
and direct observations. The main focus has been on using each source in a right way separately 
but also to make them point to the area of investigation that this study covers. By interviewing 
key person in retail company, store managers in grocery stores, collecting available material on 
electricity usage and observing the reality by investigating how the different technical parts are 
working a large range of details on phenomenon were gathered. More details about the 
framework regarding each data source is presented in the coming sections. 
The data sources used in this study are common in case study researches. The varieties of data 
sources have been enabled a diversity in empirical data. The main idea with using different data 
sources was to use them as a complement to gather a suitable empirical material in order to 
understand the complexity of the phenomenon. The challenge by having different data sources 
was to make them point to the same sets of “facts” which is also a common challenge in case 
studies researches (Yin, 2007). 
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Figure 17-Visualization of data sources used for empirical gathering(own). 

 Presentation of interviewees  
In order to create a holistic view over ICA as retail company and to understand how the different 
store formats operates in terms of technical and operational characteristics it was preferred to 
start with a key person within the retail company that is familiar with ICA’s store formats and at 
the same time near the area of investigation for this study. By contacting the company, it was 
found that they have an energy strategist responsible for energy questions and at the same time 
familiar with the concepts of the different store formats. Thereafter the energy strategist was 
contacted and an interview was kept. 
In the next step the focus was shifted to store managers in the different store formats. The aim 
was to investigate how the conditions for respective store format in form of technical and 
operational characteristics influence the potential for DR. Each store format has a store manager 
that has the responsibility and is familiar both with the technical and the operational part of the 
business. Therefore, it was essential to interview a store manager from respective store format 
for a better assessment of potential for DR. The selected store formats were active in Mälardalen 
region. Geographical reason and availability settled the choice of these study-objects.  
The store managers and energy strategist have chosen to remain anonymous in this study. All 
interviews have been conducted in personal meeting with a timeframe of approximately one 
hour.   

 Semi –structured interviews  
Interviews are powerful tool to gather data in a simple way and very common in case study 
research. For the structuring of interview questions for this study it was important with question 
of open character. To include respondents’ perceptions and ideas about the phenomenon was 
essential in order to capture a lot of their experiences. And not only focus on facts which 
characterizes the qualitative research  (Yin, 2007). It was meant to have a free discussion even if 
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the interview was controlled through the interview guide. The interview guide was based on 
general topics for the questions that were coordinated with the subjects mentioned in the 
research question. 
The results from interviews varies in some cases despite that questions have been asked in a 
similar way. Respondents’ interpretation and knowledge level in the different questions had an 
impact in this context. From reliability point of view it can be either positive or negative 
depending on whether the answers contradict or complement each other (Bryman & Bell, 2011). 
In this study the answers were of second type and in combination with supplementary questions 
all perspectives were covered. Some of supplementary questions have been developed during the 
conversation, other in advance in connection with preparation work before each interview. To 
use supplementary questions is not a new concept and is common in semi structured interview 
performance. (Yin, 2007) 
Regarding the performance of interviews for this thesis study interview guide was sent to the 
respondents a couple of days in advance through email. The purpose of the study was also 
included in order to use the time of interview more efficient and focus on the questions. The idea 
with giving interviewees time for preparation was meant to result in more specific answers. The 
interviews were always performed by two persons. One led the discussion and the other one was 
responsible for keeping notes and contribute if required. In cases when interviewees accepted to 
be recorded a transcription were made and reviewed by them to guarantee the quality of 
answers. Appendix 1 and 2 includes all questions discussed during the interviews.  

3.7.1 Operationalization of the questions in the interview guide-key person 
Interview guide for the key person was consisted of two parts operational and technical. In the 
beginning the operational part of the operation was on focus containing store formats, range of 
goods/services, opening hours and energy policy as topics.  Questions were structured in way 
that enabled the understanding of concepts used in the different store formats within the 
selected retail company. It was also meant to get an idea about the variation of activities linked 
to each concept. The second part was toward the technical part of the operation and aimed to get 
a clear view of electrical equipment available and the diversity depending on store format. 
Another purpose with this part was to investigate available controlling systems associated with 
the different electrical equipment. Electrical equipment, electricity consumption, operation time 
and opportunity for control were the covered topics.  
Table below summarize the operationalization of questions and topics. The first column to the 
left represents the topics mentioned earlier. The second column is aimed to show the questions 
belonging each topic and the last column represent the section of the theoretical framework that 
cover respective topic.  
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Table 6-- Summary of topics, questions and related sections in theoretical framework for interview with key person. 

3.7.2 Operationalization of the questions in the interview guide -Store 
managers 

Interview guide proposed for store managers was been made of two parts technical and 
operational. The identical topics in both parts were Lighting, refrigeration, and HVAC. The 
interview guide was constructed in a way to capture both the technical and operational 
dimension of respective topic. With the technical part it was aimed to map existing electrical 
equipment and available controlling systems for respective topic in the different store formats. 
The operation part was more oriented toward the requirements and guidelines that must been 
followed during the operation. It was also of interest to investigate the operation time of each 
process and factors of importance in that context. Last topic in the interview guide even called 
DR actions was created to include the opinion of store managers regarding DR actions that can 
be applied during period of time and investigating driving forces for implementing such 
programs. Additional purpose was to investigate the type of DR approach that best feed this kind 
of businesses. 
Table 7 summarize the operationalization of questions and topics. The first column to the left 
represents the topics mentioned earlier. The second column is aimed to show the questions 
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belonging each topic and the last column represent the section of the theoretical framework that 
cover respective topic.  

 
Table 7- Summary of topics, questions and related sections in theoretical framework for interviews with store managers. 

 Observations  
Additional source for gathering empirical data was through direct observations made in the store 
formats that were object for investigation The observations were mainly oriented toward 
refrigeration system there two parameters were of interest. The first object was freezers and 
refrigerated display cases temperatures. As the theoretical framework highlighted there are 
regulation oriented toward each product category where allowable temperature intervals are 
given. At the same time previous researches indicated that refrigerated display cases set-points 
have a large influence on electricity consumption. The observation was aimed to clarify to what 
extent the regulations are kept and if margins exist. The tool used was a software called iwmac. 
The software is connected to the refrigeration system’s existing automation allowing the control 
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and monitoring of the plant. It also logs all data and visualize it on internet. The software enables 
to change temperature threshold and defrosting time by using PC or mobile.   
The first step of the observation was to look through refrigeration system overview using iwmac. 
The picture below visualizes the homescreen of the software. As the picture illustrates the 
freezers and refrigerated display cases are numbered. The number and temperature of respective 
display case was noted. The second step included identification of product category belonging to 
respective display case. By going through the store the freezers and refrigerated display cases 
were found and the category of products was identified.  

 
Figure 18-Homescreen of the software iwmac(ICA Supermarket). 

The table below presents the date and time needed for observing the different store formats. 
Note that the time required differ depending on the size of the store since larger sales area 
requires more display cases.  

 
Table 8- Details on observations oriented toward temperatures of refrigerators and freezers. 

The second parameter that has been observed was defrosting in refrigeration system. It was 
important to get a view of how defrost schedule is designed, the strategy used regarding 
controlling the defrosting both when it comes to initiating and terminating defrost cycles and 

Store format Object Tool Time Date
Ica Maxi Temperatures Internal software 15:31-16:28 7-4-2016
Ica Kvantum Temperatures Internal software 11:02-11:40 18-4-2016
Ica Supermarket Temperatures Internal software 11:01-11:32 11-4-2016
Ica Nära Temperatures Internal software 11:01-11:25 15-4-2016
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also to realize the impact of defrosting in terms of power. ICA supermarket was the only store 
format willing to be observed regarding this parameter and deposed one person from the staff 
for this purpose. The person from the staff was proficient in software iwmac that once again was 
used for gathering the needed inputs. Both the defrost schedule and how a defrost cycle in 
refrigeration system influence the electricity consumption were recognized.  

 
Table 9- Detail on observation of defrosting of refrigeration system. 

 Documents  
The documents received from the respondents were another source of importance for the 
empirical part of this study. The received documents were mainly in form of energy reports. 
Energy strategist had compiled an internal energy report containing average electricity 
consumption per store format, specific electricity distribution on the different technical parts 
inclusive the electricity intensity of the different store formats. Store managers in turn offered 
reports containing energy details regarding their own operation with extra focus on electricity 
consumption. The reports contained private details and therefore it was not allowed to attach 
them in this report.  

 Analysis of empirical data 
In the analysis the theoretical framework has been used to interpret and explain the empirical 
material in order to describe the potential for DR in grocery stores. Both the technical and 
operational part has been included for respective studied system in the analysis. The figure 
below illustrates the approach in the analysis and conclusions in chapters 5 and 6.   

 
Figure 19-The figure illustrates the procedure for analysis and conclusions in chapters 5 and 6(own). 

Store format Object Tool Time Date
Ica Supermarket Defrosting Internal software 14:00-15:15 21-4-2016
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 Research quality  
Two of the most prominent criteria for evaluating qualitative research are validity and 
reliability. The assessment of the quality for this study is based on trustworthiness’ four criteria 
(credibility, transferability, dependability and confirmability) developed by Guba and Lincoln 
that is equivalent to those in qualitative research (Bryman & Bell, 2011, ss. 41-43). Since 
measurement is more common for quantitative researches it was necessary to add measurement 
validity to trustworthiness indicators since one part of observations included measurements on 
freezers and refrigerators temperatures in the different store formats.  
Credibility; This criterion is related to internal validity, meaning to what extent the reality of the 
phenomenon is captured (Shenton, 2004). In order to ensure that the phenomenon has been 
investigated deeply triangulation has been used as a tool. By using different data sources such as 
interviews, documents and observations sufficient qualitative data set could be achieved that 
enabled to study the phenomena from different points of view. The compiled theoretical 
framework presents detailed description of the area of investigation and gives the reader wide 
overview on the complexity of the phenomenon. The theoretical framework makes it possible for 
the reader to determine to what extent the empirical findings are oriented and related to the 
phenomenon. The content is mainly based on academic articles from reliable journals. For 
ensuring the quality of data gathered from respondents the interviews have been summarized 
and sent back to them to control the content as a way to avoid misunderstanding and at the same 
secure that the data is valid.  
Transferability; This criterion is related to external validity( generalizability), meaning to what 
extent the findings of this study can be applied to other contexts (Shenton, 2004). As it was 
mentioned earlier researchers in case study are more interested in understanding the complexity 
of the phenomena there theoretical generalizability can be obtained by discussing how the 
results can be applied for similar cases (Yin R. , 2007). This study has been focused on Swedish 
largest actor in grocery market with a market share more than 50%. By interviewing the energy 
strategist in ICA that had an overview over store formats particularities and comparing it with 
data achieved through store managers it became possible to discuss the results of this study for 
ICA Retail Company as a whole giving the reader a view over potential for DR in Swedish grocery 
stores.  
Dependability; This criterion is related to reliability and refers to the stability of findings over 
time (Shenton, 2004). The design approach and process used for answering the research 
question have been reported in detail there all choices made during the process have been 
argued and motivated enabling the reader to follow the approach used for answering the 
research question. Dependability was also established by using peer examination where the 
research process and findings have been discussed with neutral colleagues in seminars arranged 
by Mälardalen University and with supervisors with experience of qualitative research. 
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Confirmability; This criterion is related to objectivity (Shenton, 2004). It is not a simple task to 
ensure real objectivity since questionnaires and study approach are designed by the researchers. 
Therefore, many steps have been taken to ensure as far as possible that the results obtained are 
based on informants’ experiences rather than preferences of researchers. Once again 
triangulation was an important tool to reduce the effect of investigators bias, since more than 
one data source has been used. At the same time by allowing an external supervisor to check the 
interview-guides before performing the interviews minimized the effect of investigators bias and 
preferences.  
Measurement validity; This criterion is related to the stability of measurements (Bryman & Bell, 
2011, s. 42). As mentioned earlier, observations were an important part of empirical gathering 
which included measurements of freezers’ and refrigerators’ temperatures in different store 
formats. The factor that indicate good validity for measurements in this study is above all that 
same tool (iwmac) has been used for mapping the temperatures in the refrigeration units. It is 
also worth to mention that same tool is used by store formats themselves to ensure that the 
temperatures of different product categories are within the allowed intervals given by food 
legislation. The tool shows different output depending on when temperatures are observed. 
Operational activities in form of wrapping of goods, costumers’ activities in form of opening and 
closing doors inclusive defrosting time for respective refrigeration unit influence the 
performance of refrigeration units and affect the outputs. This in turn did not prevent the 
fulfillment of the purpose with the observations since by studying different refrigeration units in 
different stores it became easier to estimate which temperature intervals are applied for the 
various product categories. The measurements emphasized the relationship between 
requirements given by food legislation and the refrigeration temperature kept by the stores.  
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4 THE ICA PERSPECTIVE ON DEMAND RESPONSE 
POTENTIAL 

This chapter presents the empirical material gathered via data sources mentioned in 
methodology. The presentation is divided into three parts. The first, called Energy strategist 
overview, outlines the input given by the interview with ICA’s energy strategist. The second 
part aims to present the inputs received from Store managers in the different store formats. 
The final part named observations clarify the results achieved by observing freezers and 
refrigerated display cases’ temperatures and defrosting of refrigeration systems. 

 Energy strategist overview  
In the following presents the inputs received from energy strategist there store formats, range of 
goods, opening hours and energy policy belongs to the operational part. Electrical equipment, 
electricity consumption, operating time and controlling systems are topics oriented toward the 
technical part. 

4.1.1 Store formats  
On the issue of what distinguishes the store formats Nära, Supermarket, Kvantum, Maxi the 
respondent mentioned that the size of a store is the main determining factor. There are 
guidelines for each store format regarding size, range of goods and opening hours but the 
storeowner determines the grade of fulfilment of these guidelines. Though most of the stores that 
have a certain format also falls within the set format guidelines, there is also examples of stores 
that exceed or falls short of them. The reason is that geographic and demographic parameters 
allows the store to sell some special items that may require extra store area. For example, the 
format ICA Nära has an average total area of 600 m2, but it exists several stores within that 
concept that have a significantly larger store area. There is also examples of stores that gradually 
have been extending their range of goods and consequently their store are but stayed in the same 
format. Furthermore, the respondent mentioned that it is not practical to have huge stores in 
urban neighborhoods, both concerning building size but also due to the customer behavior. Most 
of the costumers in such areas have a tendency to make unplanned small purchases while 
customers in larger stores often make larger purchases with a higher degree of planning.  Despite 
the differences in size, range of goods and opening hours and format the basic concept of the 
stores is the same, which is food retailing. The respondent expresses that daily operational 
activities such as delivery procedures is very similar independent of the store format though it is 
just a matter of doing the same activities in a larger scale. Activities like baking and various kinds 
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of food processing becomes more comprehensive for larger stores. In the table 10 presents the 
total amount stores per store format and the average total area for respective category.  

 
Table 10- Store chains in ICA Group AB  (ICA Group AB, 2015). 

4.1.2 Range of goods 
Regarding the range of goods, the number of articles varies largely between stores in different 
formats. The size of the store is decisive for broadness of the product range since more products 
require more sales space. Location of a store is another factor of importance in this context. The 
respondent expressed that there is a grade of adaption to the needs of consumers in the area of 
operation. It is common to find stores belonging to the same format with a large difference in the 
range of goods. The high flexibility and power in decision making available for ICA storeowners 
let them have a high degree of freedom in terms of the formation of the assortment such that it 
fits their customers in a way they feel is successful. 

4.1.3 Opening hours  
The opening hours is adapted to the consumer patterns where the store is located. Although 
there are not strict guidelines for opening hours, there is some limitation due to the Working 
Hours Act. Stores are on average open 15 hours per day and usual opening hours is 7-23 and 8-
22. Stores located in rural areas often have shorter opening hours due to less competition and a 
difference in consumer shopping patterns.  

4.1.4 Energy policy  
Due to more modern and energy-efficient installations, the electricity consumption of ICA stores 
has been decreasing recent years. Store managers and storeowners have invested in new, energy 
efficient, equipment that have replaced or improved existent equipment resulting in better 
energy performance. Both the property and business operation have been in focus in this 
process. ICA’s energy policy consists of three parts; adjusting, optimizing and investing. The first 
term concerns improvement of employees' knowledge and attitude through education, in order 
to make them familiar with a more efficient use of energy intensive systems. The second term is 

Ica Group AB Number of stores Average total area m2
Ica Nära 677 624
Ica Supermarket 432 1588
Ica Kvantum 123 3783
Ica Maxi 82 8731
Total 1314
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oriented toward existing equipment with a goal to implement investments of small scale in order 
to improve the energy performance. This area includes investments in speed controllers for 
chillers and fans or control of heat recovery. The last part includes investments of larger scale in 
form of acquisition of new equipment or controlling systems in order to reduce energy 
consumption. 

4.1.5 Electrical equipment  
The larger stores have larger amounts of miscellaneous electrical equipment such as ovens and 
grills. The Maxi stores often contain fully equipped bakery plants were products can be 
manufactured from scratch while the Nära stores only contain a small oven to heat already 
prepared goods. The strategist highlighted that the age of the electrical equipment in the ICA 
stores varies significantly which also is shown on the energy performance. ICA have 
recommendations concerning the performance of new equipment. A store that invests in new 
lighting will be recommended to use LED as lightning source. ICA has also stated an internal 
goal of having refrigerants replaced before 2017 instead of 2020, which is required by 
regulations.        

4.1.6 Electricity consumption  
Electricity consumption in stores peak at opening, lights are switched on, refrigeration curtains 
are removed, air curtains start to operate etcetera. In addition, it is common that deliveries of 
goods occur in the morning. When the goods are packed into the refrigeration units it usually 
creates a higher demand of cooling power. Outside temperature and relative humidity of the 
outside air affects the electricity, especially refrigeration that require significantly larger amounts 
energy for cooling and defrosting when the humidity in a store is high. The electricity 
consumption decreases when the stores close but is still at a high level according to the 
respondent. Continuously processes are one of the reasons such as keeping food cold in order to 
follow food legislation. On the other hand, suppliers’ plug-in refrigerators that are running 24-
hours a day is a major problem given the difficulty to handle them. 
The distribution of electricity consumption between the technical systems in stores is similar, 
regardless of store format. The largest electricity consumer is the refrigeration system, standing 
for approximately 40-50 % of total electricity use. The lighting is the second most electricity 
consuming system, standing for approximately 20-30 % of the electricity. Remaining 20-25 % of 
electricity consumption is consumed by ventilation and miscellaneous equipment. On an energy 
per square meter basis, the smaller stores are more energy intense mainly because refrigeration 
cover a larger part of a smaller store compared to a larger.  Table 11 presents how electricity 
intensive the respective store format is according to calculations made in 2007 and 2014. The 
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percentage distribution of specific electricity usage in the average ICA store is illustrated in 
figure 20. 

 
Table 11- Electricity consumption per m2 and year for ICA’s different store formats years 2007 and 2014 (Energy-Strategist). 

 
Figure 20-Distribution of specific electricity usage in the average ICA store (Energy-Strategist). 

4.1.7 Operation time  
The operation time of the electrical processes is strongly related to the opening hours of a store, 
available requirements for respective system and the characteristics of the process itself. The 
strategist mentions that there are processes of continues character such as refrigeration systems 
that are on all the time since the products must be preserved in right conditions following the 
food legislation. By that even when the stores close they are still running for that purpose. 
Operation time for lighting is also related to the opening hours of a store in combination with 
other factors depending on whether it is about inside or outside lighting. Inside lighting starts 
when the first personnel arrive in the morning and are on until the store closes. Outside lighting 
is more dependent on the seasonal dimension in combination with the location of store format 
and is adjusted to the level of darkness outside. Even for lighting there are regulations requiring 
that emergency exits must be lighted even during closing hours, which leads to that some 

2007 2014 Development
Ica Group AB kWh/m2, year kWh/m2, year %

Ica Nära 677 624 -5,3
Ica Supermarket 432 1588 -7,4
Ica Kvantum 123 3783 -7,8
Ica Maxi 82 8731 -2,9
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Distribution of specific electricity usage in the average ICA store 
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lighting sources, are on all the time. HVAC systems are also started when stores open. Two 
starting approach can be identified in the different store formats. Some stores have been 
choosing to have successive start meaning that the system starts for the first section in operation 
followed by the other sequentially or simultaneously start for all sections in the store as a second 
approach.   

4.1.8 Controlling systems 
The available controlling systems varies a lot among the different technical processes. Today’s 
controlling systems are more oriented toward refrigeration and lighting processes. Two 
parameters can be controlled when it comes to the refrigeration systems; time for defrosting and 
thermostat set point. Defrosting of refrigerators is controlled by software that enables set the 
time of implementation. It is also possible to select between sequential or simultaneous 
defrosting. Some stores prefer to perform defrosts when the number of customer presents is low 
or at night. Defrosts normally occurs two times a day according to the strategist. 
The temperature in refrigeration and freezer-cabinets are controlled centrally in each store, with 
some exception for very old refrigeration systems. Freezers for example have a limit of -18 degree 
Celsius and for every degree colder the strategist estimated an increase of electricity 
consumption by 3%, which in turn results in higher electricity cost for the store. Grocery stores 
belonging to ICA recommends -20 degree Celsius as a limit in order to guarantee that the 
temperature of the products do not exceed requirements.  
The strategist expressed that it is possible to regulate the lightning in stores, though the degree 
of control and how the lighting can be controlled differs depending on installation. When new 
stores are built they usually use similar kind of systems recommended by ICA but there are no 
rules that the lighting must be installed in a certain way and therefore installations and 
controlling functions may look different between the stores. System controlling functions also 
differs depending on the age of the system.  
It can also be possible to select which zoon to be lighted in some stores according to the 
strategist. For example, some stores try to not have 100% lighting when only the staff is present 
in the building. The strategist express that they are trying to affect store managers to light the 
store on a presence basis. In the morning personnel arrive at different times depending on their 
area of work, it is therefore unnecessary to light the entire store when work actions only take 
place in a small section of the store. 
The degree of control is minimal when it comes to the suppliers’ plug-in furniture according to 
the respondent. Neither lighting nor temperature is controllable in most cases. The respondent 
highlighted that they have begun impose requirements on suppliers’ plug-in furniture in order to 
make them more controllable and energy efficient.   



54 
 

Usually property owners have the responsibility for HVAC-system in store buildings. The 
property owner regulates the different processes in HVAC system and ensure that it works as 
expected. It is essential to obtain the right conditions both for the costumers but also for the staff 
in work. When it comes to the heating system it can be said that ICA’s stores are almost self-
sufficient. Heating system utilize the heat from refrigerators for heat recycling and in case of 
need district heating can be bought to cover the difference.   

  Store formats profiles  
This section presents data gathered from store managers. The first part outlines key-indicators 
based on internal reports and documentation of energy consumption received from the 
respondents. This is followed by a presentation of the information from the interviews. It is 
divided into an operational and a technical part for the discussed systems. The last part of the 
chapter presents the store managers’ view on DR actions. 

4.2.1 Key-indicators  
In the table 12 presents opening hours, total area, total electricity consumption and electricity 
consumption per sales area for the investigated store formats.  

 
Table 12--Key indicators on investigated store formats ( store managers). 

In order to get a view of how electricity consumption is distributed during the day an annual 
average electricity consumption per hour per store format for year 2015 is presented in the 
figures 21.  
    
     

Key indicators ICA Nära ICA Supermarket ICA kvantum ICA Maxi
Opening Hours 7-22 8-21 7-22 7-23
Total Area[m2] 1 105 1 301 3 509 10 800
Total electricity consumption [KWh] 555 515 625 078 1 230 234 3 437 716
Electricity consumption per sale area [Kwh/m2] 502 480 351 318
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Figure 21-Annual average electricity productions for all store formats in same graph (Store managers). 

4.2.2 Design and control of the lighting system  
There are different lighting sources in the store used for different purposes. General lighting is 
covering the entire operational area, designed to give a light suitable for good customer 
experience and working environment. The lighting type used for general lighting in the studied 
stores is exclusively T5- fluorescent lamps. Spotlights are used to highlight particular shelfs and 
store areas in order to boost product exposure and customer experience. The lightning sources of 
the spotlights differ; the managers express that halogen spotlights often are replaced by LED as 
their life time ends. The Kvantum manager expressed that they have removed most of their 
spotlights since it was perceived as excessive. It was expressed that 10 years ago the mentality 
was to install as much lighting in possible since it was believed to increase sales, but recent years 
the opinion have shifted and store managers are starting to remove unnecessary lighting.  
Refrigeration lightning is included in both the central refrigeration system as well as in the plug 
in furniture. The lighting in the central refrigeration can be controlled centrally, though it cannot 
be dimed or step less decreased. The respondents expressed that plug-in refrigeration rarely gets 
installed in such way that it can be controlled separately. Commonly the lighting source in a plug 
in does not have its own switch off button which implies that the lighting can only be switched 
off as the cooling function is switched off. The maxi respondent expressed that they had installed 
timers for some of the plug-ins, which cut the power during closing hours. 
Outside lighting is mainly used for advertising boards, parking, and security purposes. The 
respondents expressed that this lightning is controlled by a relay reacting on daylight. Maxi did 
recently change the lightning to LED.  
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The difference between the store formats is in amount lighting fixtures which has to do with 
sales area according to the respondents. Naturally a larger store requires more lighting power 
but the purpose and pattern of lighting usage stays the same according to the respondents.  
The available controlling systems for lighting are of simple character according to the 
interviewees. The opportunity that exist is only about switching on and off lighting in different 
zones.  In other words, the degree of lighting cannot be steered. At the same time, it was 
mentioned that the property owner has the responsibility for lighting system, but since the stores 
stands for the electricity costs the system is adjusted to the requirements and operation pattern 
the stores have. By that all changes must been made through the property owner. The lighting 
system is also controlled by a timer and it is possible to have different time interval for the 
different zones in the store. Even lighting in refrigeration units are steered with a timer and are 
switched off automatically when store closes. Regarding lighting in plug-in furniture the 
respondents expressed different views. Those who had older models said that it was not possible 
to control the lighting whether those who had newer variants mentioned that lighting can be 
steered separately. Even spot lights used in the different zones could be steered by the lighting 
system. 

4.2.3 Refrigeration management   
The refrigeration units placed in the store are of various types. There are both vertical and 
horizontal refrigerators and freezers inclusive refrigeration rum. The different refrigerated 
display cases are in turn connected to the refrigeration unit placed in machine rum since the 
refrigeration system is centralized. The last period the refrigerant of refrigeration system has 
been swapped to CO2 following the new guidelines that will take place 2020. There is also some 
plug-in furniture in the store especially those from the suppliers. All refrigerated cabinets have 
lids and doors a step that has been taken in order to implement local policy that aims to promote 
the environment, but also due to economic benefits.  The interviewees highlighted also that the 
size of a store determine the amount and size of refrigeration units.  
Regarding the controlling systems, the managers agreed on the different regulatory functions 
available in the system. They mentioned that the refrigeration system is steered centrally based 
on a software called iwmac developed for that purpose. The software is accessible through smart 
devices such as PC and mobiles. In other words, the store owners have the possibility to control 
the refrigeration system even from distance through their phones if required. Several parameters 
could be controlled through this software, such as time at which defrosting occur inclusive 
duration time and thermostat setting position. It was also mentioned that an external part has 
the responsibility for controlling the refrigeration system which has been adjusted to the 
operation’s needs and desires. 



57 
 

 Several requirements were pointed out by the respondents. For example, it is essential for 
defrosting to be performed during closing hours or during periods of low customer presence 
since it could affect the business negatively. Particularly the defrosting of freezers can be noticed 
by the costumers either by the smell or the moisture on the lids. Additional requirement to take 
into account in the formation of defrost schedule is the load curve where a smooth curve is to 
prefer due to price formation of electricity rates. 
 Defrosting in refrigerated display cases occur via electrical heating elements. The duration of a 
defrosting varies depending on many factors, but generally it takes 30 min for a defrost cycle. 
The managers expressed that defrosting of freezers occur mainly before the opening of the stores 
sometime between 2 am and 6 am, but for refrigerators it can occur at any time of the day. Plug-
in units are not included in this system but they may be equipped with timers which can be used 
switch them off during closing hours.  
In regard to thermostat setting position food legislation clarifies which temperature intervals 
should be applied for different product categories and has been taken into account in formation 
of the system. By using iwmac the temperature of each section in the freezers and refrigerators 
can be steered. The system has also an alarm function meaning that each time something wrong 
happens with the system it sends signal to the responsible part. In case temperatures exceed set 
points an alarm is triggered to the company that monitor and maintains the system which in 
turn calls to the store and personnel sent to check the refrigerator to see if there is a problem as a 
first step. It could be a door that is not closed or a defrosting that has been shifted in time. If the 
problem remains, the store has to reconnect the responsible company that perform a more 
detailed troubleshoot.  

4.2.4 Maintenance and control of the HVAC system 
Heat and cooling is provided by the ventilation system for all of the stores, the systems have 
cooling and heating batteries included in the ventilation-system which controls the inlet 
temperature of the air provided to the store. Heat recovery systems is used for energy efficiency 
purposes in the Supermarket, Kvantum, and Maxi stores. The main part of the energy savings is 
made by utilizing the heat generated by refrigeration systems in order to heat inlet air.  
The Supermarket store manager expressed that the store had been self-sufficient of heat since 
their installation of a new HVAC-system, approximately two years ago. Meaning that no heat 
other than the heat generated from the refrigeration had to be purchased. It was mentioned that 
a small amount of electricity was purchased for c 
ooling purposes during some extreme summer days. The Supermarket manager also mentioned 
that they have experimented and tested various configuration settings with the HVAC-system. 
The testing was performed cooperation with a company that maintains the system by order of 
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the property owner. It was expressed that they finally found decent settings. When testing the 
store manager wanted to achieve a system that could maintain a stable climate in the store that 
was appreciated by customers and personnel. It was expressed that since the last change of 
settings the store had maintained a comfortable climate during the hot days in summer as well as 
during cold days in winter. Still, when there are extreme outside temperature changes from one 
day to another the system have problems to adjust for those changes and consequently causing 
periods with store climate not being superb. It was believed that the reason for this is because of 
the thermal inertia of the building due the amount of air it is conserves and it therefore takes 
time for the system to adjust for rapid changes of outside climate.  
The change in HVAC-system was performed at the same time as refrigeration-system was 
renewed. The renewal of the refrigeration system included replacement of refrigeration furniture 
equipped with lids and doors. It was then revealed that the installation of lids and doors 
decreased the cooling of the store environment. The decrease in cooling of the store created a 
need for air conditioning of the store environment in order to keep a comfortable environment of 
the store. The Nära manager also mentioned that the climate of the store had become more 
uniform after putting lids and doors on the refrigeration furniture.  
The Nära store have some parts of the store exposed to large window areas which caused even 
larger temperature differences during sunny days, before lids and doors were installed. It was 
mentioned that a temperature of 17-18°C was desirable within the store during winter time but it 
was allowed to go higher during summertime. It was expressed that customers were well clothed 
during wintertime hence the temperature could be as low as 17°C, while in the summertime 
people have less clothes and the temperature could then be allowed to increase. It was also 
highlighted that around refrigeration units the surrounding was cold and while in other areas it 
could be warmer due to sun radiation or food processing equipment that generates heat. Another 
factor of importance regarding the inner temperature had to do with the personnel, usually 
personnel working in the refrigerated areas perceives the environment as too cold while 
personnel working in areas whit high amounts of sun radiation or high density of customers the 
environment is perceived as too hot. The respondents that had installed lids and doors of their 
refrigeration expressed that the temperature difference of the store areas had been reduced, 
while the refrigerated areas still is perceived as colder than other areas it had become a big 
difference after the installation 
The Maxi respondent expressed that they have faced technical problems with the HVAC-system, 
resulting a need to purchase district heating in order to cover the difference between heat 
demand and heat input from the recovery system. It was expressed that the intention is to cover 
as much as possible of the heat demand by the heat recovery system but as system failures 
appear heat there is no other option than to use the district heating connection and purchase the 
heat. The Maxi respondent expressed that they had experienced problems with the HVAC-
system, causing days when the ventilation functioned very poorly or did not function at all. 
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Heating to the store was mainly provided through a ventilation heat exchanger which 
accordingly was also effected by the failures of the system. During these periods the change in 
climate in the store was notable but did not cause implications that effected the business 
substantially. Also in this case the respondent believed that the size of the store provides an 
inertia that enables the building to keep good air quality for a long duration even if the 
ventilation system function poorly.  
Regarding controlling systems toward HVAC system same functions were mentioned by all 
respondents. It is possible to reduce or shut down the system by timer programming. Ica Maxi 
have tried using this type of configuration by reducing the ventilation during closing times. It is 
also possible with sequential starting allowing separate steering for respective section of the 
store. Another parameter that can be controlled is the inner temperature where different zones 
can be handled differently. This kind of operation requires such controlling possibilities since the 
machineries available in the different sections affect the inner temperature in different ways 
highlighted ICA Maxi’s store manager. Cool coming from freezers and refrigerators decreases the 
inner temperature while heat coming from bakery plants increases it.  There is also an alarm 
function allowing the property owner to be informed if unforeseen events occur. As mentioned 
earlier the property owner is responsible for HVAC system and has access to all controlling 
systems. By that all changes must be done through him.   

4.2.5 Sequentially and simultaneously initiation for lighting 
Two starting methods for lighting system have been identified by the respondents sequentially 
and simultaneously. In the first one the switch on of the lighting happens in different steps in the 
morning startup of the store, the sections that starts early will just switch on the lighting 
connected to their work and as more procedures take place more sections of the facility are 
switched on.  In the second one all lighting sources switches on at the same time when the first 
person arrives in the store early morning. The respondents pointed out that even if the store 
opens at given time following the opening hours, personnel in some sections must be in place 
earlier in order to complete preparations to be ready to open such as in case of bakery section. 
Generally, it can be said that all lighting sources are on year-round during the opening hours. 
Outside lighting is more season based and is switched on in different interval depending on if it 
is summer or winter since it adjusted to the darkness level.  
The requirements that must been taken into account regarding the lighting system is above all 
those oriented toward making the right conditions for costumers enabling free movement and 
clear vision of prices for products according to law. Costumers must have such lighting level that 
enable them to check the quality of the products in the store according to the interviewees. 
Additional requirement of importance is that to have lighting on in the emergency exits in regard 
to safety and crime issues. Therefore, some lighting sources are on even during closing hours.  
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4.2.6 Refrigeration a system with continuous character  
The refrigeration system is operating constantly since the products must be preserved in a cold 
condition, consequently the refrigeration system can be considered as a continuous process. On 
the other hand, the performance of refrigeration units can differ between different time 
intervals. When the store is open costumer activities in form of opening and closing the 
refrigerators and freezers doors, which results in higher electricity consumption since the 
machinery must work harder in order to maintain necessary conditions. New deliveries often 
take place in the morning which increase load of the refrigeration when the products are being 
placed into the furniture.  
The Kvantum manager highlighted the fact that lids and doors on refrigeration units make the 
temperature distribution within the refrigerators much more even. Refrigerators without lids 
and doors require a lower set-point temperature in order to build a cooling barrier between the 
surrounding air and the air close to the goods. Another factor of importance is the lighting within 
the refrigerators and here mean the interviewees by installing LED-lighting produces lesser heat 
in comparison to the conventional ones leading to a lower cooling demand from refrigerators. It 
was also indicated that to keep the same temperature in all points in a refrigerator is not possible 
due to opening and closing of the doors, since heat from surrounding comes in. 
The available requirements regarding refrigeration system is mainly toward products 
temperature. The food legislation clarifies what temperature intervals should be obtained for the 
different types of goods. For frozen products the requirement is -18°C and for chilled products an 
interval of 2°C to 8°C is required. They agreed that some margin must exist in order to ensure 
that the goods are being held under required temperatures. On the other hand, there was a 
disagreement regarding the size of the margins. In some stores the freezers are kept at - 23°C 
and in others - 22°C in average. Regarding chilled products, no exact figures were given but all 
tries to be on the safe side and margins exists even there. For fruits and vegetables there are not 
given requirements but a cold environment keeps them in good quality for longer duration and 
some of them are therefore kept in refrigerators. The managers also agreed on the set-points 
used for each good category in the different sections of display cases. It was pointed out that 
there are controlling actions performed continuously by the staff in order to check the 
temperatures of the various products as a kind of security check. 

4.2.7 Two starting up methods for HVAC system  
The starting up of HVAC system in the different stores occur in two ways. In some stores HVAC-
system is programmed to start when the store opens meaning simultaneously starting for all 
sections. In other stores occur sequential starting a section at a time depending on whether each 
section starts in the morning. Otherwise it can be said that the system is almost off during 
closing hours with some exceptions. The factors that affect the performance of the system are 
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activity level in the store both in terms of costumers’ activities but also operational activities. The 
outside temperature is another factor that determine the performance of HVAC system. Seasonal 
variation creates challenges that the system has to deal with in order to maintain suitable 
conditions in the store. Another point that has been considered in the formation of HVAC system 
is how machineries in different zones within store react with the surrounding in order to manage 
differences in regard to heat exchanging issues.  
Regulations oriented toward HVAC system that must been taken into account are those written 
in Work Environmental Act and Swedish Planning and Building Act. According to the 
respondents the current system is based on these requirements and it has been of high 
importance to create right conditions both for the staff and costumers. 

4.2.8 Demand Response-actions  
The respondents view over how electricity is consumed within the operation were not identical. 
Some store owners have got assistance from energy-consultants in order to map their energy 
consumption, which has resulted in detailed data regarding the different technical processes. 
The reason behind mapping the energy consumption was to understand the performances of the 
technical processes in order to decrease the total energy consumption. It became easier to 
understand how large post each single item consumes in terms of electricity according to the 
interviewees. ICA supermarket store manager mentioned that in order to get more details 
regarding the performance of technical processes smart devices had been implemented in the 
different electrical equipment as a way to keep track on amount electricity consumed during the 
operation time. The other ones that was more passive had only a general view in terms of total 
electricity consumption, with minimal details. The respondents referred to the diagram 
presented in the introduction of empirical chapter and highlighted that the smooth of power 
curve is identical in the different store formats and only the power differ due to the differences in 
size. The pattern is of same character highlighting that the electricity is evenly distributed during 
opening hours.  
Regarding DR actions and electrical loads that can be removed, reduced and shifted during 
periods of time the interviewees were agreed on the whole. It has been highlighted that pure 
technically many actions can be implemented but the operational part of the operation might 
prevent them. Largest opportunities for DR actions can be found in refrigeration system. 
Particularly defrosting is a process that can be rearranged in way that best fit external factors 
such as electricity price. It is not difficult to rearrange the defrosting schedule based on new 
criteria as long the store requirements are fulfilled. Absolutely most important requirement is to 
not have defrosting of freezers when many customers are present in the store. One of the 
respondent highlighted that it is also possible to somehow control the distribution of the 
costumers during a day or week by implementing discount programs for that purpose. It has 
been implemented such discount program that was aimed to move segments activities from peak 
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to off-peak demand periods and it was a successful strategy. It can be used in combination with 
DR actions to minimize the operational effect. However, defrosting as a process can be shifted to 
another time period without affecting the operation in a large scale. It is also possible to change 
thermostat setting position in a way that reduces the electricity consumption during few hours 
without affecting the operation. The idea is basically that the large margins that exist today can 
be reduced during period of time by changing temperature set points of the refrigeration units to 
exactly meet those in food legislation. Instead of having -24°C in freezers it would be technically 
and operationally possible to have just -18°C during a few hours following the food legislation. If 
a reduction in electricity consumption is required during a longer period of time it would be 
possible to exclude some of suppliers’ plugin furniture to obtain a lower total load during that 
period.  
The possibilities for DR actions in lighting system are more of limited character. The 
respondents consider that core lighting is difficult to shut down during period of time simply 
because it is not attractive as an action due to marketing reasons. The interviewees were very 
clear in their thinking by highlighting that each action that jeopardizes sales is not of interest and 
cannot be implemented. On the other hand, spotlights that are used in specific zones to make 
products more attractive can be utilized during period of time. To turn off such spotlights for a 
few hours will not affect the sales and operation in a large degree according to the interviewees. 
The respondent from ICA Nära mentioned that spotlights usually turns off for a few hours 
during summer period to avoid heat coming from them in order to maintain a suitable climate 
condition in the store. Therefore, it would be fully possible to implement this action for other 
purposes. Another possible action that was pointed out by the interviewees was to turn off every 
third luminary in a section. ICA Maxi’s store manager mentioned that this strategy has been 
implemented in some section to enhance spot lights effect. It was also expressed that 10 years 
ago the trend was to keep everything as exposed as possible and it was very important that 
inventory and display furniture looked new and fresh. But recent years that trend has shifted, as 
the debate concerning environment and energy have increased customers tend to be more 
understanding regarding activities that have an environmental friendly purpose. An 
environment with less intense lightning also causes a calmer environment. 
In regard to HVAC-system the respondents do not contribute with many suggestions. The reason 
is that the property owner is the one who monitor and maintain the system. There are no 
available options that store owners can make use of during periods of time. Even if the store 
owners can directly influence the system by impose requirements the process is slow and time-
consuming. It was also expressed that the system is of complex character and many parameters 
must be taken into account before making any changes. Uniqueness that this type of business 
holds in form of how various systems affect and integrate with each other makes it more difficult 
to implement measures toward DR especially when knowledge is not at a high level regarding the 
process. 
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In the issue of allowing an external part to have access to electrical loads within the operation 
and implement DR actions different opinions were noticed. Those who were against the idea 
expressed that it is always preferable to have fully control over own equipment and devices and 
therefore allowing an external part to control store’s electricity consumption can be hard to 
accept. Furthermore, it was expressed that the kind of incentives and type of agreement are of 
high importance and play a major role in accepting or rejecting such idea. The incentives should 
be formed in way that make it attractive to be an active partner but also the specification of the 
agreement should specify that the external part is responsible to fulfil regulation related to the 
different DR actions. Those who were positive to the idea pointed out that it is not wrong to 
cooperate with an external part that knows the area of knowledge with a wide experience. At the 
same time, it would be easier for the stuff to focus on core operation according to the 
interviewees. The only requirement is that there must be an agreement on the type of 
implemented activities. Further expressed the respondents that the idea to have an external part 
that has power in changing and operating in the operation is not new since many consults are 
helping them today with different processes such in case of refrigeration system. It was also via 
an external consultant the energy consumption was mapped within the operation added one of 
the interviewees. 

 Observations  
The product categories found in the different store formats were mainly of three types including 
chilled, frozen and deep frozen products.  The table presents the product categories belonging to 
respective type. Green color in table below is referring to the products are preserved in 
refrigerators with temperature above 0°C or close to 0°C. The product category that had a 
dominant position in chilled goods was dairy products and ready meals represented the largest 
share in the deep frozen category. 

 
Table 13- Product types and categories available in the investigated store formats(own). 

The observation of temperatures in freezers and refrigerators gave valuable information in line 
with the purpose of this study. The first remark concerns how products of different categories is 
distributed in freezer and refrigeration sections. Each sector mainly stored products belonging to 

Chilled Frozen Deep frozen
Dairy Ice Cream Ready Meals 
Ready Meals Fish
Poultry Vegetables
Fish Meat
Meat Cut
Meat Offal
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the same product category though some sections held products from multiple categories with 
different temperature requirements. Since the temperature of each section could be controlled 
and monitored by iwmac it was easier to follow the requirements given by food legislation for 
respective category. Table 14 presents one refrigeration unit from ICA supermarket to illustrate 
how the different sections are designed.  

 
Table 14- Refrigeration unit 9 in ICA Supermarket. 

As illustrated, the display case presented in the table 14 consists of 5 sections, two of them 
contain fish as product category and three of them poultry. The store owners avoided to put 
different product categories in same section. It was also remarked that all categories were not 
available in all store formats. Fresh fish for example was not found in ICA Nära and ICA 
Supermarket.  
The second remark had to do with the observed temperatures in the different display cases. 
Table 15 demonstrate a refrigeration unit from ICA Nära that only contained dairy products. As 
presented, sections hold different temperature even though the product category and set point is 
the same.   

 
Table 15- Refrigeration unit 2 in ICA Nära. 

Following observation shows that some product categories are kept in a refrigerated 
environment although it is not required by the food legislation. Table 16 shows how the 
Supermarket preserve vegetables in a refrigeration unit although no requirements are given. 

 
Table 16- Refrigeration unit 12 in ICA Supermarket. 

R Section Product Temperature [°C] Requirement
9 A Fish 1,0 0< °C <+2

B Poultry 3,6 0< °C <+4
C Poultry 3,0 0< °C <+4
D Poultry 2,4 0< °C <+4
E Fish 1,8 0< °C <+2

R Section Product Temperature [°C] Requirement
2 A Dairy 3,0 +2< °C <+8

B Dairy 3,6 +2< °C <+8
C Dairy 3,0 +2< °C <+8
D Dairy 2,4 +2< °C <+8
E Dairy 1,8 +2< °C <+8

R Section Product Temperature [°C] Requirement
12 A Vegetables 5,2 None

B Vegetables 5,3 None
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The temperature of all freezers and refrigerated display cases were observed in the different store 
formats. The observations are presented in Appendix 3 per store format in tables there the first 
column represent the type of display case. Letter “R” stands for refrigeration unit and letter “F” 
stands for freezer. The second column aims to present the product category. The third column 
contains the observed temperature and the last one includes the requirement given by food 
legislation.  
In table 17 the average value for each product category per store format is calculated based on 
Appendix 3. The first column refers to the product category and the last one represents the 
requirements given by food legislation. As presented, margins exist in all product categories but 
differs for the studied stores. 

 
Table 17- Average temperature for respective product category per store format(own). 

The second object observed was defrosting in the Supermarket store. By using iwmac software 
the defrost schedule was extracted, it includes defrosting both refrigerators and freezers and is 
presented in appendix 4 (table 1 and table 2). The first column in the tables concerns the 
refrigeration or freeze section. Column 2 to 7 illustrate the time each defrost cycle is initiated. 
The maximum duration time of respective defrost cycle is shown in column 8 and in the end how 
often the defrost cycle is occurred in terms of days per week. As the table 1 in appendix 4 shows 
six defrost cycles are occurred for each refrigeration unit with 4 hours-interval, all days a week. 
The duration time for all defrost cycles is a maximum of 30 minutes.  
 As presented in the table 2 freezers requires less defrost cycles there some of them needs only 
one. It is also worth to mention that the defrosting occurs during closing hours or when the 
amount of costumers is low. Additional fact is that two duration times are identified, 30 and 60 
minutes. By comparing the two tables it can be found that the defrosting of freezers has been 
designed in such way to as much as possible occur during time intervals there no defrosting for 
refrigerators takes place. 

Product Ica Nära Ica Supermarket Ica Kvantum Ica Maxi Requirement
Dairy 2.76 4.10 4.61 3.06 +2< °C <+8
Ready meals 1.68 3.60 1.25 2.94 +2< °C <+8
Poultry 1.53 0.36 1.90 2.27 0< °C <+4
Fish Unavailable Unavailable 1.70 -0.475 0< °C <+2
Meat cut 4.3 2.35 2.00 5.17 0< °C <+7
Meat offal 2.15 1.70 1.85 1.83 0< °C <+3
Ready meals -24.00 -24.73 -22.13 -21.38 <-18°C
Fish -25.00 -24.00 -22.33 -18.08 <-18°C
Vegetables -24.5 -27.37 -23.95 -19.68 <-18
Ice cream -23.00 -24.00 -22.38 -19.68 -10< °C <-18
Meat -25.00 -24.45 -24.70 -21.90 <-18°C



66 
 

Additional part observed was the influence of defrost cycles on power during an interval of 24 
hours. In the diagram below the green line represent the total power needed to drive the 
refrigeration system. The blue represents the total machine power which includes power needed 
for compressors, condenser fans etcetera. The red represents total power needed at the 
refrigeration units. 

 
Figure 22-The influence of defrost cycles on power(ICA Supermarket). 

Noticeably the refrigeration power spikes as defrosting’s take place and consequently the 
machine power goes down in order to shorten the defrosting process. The manager expressed 
that they try to perform defrosts during times when customers are not in the building. Looking at 
the graph it is indicating that most of the defrosts is performed during night even though it is 
also performed during opening hours for some of the refrigerated sections. The distribution is 
needed partly due to restrains in the electrical system, fuses are limited such that the only a 
certain amount of defrosting’s could be performed without power cuts. This is the main reason 
why the duration time of the defrosts is limited, in order to ensure that power is kept within the 
fuses capabilities. Another reason expressed by supermarket manager is that defrosts need to be 
distributed over time due to price tariffs set by the utility companies. The price paid for 
electricity is determined by calculations based on the power peak of an hour meaning that in 
order to receive smaller electricity bills the defrosting activities needs to be distributed in order 
to reduce the power peaks of the particular hour. 
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5 ANALYSIS  
The empirical findings have been interpreted and explained using the theoretical framework. 
The chapter consists of four parts including refrigeration system, lighting system, HVAC 
system and DR actions. In the analysis highlights both the technical and operational dimension 
for the studied systems. The last part called DR actions is more oriented toward store 
managers’ preferences and thoughts regarding the different actions that could be implemented 
when DR is required. 

 Refrigeration system 
The concepts included in commercial refrigeration were similar in the store formats. 
Refrigeration systems were centralized consisting of a central refrigeration-controlling unit 
located in a machine room. The central refrigeration unit in turn cools a secondary refrigerant 
(CO2) that circulates between the evaporator in the machine room and the display cases in the 
sales area. The refrigerant in refrigeration systems has been swapped to CO2 following the new 
guidelines that will take place 2020 (Swedish Refrigeration & Heat Pump Association, 2016).  
The refrigerated display cases are also similar there vertical and horizontal freezers and 
refrigerators were placed in different sections of the stores. What differentiate the different store 
formats in between is the sales area, the larger sales area is the more amount of refrigeration 
units are required. The size of the sales area influences the refrigeration system since the amount 
of components included in the system such as compressors and pumps differ depending on the 
amount display cases. Consequently, the more components are included the larger the power or 
load required from refrigeration system.  There were also different kinds of stand-alone or so-
called plug-in equipment and as highlighted earlier in such furniture the refrigeration system is 
integrated into the cabinet and is not connected to the central refrigeration system.  
The iwmac software enables online monitoring and controlling of thermostat setting position, 
defrosting time and duration. Operational suitableness formed the basis for the defrosting 
schedule. Preferably, no defrosting should occur during opening hours or during hours with high 
costumer activity in the store, especially for freezers that are extra sensitive and noticeable for 
the customer. It was also of importance that the defrosting spreads out such that power peaks do 
not cause failures to the electrical systems of the stores.  By considering defrosting schedule in 
appendix 4 (table 1 and table 2) and the load curve in figure 22 it is obvious that the 
requirements have been taken into account in the formation of the defrost schedule. Defrost 
cycles of the freezers are mainly scheduled during closing hours or during hours with low 
costumer and operational activity in the stores. Defrosting of refrigeration units with a 
temperature set point above 0°C occur approximately every four hours and is performed for 
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small groups of refrigeration units at a time, in order to avoid peak loads. The schedule 
emphasizes that the defrost control strategy used in these store formats is so-called time-
temperature controlled defrosting (Hahn & Broyles, 1968). The defrosting is predefined 
according to a schedule that initiate the defrost cycle. This means that the defrost cycle initiates 
regardless if it is required or not. In this strategy the defrost cycle terminates either when 
evaporator reaches predetermined temperature or when defrost cycle reaches the predetermined 
duration time. Consequently, many defrost cycles are initiated when no need exist but may also 
end without ensuring that the frost has been removed. Previous research has clarified the high 
energy -intensity of the defrost cycles, and when the method used is electrical defrost the process 
become more interesting from a DR perspective (Mei et al., 2002). Technically, store formats 
could offer DR actions by scheduling defrost cycles in a way that promotes DR.  Since both 
electric defrosts and natural defrosts is electricity intensive processes, these could be shifted 
when DR is required by rearranging the schedule. Therefore, the load of defrost cycle can be 
defined as shiftable by theory about load categorization (Soares et al., 2012). The characteristics 
of such load is that the working cycle can be postponed or preceded to another period of the day.  
The thermostat setting-position could also be controlled centrally in the refrigeration system. 
Theoretically, refrigeration units use less electricity when thermostats are set to a higher 
temperature. Researches indicated a reduction of 8% in electricity consumption for each degree 
increased (Hasanuzzaman et al., 2008; Saidur et al., 2002). The strategist confirmed this view by 
mentioning that internal calculations showed an increase in electricity consumption when the 
thermostat was set to a lower temperature. From a DR point of view, it would be interesting if 
such action could be offered during periods of time when DR is required. The equation to solve 
in this manner is to increase the temperature without affecting the available regulations given by 
food legislation. Such actions relate strongly to the operational part of the businesses and the 
size of margins existed in comparison with given temperature-intervals by food legislation. 
The requirements regarding products temperatures set by the Swedish Food Agency have the 
largest impact on the operational part of the refrigeration systems in the investigated store 
formats (Swedish food retail, 2007). Stores perform continuously controls in order to ensure the 
fulfillment of temperature requirements for the different products categories. The empirical 
findings both in terms of interviews and in terms of observations indicated two factors regarding 
thermostat set point. Firstly, a margin exists in relation to regulations, meaning that stores keep 
product items at temperatures lower than the maximum allowed. Managers expressed that lower 
temperatures reduce the risk of selling products that not meet required standards but it also 
made products last longer after the customer purchase. It is also to ensure that temperature 
requirements met during times when activity level of customer is high in the store. When 
customers pick items more air from the surroundings flows into to the refrigerator space, 
causing the temperature of the refrigeration area to increase. It is also a matter of what type of 
product item that is kept inside a certain refrigerator unit. Some items are more sensitive to 
rapid increases in temperature and therefore need a lower temperature than required in order to 
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keep ensure the quality. Following reasons and factors have been identified as explanation for 
the existence of margins in relation to the requirements given by food legislation: 

 To ensure that the goods actually obtain the required temperature 
 Activities in form of openings and closings of the doors reduces refrigeration efficiency 
 Absence of doors and lids on some refrigeration units results in direct contact with the 

surrounding resulting in lower temperature for products   
 Sensitivity grade of some goods requires a higher temperature than legislated  
 Lighting source in display cases emit heat that must been taken into account (if not LED) 

Many of the factors highlighted by the respondents as reasons for having margins in relation to 
food legislation requirements reappears in previous research that have been indicated the 
influence of such parameters on refrigerators and freezers performances. The opening of doors 
and the role of ambient temperature on the efficiency of refrigeration units have been clarified in 
many studies (Saidur et al., 2002; Masjuki et al., 2000).  
The average values for respective product category in table 17 clarifies that there are no given 
guidelines that follows. Central management recommendation of a freezer set point at -20 
degree is not applied either. It is noteworthy that margins exist for all product categories; chilled, 
frozen and deep-frozen. The fact that two different stores apply different set points emphasizes 
that it could be possible to lower the margins and still have fully functioning operation, given 
that they have similar conditions in terms of refrigeration system and design of refrigeration 
furniture. It must be underlined that the stores have different potential regarding changes in 
temperature. Factors like lids and doors on refrigeration units and the age of the refrigeration 
system act as boundaries regarding by how much the temperature can be changed. The aim 
would be to increase the refrigerator temperature closer to the highest limit set by the food 
legislation. This type of action could count as an energy savings activity if performed for a longer 
period while performing this type of activity for a shorter period due to some incitement would 
count as a DR action. Re-setting the thermostat set point represents an important possibility in 
terms of DR actions, which simply can be applied by re-programing refrigerator temperatures in 
iwmac. How large load reduction can be achieved depends on the margins, consequently the 
higher the margins are from the beginning the higher the reduction that can be achieved by 
raising the temperature set point. As consequence, such action in terms of load characterization 
belongs to a category called Reparameterizable loads; those that can been controlled 
thermostatically by managing the temperature set point (Soares et al, 2012).  

 Lighting system 
As indicated by earlier study the lightning in stores primary consists of T5-flourescent lightning 
(Swedish Energy Agency, 2010). Research also indicated that LED-lightning replace the T5 
sources in an increasing pace (Wall, 2005). The stores in this study act in the direction of earlier 
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research. All of the respondents express that as renovation and new builds take place LED 
usually is the preferred lightning. Respondents expressed that if renovations take place it might 
as well be best to install LED lightning because of its electricity savings potential and 
environmental benefits. Nevertheless, Maxi respondent mentioned that it is hard to motivate a 
replacement of conventional lightning to LED from a financial point of view. Even though the 
prices of LED-lightning have decreased, it is still expensive and in order to motivate such 
investment the environmental factor must be included.  
The controlling systems presented in theoretical framework regarding the lighting systems 
mostly considered two types of DR strategies; absolute reduction and relative reduction of 
lightning (Rubinstein & Kiliccote, 2007; Motegi et al., 2007). Lighting systems can be managed 
either by turning on/off lighting sources or by steering the lighting level by a percentage.  For the 
investigated stores the absolute reduction was dominant. The main lightning in all of the stores 
divided into sections that each one could turned on and off meaning that the system used for 
lighting dimming is completely analog (Wall, 2001; Ribarich & Contenti, 2002). 
The first strategy was identified in the investigated stores were the store managers could turn on 
and off lighting sources for different sections. It also included timer functions, enabling to 
preprogram time intervals for each section. All lighting sources are controlled centrally, except 
the lighting in plugin furniture. Pure technically this controlling system enable to implement 
lighting DR by simply preprograming the system when DR is required. In other words, 
storeowners can implement absolute reduction as a controlling strategy regarding lighting DR. 
By absolute reduction, it is possible to reduce the lightning by switching off one or two of the 
phases, which reduces the lightning by approximately 33 % respectively 66 %. One of the stores 
have already implemented this strategy. By switching off a third of the general lightning a better 
visual effect of the display of goods have been achieved, due to spotlight already lighting the 
shelves, according the Maxi manager. The empirical material also suggest that a trend of less 
lightning can be found among supermarkets in general, the Kvantum manager gave an 
impression that it has been noticed that excessive lightning necessarily leads to more sales. 
Alternative option in terms of absolute reduction is to turn off spotlights for certain sections. The 
respondent from ICA Nära expressed that such action has been implemented during summer 
period to avoid heat coming from them in order to maintain a suitable climate condition in the 
store, without causing large impacts on core operation. In terms of load categorization, such 
actions are considered as interruptible loads meaning that during short period at given time 
point such loads can be interrupted (Soares et al, 2012). Though it may be likely that these 
actions not only occur for a distinctive period of time and therefore becomes measures of energy 
efficiency rather than DR actions (Boshell & Veloza, 2008). 
The Work Environment Act in combination with Swedish Work Environment Authority’s 
regulations (AFS 2009:2) covers most of regulations toward lighting systems, which have been 
taken into account in the different store formats. The design of lighting system enables good 
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visual conditions for personal and costumers. At the same time, the lighting level is in such grade 
allowing the evaluation of products quality and make the price labels visible. In the Energy 
Agency compendium STEM many of requirements are oriented toward the operation of lighting 
system and system design, where the environmental perspective has been raised several times. 
The empirical material emphasizes that the stores is considering the environmental perspective 
since the structure of internal guidelines promote that dimension. Guidelines includes actions 
such as turning off lighting sources during closing hours, but even sequentially starting of the 
lighting system in the morning that applies in some stores indicated that the environmental 
dimension had been considered in the operational thinking. Lighting sources is also used for 
marketing purposes particularly in case of spotlights that are available in specific zones to make 
some goods more attractive. Regarding the operation time the perception that has formed is that 
inside lighting sources are on all the time during the opening hours. Outside lighting used for 
advertising boards and parking are adjusted to the outside darkness-level, meaning a varying 
operation time depending on seasonal variation. 

 HVAC-system 
At first glance the potential of demand response in terms of HVAC seems fully reasonable. 
Ventilation is usually over dimensioned from an air quality perspective, large amounts of air is 
replacing in order to decrease temperature differences between sections of the store (Fyhr et al., 
2013). This states that ventilation can be reduced without the exceeding pollution standards. 
Though a suitable inner climate condition for personnel and costumers is of high importance. 
Requirements and guidelines of the indoor climate is described in Work Environmental Act and 
Swedish Environment Authority’s regulations (AFS 2009:2) and has to be fulfilled. Empirical 
data emphasizes that the HVAC system is considered as complex from the store owners’ 
perspective. The type of operation and how the different machineries interact with the 
surrounding complicates the overall perspective.  
The managers’ level of knowledge regarding the HVAC system is not very high. They tend to 
know briefly how it works and know how to spot obvious system failures but in terms of less 
obvious problems with system performance and optimal operation the knowledge is limited 
along store managers and other personnel.  
For all of the stores heat through ventilation provides the main part of the heat demand, 
electrical radiators are used in office areas but the energy required to heat these areas are 
minimal compared to the energy needed to heat the store area. The three larger stores 
(Supermarket, Kvantum and Maxi) have installed a heat recovery system and uses heat from the 
compressors in order to heat the ventilation air. ICA Nära does not have a heat recovery system 
as well as no connection to the district heating grid and instead uses electricity in order to heat 
the air. The remaining stores have a heat recycling system included in their ventilation system, 
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though it is not enough to cover heat demand at certain times. To cover the gap between recycled 
heat and heat demand, heat is provided through the district heating system. This view 
corresponds to the view of the energy strategist whom expressed that the majority of the stores 
have heat recovery systems while there is stores that provide all heat through electricity or 
district heating.    
The controlling system used in the stores is mainly associated with global temperature 
adjustment (Motegi et al., 2007). The stores try to keep a steady indoor temperature which 
implies that the ventilation system adjust for the parameters affecting the indoor temperature 
since it is a key aspect for a comfortable environment in the store. The Maxi manager expressed 
that it has occurred system failures of the ventilation system, causing the air flow to completely 
stop. The interruptions lasted for as long as 12 hours but the respondent did not perceive the 
climate in the building to decrease substantially. The reason why the climate was not perceived 
as bad after a relatively long period of time may be explained by the conservation ability of a 
building of the size of the store. (Vakiloroaya et al., 2014). As the store can conserve large 
amounts of air the temperature of the building may require even longer times of interruption in 
order for the environment to be perceived as decreased. Just as temperature, the air quality was 
not perceived as decreased during and after the interruptions which may be explained by the 
same reason as the temperature, as the store conserves so much air it would require a longer 
interruption period in order for the air quality to be perceived as decreased.    
The same store has a frequency drive limit strategy during nights. As the store closes a stepwise 
reduction of ventilation flow occurs in order to reduce the energy required by the ventilation 
system while customers and personnel is not apparent in the store (Motegi et al., 2007). Before 
the store opens the ventilation is stepwise returned to a state too meet the activities in the store 
during opening hours.  The strategy of stepwise fan frequency drive limit may be a suitable 
action for large stores such as Maxi since the manager experience with the strategy is that it does 
not affect the business in a negative way. However, the managers’ opinions are not unified 
concerning the suitableness of stepwise reduction of the ventilation air.  The diversity of the 
opinions mainly concerns the stability of the system. The Supermarket manager argue that it is 
not suitable since it takes a substantial amount of time to receive a system that is optimal for the 
store. Therefore, it is unwanted to have a system where a DR-parameter is included, making the 
system even harder to keep stable. Others opinion is that it could be performed as long as the 
changes in indoor climate is kept within standards of the working environment, food legislation 
as well as the customer comfort is not affected in such way that it affects the core business.  
Of the researched systems (HVAC, refrigeration and lightning) HVAC is the system where store 
managers have least mandate to operate. The property owner has full responsibility for 
functionality and maintaining the system. Activities that change the operation of the HVAC-
system is therefore beyond storeowners’ authority. In terms of control, the respondents where 
unified and meant that it could be beneficial to be controlled since it implies that there will be 
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cooperation with an external part that has more knowledge within the subject of electricity and 
DR. Though the respondents expressed that knowledge of what type of load that will be 
controlled and what effects it will have on the operation of the business in order to participate.  
The load characterization associated with the HVAC system can be identified as 
reparameterizable and interruptible loads (Soares et al, 2012). A decrease of temperature in the 
store would not necessarily lead to a decrease of energy consumption. The stores equipped with 
heat recovery system may have excess heat capacity depending on the outside climate. The Nära 
store on other hand will have potential to decrease the temperature in order to decrease 
electricity consumption since their inflow of air is heated by an electricity battery.  In terms of 
changing the flow of air into the store and thereby decrease the air consumed by the ventilation 
fans it seems reasonable to believe that it is possible. Though literature stress that in order to 
perform such activities it a stepwise return strategy must be implemented correctly, otherwise 
the strategy might result in major rebound effects which is more associative with shiftable loads.  

 Demand response-actions  
The theoretical framework highlighted the importance of understanding and identifying the 
characteristic of an establishments own electricity consumption before deciding DR approach 
and mapping possible DR-actions that can be implemented when required (Dam et al., 2008).  
Many parameters must be included and considered in order to design a suitable strategy or 
policy. The empirical material indicated that the knowledge level regarding the electricity 
consumption over the different technical processes differ among the store formats. The reason is 
mainly due to some of them using consultants in order to manage with energy issues. Although 
this difference, store managers in general is sufficiently knowledgeable and has reasonable track 
on how electricity is consumed within their operation. Another important aspect to mention in 
this context is how close to reality the image created by the energy strategist is concerning the 
energy consumption of the studied stores. It indicates that the central management’s energy-
technical overview of store formats obtains high validity.   
In terms of DR programs it is more preferable to include actors with varying power curve were 
peak loads can be identified and adjusted in order to implement DR-actions when required 
(Goswami & Kreith, 2015). As figure 21 visualizes, grocery stores have a more even curve were 
distinguished peak loads are missing and from a theoretical point of view such actors are not the 
optimal participants for implantation of DR actions. Nevertheless, by including the definition of 
DR, which introduced in the beginning of this study the picture changes (U.S. Department of 
Energy , 2006). The definition is more oriented toward actions that can be implemented during 
periods of time as a reaction on high electricity prices or as way to maintain system reliability in 
case of troubles. Consequently, despite the electrical load characteristics the segment is still of 
interest in terms of DR as long as the potential for DR activities exist.   
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The respondents’ preferences on which DR-actions to be applied in the covered systems 
(refrigeration, lighting and HVAC) when DR is required shows clearly how the operational part 
of the business pervades their thinking. Managers agree that many actions can be implemented 
in respective system pure technically, but the operational conditions define the actions possible 
to implement. It is crucial for the store managers to account for how costumers would react on 
DR actions, highlighting that the degree of implementation for such actions depends on the level 
of acceptance by the costumers. This argument relates strongly to one of the challenges 
highlighted in the theory regarding DR development, namely lack of understanding regarding 
benefits of DR actions (Strbac, 2008). By making costumers familiar with the benefits of DR 
actions, a major barrier can come down leading to a greater potential to implement DR actions 
for the store managers. 
Preferable DR actions from store managers’ point of view are those less noticeable by the 
costumers. For example, the analysis confirms that the technical capability to change the defrost 
cycle as a DR action exist, though the consumers’ perception of a defrosting freezer limits the 
optionality to perform defrosts during opening hours 
Another parameter pointed out by the respondents as a key factor determining the degree of 
implementation of DR-actions is the available incentives. The incentives must be at a level that 
enables the store managers to take the risk associated with such actions. The core of the business 
is food retailing, actions that interfere with the business may therefore be looked upon as 
negative and hence the incentives must balance this in order to decrease doubt towards DR 
actions. The alternative cost of each action will be considered by managers, which is not a new 
finding. It has been shown that segments belonging to the commercial sector has a tendency to 
include alternative cost in the decision making (Linnarsson et al., 2013). Therefore, it is essential 
to form the incentives in way that make the participants of DR actions in this segment to accept 
implemented load changes in order to secure wide participation (Darby & McKennab, 2012). 
Additional point that appears when considering interviewees’ response regarding DR-actions is 
the time required to schedule such actions (Dam et al., 2008). It was mentioned several times 
that the rearrangement of defrost schedule is a time-consuming process and cannot be done 
instantly. At the same time, the longer the time interval in which DR is required the stronger 
actions could be taken. The time of the day when DR actions are required will also play a major 
role in defining the actions included in a potential program. During periods of high costumer 
presence, the potential is limited for some systems, as in the case with initiation of defrosting for 
freezers in refrigeration system. Therefore, the duration time and time of the day are important 
ingredients in decision-making and in the formation of DR strategy.  
The complex character of certain systems and complexity in applying DR actions due to 
advanced technologies may benefit by introducing of a third actor to manage the implementation 
(Callaway & Hiskens, 2010; Albadi & El-Saadany, 2008) . The question has been to what degree 
participants of DR programs prefer such development, allowing an external part to handle 
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internal electrical loads within the operation. Managers are of different opinion concerning this 
subject. Managers rejecting the idea argue that allowing an external part to manage DR actions 
reduce their authority over equipment and devices which is associative with risk. Having a high 
degree of control on the performance of technical processes is believed to be essential in order to 
ensure operational activities. Such approach is not new and has been addressed by other 
researchers emphasizing that participants of DR programs generally prefer full control the 
operation (Dam et al., 2008). Participants accustomed to control its own appliances may 
experience impaired comfort, allowing an outsider to manage some part of the operation (Mert, 
2008). Therefore, the respondents doubtful to the idea are clear by addressing the issue of who 
will be responsible for unforeseen events such as that the product categories do not hold the 
right temperature requirements. Managers with a more positive view argue that some systems 
are very complex to understand, spending time to manage such systems takes a lot of focus from 
the core operation. By allowing an external part to manage such systems free resources to focus 
on the core operation. For an external part to access the internal electrical load is not a new 
concept for grocery stores since the property owner has full control over the HVAC system. 
Consequently, the degree of acceptance for such an idea is dependent of how the cooperation is 
formed with the external actor, well-functioning cooperation for some actors will encourage the 
others to take the same direction. 
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 Summary  
Table 18 illustrates a brief summary of the analysis.  

 
Table 18- Brief summary of analysis. 

  

Object Load categorization DR-actions Comments

Defrosting Shiftable Rearrengement of 
defrost schedule

- Not suitable for short timeframe 
DR due to time consuming process.
- Installation of l ids and doors 
may increase the abil ity engage in 
DR-activities

Thermostat set 
point Reparameterizable 

Resetting set points 
closer to food 

legislation- 
requirements

-Temperature sensitivity of a 
product limit the abil ity to engage 
in DR activities                                          
-Lids and doors may create a better 
distributed temperature which 
increase the abil ity to engage in DR 
activities

General lighting Interruptible
Absolute reduction- 
switching off one or 
two of the phases

- The l ightning installation must 
enable an evenly distributed 
switch off.

Spotlights Interruptible
Absolute reduction- 

switching off in 
certain sections

- May be difficult to combine with 
general lightning DR.

Store temperature Reparameterizable 
Changing the global 

temperature set 
point.

- Relationship with property owner 
may complicate the 
implementation of DR actions

Decreasing the 
ventilation air flow

Interruptible/ 
Reparameterizable 

Fan frequency drive 
limit strategies

- Over dimensioned ventilation 
systems enable opportunities for 
fan frequency drive l imit 
strategies.
- Will  cause larger Temperature 
differences between areas within 
the store
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6 CONCLUSIONS AND DISCUSSION 
The aim with this study was to describe the potential for electricity demand response in grocery 
stores by identifying technical characteristics and investigating operational conditions within the 
business. Four ICA stores of different format were studied based on this purpose, which led to 
the following conclusions. 
The analysis indicate that the technical prerequisites enable the application of DR activities in a 
large scale. Core business and operation of the stores act as boundaries, determining which of 
the activities that could be implemented and to what extent the activities are allowed to cause 
disruption to the business. The technical capability for the stores to enroll in DR activities are 
based on the design and controlling ability of respective technical system. Operationally, 
conclusions of DR potential are based on regulations and requirements that has to be fulfilled by 
the store as well as the relationship between disruptions in the core business and DR activities.  
The analysis discloses two parameters in refrigeration system that could be steered centrally and 
be included in DR actions, defrost schedule and thermostat setting position. Defrost schedule 
was a parameter that could be rearranged based on given criteria, rearrangement will result in 
lower electrical load during periods of time when DR is required. Factors to take into account 
when implementing such action is that rearranging defrost schedule is a time-consuming process 
and the initiation of a defrost cycle for freezers should occur during periods with low amount of 
costumers preset in the stores. The potential related to the thermostat setting position is 
dependent on the actual margins in relation to food legislation requirements. To change 
thermostat setting position in a way that promote DR during periods of time was possible both 
from technical and operational point of view. On the other hand, the ability for applying such 
action differ among the different product categories. The sensitivity grade of products must be 
taken into account in this context as well as the installation of lids and doors for refrigeration 
furniture. It has been indicated that refrigeration furniture equipped with lids and doors have a 
more uniform temperature distribution and may therefore be less sensitive to a temperature 
increase. Food stuff kept in open refrigeration are more exposed to the climate of the store, why 
it is also more sensitive to temperature increases. Lids and doors also affects the amount of times 
freezer and refrigeration units must be defrosted. Generally, an installation decreases the 
moisture exposure of the cooling batteries and hence less amounts of defrosts needs to be 
performed.   Stores that have a large part of their refrigeration furniture equipped with these 
may therefore have more room to schedule defrosting suitable for a DR strategy.  
Regarding the lighting system, the analysis results in two specific actions that can be 
implemented when DR is required, switching off of spotlights and stepwise decrease of general 
lighting. It has been shown that general lightning can be reduced if the system is design in such 
way that it does not create sections of the store that is entirely switched off. One of the studied 
stores operate with a third of the general lighting fixtures switched off without effecting the 



78 
 

business noticeably. It has also been indicated that spotlights can be switched off during periods 
since one of the studied stores have removed most of their spotlights without experiencing any 
negative effects. Though it should be expressed that none of the studied stores have any 
experience from both reducing general lighting and switching off spotlights, an action that would 
decrease electricity consumption more but might also come with greater negative effects. It 
should also be stated that these actions are performed continuously and therefore qualify as 
energy efficiency actions rather than DR actions.  
The results from analysis show that grocery stores had less authority of the HVAC-system in 
relation to the other investigated systems, though there is potential for demand response. This 
study suggests that a decrease of indoor temperature and a decrease in ventilation air flow can 
reduce the electricity consumption of the HVAC-system. The systems are over dimensioned in 
terms of keeping air quality requirements while store managers’ express different views of a 
suitable indoor climate. It indicates that customers may not be very sensitive to the indoor 
climate which creates potential for DR actions. The intricacy of the HVAC system mainly lies in 
the stores relation to the property owner. In contrast to the lighting and refrigeration system, 
stores have less ability to control their HVAC system. To engage in DR-activities would require 
the store to have more authority to manage the system or to have the property owner included in 
the activities, which could be a barrier in terms of engaging in DR activities.    
The analysis show that the possibility to engage in DR activities are strongly related to when it is 
performed, duration time, and the time needed to set up the system. Incentives are needed to 
ensure wide participation to balance negative effects and alternative costs for the stores.  
Although the investigated objects are belonging to different store formats, with different sizes, 
opening hours and variation in selection range the conditions for DR potential are similar 
according to the analysis, technical characteristics and controlling systems are close to identical. 
The operational conditions indicated many similarities in terms of regulations and requirements 
since the businesses operate in same country and the basis was to follow the concept of food 
retailing. The general view obtained by energy strategist was consistent with empirical findings 
received from store managers emphasize that the probability is high that remaining stores in the 
ICA concept have same circumstances for implementing DR actions. As mentioned in the 
introduction of this study ICA stands for a large part of Swedish grocery market with a share 
more that 50% and therefore the identified DR actions are representative and indicates the 
potential for DR in Swedish grocery stores. 
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 Further research   
Several DR actions associated with refrigeration, lighting and HVAC systems have been 
identified during this study. Further research could focus on calculating the effect of such actions 
to express the potential for DR in grocery stores in terms of power (W or kW). By knowing the 
size of the electrical load it may be possible to discuss what role the food retail sector could have 
in a future were DR is a more significant mechanism on the Swedish electricity market.  



80 
 

REFERENCES 
Achaa, S., Shahb, N., Ashfordc, J., & Penfold, D. (2012). Optimal Lighting Control Strategies in 

Supermarkets for Energy Efficiency Applications via Digital Dimmable Technology. The 
25th international conference on efficiency, cost, optimization, simulation and 
environmental impact of energy systems (pp. 1-17). Perugia: Proceedings of Ecos 2012 . 

Albadi, M., & El-Saadany, E. (2008). A summary of demand response in electricity markets. 
Electric Power Systems Research, 78(11), 1989-1996. 

Alissi, M. (1987). ‘The effect of ambient temperature, ambient humidity and door openings on 
household refrigerator energy consumption’. West Lafay-, Indiana: Purdue University,. 

Allard, J., & Heinzen., R. (1988). Adaptive defrost IEEE Transactions on Industry Applications. 
IEEE Transactions on Industry Applications, 24(1), 39-42. 

Amar, K. M., & Mohammed, F. M. (2004). A review on energy conservation in building 
applications with thermal storage by latent heat using phase change materials. Energy 
Conversion and Management , 263-275. 

Arias, J., & Lundqvist, P. ( 2006). Heat recovery and floating condensing in supermarkets. 
Energy and Buildings, 38(2), 73-81. 

Arias, J., Claesson, J., Sawalha, S., & Rogstam, J. (2004). Effektivare kyla. KTH energiteknik, 
IUC. 

Bartusch, C., & Alvehag, K. (2014). Further exploring the potential of residential demand 
response programs in electricity distribution. Applied Energy, 125, 39-59. 

Bayod-Rujula, A. A. (2009). Future development of the electricity systems with distributed 
generation. Energy, 34(3), 377-383. 

Bel, C. Á., Ortega, M. A., Escrivá, G. E., & Marín, A. G. (2009). Technical and economical tools to 
assess customer demand response in the commercial sector. Energy Conversion and 
Management, 50(10), 2605-2612. 

Bell, C. (1978). Investigation of a Demand-Actuated Defrost System for Residential 
Refrigerators. Energy , 3(4), 479-483. 

Berne, C., Mugica, J. M., & Rivera, P. (2005). The managerial ability to control the varied 
behaviour of regular. Journal of Retailing and Consumer Services, 12, 151-164. 

Blomkvist, P., & Hallin, A. (2014). Metod för teknologer-Examensarbete enligt 4-fasmodellen. 
Lund: Studentlitteratur AB. 



81 
 

Boshell, F., & Veloza, O. (2008). Review of Developed Demand Side Management Programs 
Including Different Concepts and their Results. Transmission and Distribution 
Conferenence and Exposition: Latin America (pp. 1-7). Bogota: IEEE. 

Bryman, A., & Bell, E. (2011). Business Research Methods. New York: Oxford university press. 
Bullard, C., & Chandrasekharan, R. (2004). Analysis of Design Tradeoffs for Display Case 

Evaporators. Air Conditioning and Refrigeration Center . 
Callaway, D. S., & Hiskens, I. A. (2010). Achieving Controllability of Electric Loads. Proceedings 

of the IEEE, 99(1), 184-199. 
Dam, Q. B., Mohagheghi, S., & Stoupis, J. (2008). Intelligent Demand Response Scheme for 

Customer Side Load Management. Energy 2030 Conference (pp. 1-7). Atlanta: IEEE. 
Darby, S. J., & McKennab, E. (2012). Social implications of residential demand response in cool 

temperate climates. Energy Policy, 49, 759-769. 
Delgado, R. M. (2005). Demand-side management alternatives. 73(10), 1471 - 1488. 
Dennis Barley. (2001). An Overview of Residential Ventilation Activities in the Building 

America Program. Colorado: National Renewable Energy Laboratory (NREL). 
Djupfrysningsbyrån. (2007). Branschriktlinjer för temperaturdisciplin i hantering av kylda och 

djupfrysta livsmedel. Djupfrysningsbyrån. 
DLF,DELFI,HUI-Dagligvarukartan. (2015, 02 04). Dagligvarukartan 2015. DLF;DELFI-,HUI-

research. Retrieved from http://www.dlf.se: 
http://www.dlf.se/kunskap/dagligvaruhandel/marknadsinformation/dagligvarukartan-
2015 

Eisenhardt, K. M. (1989). Building theories from Case Study Research. Academy of 
Management Review, 532-550. 

Encinas, N., Alfonso, D., lvarez, C. A., Perez-Navarro, A., & Garcıa-Franco, F. (2007). Energy 
market segmentation for distributed energy resources implementation purposes. IEEE, 
324-330. 

Energy panel. (2013). Sveriges elpriser - En analys av den nordiska elmarknaden. Stockholm: 
Royal Swedish Academy of Sciences - Energy Panel. 

Escrivá-Escrivá, G., Isidoro, S.-H., & Alcázar-Ortega, M. (2010). Application of an energy 
management and constrol system to asses the potential of different control strategies in 
HVAC systems. Energy and Buildings, 2258-2267. 



82 
 

Faria, P., & Vale, Z. (2011). Demand response in electrical energy supply: An optimal real time. 
Energy, 5374-5384. 

Fell, M. J., Shipworth, D., Huebner, G. M., & Elwell, C. A. (2014). Exploring perceived control in 
domestic electricity demand-side response. Technology Analysis & Strategic 
Management, 26(10), 1118–1130. 

Finn, P., & Fitzpatrick, C. (2014). Demand side management of industrial electricity 
consumption:Promoting the use of renewable energy through real-time pricing. Applied 
Energy, 113, 11-21. 

Fox, E. J., & Sethuraman, R. (2006). Retail Competition. In M. K. Manfred Krafft, Retailing in 
the 21st Century (pp. 193-208). Springer Berlin Heidelberg. 

Fyhr, K., Lars, R., & Markusson, C. (2013). Energy efficient ventilation in Stores - recirculated 
air. Borås: Belivs. 

Georgilakis, P. S. (2008). Technical challenges associated with the integration of wind power 
into power systems. Renewable and Sustainable Energy Reviews, 12(3), 852-863. 

Gkatzikis, L., Koutsopoulos, I., & Salonidis, T. (2013). The Role of Aggregators in Smart Grid 
Demand Response Markets. Journal on Selected Areas in Communications, 31(7), 1247 - 
1257. 

Goswami, D. Y., & Kreith, F. (2015). Energy Efficiency and Renewable Energy Handbook, 
Second Edition. Boca Raton: CRC Press. 

Gottwalt, S., Ketter, W., Block, C., Collins, J., & Weinhardt, C. (2011). Demand side 
management—A simulation of household behavior under variable prices. Energy Policy, 
39(12), 8163-8174. 

Hahn, T., & Broyles, J. (1968). "Electronic refrigeration defrost control - Report of 
performance.". IEEE Transaction on Industry and General Applications, 4(1), 114-119. 

Han, J., & Piette, M. A. (2008). Solutions for summer electric power shortages: Demand 
response and its applications in air conditioning and refrigerating. Refrigeration, Air 
Conditioning, and Electric Power, 29(1), 1-4. 

Hasanuzzaman, M., Saidur, R., & Masjuki, H. (2008). Investigation of energy consumption and 
energy savings of refrigerator-freezer during open and closed door condition. Journal of 
Applied Sciences, 8(10), 1822-1831. 

Henderson, H., & Khattar, M. (1999). Measured Impacts of Supermarket Humidity Level on 
Defrost Performance and Refrigerating System Energy Use. ASHRAE Transaction, 
105(1), 508-520. 



83 
 

Henning, D., & Trygg, L. (2008). Reduction of electricity use in Swedish industry and its impact 
on national power supply and European CO2 emissions. Energy Policy, 36(7), 2330-
2350. 

Hoffenbecker, Klein, N., & Reindl, D. (2005). Hot gas defrost model development and validation. 
International Journal of Refrigeration, 28(4), 605-615. 

ICA Group AB. (2015). Annual Report. ICA Group. 
Kirschen, D. S. (2003). Demand-side view of electricity markets . IEEE, 520-527. 
Kosar, D., & Dumitrescu., O. (2005). Humidity Effects on Supermarket Refrigerated Case Energy 

Performance: A Database Review. ASHRAE Transactions, 111(1), 1051-1060. 
Lampropoulos, I., Kling, W. L., Ribeiro, P. F., & Berg, J. v. (2013). History of demand side 

management and classification of demand response control schemes. Power and Energy 
Society General Meeting (PES), (pp. 1-5). IEEE. 

Larsson, Ö., & Ståh, B. (2011). Smart ledning - Drivkrafter och förutsättningar för utveckling 
av avancerade elnät . VINNOVA–Verket för Innovationssystem . 

Lawrence, J., & Evans, J. (2008). Refrigerant flow instability as a means to predict the need for 
defrosting the evaporator in a retail display freezer cabinet. " International Journal of 
Refrigeration , 31(1), 107-112. 

Lindberg, C.-F., Zahedian, K., Solgi, M., & Rickard, L. (2014). Potential and limitations for 
industrial demand side management. Energy Procedia(61), 415-418. 

Lindberg, U. M., Axell, M., Fahlaen, P., & Fransson, N. (2008). Supermarkets, Indoor Climate 
and Energy Efficiency - Field Measurements Before and After Installation of Doors on 
Refrigerated Cases . International Refrigeration and Air Conditioning Conference.  

Linnarsson, J., Hollmén, S., Fritz, P., & Springfeldt, P. E. (2013). Förutsättningar och 
drivkrafter för olika typer av elkunder att justera förbrukningsmönster och minska sin 
elförbrukning idag och i framtiden. NEPP. 

Ljuskultur. (2011). Värt att veta om belysning med LED. Stockholm: Ljuskultur. 
Ljuskultur. (2012). Värt att veta om armaturer med HF-don. Stockholm: Ljuskultur. 
Masjuki, H. H., Saidur, R., Choudhury, I. A., & Mahlia, T. M. (2000). Factors effecting energy 

consumption of household refrigerator-freezers . TENCON 2000. Proceedings (pp. 92 - 
96 ). Kuala Lumpur: IEEE. 



84 
 

McMullan, J. T. (2002). Refrigeration and the environment — issues and strategies for the 
future. International Journal of Refrigeration, 25(1), 89-99. 

Meeus, L., & Konrad Purchala, R. B. (2005). Development of the Internal Electricity Market in 
Europe. The Electricity Journal, 18(6), 25-35. 

Mei, V., Chen, F., Domitrovic, R., & Braxton., B. (2002). Warm liquid defrosting for supermarket 
refrigerated display cases. ASHRAE Transactions, 108(1), 669-672. 

Meier, A. (1994). do refrigerator thermostat setups Save energy? Home energy, 11. 
Mert, W. (2008). Consumer acceptance of smart appliances . IFZ – Inter-university Research 

Centre for Technology, Work and Culture . 
Mikael, I., & Per, S. (1992). Bör affärstiderna regleras? Ekonomisk Debatt, 627-636. 
Mohsenian-Rad, A.-H., Wong, V. W., Jatskevich, J., Schober, R., & Leon-Garcia, A. (2010). 

Autonomous Demand-Side Management Based on Game-Theoretic Energy Consumption 
Scheduling for the Future Smart Grid. IEEE, 320-331. 

Monica Axell. (2004). Butikskyla/store-cooling. Borås: EFFEKTIV. 
Motegi, N., Piette, M. A., Watson, D. S., Kiliccote, S., & Xu, P. (2007). Introduction to 

Commersial Buildning Control Strategies and Techniques for Demand Response. 
Berkeley: Lawrence Berkeley National Laboratory. 

National Food Agency, Sweden. (2015, 2 23). About us. Retrieved from 
www.livsmedelsverket.se: http://www.livsmedelsverket.se/en/about-us/ 

Nilsson, A., Stoll, P., & Brandt, N. (2015). Assessing the impact of real-time price visualization on 
residentialelectricity consumption, costs, and carbon emissions. Resources, Conservation 
and Recycling. 

Nilsson, P.-E. (2001). köldmedier. EFFEKTIV. 
Norén, C., & Pyrko, J. (1999). An analysis of electricity consumption and load demand in 

Swedish grocery stores. ECEEE Summer Study 1999. Mandelieu. 
Palensky, P., & Dietrich, D. (2011). Demand Side Management: Demand Response, Intellegent 

Energy Systems, and Smart Loads. IEEE Transactions on Industrial Informatics, 381-
388. 

Paone, N., & Rossi, G. (1991). Fiber-optic ice sensors for refrigeration. Proceedings of SPIE - The 
International Society for Optical Engineering, 1511, 129-139. 



85 
 

Parker, D., & Stedman, T. (1992). Measured savings of refrigerator replacement: case study 
and analisis. Washignton, DC: American Council for Energy efficiency Economy. 

Pedersen, R., Sloth, C., Wisniewski, R., & Green, T. (2015). Supermarket defrost cycles as flexible 
reserve. Control Applications (CCA) (pp. 744 - 749). Sydney, NSW: IEEE. 

Pina, A., Silva, C., & Ferrão, P. (2012). The impact of demand side management strategies in the 
penetration of renewable electricity. Energy, 41(1), 128-137. 

Rainwater, J. h. (2009). Five Defrost Methods For Commercial Refrigeration. ASHRAE Journal, 
38-51. 

Ribarich, T. J., & Contenti, C. (2002). Analog and Digital Fluorescent Lighting Dimming 
Systems. El Segundo,USA: International Rectifier. 

Roos, J., & Lane, I. E. (1998). Industrial power demand response analysis for one-part real-time 
pricing. IEEE Transactions on Power Systems, 13(1), 159-164. 

Rubinstein, F., & Kiliccote, S. (2007). Demand Responsive Lighting: A Scoping Study. Berkeley: 
Lawrence Berkeley National Laboratory. 

Saidur, R., Masjuki, H., & Choudhury, I. (2002). Role of ambient temperature, door opening, 
thermostat setting position and their combined effect on refrigerator-freezer energy 
consumption. Energy Conversion and Management , 845-854. 

Shaw, R., Attree, M., Jackson, T., & Kay, M. (2007). Reducing distribution losses by delaying 
peak domestic demand. CIRED2007. Vienna. 

Shenton, A. K. (2004). Strategies for ensuring trustworthiness in qualitative research projects. 
Education for Information, 22, 63-75. 

Soares, A., Gomes, A., & Antunes, C. H. (2012). Domestic load characterization for demand-
responsive energy management systems. Sustainable Systems and Technology (ISSST) 
(pp. 1-6). BOSTON MA: IEEE. 

Solgaard, H. S., & Hansen, T. (2003). A hierarchical Bayes model of choice between supermarket 
formats. Journal of Retailing and Consumer Services, 169-180. 

Song, M., Alvehag, K., Widén, J., & Parisio, A. (2014). Estimating the impacts of demand 
response by simulating household behaviours under price and CO2 signals. Electric 
Power System Research, 103-114. 

Stragier, J., Hauttekeete, L., & Marez, L. D. (2010). Introducing Smart grids in residential 
contexts: Consumers' perception of smart household appliances. Innovative 



86 
 

Technologies for an Efficient and Reliable Electricity Supply (CITRES), (pp. 135-142). 
Waltham, MA: IEEE. 

Strbac, G. (2008). Demand side management: Benefits and challenges. Energy Policy, 36(12), 
4419-4426. 

Swedish Board of Agriculture. (2012). Marknadsöversikt – livsmedelsindustrin. Jönköping: 
Swedish Board of Agriculture/jordbruksverket. 

Swedish Energy Agency. (2010). Energianvändning i handelslokaler-Energy use in commercial 
premises. Eskilstuna: Swedish Energy Agency. 

Swedish Energy Markets Inspectorate. (2010). Ökat inflytande för kunderna på elmarknade. 
Eskilstuna: Swedish Energy Markets Inspectorate. 

Swedish Energy Markets Inspectorate. (2014). En elmarknad i förändring. Eskilstuna: Swedish 
Energy Markest Inspectorate. 

Swedish Environmental Protection Agency. (2003). Naturliga Köldmedier. Stockholm: Swedish 
Environmental Protection Agency. 

Swedish food retail. (2007). Säker mat i din butik!-Dagligvaruhandelns branschriktlinjer för 
egenkontrollprogram baserat på HACCP enligt EG 852/2004. Svensk Dagligvaruhandel 
2007 -Swedish food retail market. 

Swedish Refrigeration & Heat Pump Association. (2016). Nya F-gasförordningen. Swedish 
Refrigeration & Heat Pump Association. 

Söder, L. (2015). Studie av sannolikhet för hög elförbrukning, effektbrist,effektvärden och höga 
elpriser. KTH-Royal Institute of Technology. 

Tassou, Datta, D., & Marriott, D. (2001). Frost formation and defrost control parameters for 
open multideck refrigerated food display cabinet. Journal of Power and Energy, 213-
222. 

Tassou, S., & Datta, D. (1999). Influence of Supermarket Environmental Parameters on the 
Frosting and Defrosting of Vertical Multideck Display Cabinets 1. ASHRAE Transactions, 
105(1), 491-496. 

Tassou, S., Ge, Y., Hadawey, A., & Marriott, D. (2011). Energy consumption and conservation in 
food retailing. Applied Thermal Engineering, 31(2-3), 147-156. 

The Swedish Work Environment Authority. (2015, 09 22). The Working Hours Act. Retrieved 
from The Swedish Work Environment Authority: https://www.av.se/en/work-



87 
 

environment-work-and-inspections/acts-and-regulations-about-work-environment/the-
working-hours-act/ 

Thybo, C., Rasmussen, B., & Izadi-Zamanabadi, R. (2002). Detecting Air Circulation Faults in 
Refrigerated Display Cabinets." New Technologies in Commercial Refrigeration. Urbana, 
IL: International Institute of Refrigeration, 2002. 211-217. New Technologies in 
Commercial Refrigeration, 211-217. 

Toporowski, W., & Lademann, R. (2014). The Importance of Assortment, Pricing, and Retail Site 
Location for Competitionin Food Retailing . Marketing , 131-140. 

Topper, R., Gilliom, R., Sanders, J., & Breland, J. (2001, March 27). United States of America 
Patent No. 6,205,800.  

Torriti, J. (2012). Demand Side Management for the European Supergrid: Occupancy variances 
of European single-person households. Energy Policy, 44, 199-206. 

Torriti, J., Hassan, G. M., & Leach, M. (2010). Demand response experiance in Europe: Policies, 
programmes and implementation. Energy, 1575-1583. 

U.S. Department of Energy . (2006). Benefits of demand response in electricity markets and 
recommendations for achieving them. In: A report to the United States Congress. 
Pursuant to section 1252 of the energy policy act of 2005.  

Vakiloroaya, V., Samali, B., Fakhar, A., & Pishghadam, K. (2014). A review of different strategies 
for HVAC energy saving. Energy Conversion and Management, 738-754. 

Wall, L. (2001). Lärobok i belysningsteknik (3 ed.). Stockholm: Ljuskultur. 
Wall, L. (2005). Lärobok i belysningsteknik (4 ed.). Stockholm: Ljuskultur. 
Yin, R. (2007). Fallstudier: design och genomförande. Malmö: LIBER AB. 
Yin, R., Xu, P., Piette, M. A., & Kiliccote, S. (2010). Study on Auto-DR and pre-cooling of 

commersial buildings with thermal mass in California. Energy and Buildings, 967-975. 
 



1 
 

 

Appendix 1 
 

INTERVIEW GUIDE FOR ENERGY STRATEGIEST 
BEFORE THE INTERVIEW STARTS 

DO YOU WANT TO BE ANONYMOUS IN THE PROCESSING AND PRESENTATION OF THE 
INTERVIEW RESULTS? 
 
DO YOU WANT TO CONTROL A TRANSCRIPTION OF THIS INTERVIEW? 
 
DO YOU APPROVE THAT THE INTERVIEW IS RECORDED? 
 

STORE FORMATS 
Q1: WHAT IS THE MAIN DIFFERENCES BETWEEN THE STORE FORMATS AVAILABLE IN 
THE MARKET?  
 
Q2: HOW DOES THESE DIFFERENCES AFFECTING THE OPERATIONAL ACTIVITIES 
LINKED TO EACH STORE FORMAT? 
 

RANGE OF GOODS/SERVICES 
Q3: HOW DOES THE CONCEPT OF EACH STORE FORMAT AFFECTING THE RANGE OF 
GOODS/SERVICES?  
 
Q4: TO WHAT EXTENT CAN MERCHANTS AFFECT THE RANGE OF GOODS/SERVICES? 
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OPENING HOURS 
Q5: IS THERE ANY GUIDELINES FOR OPENING HOURS? 
 
Q6: IS THERE ANY OPERATIONAL ACTIVITY THAT MUST BE PERFORMED AT SPECIFIC 
TIME? 
 
 
 

ENERGY OILICY 
Q7:  IS THERE ANY CLEAR LOCAL ENERGY POLICY APPLIED BY THE COMPANY? 
 
Q8: IF SUCH POLICY EXIST WHAT ARE THE MAIN CHARACTERISTICS OF IT? 
 

ELECTRICITY CONSUMPTION 
Q9: HOW IS THE ELECTRICITY CONSUMPTION DISTRIBUTED AMONG THE ELECTRICAL 
PROCESSES IN A TYPICAL ICA STORE?  
 
Q10: IS THE ANY STATISTICAL DATA ABOUT THE ELECTRICITY CONSUMPTION PER 
SQUARE METER AND YEAR FOR THE DIFFERENT STORE FORMATS? 
 

ELECTRICAL EQUIPMENT 
Q11: WHAT ARE THE MAIN ELECTRICAL EQUIPMENT AVAILABLE IN THE OPERATION? 
 
Q12: IS THERE ANY VARIATION IN ELECTRICAL EQUIPMENT DEPENDING ON STORE 
FORMAT? 
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Q13: IT IS POSSIBLE WITH DIFFERENCES IN ELECTRICAL EQUIPMENT IN STORES 
BELONGING TO THE SAME FORMAT?  
 

OPERATION TIME 
Q14: WHAT IS THE OPERATION TIME (DAILY, MONTHLY OR YEARLY) FOR THE 
DIFFERENT ELECTRICAL EQUIPMENT IN THE OPERATION? 
 
Q15: WHAT FACTORS AFFECT THE OPERATION TIME OF RESPECTIVE PART? 

OPPORTUNITY FOR CONTROL 
Q16: IS THERE ANY POSSIBILITY TO CONTROL THE ELECTRICITY CONSUMING PARTS 
OR ELECTRICITY CONSUMPTION IN GENERAL TODAY? 
 
Q17: WHAT TYPES OF CONTROLLING SYSTEMS ARE AVAILABLE? 
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Appendix 2 
 

INTERVIEW-GUIDE FOR STORE MANAGERS 
BEFORE THE INTERVIEW STARTS 

DO YOU WANT TO BE ANONYMOUS IN THE PROCESSING AND PRESENTATION OF THE 
INTERVIEW RESULTS? 
 
DO YOU WANT TO CONTROL A TRANSCRIPTION OF THIS INTERVIEW? 
 
DO YOU APPROVE THAT THE INTERVIEW IS RECORDED? 

INTRODUCTION 
CAN YOU TELL US BRIEFLY ABOUT YOUR ROLE AND TASKS WITHIN THE STORE? 
 

LIGHTING  
Q1: WHAT TYPES OF LIGHTING SOURCES EXIST AND HOW ARE THESE LOCATED 
WITHIN THE STORE?  
 
Q2: IS THERE ANY REGULATION OR REQUIREMENTS TOWARD LIGHTING? 
 
Q3: HOW DOES THE OPERATION TIME OF LIGHTING DIFFERS BETWEEN THE STORE’S 
DIFFERENT LOCATION?  
Q4: COULD YOU TURN OFF OR CHANGE LIGHTING LEVEL DURING PERIODS OF TIME 
WITHOUT DISRUPTION TO YOUR BUSINESS?  
Q5: HOW IS THE LIGHTNING CONTROLLED? DESCRIBE THE CONTROLLING 
MECHANISMS 
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REFRIGERATION  
Q6: DESCRIBE THE REFRIGERATION SYSTEM. WHAT ELECTRIC EQUIPMENT IS 
INCLUDED IN THE REFRIGHERATION SYSTEMS? 
 
Q7: IS THERE ANY REQUIREMENTS TOWARD TEMPERATURE AND SET PONITS OF THE 
REFRIGERATION?  
Q8: ARE THE REFRIGERATION SYSTEMS ON ALL THE TIME? 
 
Q9: IS THERE ANY POSSIBILITY TO CONTROL TIME FOR DEFROSTING OR 
TEMPERATURE GRADE?  
 
Q10: COULD YOU TURN OFF OR CHANGE REFRIGERATION SET POINT TEMPERATURE 
DURING A PERIOD OF TIME WITHOUT DISRUPTION TO YOUR BUSINESS? 
 

HVAC 
 
Q11: DESCIBE THE HVAC SYSTEM. WHAT ARE THE KEY ELECTRIC COMPONENTS 
WITHIN THE SYSTEM? 
 
Q12: IS THERE ANY REGULATION OR REQUIREMENTS REGARDING INNER AREA 
TEMPERATURE AND AIR QUALITY?  
 
Q13: ARE THE HVAC SYSTEMS ON ALL THE TIME? 
 
Q14: IS THERE ANY POSSIBILITY TO CONTROL INNER TEMPERATURE AND 
VENTILATION? IF SO, HOW IS IT CONTROLLED? 
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Q15: COULD YOU TURN OFF OF VENTILATION OR CHANGE INNER TEMPERATURE 
DURING A PERIOD OF TIME WITHOUT DISRUPTION TO YOUR BUSINESS? 

 DR-ACTIONS 
Q16: IS THERE ANY CLEAR VIEW OVER HOW ELECTRICTY IS CONSUMED WITHIN THE 
OPERATION?  
Q17: WHAT ACTIONS COULD BE TAKEN TO SHUT DOWN, REDUCE OR TO SHIFT 
ELECTRICAL PROCESSES DURING PERIODS OF TIME REGARDING HVAC, LIGHTING 
AND REFRIGERATION SYSTEM?  
Q18: SHOULD YOU ALLOW AN EXTERNAL PART TO CONTROL PART OF YOUR 
ELECTRICITY CONSUMPTION FULLY AUTOMATICALLY?   
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Appendix 3 
ICA MAXI 

R Section Product Temperature °C Requirement 
1 A Dairy 1.7 <+2 up to <+8 °C 
 B Dairy 1.7 <+2 up to <+8 °C 
 c Dairy 1.2 <+2 up to <+8 °C 
 D Dairy 3.0 <+2 up to <+8 °C 
 E Dairy 1.5 <+2 up to <+8 °C 
     

R Section Product Temperature °C Requirement 
2 A Dairy 12.5 <+2 up to <+8 °C 
 B Dairy 12.5 <+2 up to <+8 °C 
 c Dairy -1.2 <+2 up to <+8 °C 
     

R Section Product Temperature °C Requirement 
3 A Dairy 3.2 <+2 up to <+8 °C 
 B Dairy 5.9 <+2 up to <+8 °C 
 c Dairy 4.2 <+2 up to <+8 °C 
 D Dairy 4.4 <+2 up to <+8 °C 
 E Dairy 2.5 <+2 up to <+8 °C 
 F Dairy -3.5 <+2 up to <+8 °C 
     

R Section Product Temperature °C Requirement 
4 A Dairy 1.1 <+2 up to <+8 °C 
 B Dairy 0.7 <+2 up to <+8 °C 
 c Dairy -0.1 <+2 up to <+8 °C 
 D Dairy 1.3 <+2 up to <+8 °C 

 
R Section Product Temperature °C Requirement 
5 A Dairy 2.4 <+2 up to <+8 °C 
 B Dairy 2.6 <+2 up to <+8 °C 
 c Dairy 2.7 <+2 up to <+8 °C 

 
R Section Product Temperature °C Requirement 
6 A Poultry 4.0 <0 up to <+4 °C 
 B Poultry 2.1 <0 up to <+4 °C 
 c Poultry 2.1 <0 up to <+4 °C 
 D Dairy 4.4 <+2 up to <+8 °C 
 E Dairy 4.3 <+2 up to <+8 °C 
 F Dairy 3.8 <+2 up to <+8 °C 
 G Dairy 3.7 <+2 up to <+8 °C 
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R Section Product Temperature °C Requirement 
7 A Poultry -2.1 <0 up to <+4 °C 
 B Poultry -3.2 <0 up to <+4 °C 
 c Poultry 3.6 <0 up to <+4 °C 
 D Poultry 3.6 <0 up to <+4 °C 
 E Poultry -0.4 <0 up to <+4 °C 
 F Poultry 2.1 <0 up to <+4 °C 

 
R Section Product Temperature °C Requirement 
8 A Poultry 2.9 <0 up to <+4 °C 
 B Poultry 1.7 <0 up to <+4 °C 
 c Poultry 3.7 <0 up to <+4 °C 
 D Poultry 2.6 <0 up to <+4 °C 
 E Poultry 6.3 <0 up to <+4 °C 
 F Poultry 1.7 <0 up to <+4 °C 

 
R Section Product Temperature °C Requirement 
9 A Fish 1.0 <0 up to <+2 °C 
 B Poultry 3.6 <0 up to <+4 °C 
 c Poultry 3.0 <0 up to <+4 °C 
 D Poultry 3.5 <0 up to <+4 °C 
 E Fish 1.8 <0 up to <+2 °C 
     

R Section Product Temperature °C Requirement 
10 A Fish -4.5 <0 up to <+2 °C 

 B Ready Meals 3.5 <0 up to <+8 °C 
 c Fish -0.2 <0 up to <+2 °C 
     

R Section Product Temperature °C Requirement 
11 A Ready Meals 4.2 <0 up to <+8 °C 

 B Ready Meals 2.7 <0 up to <+8 °C 
 

R Section Product Temperature °C Requirement 
12 A Ready Meals 1.3 <0 up to <+8 °C 

 B Ready Meals 3.0 <0 up to <+8 °C 
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R Section Product Temperature °C Requirement 
13 A Meat offal 1.9 <0 up to <+3 °C 

 B Meat offal 1.5 <0 up to <+3 °C 
 c Meat offal 2.1 <0 up to <+3 °C 

 
R Section Product Temperature °C Requirement 
14 A Meat Cut 2.6 <0 up to <+7 °C 

 B Meat Cut 7.4 <0 up to <+7 °C 
 c Meat Cut 4.7 <0 up to <+7 °C 
 D Meat Cut 8 <0 up to <+7 °C 
 E Meat Cut 1.8 <0 up to <+7 °C 
 F Meat Cut 3.4 <0 up to <+7 °C 
 G Meat Cut 3.1 <0 up to <+7 °C 

 
F Section Product Temperature °C Requirement 
1 A Meat  -21.1 <-18  °C 
 B Meat  -22.7 <-18  °C 
     
F Section Product Temperature °C Requirement 
2 A Ready Meals -22.2 <-18  °C 
 B Ready Meals -20.9 <-18  °C 
 c Ready Meals -21.1 <-18  °C 
 D Ready Meals -20.9 <-18  °C 

 
F Section Product Temperature °C Requirement 
3 A Ready Meals -23.2 <-18  °C 
 B Ready Meals -20.1 <-18  °C 
 c Ready Meals -21.6 <-18  °C 
 D Ready Meals -22.8 <-18  °C 
     
F Section Product Temperature °C Requirement 
4 A Ready Meals -21.2 <-18  °C 
 B Ready Meals -17.4 <-18  °C 

 
F Section Product Temperature °C Requirement 
5 A Ready Meals -22.1 <-18  °C 
 B Ready Meals -21.4 <-18  °C 
 c Ready Meals -22.5 <-18  °C 
 D Ready Meals -21.9 <-18  °C 
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F Section Product Temperature °C Requirement 
6 A Fish -21.4 <-18  °C 
 B Fish -12.5 <-18  °C 
 c Fish -17.0 <-18  °C 
 D Fish -21.4 <-18  °C 

 
 

F Section Product Temperature °C Requirement 
7 A Vegetables -19.9 <-18  °C 
 B Vegetables -19.9 <-18  °C 
 c Vegetables -18.5 <-18  °C 
 D Vegetables -20.4 <-18  °C 

 
F Section Product Temperature °C Requirement 
8 A Ice Cream -19.9 <-18  °C  <-10 
 B Ice Cream -19.9 <-18  °C  <-10 
 c Ice Cream -18.5 <-18  °C  <-10 
 D Ice Cream -20.4 <-18  °C  <-10 

 
 
ICA KVANTUM 
 

R Section Product Temperature °C Requirement 
1 A Dairy 6.2 <+2 up to <+8 °C 
 B Dairy 7.4 <+2 up to <+8 °C 
 c Dairy 5.8 <+2 up to <+8 °C 
     

R Section Product Temperature °C Requirement 
2 A Dairy 2.4 <+2 up to <+8 °C 
 B Dairy 1.7 <+2 up to <+8 °C 
 c Dairy 2.5 <+2 up to <+8 °C 

 
R Section Product Temperature °C Requirement 
3 A Dairy 3.6 <+2 up to <+8 °C 
 B Dairy 3.8 <+2 up to <+8 °C 
 c Dairy 3.4 <+2 up to <+8 °C 
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R Section Product Temperature °C Requirement 
4 A Dairy 6.5 <+2 up to <+8 °C 
 B Dairy 5.8 <+2 up to <+8 °C 
 c Dairy 6.2 <+2 up to <+8 °C 

 
R Section Product Temperature °C Requirement 
5 A Poultry 2.4 <0 up to <+4 °C 
 B Poultry 2.5 <0 up to <+4 °C 
 c Poultry 2.5 <0 up to <+4 °C 

 
R Section Product Temperature °C Requirement 
6 A Poultry 1.0 <0 up to <+4 °C 
 B Poultry 1.2 <0 up to <+4 °C 
 c Poultry 1.4 <0 up to <+4 °C 
     

R Section Product Temperature °C Requirement 
7 A Poultry 1.6 <0 up to <+4 °C 
 B Poultry 2.1 <0 up to <+4 °C 
 c Poultry 2.4 <0 up to <+4 °C 

 
R Section Product Temperature °C Requirement 
8 A Ready Meals 1.5 <+2 up to <+8 °C 
 B Ready Meals 1.0 <+2 up to <+8 °C 

 
R Section Product Temperature °C Requirement 
9 A Vegetables 2.6   
 B Vegetables 6.3   
     

R Section Product Temperature °C Requirement 
10 A Vegetables 3.1   

 
R Section Product Temperature °C Requirement 
11 A Meat Offal 1.6 <0 up to <+3 °C 

 B Meat Offal 1.8 <0 up to <+3 °C 
     

R Section Product Temperature °C Requirement 
12 A Meat Offal 2.0 <0 up to <+3 °C 

 B Meat Offal 2.0 <0 up to <+3 °C 
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R Section Product Temperature °C Requirement 
13 A Meat Cut 1.5 <0 up to <+7 °C 

 B Meat Cut 3.3 <0 up to <+7 °C 
 

R Section Product Temperature °C Requirement 
14 A Meat Cut 1.3 <0 up to <+7 °C 

 B Meat Cut 1.9 <0 up to <+7 °C 
 

R Section Product Temperature °C Requirement 
15 A Fish 1.5 <0 up to <+2 °C 

 B Fish 1.9 <0 up to <+2 °C 
 

R Section Product Temperature °C Requirement 
16 A Fish 1.2 <0 up to <+2 °C 

 
F Section Product Temperature °C Requirement 
1 A Ready Meals -24.7 <-18  °C 
 B Ready Meals -28.5 <-18  °C 
 C Ready Meals -11.4 <-18  °C 
 D Ready Meals -23.9 <-18  °C 
 E Ready Meals -26.1 <-18  °C 

 
F Section Product Temperature °C Requirement 
2 A Ready Meals -18.9 <-18  °C 
 B Ready Meals -22.8 <-18  °C 
 C Ready Meals -22.6 <-18  °C 
 D Ready Meals -22.6 <-18  °C 
     
F Section Product Temperature °C Requirement 
3 A Ready Meals -20.1 <-18  °C 
 B Ready Meals -21.8 <-18  °C 
 C Ice Cream -23.6 <-18  °C  <-10 
 D Ice Cream -24.0 <-18  °C  <-10 
     
F Section Product Temperature °C Requirement 
4 A Ice Cream -20.1 <-18  °C  <-10 
 B Ice Cream -21.8 <-18  °C  <-10 

 
F Section Product Temperature °C Requirement 
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5 A Fish -23.2 <-18  °C 
 B Fish -22.8 <-18  °C 
 c Fish -21.0 <-18  °C 

 
F Section Product Temperature °C Requirement 
6 A Meat -24.7 <-18  °C 

 
F Section Product Temperature °C Requirement 
7 A Vegetables -24.1 <-18  °C 
 B Vegetables -23.8 <-18  °C 

 
 
ICA SUPERMARKET 
 

R Section Product Temperature °C Requirement 
1 A Dairy 6.6 <+2 up to <+8 °C 
 B Dairy 5.1 <+2 up to <+8 °C 
 c Dairy 3.3 <+2 up to <+8 °C 
 D Dairy 3.5 <+2 up to <+8 °C 
     

     
R Section Product Temperature °C Requirement 
2 A Dairy 3.4 <+2 up to <+8 °C 

 
R Section Product Temperature °C Requirement 
3 A Dairy 4.4 <+2 up to <+8 °C 

 
R Section Product Temperature °C Requirement 
4 A Meat Offal 1.6 <0 up to <+3 °C 
 B Meat Offal 1.8 <0 up to <+3 °C 
 c Dairy 2.4 <0 up to <+3 °C 

 
K Section Product Temperature °C Requirement 
5 A Meat Cut 0.9 <0 up to <+7 °C 
 B Meat Cut 1.2 <0 up to <+7 °C 
 c Meat Cut 2.0 <0 up to <+7 °C 
 D Meat Cut 2.0 <0 up to <+7 °C 
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K Section Product Temperature °C Requirement 
6 A Meat Cut 3.6 <0 up to <+7 °C 

 
R Section Product Temperature °C Requirement 
7 A Meat Cut 4.4 <0 up to <+7 °C 

 
R Section Product Temperature °C Requirement 
8 A Ready Meals 3.4 <+2 up to <+8 °C 
 B Ready Meals 3.8 <+2 up to <+8 °C 

 
R Section Product Temperature °C Requirement 
9 A Poultry 3.7 <0 up to <+4 °C 

 
 

    
R Section Product Temperature °C Requirement 
10 A Poultry 0.0 <0 up to <+4 °C 

 B Poultry -2.3 <0 up to <+4 °C 
 C Poultry -2.0 <0 up to <+4 °C 
 D Poultry -2.9 <0 up to <+4 °C 

 
K Section Product Temperature °C Requirement 

11 A Poultry 2.7 <0 up to <+4 °C 
 B Poultry 3.3 <0 up to <+4 °C 

 
R Section Product Temperature °C Requirement 

12 A Vegetables 5.2   
 B Vegetables 5.3   

 
R Section Product Temperature °C Requirement 

13 A Vegetables  5.5   
 

F Section Product Temperature °C Requirement 
1 A Ice cream -24.0 <-18  °C  <-10 
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F Section Product Temperature °C Requirement 
2 A Ready Meals -23.1 <-18  °C 
 B Ready Meals -22.9 <-18  °C 

 
F Section Product Temperature °C Requirement 
3 A Ready Meals -26.3 <-18  °C 
 B Ready Meals -26.0 <-18  °C 
 c Meat  -24.5 <-18  °C 
 D Meat  -24.4 <-18  °C 
 E Fish -24.0 <-18  °C 
 F Fish -24.0 <-18  °C 

 
F Section Product Temperature °C Requirement 
4 A Vegetables -27.0 <-18  °C 
 B Vegetables -28.0 <-18  °C 
 c Vegetables -27.1 <-18  °C 
 D Vegetables -27.4 <-18  °C 
 E Ready Meals -25.0 <-18  °C 
 F Ready Meals -25.1 <-18  °C 

 
ICA Nära 
 

R Section Product Temperature °C Requirement 
1 A Ready Meals 1.6 <+2 up to <+8 °C 
 B Ready Meals 1.6 <+2 up to <+8 °C 
 c Ready Meals 1.2 <+2 up to <+8 °C 
 D Ready Meals 2.5 <+2 up to <+8 °C 
 E Ready Meals 1.5 <+2 up to <+8 °C 
     

R Section Product Temperature °C Requirement 
2 A Dairy 3.0 <+2 up to <+8 °C 
 B Dairy 3.6 <+2 up to <+8 °C 
 c Dairy 3.0 <+2 up to <+8 °C 
 D Dairy 2.4 <+2 up to <+8 °C 
 E Dairy 1.8 <+2 up to <+8 °C 
     

R Section Product Temperature °C Requirement 
3 A Poultry 1.7 <0 up to <+4 °C 
 B Poultry 1.7 <0 up to <+4 °C 
 c Poultry 1.2 <0 up to <+4 °C 
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R Section Product Temperature °C Requirement 
4 A Meat offal 2.4 <0 up to <+3 °C 
 B Meat offal 1.9 <0 up to <+3 °C 
 c Meat cut 4.2 <0 up to <+7 °C 
 D Meat cut 4.4 <0 up to <+7 °C 

 
F Section Product Temperature °C Requirement 
1 A Meat/Fish -25.0 <-18  °C 
 B Vegetables -24.5 <-18  °C 
 C Ready Meals -24.0 <-18  °C 
 D Ice cream -23.0 <-18  °C  <-10 

 
 
 
  



17 
 

Appendix 4 
Defrosting  
Table 1- Defrost schedule for refrigerated display cases (ICA Supermarket). 

Refrigeration unit Defrost cycle 1 Defrost Cycle 2 Defrost Cycle 3 Defrost Cycle 4 Defrost Cycle 5 Defrost Cycle 6 Duration time Days  
R1 00:00 04:00 08:00 12:00 16:00 20:00 30 SMTWRFA 
R2A 00:00 04:00 08:00 12:00 16:00 20:00 30 SMTWRFA 
R2B 00:00 04:00 08:00 12:00 16:00 20:00 30 SMTWRFA 
R2C 00:00 04:00 08:00 12:00 16:00 20:00 30 SMTWRFA 
R2D 00:00 04:00 08:00 12:00 16:00 20:00 30 SMTWRFA 
R3 00:00 04:00 08:00 12:00 16:00 20:00 30 SMTWRFA 
R4 00:30 04:30 08:30 12:30 16:30 20:30 30 SMTWRFA 
R5A 00:30 04:30 08:30 12:30 16:30 20:30 30 SMTWRFA 
R5B 00:30 04:30 08:30 12:30 16:30 20:30 30 SMTWRFA 
R6 01:00 05:00 09:00 13:00 17:00 21:00 30 SMTWRFA 
R7A 01:00 05:00 09:00 13:00 17:00 21:00 30 SMTWRFA 
R7B 01:00 05:00 09:00 13:00 17:00 21:00 30 SMTWRFA 
R8 01:00 05:00 09:00 13:00 17:00 21:00 30 SMTWRFA 
R9A 00:00 04:00 08:00 12:00 16:00 20:00 30 SMTWRFA 
R9B 01:00 05:00 09:00 13:00 17:00 21:00 30 SMTWRFA 
R9C 02:00 06:00 10:00 14:00 18:00 22:00 30 SMTWRFA 
R11A 01:30 05:30 09:30 13:30 17:30 21:30 30 SMTWRFA 
R11B 01:30 05:30 09:30 13:30 17:30 21:30 30 SMTWRFA 
R11C 01:30 05:30 09:30 13:30 17:30 21:30 30 SMTWRFA 
R11D 01:30 05:30 09:30 13:30 17:30 21:30 30 SMTWRFA 
R13A 02:00 06:00 10:00 14:00 18:00 22:00 30 SMTWRFA 
R13B 02:00 06:00 10:00 14:00 18:00 22:00 30 SMTWRFA 
R13C 02:00 06:00 10:00 14:00 18:00 22:00 30 SMTWRFA 
R13D 02:00 06:00 10:00 14:00 18:00 22:00 30 SMTWRFA 
R13E 02:00 06:00 10:00 14:00 18:00 22:00 30 SMTWRFA 
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Table 2- Defrost schedule for freezers (ICA Supermarket). 
Freezer  unit Defrost cycle 1 Defrost Cycle 2 Defrost Cycle 3 Defrost Cycle 4 Defrost Cycle 5 Defrost Cycle 6 Duration time Days  
F1A 02:30 Not defined Not defined Not defined Not defined Not defined 30 SMTWRFA 
F1B 02:30 Not defined Not defined Not defined Not defined Not defined 30 SMTWRFA 
         
F2A 02:30 Not defined Not defined Not defined Not defined Not defined 30 SMTWRFA 
F2B 02:30 Not defined Not defined Not defined Not defined Not defined 30 SMTWRFA 
F3A 03:00 11:00 19:00 Not defined Not defined Not defined 60 SMTWRFA 
F3B 03:00 11:00 19:00 Not defined Not defined Not defined 60 SMTWRFA 
F3C 03:00 11:00 19:00 Not defined Not defined Not defined 60 SMTWRFA 
F3D 03:00 11:00 19:00 Not defined Not defined Not defined 60 SMTWRFA 
F3E 03:00 11:00 19:00 Not defined Not defined Not defined 60 SMTWRFA 
F3F 03:00 11:00 19:00 Not defined Not defined Not defined 60 SMTWRFA 
F4A 04:00 12:00 20:00 Not defined Not defined Not defined 30 SMTWRFA 
F4B 04:00 12:00 20:00 Not defined Not defined Not defined 30 SMTWRFA 
F4C 04:00 12:00 20:00 Not defined Not defined Not defined 30 SMTWRFA 
F4D 04:00 12:00 20:00 Not defined Not defined Not defined 30 SMTWRFA 
F4E 04:00 12:00 20:00 Not defined Not defined Not defined 30 SMTWRFA 
F4F 04:00 12:00 20:00 Not defined Not defined Not defined 30 SMTWRFA 

 
 
 
 


