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Abstract: The manuscript presents the possibilities of using selected Lean Management tools at a
fast food restaurant located at the international airport terminal in Poland. Observations in other
points of the company lasting for five years, made possible fair proposals for improvement of
selected elements of production and work organization. The research part presents the results of
application of such tools as value stream mapping (VSM), Kaizen, and 5S. The Lean Management
method, chosen after careful analysis of the work system in the facility, contributed to the increase of
work efficiency. Production times were shortened. Additionally, the possibility of reducing energy
consumption, and thus the reduction of CO2 emissions associated with production, achieved without
interfering with product quality was demonstrated. The timetable for device work was proposed.
It was selected based on the analysis of the daily number of transactions compared with energy
consumption. It should be emphasized that properly selected Lean tools allow for practical increase
of work efficiency, reduction of production cycle times, and a decrease of energy consumption, which,
in turn, leads to the decrease of CO2 emissions. It is demonstrated that, concerning the large number
of enterprises of that type, introducing appropriate changes in work organization is able to facilitate
large changes in emissions on a global scale. The presented solutions were tested in practice, however,
due to the nature of the place, it should be considered individually.
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1. Introduction

Production processes, practically in all branches of industry, need substantial energy inputs to
maintain regular everyday operation [1–4]. The use of various fossil fuels, as well as electricity, also to
a large extent associated with the use of fossil fuels, cause emission of carbon dioxide [5,6]. It is
well known that carbon dioxide emitted to the atmosphere is one of the most important greenhouse
gases [7,8]. Moreover, it is easily soluble in water, and therefore its concentration in the global
aquatic zone increases simultaneously with an increase of concentration in atmosphere. The most
probable consequences are global warming and acidification of ocean waters. Both changes affect
the biosphere and might produce enormous influence on living organisms including man [9,10].
Consequently, a decrease of CO2 concentrations in oceans and atmosphere has become one of the
most important challenges to the humanity. There are two possible paths leading to a decrease of
carbon dioxide concentrations [11,12]. One of those, probably the most important, is the natural
biological consumption of CO2 by the organisms capable of photosynthesis. The other may be the
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series of existing and emerging technologies enabling utilization of carbon dioxide already present in
nature or just being released to atmosphere by industrial processes. The other way might consist of
mitigation of emissions of carbon dioxide from actually conducted industrial processes. This aim can
be achieved by appropriate design of new technologies, modernization of old ones, or introduction
of changes to the production organization i.e., a kind of production processes reengineering [13–16].
The ideas of Lean Manufacturing or Lean Management appear as tools enabling such modifications of
industrial processes that energy savings, and consequently a decrease of carbon dioxide emissions,
can be achieved in any industrial sector [17–19]. The present paper demonstrates this possibility in a
specific type of enterprise, namely a fast food restaurant, which is one of the most common carbon
dioxide emitters.

Nowadays, the survival of an enterprise requires a lot of commitment and innovation [20–22].
To succeed, you need to constantly find new ways to provide the customer with better and better
products that meet different requirements [23–25]. This is followed by the need to reduce costs with
the most possible lack of reduction in terms of product quality [26,27]. There are countless enterprise
management systems [28–30].

One of the inseparable elements of production is energy [31,32]. Typical electricity loss for an
electrical appliance used at home, in a restaurant, or in the office can be between 1 W and even 30 W.
The costs resulting from this loss are not significant enough to be felt by the consumer. The situation
changes when the power losses of all households, restaurants, and office equipment are aggregated at
the accounting level. Then the amount becomes significant and cannot be ignored, especially in the
context of dynamic changes in the power sector, energy price forecasts, and increasingly restrictive
environmental regulations [33–35].

Taking into account both independent operators and large restaurant chains, there is no doubt
that the catering industry reduces energy and water consumption, minimizes waste generation,
and establishes contact with energy-conscious guests [36–39]. According to research by the U.S.
Environmental Protection Agency, restaurants can easily save energy, for example on cooking (23%
saving), heating (19%), lighting (11%), freezing (8%), cooling (6%), ventilation (5%), and office
equipment (1%) [40–43].

These issues are so important that they have become the subject of research and many scientific
publications [44–48].

Rising electricity prices are one of the factors determining product prices. The lower the production
costs, the greater the profit [49,50]. Today is a time of strong market competition. Businesses are
competing with each other to make a profit. According to [51,52], it is currently the customer who
has the greatest impact on what is produced. Increasingly, he or she pays attention not only to the
price but also to the quality of the product or service offered. The management system implemented is
important in the structure of the organization [53,54]. This is what largely influences the price and
quality. Lean Management [55–57] is one of the management methods. It applies to all branches of the
enterprise’s business activity, from production, through administration, to energy consumption.

Lean Management, in the simplest terms, is about slimming the management processes [58–61].
Reducing unnecessary activities, production times, and minimizing the use of raw materials and energy.

The key to success in Lean Management described in the literature on the subject are assumptions
such as flattening the organizational structure, personal responsibility for the work performed,
standardization and unification, elimination of waste in every form, simplifying work organization
and administration at every possible level, striving for perfection [62–64].

In the Lean concept, the biggest enemy is waste. The recipient pays only for the final product.
Production is focused on creating value for the recipient. The work culture in the Lean system
distinguishes seven main types of waste [65–68].

The Lean concept recognizes that continuous material flow is the key to reducing costs. Therefore,
all types of storage are seen as bad. The reason for this cost can be batch production and bottlenecks
on the production line.
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The goals of Lean Management (LM) implementation in a given enterprise are usually associated
with improvement of economic performance of that institution. The relationship between economic
productivity of the factory and its energy efficiency was never studied in the focus of Lean Management
implementation. The hypothesis posed for the present research assumes existence of a correlation
between changes of production organization, being compatible with LM requirements, and the energy
efficiency of the enterprise. The hypothesis is very general, and can be tested on various types of
economic organizations.

The aim of the present work is to check validity of the hypothesis mentioned by performing an
analysis on the case study of a specific enterprise. The increase of energy efficiency, due to decrease
in energy consumption, can be directly associated with mitigation of carbon dioxide emissions to
the atmosphere.

Although the paper does not directly deal with CO2 utilization, the process that would eliminate
some CO2 from the atmosphere, the authors consider that avoiding emission of some amount of
greenhouse gas has an identical ecological effect as removal of the same amount of that gas.

In order to prove the hypothesis, the authors have to report the details of Lean Management
procedures being applied in the enterprise investigated.

2. Materials and Methods

The aim of the paper is to try to use selected Lean Management tools at a selected quick service
point located at the airport terminal in Poland. Thanks to observations that have been ongoing since
2010 at other outlets of the company, it was possible to reliably present proposals for improving
selected production elements and work organization. The Lean Management method was chosen after
a thorough analysis of the work system in the facility.

Carefully selected Lean tools allow for practical increase of work efficiency, reduction of production
cycle times, and in some cases reduction of energy consumption. The presented solutions have been
tested in practice.

Due to the nature of the place, they should be considered individually. They may not always give
the same effect at another point belonging to a company that is a leader in the Polish market in the fast
food industry. Due to the standards in force in the organization, some solutions have only been tested
and not implemented permanently.

In the near future, all companies will have to apply more or less intrusive solutions aimed at
reducing costs without interfering with the quality of the goods offered. The same applies to reducing
energy consumption. The manuscript proposes a device operation schedule. It was selected based on
the analysis of the daily number of transactions compared to energy consumption.

Lean Management has many tools to improve and streamline business operations. The use of
a specific tool is conditioned by the specificity and capabilities of the enterprise. The needs arising
from the current situation are also significant. Selected Lean Management tools are presented below.
They were adapted to the specifics of the restaurant and the possibility of their introduction.

The intention of the authors of the manuscript is not to assume that the manufacturers will adapt
the devices according to their requirements. This manuscript intends to show that Lean Management
tools can support the drive to reduce energy consumption (and thus CO2 emissions) in gastronomy.

2.1. Value Stream Mapping (VSM)

Value stream mapping is considered to be the basic tool for improving material and data flow
processes in the Lean concept [69]. The idea of value stream mapping (VSM) is to recognize all activities
(adding and not adding value) that are undertaken during the cycle of creation of a particular product
or service. It starts from the raw material phase and ends with the final good. Illustrating VSM allows
you to find any losses and unnecessary activities in the process. It allows directing corrective actions
aiming at slimming in accordance with the Lean principle. A well-illustrated flow of value stream
makes it easy to get rid of losses and additional costs. What distinguishes value streaming mapping
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from the rest of the Lean Management tools is the aforementioned analysis not only of material flows,
but also of the information itself [70]. If there was no VSM, all attempts to slim and improve production
processes could have been limited to individual work stations. On-site refinement has no major impact
on the entire material flow process. Thanks to VSM, it is possible to look more clearly at the processes
taking place in the examined aspect of the organization’s activity (e.g., administration, production) [71].
The technique of creating a good map of the material flow stream in an enterprise considers three
separate stages of formation [72–74].

The rest of the manuscript presents VSM on the example of two products: sandwiches requiring
passage through all work stations of the production line and pieces of chicken. The focus was on
the ergonomics and availability of intermediates and packaging. There was no need to change the
organization of the production system due to the suction nature used for production. This greatly
facilitated the possibility of introducing changes without much interference in existing solutions. As it
will be presented later, the use of various Lean tools will shorten the overall production cycle of
selected products.

2.2. Kaizen

Kaizen should not be seen as a tool, but rather an approach to work. This is already well known
and considered by some as an outdated perception of the approach to the organization. In the simplest
reasoning, it is continuous improvement. This method refers to every sphere of the organization’s
functioning. Kaizen’s idea is to involve the entire staff of the company in the work and production
process [75]. Management should conduct the transition process in small steps. Thanks to this,
high costs and revolution are avoided. In spite of appearances, the basis of this philosophy is a private
employee. It is the pillar of the entire organizational machine. Trainings for basic and senior staff

are recommended. If an employee feels involved in the entire production process, the likelihood of
improving the efficiency of the work station will increase. This can be achieved even through the
influence of the employees themselves on the work station in which they work. They know what is
most convenient for them. The manuscript uses this method to determine the placement of work tools
and packaging in accordance with the 5S rule [76–81].

2.3. 5S

The 5S tool is directly related to the issue of ensuring effective work, and thus better quality
products. This is one of the foundations of the Lean Management concept, beside Kaizen. The idea
of 5S is to eliminate unnecessary elements that are a source of waste in the stream of materials [82].
Such elements include unused work stations, excessive administration or lack of order at the workplace.
It can be said that by introducing 5S, an organization or plant is reorganized to ensure better productivity.
The 5S tool has five stages of introduction [83,84].

The manuscript used the 5S method to focus on integrating it with Kaizen. Operation times
at work stations modernized in this way were measured before and after. The list of changes with
descriptions is presented in the next section. Whereas, the results after using 5S are presented in the
summary section.

2.4. Device Operation Schedule

Scheduling consisted of proposing a different approach to the times when the equipment was
in operation. During observations, periods of operation of individual devices were recorded in 24 h.
On this basis, a device operation schedule was created, broken down into hourly intervals.

The machine working times were then compared with the hourly distribution of the intensity
of incoming orders to the kitchen area and the number of employees in individual hours. Knowing
the positioning of personnel at the point, it was possible to develop the possibility of filling given
work stations at selected hours (assessment of the sense of operation of the device for a given number
of employees). A new machine work schedule was developed. The time of starting-up of given
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devices was taken into account. It should be understood here as the time of cooling down, heating
up, and loading. Everything depends on whether it is a cash register, a refrigerator, or a heater.
Then the percentage reduction in the operating time of individual devices was calculated. All working
hours were added together to calculate the overall reduction in machine intensity for the entire outlet.
The calculation consisted of calculating the difference in working hours before and after modernization.
Then the result was checked in terms of the percentage of the original number of working hours.
Equation (1) presents the formula to facilitate understanding of the flow of thinking. A negative value
calculated from the formula would mean an increase rather than a decrease in working time.

Number of hours before the change − Number of hours after the change
Number of hours before the change

(1)

To test practical possibilities, the new schedule was applied for a week. This made it possible to
check the accuracy of decisions resulting from the research. After the correction, the final changes are
presented along with the conclusions in the manuscript.

Thanks to access to the energy data of the outlet, it was possible to check how the proposed
schedule affects energy consumption in terms of the whole day. The consumption data obtained
was compared with consumption on days with a similar number of transactions in other periods
of operation of the outlet. The characteristics of the number of transactions and energy demand
are presented in the next section. Whereas, the comparative results are in the penultimate section.
For better visualization, an indicator of the amount of energy consumed during the day to the number
of transactions was created. The lower the value, the better.

The manuscript focuses on developing a device operation schedule during an intensified period
of the year.

2.5. Information on Energy Consumption

It was possible to obtain data on daily energy consumption due to the fact that the organization is
equipped with an energy consumption control system. Access to the system is remote via an internet
connection. Energy data is recorded in one-minute spans. Thanks to this it is possible to read the
consumption states in selected time intervals.

In addition, the highest energy consumption in particular hours is recorded. The system has the
ability to split energy consumption into selected areas. As a result, it was possible to collate data only
for the devices being developed.

Thanks to the location of the sensors on each of the sockets, it is possible to read the energy
consumption from anywhere in the restaurant. Optionally, it is also possible to turn devices on and off

remotely at selected times. On the basis of the information obtained from the company, it is known
that the examined outlet in the winter period has programmed heating off.

3. Characteristics of Research Objects with Solutions

3.1. Place of Research

Place of research is one of the restaurants of the popular fast food chain. It is located at the terminal
in the duty free zone of the Airport in Poland. The opening took place on 1 May 2015. The usable area
without warehouses is approximately 55 sq. m. This is one of the smallest restaurants belonging to
the organization in Poland. The outlet has two separate storage places. The main one is outside the
duty-free zone at the lower level of the airport and an auxiliary one is at the level of the departure area.
Due to the scope of work, the location of the warehouses does not affect the results of observations.
For the needs of the manuscript, the restaurant was divided into two zones: a production one and a
service one. The production zone includes a kitchen with preparation stations. The second zone is
where the orders are received and given. A description of the principle of each work station will be
presented later in the manuscript.
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3.1.1. Working Time

The working time of the outlet can be divided into two periods of the year. The season of heavy
traffic, when the restaurant is opened from 1:00 to 22:00 and out of season time when opened from 3:00
to 22:00. Increased traffic is caused by additional flights during the night.

3.1.2. Number of Transactions

Data on the number of transactions carried out each day were collected. Thanks to this it was
possible to set two periods of the year mentioned earlier. Figure 1 shows the number of transactions in
individual months, and the average number of transactions during one day in each month is marked
in red. The average was calculated by dividing the sum of transactions by the number of days in a
given month. The result was rounded to the full value.
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Figure 1. The sum of transactions in individual months. The red color marks the average number of
transactions per day.

As it can be seen from Figure 1, warmer months are marked by a significant increase in transactions.
The smaller number of transactions in May 2015 was probably due to the fact that it was the first
month of business activity, and information on the business activity has not been broadcasted yet.
December is the weakest month. The reason may be the number of public holidays.

The average number of transactions is very important information because it will be used to
prepare schedules for individual machines later in the manuscript. Thanks to this, it will be possible to
propose energy savings.

3.1.3. Energy Consumption Distribution

Energy consumption data came from reports generated using the energy management system.
The statement was generated on a monthly basis and average daily consumption in individual months.
Figure 2 shows the results obtained.

As it can be seen, energy consumption per month oscillates in the range of about 19 to 21 MWh.
The differences in individual months result from the number of days in months and traffic volume in
selected time intervals.

Data collation in the form of average daily consumption gives a better view of the whole situation.
The values do not diverge as much as in the previous chart. The daily consumption is around 654 kWh.
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Figure 2. Monthly energy consumption per point. The red color marks the average monthly
energy consumption.

3.1.4. An Indicator of Energy Consumption for the Number of Transactions

By collecting the data previously presented, it is possible to create an indicator of the amount of
energy consumed per transaction. In the manuscript, it will be used to compare the effectiveness of the
implemented solutions regarding the change of device operating times. Table 1 presents the values of
energy consumed for each transaction in individual months.

Table 1. Summary of energy consumption per transaction.

Month kWh/Transactions

May 0.68
June 0.62
July 0.58

August 0.57
September 0.57

October 0.71
November 0.73
December 0.87

January 0.78
February 0.78

March 0.74
April 0.66

The average energy consumption per transaction was 0.69 kWh/transaction. This is a satisfactory
result. The rest of the manuscript the options for reducing this value will be presented. This will be
possible mainly due to the seasonality of traffic distribution at a point during the year.

3.2. Operating Principles of Individual Areas

The algorithm of the production process will be presented on the example of two products.
The first is a sandwich with the largest unit sales for every 1000 transactions. The second product is
pieces of chicken.

The order is displayed on the monitor at the first position. An appropriate roll is taken from the
rack and placed in the toaster (Figure 3a). The arrangement of baskets on the rack is fixed and used by
all shifts. Thanks to this, there is no downtime at the first stage of production. During toasting of a
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roll, the person standing at the beginning of the production line takes the packaging from the rack
(Figure 3b).

Energies 2020, 13, x FOR PEER REVIEW 8 of 27 

 

3.2. Operating Principles of Individual Areas 

The algorithm of the production process will be presented on the example of two products. The 
first is a sandwich with the largest unit sales for every 1000 transactions. The second product is pieces 
of chicken. 

The order is displayed on the monitor at the first position. An appropriate roll is taken from the 
rack and placed in the toaster (Figure 3a). The arrangement of baskets on the rack is fixed and used 
by all shifts. Thanks to this, there is no downtime at the first stage of production. During toasting of 
a roll, the person standing at the beginning of the production line takes the packaging from the rack 
(Figure 3b). 

  
(a) (b) 

Figure 3. Areas in the restaurant: (a) an initiation work station with a roll rack; (b) packaging racks. 

After the roll leaves from the toaster, it is placed in a box and transferred to the garnishing 
station. At this stage, an appropriate portion of the sauce is applied using a dispenser. Each of them 
has a corresponding place assigned to the type of sauce. The next stage is the application of specific 
intermediates in the correct order. The arrangement of containers with intermediate products is not 
predetermined. Typically, night shift employees arrange containers in line with their experience. This 
sometimes leads to minor changes in the layout.  

After applying the intermediate products, the sandwich goes to the meat warmer stand. Here, 
inventory is kept for a period of time specified by the organization to maintain quality. The meat 
levels at the stands are supplemented according to the sales level and projections displayed on the 
screen. Suggestions for stock levels are updated automatically every 10 min. The system itself 
compares the designed number of transactions with actual results. 

The meat is applied with suitable tongs. Each type of meat has a dedicated tool color compatible 
with the color of the drawers in which the meat is kept. It was observed that the arrangement of tongs 
is not specified. The employees usually put tools away at a place which is closer to them. Due to the 
rotation of work stations, this causes significant delays along this section of the production chain. 

Finally, after placing the meat, the sandwich is packed in a special paper pocket and closed in a 
box in which it was transported throughout the entire production cycle. After packing, it is moved to 
a special gutter heated by two heating lamps. Here, waiting for pickup by an employee, the order 
number is printed and transferred to the place of giving it away.  

The order is only called when all the ingredients are on the tray along with the additions. It was 
observed that the arrangement of containers with additives is not fixed. This causes long time delays 
due to the location process itself. 

It should be mentioned that all packages are delivered from the initiator’s work station. 
Therefore, if the pieces of chicken that require only packaging are ordered, they also have to go 
through the garnishing table. 

The kitchen consists of two mirror production lines. The theoretical capacity of one side is 150 
sandwiches per hour. The second side is launched if the value of incoming orders begins to reach the 
previously presented value. 

Figure 3. Areas in the restaurant: (a) an initiation work station with a roll rack; (b) packaging racks.

After the roll leaves from the toaster, it is placed in a box and transferred to the garnishing station.
At this stage, an appropriate portion of the sauce is applied using a dispenser. Each of them has
a corresponding place assigned to the type of sauce. The next stage is the application of specific
intermediates in the correct order. The arrangement of containers with intermediate products is not
predetermined. Typically, night shift employees arrange containers in line with their experience.
This sometimes leads to minor changes in the layout.

After applying the intermediate products, the sandwich goes to the meat warmer stand. Here,
inventory is kept for a period of time specified by the organization to maintain quality. The meat levels
at the stands are supplemented according to the sales level and projections displayed on the screen.
Suggestions for stock levels are updated automatically every 10 min. The system itself compares the
designed number of transactions with actual results.

The meat is applied with suitable tongs. Each type of meat has a dedicated tool color compatible
with the color of the drawers in which the meat is kept. It was observed that the arrangement of tongs
is not specified. The employees usually put tools away at a place which is closer to them. Due to the
rotation of work stations, this causes significant delays along this section of the production chain.

Finally, after placing the meat, the sandwich is packed in a special paper pocket and closed in a
box in which it was transported throughout the entire production cycle. After packing, it is moved to
a special gutter heated by two heating lamps. Here, waiting for pickup by an employee, the order
number is printed and transferred to the place of giving it away.

The order is only called when all the ingredients are on the tray along with the additions. It was
observed that the arrangement of containers with additives is not fixed. This causes long time delays
due to the location process itself.

It should be mentioned that all packages are delivered from the initiator’s work station. Therefore,
if the pieces of chicken that require only packaging are ordered, they also have to go through the
garnishing table.

The kitchen consists of two mirror production lines. The theoretical capacity of one side is
150 sandwiches per hour. The second side is launched if the value of incoming orders begins to reach
the previously presented value.

3.2.1. Descriptions of Intermediates and Products

To maintain the quality of used intermediates, a system of tags describing the shelf life is used.
A specially adapted and programmed printer is used for printing. Each of the eight keys has an
assigned set of letters. The system is analogous to the writing system in older cell phone models.
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For example, to select the letter “B”, the “2” key is pressed twice. This involves the need for a long
time lost on the description itself.

Table 2 presents a list of all intermediate products used in the kitchen area with secondary
times after opening. As it can be seen, many intermediates have the same parameters. Nevertheless,
separate labels are used for each one. The name of the tag does not matter from a practical point of
view. Best times are the most important. The rest of the manuscript will present a solution that reduces
the description system.

Table 2. Summary of shelf life of intermediate products.

Products Time on the Table Time on the Table Time after Opening

Fresh onion 1 h 2 h 24 h

Lettuce 1 h 2 h 24 h

Tomatoes 1 h 2 h 24 h

Sliced cheese 1 h 2 h 24 h

Grated cheese no heating 1 h 24 h

Rocket no heating 1 h 24 h

Soaked onion no heating 4 h 20 h + 4 h of soaking
Bacon 20 min 3 h 40 min no time

It is also characteristic for the enterprise that new seasonal intermediates are introduced periodically.
Most often their shelf-life is identical to one of those in use. During the observation period, red onion
had the same parameters as white onion and Lolo lettuce was equivalent to rocket and grated cheese.

Hot drinks produced at the point are also described. A separate printer prints labels for each
drink. The stickers are attached to each cup for easier identification of drinks. It was observed that
employees often have a problem with sticking a small sticker, which usually falls off when given away.

In addition, it was observed that employees do not need such facilities and use them only out of
necessity rather than more of suitability. This causes significant delays in giving out itself.

3.2.2. VSM for the Production Cycle of the “Sandwich + Coffee” Order

For easier visualization of information and materials flow, a value stream map was created on the
example of a sandwich and coffee order.

The sandwich will include two portions of sauce, fresh onion, red pepper, lettuce, two slices of
tomato, a slice of cheese, and a chicken cutlet. Coffee is made in the style of latte requiring manual
foaming of milk with three portions of sugar.

The following VSM drawing (Figure 4) takes into account the times that employees need to
take over the product when moving from one work station to another. Times include the period an
employee needs to locate the tools.
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With the current system, the sandwich production cycle time is 58 s until it can be given out.
Coffee production time with all additions such as sugar, stirrer, and lid is 37 s. Activities such as
the sticker on the cup or the time needed to find the right tongs do not add value to the customer.
These are not activities that give value to his or her order. The most important for the customer is the
time after which he or she receives his or her order. In the manuscript, improvements will seek to
reduce production cycle time to a minimum of 51 s.

3.3. Scheduling the Operation of Devices

Observations have been conducted since 1 May 2015, i.e., since the opening. The observation
period ended on 30 April 2016. Initially, the observations were from the use of individual devices
during the whole day of operation of the restaurant.

Data on the number of transactions carried out each day were collected. Thanks to this it was
possible to set two periods of the year mentioned earlier.

The company has a rule that all devices are to be started-up from opening to closing of the
restaurant. It does not matter whether the equipment can be operated by a sufficient number of
personnel. This is the case, for example, on the other side of the kitchen. Some devices are repeated
here. At the beginning, the start-up times for individual devices were measured. The results are
presented in Table 3.

Table 3. Start-up times for individual devices.

Device Name Starting-Up Time

Toaster 16 min
Evaporator 21 min
Table-heater 6 min

Heater 19 min
Grill 16 min

Fryer 1 21 min
Fryer 2 21 min

Cash register 3.6 min
Coffee maker 4 min

Monitors 2.6 s
Refrigerator 1 10 min
Refrigerator 2 15 min

Refrigerator table 14 min
Spreader 14 min

Heat emitters 0 s

The start-up time means the time until the device cools down, heats up, or charges.
Everything depends on the specification. Refrigerator 1 is used for storing salads and yogurt
in the service area. Refrigerator 2 is designed for storing milk for coffee. The table cooler means a
device located under the table in the kitchen area. Larger salads are kept there.

The schedule (Table 4) shows the time of device operation in 24 h observed during tests. As it can
be seen, most devices are not even turned off when the outlet closes. This is due to the lack of time for
unloading or simply forgetfulness of employees. This results in unprofitable energy consumption that
gives no added value to products and a customer. The heat emitters should be understood as a French
fries packing station and a gutter where ready-made sandwiches roll down.
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Table 4. Device operation schedule in the restaurant.

Device 1–2 2–3 3–4 4–5 5–6 6–7 7–8 8–9 9–10 10–11 11–12 12–13 13–14 14–15 15–16 16–17 17–18 18–19 19–20 20–21 21–22 22–23 23–24 24–1

Toaster 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Evaporator 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Evaporator 2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Table 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0

Table 2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0

Heater 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0

Heater 2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0

Grill 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0

Refrigerator table 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Refrigerator service 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Refrigerator milk 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Spreader 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0

Coffee maker 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Coffee maker 2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Cash register 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Cash register 2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Cash register 3 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Packing station 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0

Heat emitters 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0

Screen side 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Screen side 2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Fryer 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0

Fryer 2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0

Restaurant operating time
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The grey color in Table 4 indicates the time intervals during which the device is used. The 1 means
the whole hour, and smaller numbers mean working time in the form of a decimal hour. The 0 is device
off. On the right side there is a full summary of the number of hours of operation of the machine in 24
h. The opening and closing times of the restaurant are marked at the very bottom of the table. There
are hourly intervals at the top of the table. A 60 min interval was specially selected. Thanks to this
display, new scheduling was possible later.

After analyzing the use of devices in 24 h and the number of staff in 24 h, a new schedule was
proposed. It is presented in the next section. The new work schedule was tested for a week. Then the
energy consumption in the restaurant was compared with an analogous day with a similar number of
transactions. Thanks to this, it was possible to check what impact the changes applied have on energy
consumption. The measure was energy consumption for the number of transactions.

4. Results

4.1. Improving the System for Describing Intermediates

An earlier part of the manuscript describes the system for describing intermediates. It was very
extensive, and the intermediates were repeated many times. At the beginning, the time taken for all
tags to be printed by 15 employees was measured. They were people with various work experience.
The employees did not know the purpose of the research.

The average time it took to print all tags was 58.85 s. Considering that the average time of one
sandwich production cycle is 59 s, this is a lot. Therefore, it was proposed to create groups of labels
describing intermediates with identical times. Thanks to this, it became possible to limit the number of
stickers needed. Table 5 presents the proposed breakdown with descriptions. What is more, due to the
fact that the shelf life of open packaging of intermediate products are also identical, it was limited to
creating one sticker called the cold store.

Table 5. Changes introduced in the descriptions.

Products Description on the Table Description in the Cold Store

Fresh onion Green Cold store
Lettuce Green Cold store

Tomatoes Green Cold store
Sliced cheese Green Cold store
Grated cheese Blue Cold store

Rocket Blue Cold store
Soaked onion No change

Bacon No change

Thanks to the Lean process, the labels were limited to six types. After making the changes,
the same employees were asked to reprint the tags.

At the beginning a new principle of descriptions was explained to them. The histogram below
(Figure 5) shows the times of new measurements. The line above the bars represents the previous
times for a better perception of the difference in times. The average time of new measurements was
10.44 s. This is an 82.5% increase in performance. The red line represents the times before the system
was introduced. The time saved in this way can be used to focus on the production itself, not just the
description of intermediates. Considering the fact that the description of intermediates takes place
even several times within an hour, this is a significant improvement in production.

During the research, it was also proposed to change the colors of the containers from white to the
color corresponding to the description on the label.

According to the employees, this would make their work even easier. They came to the conclusion
that if the drawers in the heaters have different colors, so can the containers. This proposal was
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presented while explaining Kaizen’s philosophy to employees. Unfortunately, it rises costs that the
organization does not agree to bear at this time.
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Figure 5. Time distribution after reducing the tag system.

4.2. Everything Has Its Place

At the examined catering outlet, there are local problems with storage of small equipment used
for production. There is the place where the tongs are kept below the meat heaters. Metal for beef
is kept in heater number 1. There following colors of tongs are used for each type of fried poultry:
white: mild chicken, red: spicy chicken wings, blue: fish, white shovel: chicken pieces.

Before the solution was introduced, there was no rule for storing the tongs. Everyone put them in
a random place. The photo below shows one of the randomly selected tongs before applying 5S tools
(Figure 6a) and after applying 5S tools (Figure 6b).
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Figure 6b presents the following layout: white, red blue; in line with the “used more often are
stored closer” principle. To make it easier to assign space for individual tongs, the recesses were
marked with the same color. The 5S rule was applied saying that everything is in place and the work
stations are to be ordered. White is most commonly used, so to improve production continuity, it was
proposed to increase the number of tongs to two.

At the beginning, the frequency of using individual grippers for meat fried in fat was examined.
The time of day was randomly selected and the frequency of use of each color was calculated for
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50 successively ordered products. Beef products were not counted. Ten such measurements were
made during the month. The measurement results are presented below (Table 6).

Table 6. Frequency of using the tongs.

Color/Measurement 1 2 3 4 5 6 7 8 9 10

White 36 45 42 39 38 45 39 34 33 29
Blue 6 3 4 0 5 2 0 2 6 10
Red 8 2 4 11 7 3 11 14 11 11

The result is that there are no problems when it comes to beef tongs because there is only one type.
The most commonly used tongs are white, then red, and rarely blue.

Measurements of times needed by an employee to locate the tongs and reach for selected meat
were also made. The measurement was carried out when the sandwich was taken from the garnishing
station. It was important that an employee was freshly placed. This means that he or she did not work
in this position a few minutes earlier. He or she did not know the layout of tongs before he or she
started work. It was a simulation of the situation when the rotation of positions occurs. The average
duration of this activity was 3.16 s. It should be noted that this is only the time to reach for meat.
At this station, one must additionally add time to pack the whole sandwich.

The measurement was repeated after introducing the 5S rule. The group of surveyed employees
had been acquainted with the system before and the reason for this arrangement was explained.
Thanks to this, an employee’s awareness and work culture were also increased. The average time after
making changes was 1.76 s. This is a 44.5% increase in performance on this activity.

Interestingly, no employee was shown the reason for marking the place of storage of individual
tongs in one color with the same color. Each employee put it away at the previous place. Table 7 below
presents the results of measurements before and after the change.

Table 7. Average times during the test before 5S.

Employee Time before 5S
(s) Time after 5S (s)

1 3.3 1.9
2 3.4 1.6
3 3.1 1.6
4 3.4 1.6
5 3.2 1.7
6 3.1 1.8
7 3.2 1.9
8 3.3 1.7
9 3.2 1.6
10 2.8 1.7
11 3.3 1.8
12 3.1 1.7
13 3.2 1.6
14 3.5 2.2
15 3.7 2.1

Another improvement was to manage the worktop under the table for unused drawers. It was
previously established that all unused tools were stored on a shelf on the other side of the kitchen.
This arrangement is managed by the entire organization. This solution works only in cases of even
traffic. In the case of jumps in the number of transactions per hour, as is characteristic in the examined
outlet, this solution is inefficient. An employee’s movement just to get a new drawer causes a loss
of time. The figure below (Figure 7a) shows the place designated during observation for potential
storage. It is located directly under the heaters station.
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The solution was introduced after consulting employees. Consultations were held with them
regarding the facilities they would like to introduce. Figure 7b shows a system with drawers that are
not used during production.

Storage of drawers in this way allows for more flexible production. A person working in a frying
station does not waste time moving to the other side of the kitchen when increasing production.
The same happens when you reduce a portion of fried meat. Unused drawers are simply hidden under
the table.

The possibility of managing the free space was additionally carried out on the heaters themselves.
The organization has a rule that all packaging is served by the person initiating the production.
This results in a large loss of time on the packaging flow itself for chicken pieces. Likewise, an employee
loses time to locate and reach for them. They are located under the garnishing table. This is troublesome
due to the large number of moves. It was proposed that the selected packaging should be on meat
heaters. The initiator communicates verbally what to pack. The person standing at the position of the
heaters confirms the order by reaching for the packaging. Thanks to this he or she knows what to pack.
The same applies to tortilla packaging. The packaging often fell during observations. This generated
losses in the assortment itself and in time.

Material flow improvements also included the service area. One of them was the change of setting
of coffee sprinkles and tools for finishing drinks. The previous imposed system of containers and tools
was unfavorable in terms of the time of product preparation. Every time an employee wanted to reach
for a spatula to separate foam from milk or a stirrer they had to navigate in a place that was difficult to
reach. Whereas, the containers with coffee sprinkles were in a place that took up space and made it
difficult to pass the cups with the drink on.

During the observation, it was noticed that more coffees were ordered at the point. This means
that you do not need to use sprinkles for them. It was proposed to change places of containers with
sprinkles with the containers for tools. Figure 8a,b presents the described situation.

Table 8 shows the times needed to reach for the tools before and after the change. In this case, the
time was also measured for 15 employees.

The average time before changes was 4.4 s. The change brought the acceleration of one activity to
the average of 3.19 s.

In order to further reduce coffee preparation time, it was proposed to abandon the coffee labelling
system with stickers. The first argument is the very fact of unwillingness to use the system. As it was
written earlier, employees are able to recognize coffee visually. The second argument is that during the
observation of the position it was not observed once that someone read what is written on the sticker.
The average time needed for the sticker to be applied and identified was 4.5 s. The need to use this
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system is only forced by the top management of the organization. In theory, the system is good. It is
worse when it comes to applying it in practice. It is possible that in other parts of the organization
it may make sense to use it. At the examined outlet, based on yearly observations, this need was
not noticed.
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Table 8. Times of employees.

Employee Time before the Change (s) Time after the Change (s)

1 4.6 2.8
2 4.2 3.1
3 4.1 3.3
4 3.8 3.2
5 4 3.5
6 4.5 3.1
7 4.9 2.9
8 4.7 3.2
9 4.5 .3.1
10 4.4 3.1
11 4.2 3.5
12 4.3 3.3
13 4.7 3.7
14 4.8 3.4
15 4.4 2.7

4.3. Solutions Enabling Energy Saving

The first solution was to limit the use of the other side of the kitchen.
The observations carried out at the outlet showed that it is not started-up for most of the day.

There are two reasons. The first is no need due to the number of transactions per hour. The theoretical
capacity of one side is 150 sandwiches. The second reason is the number of employees in given hours.
It was observed that while in the middle of the day there are no problems with it, in the morning
and evening the number of staff is insufficient. Previously, the heaters for heating the table were in
operation from opening to closing of the outlet. It was proposed that they were operated from 8 a.m.
to 8 p.m. The same applies to the evaporator for heating pies. This gives a saving of 50% on the work
time of these devices. Another solution is meat heaters. It was observed during the tests, as in the
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case of the other side of the kitchen, that the slots are not fully utilized. This means that they were
unprofitable. Due to the fact that it is possible to reprogram the heaters, it was possible to create a
system in which all drawers fit in one. The use of only one heater is recommended from 1 to 4 a.m.
and from 8 to 10 p.m. This allows a saving of 6 h of operation.

The grill for frying meat consists of three independent flaps, which are equipped with separate
heaters. During the observation period all flaps were set to “AUTO” mode. This means that it was
possible to fry any type of beef on each flap. As with meat heaters, it was proposed to turn off one of
the flaps when using one heater. This was associated with less demand for production. Flap off times
are identical to one heater. It is also possible to turn off some frying chambers. It was observed that it
is possible to switch off one of the two chambers for frying fries. The times of switching off are from
9 p.m. to 7 a.m. the following day. As far as the service area is concerned, the possible energy savings
are turning off the two refrigerators equipped after closing the restaurant and starting them at 2 a.m.
The remaining products would be stored in a refrigerator located in the kitchen area. Each product is
always secured and closed. Thanks to this, there is no risk of cross-contamination. It is also possible to
switch off one of the coffee machines from 10 p.m. to 3 a.m. This is due to the lower demand for the
production of hot drinks.

As for the positions of cash registers, it was observed that the third cash register is only used with
full personnel present. It is used only in very heavy traffic. It was proposed that all cash registers were
switched off after closing time. The middle cash register can be turned off from 7 p.m. to 9 a.m. the
following day. Table 9 presents the new device operation schedule.
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Table 9. New device operation schedule.

Device 1–2 2–3 3–4 4–5 5–6 6–7 7–8 8–9 9–10 10–11 11–12 12–13 13–14 14–15 15–16 16–17 17–18 18–19 19–20 20–21 21–22 22–23 23–24 24–1

Toaster 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0.33

Evaporator1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Evaporator 2 0 0 0 0 0 0 0 0.33 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0

Table 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0.08

Table 2 0 0 0 0 0 0 0 0.08 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0

Heater 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0

Heater 2 0 0 0 0 0.17 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0

Grill 0.66 0.66 0.66 0.66 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0.66 0.66 0 0 0

Refrigerator table 0 0 0.25 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0

Refrigerator service 0 0 0.25 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0

Refrigerator milk 0 0.25 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0.5 0 0 0

Spreader 0 0 0.25 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0 0

Coffee maker 1 0 0 0.17 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0

Coffee maker 2 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Cash register 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0

Cash register 2 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0

Cash register 3 0 0 0.05 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0

Packing station 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0

Heat emitters 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0 0

Screen side 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1

Screen side 2 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 1 1 0 0 0 0 0 0

Fryer 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0 0.33

Fryer 2 0.5 0.5 0.83 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 0.5 0.5 0.5 0 0.33

Restaurant operating time
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In addition, it was proposed to turn off unnecessary lighting, such as all screens of unused cash
registers. For example, 0.66 for a grill means that one of the three flaps is turned off during these hours.

In order to check the impact of the new schedule in the context of energy savings, it was applied
for one week. These were the days from 8 May 2015 to 14 May 2016. Then energy consumption was
compared with days with the same number of transactions. If during the week there was no day with
the number of transactions identical to the days of the previous year, the proportion was used. As a
result, the estimated energy consumption for a specific number of transactions was known. Access to
daily energy consumption on the surveyed days was also possible thanks to the EvoSystem system
used by the organization. The results are shown in Table 10. The TC (Transaction Carried) abbreviation
stands for the number of transactions carried out during the day.

Table 10. Comparison of energy consumption during the day with the old and new schedule.

Date of Measurement
(Current Year—with
Lean Management)

TC Energy Consumption (kWh)
Date of Measurement

(Previous Year—without
Lean Management)

TC Consumption (kWh) Proportional
Consumption (kWh)

8 May 1459 693.06 16 August 1429 714.04 729.54
9 May 1445 693.64 16 August 1428 714.04 722.54
10 May 1119 619.20 19 June 1119 658.72 658.72
11 May 1193 656.95 15 September 1192 669.80 670.36
12 May 1145 634.20 9 September 1146 668.16 667.58
13 May 1339 675.49 20 July 1332 699.96 703.64
14 May 1023 628.99 3 September 1024 649.08 648.45
15 May 1439 705.15 16 August 1428 714.04 719.54

The average daily energy consumptions in the analyzed weeks are 663 kWh per week after Lean
Management implementation and 690 kWh for the week prior to LM implementation. It means that
introduction of Lean Management procedures caused reduction of CO2 emissions by 3.88% compared
to the comparable days of the previous year. It may seem that this is not large enough, but if you
consider the scale of the whole year and energy costs, these are measurable savings. Such a result is
observed with the use of the device operation schedule without incurring additional costs related to
eventual device replacement.

Energy consumption is associated with carbon dioxide emission. The relation is not simple.
The amount of CO2 emitted during production of 1 kWh of electricity is strongly dependent upon
s.c. energy mix, which means the composition of row energy vectors in a particular region. The
data published for various countries [85–87] show quite substantial differences between countries.
The smallest value 0.013 kgCO2/kWh was reported for Sweden, while the highest of 0.819 kgCO2/kWh
was for Estonia, and the value of 0.773 was reported for Poland.

Therefore, the average daily CO2 emission form the analyzed restaurant located in Poland was
553.5 kg CO2 prior to, and 533.4 kg CO2 after implementation of Lean Management procedures.

It is also interesting how large the effect of carbon dioxide mitigation would be on a wider scale.
The data [88] given in Table 10 for restaurants of major worldwide chains of fast food restaurants

indicates the number of restaurants of particular chain located worldwide. Since neither the distribution
of locations in the individual countries nor the energy consumption for each restaurant are specified,
it is impossible to compute precisely their energy consumption and to apply correct value of CO2

emission to restaurants located in a particular country. Therefore, at first the global energy consumption
of these chains of restaurants was estimated on the basis of values determined for Polish example for
the two cases: prior- and post-LM implementation. Results of this estimation are given in Table 11.

Further, the maximum, and minimum values of emissions (corresponding to Sweden and Finland)
were applied to all enterprises in order to roughly estimate the worldwide CO2 emission limits from
this source. This gives four cases corresponding to both variants of individual energy consumption,
and two values of carbon dioxide emission per 1kWh of electricity. Results of this estimation presented
in millions metric tons of CO2 are given in the Table 12.
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Table 11. Number of Restaurants belonging to a particular chain located globally for two examples of
energy consumption by individual restaurant and estimates of their daily energy consumption.

Number Name Number of Locations 690 kWh/Day (Variant I) 663 kWh/Day (Variant II)

1 Subway 42,998 29,668,620 28,507,674
2 McDonald’s 37,200 25,668,000 24,663,600
3 Starbucks 30,000 20,700,000 19,890,000
4 KFC 20,404 14,078,760 13,527,852
5 Burger King 16,859 11,632,710 11,177,517
6 Pizza Hut 16,796 11,589,240 11,135,748
7 Domino’s 15,000 10,350,000 9,945,000
8 Dunkin 11,300 7,797,000 7,491,900
9 Baskin-Robbins 7500 5,175,000 4,972,500

10 Hunt Brothers Pizza 7300 5,037,000 4,839,900
11 Taco Bell 7000 4,830,000 4,641,000
12 Wendy’s 6490 4,478,100 4,302,870
13 Hardee’s 5812 4,010,280 3,853,356
14 Orange Julius 5700 3,933,000 3,779,100
15 Papa John’s Pizza 5318 3,669,420 3,525,834
16 Dairy Queen 4800 3,312,000 3,182,400
17 Little Caesars 4800 3,312,000 3,182,400
18 Tim Hortons 4774 3,294,060 3,165,162
19 CNHLS 4000 2,760,000 2,652,000
20 Sonic Drive-In 3526 2,432,940 2,337,738

TOTAL 257,577 177,728,130 170,773,551

Table 12. Estimations of daily emission of carbon dioxide for world-wide distributed restaurants of
particular chains.

Number Name Mt CO2/kWh 663
(Variant II) 0.013

Mt CO2/kWh 690
(Variant I) 0.013

Mt CO2/kWh 663
(Variant II) 0.819

Mt CO2/kWh 690
(Variant I) 0.819

1 Subway 0.38 0.4 23.36 24.3
2 McDonald’s 0.34 0.34 20.2 21.04
3 Starbucks 0.26 0.28 16.3 16.96
4 KFC 0.18 0.2 11.08 11.54
5 Burger King 0.16 0.16 9.16 9.54
6 Pizza Hut 0.16 0.16 9.14 9.5
7 Domino’s 0.14 0.14 8.16 8.48
8 Dunkin 0.1 0.12 6.14 6.4
9 Baskin-Robbins 0.08 0.08 4.08 4.24

10 Hunt Brothers Pizza 0.08 0.08 3.98 4.14
11 Taco Bell 0.08 0.08 3.82 3.96
12 Wendy’s 0.06 0.06 3.54 3.68
13 Hardee’s 0.06 0.06 3.16 3.3
14 Orange Julius 0.06 0.06 3.1 3.24
15 Papa John’s Pizza 0.06 0.06 2.9 3.02
16 Dairy Queen 0.06 0.06 2.62 2.72
17 Little Caesars 0.06 0.06 2.62 2.72
18 Tim Hortons 0.06 0.06 2.6 2.7
19 CNHLS 0.04 0.04 2.18 2.28
20 Sonic Drive-In 0.04 0.04 1.92 2
- TOTAL 2.24 2.32 139.88 145.56

Finally, the year’s decrease of carbon dioxide emission can be computed for both cases of low
and high values of emission corresponding to 1 kWh of electricity. Those estimates are 32.99 Mt CO2

for the lowest case of 0.01 kg CO2/kWh and 2078.97 Mt CO2 for the highest case of emissivity of
0.819 kg CO2/kWh. It is seen that the presented values of carbon dioxide prevented emissions due
to only organizational changes introduced to production procedures are substantial and therefore
important for the global CO2 inventory.

4.4. New VSM

The Lean Management tools used shortened the production process. Simple organizational
changes and a change in employees’ approach resulted in more efficient and faster work. Based on
the previous stream flow map and re-measurements after applying Lean tools, a histogram of
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operating time at the stations was created (Figure 9). The blue line represents the times reached before
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Figure 9. Histogram of times at work stations.

As it can be seen, it was possible to reduce operating times in almost each of the examined work
stations. This was not possible only at the toasting station. It was caused by the quality requirements
posed by the organization. Theoretically, it is possible to increase the speed of the motors in the toaster
to speed up the process. Unfortunately, then the quality of rolls may decrease. The histogram itself
does not include the times of passing between the stations. The time was reduced from 44 to 30 s.
To better illustrate the improvement in performance, a new material stream flow map was created
(Figure 10). The map refers to the previous case.
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Figure 10. New VSM after the introduction of Lean tools.

The system of placing stickers on drinks was abandoned. As a result, one of the bottlenecks was
eliminated. Mainly, the times of material passing between the stations was shortened. It was possible
thanks to the ordering of the work stations and changing the position of some tools and packaging.
The principle of packaging administration also had a great impact.

5. Conclusions

The presented research methods give the opportunity to check and improve work organization at
the outlet. The conducted research provided measurable and appreciable benefits in the researched
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restaurant. Lots of the solutions were introduced permanently. Some, after presenting this work,
are still consulted with the highest management level of the company.

• As presented in the research results, it is possible to apply many Lean Management tools at the
examined outlet. They allow for speeding up the entire production cycle by up to 23%. Creating a
value stream map (VSM) allowed to eliminate some activities that significantly prolonged the
process. In some cases, the Lean tools have reduced the operating time by almost 70% at the
work station.

• It should be emphasized that the key element of implementing Lean Management in the area
of production is to understand the flow of how materials move between workstations in the
production process. The flow maps presented in the manuscript provided information on what
the production looks like today and how it can look, and which parts of the process are flowing
smoothly and which require higher level control.

• During the research, it was noticed that the production system itself used by the organization
has a number of Lean Management features. Ongoing production is applied. This allows to
reduce losses and waste of raw material. The system applied in the kitchen area is a suction
system. This means that the material is fed further without going back to other stations. As Kaizen
philosophy says, everything is improving. The manuscript proves the sense of this philosophy.
Before carrying out the research, the system seemed to already be good. However, it turned out
that it could be even better.

• Lean Management also allowed to reduce energy consumption at the outlet. The result of 3.8%
less energy consumption, compared to analogous days with the same or similar number of
transactions, is satisfactory. Considering the total energy consumption in the company, this gives
appreciable profits. Funds obtained in this way can be allocated for further development.

• Scheduling the operation of equipment to reduce electricity consumption has shown great potential
for cost reduction in this area of business. Please note that the tools presented in the manuscript
were selected individually. Something that is good in one restaurant does not necessarily work in
another. Thanks to the fact that all options for setting the work tools and necessary accessories
were consulted with the employees, the most optimal and ergonomic positions were achieved.
This contributed to a significant improvement in work.

• The reduction of energy consumption is also associated with the reduction of carbon dioxide
emissions. The Lean Management procedures implemented globally would have important
contributions to mitigation of carbon dioxide emissions.

• Questioning the sense of operation of all devices during the opening hours of the restaurant was
discussed by the company’s management. It was met with various opinions, from positive ones
to rejections. The success is just triggering a discussion on the topic.

• It should be noted that thanks to the application of Lean Management solutions the company
gains at every stage. It responds faster to customer demand and delivers a finished product that
costs less. As a result, the company also has smaller losses or limits them to zero. As a result,
the Company is more competitive on the market. It should be stressed that the effectiveness of
Lean Management solutions will be particularly visible during the crisis in the industry.

In the future, the authors will try to develop the ideas presented in the manuscript in the context of
an attempt to implement them and the organizational and technical problems encountered. The lack
of understanding of the idea of Lean Management and dissatisfaction with the proposed solutions
result from the lack of compliance with the principle that the most important signal about the problem
comes from the source, i.e., from the employee from a given position. This signal can never be
underestimated. It would be also worth elaborating the application of Artificial Intelligence tools for
controlling the working schedules of appliances according to previously determined, and actually
adjusted, time dependencies of the number of customers appearing for service.
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3. Nazarko, J.; Czerewacz-Filipowicz, K.; Kuźmicz, A.K. Comparative analysis of the Eastern European
countries as participants of the new silk road. J. Bus. Econ. Manag. 2017, 18, 1212–1227.
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