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Summary 
 

Detta examensarbete består av en energianalys av müsliproduktionen hos Lantmännen Cerealia i Järna. 

För att utföra denna energianalys har ett Energy Flow Accounting-verktyg använts för kartläggandet 

av energins infölden, utflöden samt energiförluster från olika processer samt delprocesser. Energy Flow 

Acccounting-verktyget tydliggjorde de mest energikrävande delprocesserna för müslitillverkningen. 

Den totala energieffektiviteten för tillverkningen av müsli var totalt sett hög.  Dock kan 

produktionsanläggningens energieffektivitet förbättras ytterligare genom de förslag som angivits i detta 

examensarbete. De åtgärder som föreslås i examensarbetet gällande energioptimering för 

müsliproduktionen, baseras på konceptet cleaner production (CP). Samtliga föreslagna åtgärder enligt 

CP har baserats på resultaten från Energy Balance. Det rekommenderas därför att utföra en 

genomförbarhetsanalys av de föreslagna åtgärderna innan dessa implementeras hos Lantmännen 

Cerealia.  
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Abstract 
 

Production of muesli is an energy intensive process which consumes enormous amount of energy in 

various forms. In this study, energy flow accounting tool has been employed which is a valuable tool for 

mapping and quantifying the energy flows within a specific system such as a nation, city or factory. This 

tool aids in highlighting the pathways of energy throughout the system and identifies the sources of 

energy loss. Furthermore, to support identification and assessment of CP measures the energy flow 

accounting method was integrated within the CP assessment methodology framework. Energy balance 

established with the help of energy flow accounting method, also highlights different energy inflows and 

outflows in the process such as steam, oil, gas and raw material. The utmost energy consuming sub 

processes in muesli production are cleaning, rolling, air blowers, husk removal, extruder and mother 

machine. Since Läntmannen Cerealia at Järna generates steam, hot water and district heating from 

removed husk, along with recovering the steam loss in form of condensate, the overall efficiency of their 

system is approximately 90%. Moreover, an attempt to establish extensive energy balance at the plant 

has not been undertaken. This factor serves as the stimulus for the study project as it promises future 

work in this domain. This comprehensive report demonstrates a nearly accurate picture of the energy 

balance of muesli production at Läntmannen Cerealia. The energy losses in different manifestation of 

energy during various sub processes have also been presented in the report. Additionally, suggestions 

for improvement have been furnished to reduce the energy losses during the process of production.  

However, feasibility analysis is recommended before the implementations of these measures. 

Implementation of the aforementioned measures could potentially decrease the energy losses in 

production of muesli and can boost the environmental performance of the entire process. 

Keywords 
 

Efficiency, Energy Losses, Improvements, Environmental performance.  
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Nomenclature 
 

BAT – Best Available Techniques 

CP – Cleaner Production 

VSDs- Variable Speed Drives 

IR- Infrared  
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1. Introduction  

 

1.1. BACKGROUND 

The diversification in food industry has highly increased nowadays. With production ranging from 

small, traditional, family run activities which are more labour intensive to large capital intensive and 

highly mechanized industrial processes. A modern food industry includes a series of energy intensive 

processes and sub processes such as handling and storage, extraction, preservation, packaging, and so 

on (M. Malagié. et.al. n.d.). In Sweden, food industry accounts for roughly 3% of the aggregate energy 

used by all industries (Holmberg.R. 2015). Besides, raw materials and labour the energy cost in food 

industry ranks third among all input costs (Norton.T. et.al. 2013). Environmental impacts related to 

energy use are on the rise, which makes it vital for industries to examine their energy use and discover 

ways to reduce their energy losses during different processes. An overall assessment of various stages 

of process, spanning the entire production system can be facilitated via energy balance. The method 

helps to detect the losses which occur in flows of the process. Minimization of energy losses can decrease 

the total energy consumption of processes leading to a considerable reduction in production cost.  

 

Energy balance not only provides economic benefits, but also stipulates benefits such as environmental 

protection, social sustainability, energy supply security and industrial competitiveness (Norton.T. et.al. 

2013). A wide array of studies (R. Saidur. Et.al. 2012, Bing. G. Et.al. 2012, Bing. G. Et.al. 2011) 

demonstrate the application of the energy balance in paper and pulp industry, nonetheless during the 

initial research there is no scientific literature to indicate the use of the abovementioned tool in Swedish 

food industry. The reason behind this could be that paper and pulp industry accounts for 52% of the 

total energy used by all industries in Sweden, whereas the food industry only accounts for 3% 

(Holmberg.R. 2015).  As the world population is increasing at alarming rate the need for food is also 

increasing. As stated by Godfray.H. et.al. (2010) due to continuous population growth global demand 

for food will also keep on increasing for at least next 40 years. Human survival couldn’t be imagined 

without food so increasing population means higher food demands. With higher food demands food 

producers are facing higher competition for energy and the need to limit negative effects due to food 

production on the environment is becoming increasingly clear. So there is an urgent need to reduce the 

food system impact on environment in every possible manner. Hence it is important to produce and 

consume food in more sustainable way.  

 

Moreover, in this study the energy flow accounting method was integrated in CP assessment 

methodology framework in order to support identification and assessment of CP measures. 

Consequently, the study focuses on conducting an energy balance in a Swedish food industry along with 

the use of energy balance results for implementation of cleaner production techniques in food industry. 

Implementation of CP measures suggested in this study will result into reduction of negative impacts 

by food industry on environment.  

 

The focal point of this comprehensive study is the energy consumption in production processes of 

muesli in Lantmännen Plant at Järna; encompassing aspects like energy flows, energy use and loss in 

different sub processes. The results obtained post the application of this tool will be used to improve the 

performance of the plant with the aid of best available techniques (BAT). Furthermore, the results of 

the study could also augment the usage of the tool in other plants of the sector. 
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1.1.1. LITERATURE REVIEW  

 
This literature review will shortly go through different papers and studies which shows the application 

of energy analysis in different industries such as textile, paper and pulp, pharmaceutical, food etc. along 

with reviewing the efforts of Lantmännen Cerealia in this domain. Author have tried to identify most 

recent articles since it was important to understand that which methodologies are presently being used 

in different industries for accounting energy flows. Literature review helped author to identify different 

methods being used for conducting energy flow accounting in industries. 

 

Scientific Articles on energy analysis 

This chapter presents summary of different scientific articles which have been reviewed during this 
research. The papers that have been included in the literature review used energy analysis as a case 
and was not older than from 2005. During this literature review author tried to identify two or three 
cases from every industrial sector such as food, pulp and paper, textile, pharmaceutical etc. 
 
Pastora. M.et.al. (2012) conducted a material and energy flow analysis of cooked mussel in Spanish food 

industry. The methodology based on life cycle thinking was applied to mussel processing plant. 

Methodology was formed by combing the Material and energy analysis and Best Available techniques 

to identify the improvable flows of the process. Moreover, techniques were proposed to enhance the 

process. The study resulted in identification of 8 improved flows and suggested 13 techniques to 

enhance them. Pastora. M.et.al. in conclusion stated that it’s important to have initiatives aiming to 

minimizing environmental impacts and optimize the plant performance.  

Utlu.Z.et.al. (2013) analysed the energy and exergy balances in Turkish pulp and paper mill. Heat 

balance methodology was opted for conducting the analysis. The study identified energy efficiencies of 

every individual mechanical and physical step in the plant ranging from 34% to 97.4% whereas the 

exergy efficiencies ranges from 30.2% to 94.2%. Utlu.Z.et.al. concluded that exergy output can be 

improved by more efforts directed primarily to further measurements towards efficient utilisation of 

energy in the plant.  

Hong.G.et.al. (2011) conducted an energy flow analysis in Taiwan pulp and paper industry. The results 

of energy analysis identified various energy losses which include boiler and electricity generation losses, 

distribution losses and losses due to poor equipment efficiency. 

Similarly, another energy analysis conducted by Ertem. M. (2010) in a co- generation plant with the 

help of heat balance methodology showed how tool could be beneficial in identification of energy losses. 

The results of this analysis showed that the energy efficiency of the plant is near about 77.2% and energy 

losses other in form of dry flue gases (12.1%) and cooling water (4.8%).  

A study done by Saidur.R.et.al. (2012) in an Indian paper based industry reveals that how one 

compressed air leakage was responsible for about 50% of total energy loss. A mathematical model was 

formulated by applying physical phenomena like, energy consumption, efficiency, saving potential etc. 

which served as methodology of this study. The study founded that annual saving potential is near about 

5.9% of total energy consumption in the plant.  

Cleaner Production assessment conducted by Ozturk.E.at. (2016) in Turkish cotton industry by doing 

mass and energy balance reveals that how implementation of CP measures could result into reduction 

of material and energy consumptions. The study identified 92 best available techniques and after 

discussions 22 were implemented in the plant which were techno- economic applicable. 

Implementation of 22 identified techniques resulted in environmental and technical benefits.  

Mortier.S.et.al. (2013) also performed a mass and energy analysis in a pharmaceutical industry. The 

study used data of six- segmented fluidized bed dryer for the development and evaluation of mass and 

energy balance. Heat balance methodology was used to conduct energy balance.  The study concluded 

that use of mass and energy balance enables to monitor the process without the need for extra sensors.  
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A material and energy balances of iron making systems was performed by Nogami.H.et.al. (2006) to 

reduce the energy consumption and environmental load. The study examines the mass and energy 

balances of iron making system which is consist of hot stove, coke oven, blast furnace etc. The results 

showed that the metallic charging to blast furnace reduces both energy input and CO2 emissions, 

decrease in CO2 emission from iron making system while small decrease in energy input is caused by 

natural gas injection operation.  

Energy analysis conducted in Malaysian public hospital by Saidur. R.et.al. (2010) shows the use of tool 

in commercial sector. Tool helped to identify energy using equipment and their energy consumption 

breakdown. Moreover, identification of various energy saving measures were done and implemented in 

hospital. The results of study shows reduction in energy consumption by electric motors with the help 

of variable speed drive.  

An energy analysis was conducted by Ali.M.et.al. (2012) in Malaysian food industries.  The analysis 

didn’t use the energy flow accounting methodology. The study was conducted by audit data collection 

and targeting manufacturing companies. To estimate the energy and cost savings of using high 

efficiency motors instead of standard motors mathematical formulas were developed. The study 

concluded various suggestions on enhancing the electric motor efficiency.  

Ramı´rez. C. et.al. (2005) conducted a study in Danish food industry in which indicators where 

developed to monitor the energy efficiency development in food industry. With the help of energy 

efficiency indicator energy efficiency was measured. The study results showed that food industry has 

improved their energy indicators by about 1% per year in primary terms. Results also showed that in 

terms of final energy no improvement in indicator for final demand of electricity whereas decrease on 

indicator for final demands of fuels of about 1.8% per year was noticed.  

Various studies mentioned above shows the use of this tool in different sectors like paper and pulp, 

pharmaceutical industry, textile industry etc. to identify the energy losses. The application of this tool 

have helped various industries to identify the whole picture of their energy losses and to work in the 

direction of minimizing those losses. But on the other hand, application of this tool in the food industry 

seems missing and energy analysis is done by other methods as shown in abovementioned studies. 

Earlier studies (Ali.M.et.al. (2012), Ramı´rez. C. et.al. (2005) ) shows the energy analysis in food 

industries which mainly focuses on the calculating and minimizing the electric consumption of the 

processes and other forms of energy present in the processes have not been accounted. Application of 

this tool in a food industry could play a vital role in identifying the all type of energy losses occurring in 

an industrial process. After identifying the success of this tool in other industries it was decided to 

conduct an overall energy flow analysis in a Swedish food industry with the help of energy balance 

methodology so that all the improvable energy flows can be identified and can be minimized with the 

help of the best available techniques (BAT).  

 

 Lantmännen  

Lantmännen was established in January 1, 2001. Owned by 25,000 Swedish farmers the company is an 

agricultural cooperative and Northern Europe’s leader in agriculture, machinery, bioenergy and food 

products (Lantmännen, 2108). The company has four main divisions namely energy, food, agricultural 

and machinery. With food grain as its basis, the company manages all aspects, from seeding in the farms 

to the manufacture of the final product. It has operations in more than 20 countries and an annual 

turnover of SEK 40 billion (Lantmännen, 2108).  Most popular or well- known food brands of the 

company are AXA, Bonjour, GoGreen, Gooh, FINN CRISP , Vassan, etc. The foundation of the company 

is based on the legacy of knowledge and values acquired across generations of farmers. The company 

strives to take onus from field to fork with the help of research, development and operations throughout 

the value chain.  
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Lantmännen Cerealia is a strong player in the Swedish food market that encourages continuous projects 

and studies to improve energy efficiency, reduce harmful pollutants and wastes. Although various 

studies have been conducted individually in several processes and systems in the plant at Järna, an 

overall energy balance, calculations of energy losses has not been undertaken. The aforesaid fact 

establishes the vitality and significance of this report.  

A few examples of the efforts of Lantmännen in this domain are documented below: 

1. Seasonal replacement of air handling units 

2. Clearing the air loss and demand control of the pneumatic transport and aspiration system 

3. Adjustment of ventilation 

4. Investigation about the possibility of liquid condensation of chillers 

5. Investigation regarding installation of LED. 

But an attempt to establish extensive energy balance to identify the energy losses at the plant has not 

been undertaken. This factor along with making food industry grow in more sustainable way serves as 

the stimulus for the study project as it promises future work in this domain.  
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1.2. AIM AND OBJECTIVES 

The aim of this research is to conduct an energy analysis of muesli production for Lantmännen Cerealia 

at Järna and suggest CP measures to enhance the production efficiency and reducing energy losses on 

the basis of energy balance results.  

 
Objectives of the research are as follows: 

 

 Identification and quantification of all the main inputs and outputs flows within the set system 

boundaries, and preparation of a system model of the overall process flow. 

 Identification and quantification of the internal energy flows between various sub processes 

and their interactions. 

 Conducting energy balance for achieving deeper understanding of flows and energy losses 

during muesli production at Lantmännen Cerealia, Järna. The focus will be on energy flows and 

balances, and mass flows will be identified only for aiding energy balance. 

 Furthermore, the energy balance results will be utilised for suggesting cleaner production 

measures for enhancing the energy efficiency and reducing energy losses.  

  
 

1.3. SYSTEM BOUNDARY 

This project has four principal boundaries corresponding to the production site or geographic boundary, 

study year, produced product and time span for the project. The production site is, as mentioned earlier, 

Lantmännen Cerealia located at Järna, Sweden. This thesis will primarily concentrate on the production 

of breakfast food muesli and suggest a more efficient production within this boundary. All types of 

muesli cereals produced in the plant have been considered for the purpose of this study. Furthermore, 

boiler is also considered in this study, but only the steam used for muesli production has been 

deliberated. Moreover, some sub processes like oven and dryer are to be considered as “Black Box” 

model in order to achieve the energy balance in the overall company level (N.a. n.d). This is done as 

these sub processes are not frequently used, so the chemical reactions have been neglected. However, 

energy used in office or labs which is consumed in muesli production has not been considered.  

  
The mass and energy flow will be centred on the yearly production cycle of the company, limited by the 

time span of five months. The year chosen for study is 2017 due to its relatively recent nature and the 

ease of availability and access to raw data. Figure 1, illustrated below, shows the overall process flow 

within the system boundary of muesli production at Lantmännen Cerealia. Only important flows have 

not been mentioned in the flow chart because mentioning all flows could make the flow chart look messy 

that’s why map is provided in starting which describe the names of each flow. The boiler is considered 

inside the system boundary because the steam produced by boiler is used in the production of muesli.  

Nevertheless, production of granola, pasta, flour, etc. has been kept outside the purview of the system 

boundary. 

 
                                        Figure 1: Overall process flow of muesli production 
 

                       Pallet                                         Removed husk                                 Oil  

                       Electricity                                  Steam                                               Air 

                        Additives                                Additives + Material                        Muesli 

                        Gas                                          Raw Material  
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2. Methodology 
 

The Cleaner Production (CP) assessment methodological framework served as the basis for this 

research, which was originally suggested by United Nations Environment Programme (UNEP) (1996) 

and analysed further by Nilsson et al. (2007) (Figure 2). Particularly, for the scope of this research the 

methodology of the second (Pre-Assessment) and third phase (Assessment) of the framework were 

considered as relevant and were applied. These two phases involve various steps that have been 

explained comprehensively. In this methodological framework, development of a process flowchart and 

an energy balance are fundamental steps, as they are instrumental in providing valuable  insights about 

the plant processes and map the energy flows across the plant and hence they can support the CP 

assessment. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure. 2. Methodological framework for CP assessment, adapted by Nilsson et al. (2007) 
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2.1. PRE-ASSESSMENT 

 

2.1.1 COMPANY DESCRIPTION AND FLOW CHART 

 

The first step provides a brief description about the history and organisation of the company along with 

their principal products and the most important inputs and outputs of the plant. Thereafter, a process 

flowchart of the Lantmännen plant in Järna was created presented in Figure 1, which outlines the main 

processes of the plant, along with the inputs and output.  

 

2.1.2 WALK-THROUGH INSPECTION 

 

Several walk-through inspections of the plant in Järna were conducted from February 2018 to May 2018 

to obtain substantial information and an extensive database to support the finalization of the research. 

Moreover, team leaders, project managers and technicians were interviewed intensively to further the 

data for research and analysis. 

 

2.1.3 ESTABLISH A FOCUS 

 

At this stage, the system boundary of the research was defined. Post an exhaustive deliberation with the 

project managers, muesli production was chosen as the focal point of the study. Not only was Muesli 

their major product, but the boundary too is set around it making it the most pragmatic choice. The 

boundary is established from intake of raw material for muesli production to the final packed product. 

The timeframe of the study is annual, i.e., for the year 2017.  

 

2.2. ASSESSMENT 

 

2.2.1 COLLECTION OF DATA 

 

All the data on energy consumption of the processes and sub-processes of the plant was gathered 

directly from Lantmännen Cerealia, Järna. Moreover, interviews and meetings were conducted with 

project managers, team leaders and technicians to gain a holistic an in depth understanding of processes 

and sub processes.  

 

2.2.2 ENERGY BALANCE 

 

The energy balance for muesli production was developed at this nascent stage. The basis for the energy 

balance was the energy inflows in certain processes, which were meticulously observed in Lantmännen 

Cerealia, Järna. In an attempt to establish the overall energy balance of the plant, following steps were 

followed sequentially: 
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Preparation of Conceptual Model: 

The first and primary step undertaken in direction of developing energy balance was preparation of a 

conceptual model.  Consequently, a conceptual model shown in Figure 3 was prepared with all the 

energy flows in the process.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

                 Figure 3. Conceptual Model of Energy Flows 

 

Parameterization for quantification:  

During the entire production process energy flows are identified and categorised into four different 

kinds namely electricity, steam, raw material and oil. Different equations have been used for 

quantification of energy such as: 

Electricity: Unit consumed per hour x No. of using hours per year.  

Raw material: Mass of material x Energy content per kilogram.  

Oil: No. of litre consumed per year x Energy content per litre. 

Steam: All the data regarding energy in steam has been collected from company’s well documented data 

which has been collated with the help of sub meters present on the production lines.  
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Energy quantification with collected data:  

The final step is to calculate all the energy inflows and outflows with the help of equations and to analyse 

if the process is balanced or not. The freeware e!Sankey (2017) software trial version was used for the 

representation of the energy balance in a Sankey diagram. 

 

2.2.3 IDENTIFY CLEANER PRODUCTION OPPORTUNITIES 

 

A literature review was conducted with focus on CP techniques that had been used for increasing the 

energy efficiency of industrial processes in order to identify potential CP measures for Lantmännen 

Cerealia at Järna. Along with literature review CP measures were also based on author’s own knowledge 

and understanding. As stated by Nilsson et al. (2007), the environmental performance of a process is 

influenced by five features which are 1) Execution of the Process, 2) Input Materials, 3) Technology, 4) 

Product, 5) Waste and Emissions. These features served as focal points for identifying CP practices for 

the plant at Järna, although they were adjusted with the aim to shift the main focus from waste to 

energy. In this context, the corresponding CP suggestions have been classified in the following five key 

areas:  

o Good Housekeeping: Practices that focus on proper equipment operation and maintenance to 

reduce energy losses and improve efficiency 

o Input Substitution: Changes in the input materials or energy inflows that could improve energy 

efficiency 

o Technology Modification: Changes in technology and equipment that could improve energy 

efficiency 

o Product Modification: Potential changes in product specifications that could increase energy 

efficiency 

o Recovery of Energy: Techniques that could recover energy from outflows 

Out of these five key areas Technology Modification, Recovery of Energy and Good Housekeeping, were 

deemed as most relevant to the scope of this comprehensive and analytical study. Therefore, CP 

practices that could be classified in these categories were identified. Product Modification measures 

were not inspected thoroughly since changes in the product specifications were not considered feasible 

as the risks of changing the specifications in products, such as nutrition, would be significant both for 

the customer and the company.   

 

 

2.2.4. RECORD AND SORT OPTIONS 

 

The final stage presents a detailed study of recording and sorting of the CP suggestions according to 

the process of the plant. The options have been meticulously described in this report.  
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3. Process Description 
 

Lantmännen Cerealia located at Järna produces muesli and other breakfast products, pasta and crisp 

bread. The plant is also the home of the Gooh-kitchen, where ready meals are cooked by professional 

chefs. In the plant at Järna, breakfast products based on Swedish oats are produced. Additionally, the 

biggest residue from the production - oat husks - is not considered as waste in the plant. The husk is 

converted to energy which is further used in production of various products thereby reducing the usage 

of fossil fuels.  

This study has been confined to the production of muesli. The production of muesli requires three main 

process units namely Oat Mill, Breakfast Mill and Packaging. Moreover, boilers are also included in this 

study, but only the steam produced used in muesli production has been included in the scope of the 

study.  The sub processes included in these three process units are listed below: 

 Oat Mill 

 Intake Pit 

 Filtration Processes 

 Cleaning Processes 

 Silos 

 Husk Removal 

 Kiln 

 Optical Sorting 

 Rolling 

 

 Breakfast Mill  

 Extruder 

 Dryer 

 Oven 

 Silos 

 Combiner 

 Mixture 

 

 Packaging 

 Multi- head Weigher 

 Mother Machine 

 Printer 

 Check Weigher 

 X-ray 

 Wrap Around 

 Pelletizer 

 

Furthermore, the block diagram in Figure 4 represents inflows and outflows of energy in the plant. The 

energy inflows include electricity, steam, oil, raw material and additives, wooden pallets and removed 

husk. Whereas, the energy outflows include hot water, district heating, steam, muesli and energy losses.  
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Figure.4. Block Diagram of Lantmännen Cerealia 

 

3.1. OAT MILL 

Oat Mill is the foremost processing unit that marks the beginning of muesli production. Oat Mill 

consists of several sub processes which have been listed above and shown in Figure 1. The Process begins 

with the intake of raw material through intake pit. Thereafter, the raw material passes from different 

filtration and cleaning processes such as electro- magnetic filtration, stone filtration, etc., to remove 

impurities from it. Post the cleaning process, the raw material is stored in big storing tanks called silos. 

The next step in the process is husk removal, wherein the raw material is taken from the silos for 

segregating husk from grain. The removed husk is sent to the boiler for burning, whereas the grain is 

sent to kiln where it is heated up so that it becomes slightly crispy. The grain is then passed through 

optical sorting which throws out foreign or burned particles present in the grain mixture. Subsequently, 

the grain mixture passes from the rolling machine which flattens the grain particles that are stored in 

the silos. Essentially, the raw material for muesli production is produced in this stage.  

The block diagram in the given Figure 5 shows the input and output energy flows in Oat Mill.  The input 

energy carriers include electricity, steam and raw material; whereas the output energy carriers include 

raw material, material and husk loss, steam and electric loss.  
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Figure.5. Block diagram of Oat Mill 

 

3.2. BREAKFAST MILL 

The second stage in the production of muesli is Breakfast Mill.  The Breakfast Mill also consists of series 

of sub processes as shown in Figure 1. The process begins from the extruder in which other raw materials 

or additives are passed and the required shape and size of the additives is produced. The additives 

produced from the extruder go to the flattening roller which makes the additives a bit flat. After this 

process the additives are sent to the oven for heating process. In this stage the additives are heated to 

make them crisp and then passed from dryer which makes sure that they are fully dried and sans all 

moisture. Post the completion the entire process, the additives are stored in small bins in which other 

additives like fruits, berries, etc., are added to them. Thereafter, the mixture is sent to a big storing tank 

called silos. In silos additives mixture is combined in a combiner with the raw material present in other 

silos sent by Oat Mill. The combined mixture goes to the mixture where the material is mixed thoroughly 

and muesli takes its final form, which is sent for final packaging. This is the how muesli is produced in 

Breakfast Mill.   

The block diagram given below (Figure 6) shows the input and output energy flows in the Breakfast 

Mill. The input energy flows consist of electricity, steam and raw material along with different additives; 

whereas the output energy flows consist of material, steam and electric energy losses along with muesli 

produced.  
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Figure.6.Block diagram of Breakfast Mill 

 

3.3 PACKAGING 

Packaging is the last and final stage of muesli production.  The process starts with multi- head weigher 

that receives the muesli from mixture in breakfast mill. The multi head weigher plays a crucial role in 

packaging as it helps calculate the exact weight needed to be packed in a packet. After taking the exact 

amount of muesli that needs to be packed, it drops the muesli in the mother machine, wherein the 

packets are ready in line. Subsequently, the packets are sealed and emerge out of mother machines. 

Thereafter, the packed muesli passes through the printer which prints manufacturing date and other 

required data. The packets are then passed through different testing stages like metal detector, check 

weigher, X- ray that determine that packets contain the required ingredients and no other foreign 

substance. This step is followed by wrap around which wraps the muesli packets in big boxes and sends 

them to pelletizer from where it proceeds for sale.  

The block diagram in the given Figure 7 shows the input and output of energy flows in the packaging 

section. The input energy flows consist of muesli and electricity; and output energy flows consist of 

material loss, electric energy loss and packed muesli.  
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Figure.7.Block diagram of Packaging section 

 

3.4. BOILER 

Two boilers of 5 MW (Iris and Natalie) are jointly owned by Lantmännen Cerealia with Telge Energi.  

These colossal boilers produce hot water (heating) and steam for the plant and district heating for about 

1400 homes of Järna. Corn husk production that is blown into the boilers acts as their fuel. However, 

in case of scarcity of oat husk the boiler is fed with wooden pellet, oil and gas. Although, burning pellet 

is not economically viable when compared with oat husk, but the occasional lack of storage space of oat 

husk during certain times of the year makes the use of wooden pellet indispensable.    

The block diagram in Figure 8 shows the input and output energy flows in the boilers. The energy 

inflows consist of oil, wooden pallet, oat husk, gas; whereas the outflows consist of hot water, steam and 

district heating.  
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Figure.8.Block diagram of Boilers 

 

    

 

 

 

 

 

 

 

 

 

 

 

 

Boilers 

Oil

 

 

Electricity

Wooden Pallet

 
 

Electricity

 

Electricity

 

Energy 

Losses 

 

 

Steam 

Oat husk 
District heating 

Hot water 

Gas 



26 
 

4. Results 
 

The results of this report and elaborated explanations through texts and tables are documented in the 

following section. The energy balances are also presented in the form of Sankey diagrams, followed by 

all inclusive calculations in the Appendix for better visual representation and comprehension.  

The study utilises the efficiency of the processes and sub processes to derive the energy losses.  

Electricity used by different machines has been calculated by bottom up approach due to unavailability 

of well documented data for every sub process. All the calculations have been included in the appendix. 

Hence, the appendix could be referred to for a better understanding of electricity calculations. 

4.1. ENERGY BALANCE RESULTS 

The report documents the energy balance of the individual processes – Oat Mill, Breakfast Mill, 

Packaging and Boiler. It also lays out a detailed account of overall energy balance for the integrated 

plant, Lantmännen Cerealia at Järna. 

 

4.1.1. OAT MILL 

 

This following section presents a comprehensive description of energy balance of the Oat Mill. The 

energy balance for the Oat Mill is represented in Table 1. 
 

Table.1. Energy Balance of Oat mill 

Oat Mill 

Input 
Fraction 

Mass 
Input 
(Kg) 

Energy 
Content 
(MJ) 

Output 
Fraction 

Mass 
Output 
(kg) 

Energy 
Used (MJ) 

Energy 
Losses 
(MJ) 

Energ
y 
Losse
s % 

 
Raw  
material 

3,664,392
.86 

57,380,727
.8 

Raw 
material 

2,565,075 39,758,662.5
0 

0 0 

Removed 
Husk 

549,658.9
29 

 9,102,351.86 15.8% 

Material 
Loss 

549,658.9
29 

 8,519,713.4 14.8% 

Steam  19,272,186 Steam 
Used 

 9,636,093 9,636,093 50% 

Electricity  11,012,723.
712 

Mechanica
l energy 

 6,607,634.22
72 

4,405,089.4
848 

40% 

Total 3,664,39
2.86 
 

87,665,63
7.5 

 3,664,39
2.86 

56,002,389.
73 

31,663,247
.74 

36% 

 

It is evident from the input energy sources that raw material and electricity account for the main energy 

carrier at this stage. The energy losses in this section occur mainly in three forms i.e., material, 

electricity and steam. Energy loss in form of material occurs during husk removal and cleaning sub 

process. Whereas, electricity losses occur in every sub process and steam losses occur in kiln, steam and 

rolling section. This can be better understood with the help of the Sankey diagram for the Oat Mill in 

Appendix 8.2, and the corresponding calculations for the energy balance has been documented in 

Appendix 8.9. 
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4.1.2. BREAKFAST SECTION 

 

The energy balance for breakfast Mill is shown below in table 2.   

Table 2. Energy Balance of Breakfast mill 

Breakfast Mill 
Input 
Fracti
on 

Mass 
Input 
(Kg) 

Energy 
Content 
(MJ) 

Output 
Fractio
n 

Mass 
Output 
(Kg)  

Energy 
Used (MJ) 

Energy 
Losses 
(MJ) 

Ener
gy 
Loss
es % 

Raw 
materia
l 

2,565,075 39,758,662.
50 

Raw 
material 

2,565,075 39,758,662.
50 

0 0 

Additiv
es 1 

250,115 4,126,897.5 Additive
s 1 

212,597.7
5 

3,219,489.4 907,408.1 20% 

Additiv
es 2 

1,298,682.
25 

21,428,257.1 Additive
s 2 

1,298,682
.25 

21,428,257.
1 

0 0 

Electric
ity 

 5,317,988.4 Mechani
cal 
energy 

 3,190,793.4 2,127,195.72 40% 

Steam  505,803.24 Steam  
 

 252,901.62 252,901.62 50% 

Oil  1,229,370.4
4 

Oil   1,044,964.8
8 

184,405.565 15% 

Total 4,113,872
.25 

72,366,97
9.18 

 4,076,35
5 

68,895,06
8.9 

3,471,911.
005 

4.7% 

 

Akin to the energy balance of the Oat Mill, the Breakfast Mill also has raw material and electricity as its 

main input energy carrier. However, in this section we have an additional energy carrier i.e., oil which 

is used in oven in one of the sub process in the section. The main losses in the breakfast section are the 

material loss (additives 1) in extruder, electric loss, steam loss and combustion loss. The energy balance 

is better depicted with the Sankey diagram in section Appendix 8.4, and the corresponding calculations 

have been shown in Appendix 8.9. 

 

4.1.3. PACKAGING 

 

The energy balance for packaging is shown below in table 3.  

Table 3. Energy Balance of Packaging 

Packaging Section 
Input 
Fraction 

Mass (kg) Energy 
Content 
(MJ) 

Output 
Fraction 

Mass (kg) Energy 
Content 
(MJ) 

Energy 
Losses 

Ene
rgy 
Loss
es % 

Muesli 4,076,355 64,406,409 Muesli 
 

4,065,155 
 
 

64,229,449 176,960 1% 

Electrical 
energy 

 143,136 Mechanic
al energy 

 85,881.6 57,254.4 40% 

Total 4,076,355 
 

64,549,545  4,065,155 64,315,330.
6 

234,214.
4 

0.4
% 
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As established earlier the input energy carrier in both Oat and Breakfast Mill remain the same i.e., raw 

material and electricity. However, steam does not act as energy carrier in this section. The main losses 

in the packaging section occur in form of electricity in every sub process followed by a small energy loss 

in form of material in mother machine. The energy balance is better depicted with the Sankey diagram 

in section Appendix 8.6, and the corresponding calculations have been shown in Appendix 8.9. 

 

4.1.4. BOILER 
 

The Boiler at Lantmännen Cerealia, Järna produces electricity, steam and district heat. It provides 

district heat for the plant and 1400 households in its neighbourhood. The energy balance is depicted in 

Table 4. The main energy carrier in the inputs is the removed husk produced during husk removal sub 

process in Oat Mill and wooden pallet. Oil and gas account less in net energy input. In output the energy 

is lost to atmosphere and water as heat and efficiency losses. The energy balance is better depicted with 

the help of the Sankey diagram for the boiler in the plant in Appendix 8.7, and the corresponding 

calculations have been shown in Appendix 8.9 

Table 4. Energy Balance of Boiler 

Boiler 
Input 
Fractio
n  

Energy 
Conten
t 
(MWh) 

Energy 
Content 
(MJ) 

Output 
Fractio
n 

Energ
y 
Conte
nt 
(MWh
) 

Energy 
Content 
(MJ) 

Energy 
Losses 
(MJ) 

Energ
y 
Losse
s % 

Husk 17,340 62,424,000 Steam 7667 27,601,200   
Wooden 
pallet 

24,051 86,583,600 Hot 
water 

13,194 47,498,400   

Gas 1,103 3,970,800 District 
heating 

24,374 87,746,400   

Oil 6,324 22,766,400      
Steam 
condensa
te 

2,746.9 9,394,544.9      

Total 51,564.
9 

185,139,344
.9 

 45,235 16,284,60
00 

22,293,344
.9 

12% 

 

4.1.5. OVERALL ENERGY BALANCE: 

 
The overall energy balance for the muesli production at Lantmännen Ceralia, has been depicted in Table 

5. The energy carriers in the outputs are divided into energy used and energy losses in different 

processes. Furthermore, input energy carrier of every process has been displayed in on left side of the 

table. It is imperative to note that out of the total energy, approximately 90% is useful energy and merely 

10% energy is lost in form of steam, material, oil and electricity. The closing of loops for steam and oat 

husk and using these losses again as input plays a vital for in enhancing the overall efficiency. The oat 

husk produced from the oat mill is sent to the boiler and used as a fuel input for producing hot water, 

district heating and steam. Whereas the steam is recovered in form of condensate after being used in 

different sub processes and sent back to boiler again. So this two recovery of losses helps to enhance the 

overall efficiency of the production process. The Sankey diagram in Appendix 8.8 presents an inclusive 

and exhaustive perspective of the energy balance at Lantmännen Cerealia and the corresponding 

calculations have been shown in Appendix. 8.9. The overall energy balance showed that major energy 

losses in whole muesli production process is occurring in form of electric losses i.e. 40%.                                                                                                           
. 

Table 5. Overall Energy Balance of Lantmännen Cerealia 
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Whereas the energy losses in form of steam, material and oil is comparatively quite small as compared 

to electric losses. So to increase the overall production efficiency it is important to minimize the electric 

losses occurring in the process. So based on these results CP measures focusing on technical aspects 

have been suggested in section 4.3. Main focus during suggesting CP measures was on reducing the 

electric losses but some other CP measures are also suggested which could contribute in enhancing the 

production efficiency. 

Lantmännen Cerealia 

Compan
y 
Section 

Input 
Fraction 

Mass 
Input 
(Kg) 

Energy 
Content 
(MJ) 

Output 
Fraction 

Mass 
Output 
(kg) 

Energy 
Used 
(MJ) 

Energy 
Losses 
(MJ) 

Energy 
Losses % 

 
 
 
 
 
 
Oat Mill 

 
Raw  
Material 

3,664,392.
86 

57,380,727.
8 

Raw 
material 

2,565,075 39,758,662.
50 

0 0 

Removed 
Husk 

549,658.9
29 

 9,102,351.8
6 

15.8% 

Material 
Loss 

549,658.9
29 

 8,519,713.4 14.8% 

Steam  19,272,186 Steam Used  9,636,093 9,636,093 50% 
Electricity  11,012,723.

712 
Mechanical 
energy 

 6,607,634.2
272 

4,405,089.
4848 

40% 

Total 3,664,392
.86 
 

87,665,63
7.5 

 3,664,39
2.86 

56,002,38
9.73 

31,663,24
7.74 

36% 

 
 
 
 
 
Breakfas
t Mill 

Raw 
Material 

2,565,075 39,758,662.
50 

Raw 
material 

2,565,075 39,758,662.
50 

0 0 

Additives 
1 

250,115 4,126,897.5 Additives 1 212,597.7
5 

3,219,489.4 907,408.1 20% 

Additives 
2 

1,298,682.2
5 

21,428,257.
1 

Additives 2 1,298,682
.25 

21,428,257.
1 

0 0 

Electricity  5,317,988.4 Mechanical 
energy 

 3,190,793.4 2,127,195.7
2 

40% 

Steam  505,803.24 Steam  252,901.62 252,901.62 50% 
Oil  1,229,370.4

4 
Oil  1,044,964.8

8 
184,405.56
5 

15% 

Total 4,113,872.
25 

72,366,97
9.18 

 4,076,35
5 

68,895,06
8.9 

3,471,911.
005 

4.7% 

 
 
Packagi
ng 

Muesli 4,076,355 64,406,409 Muesli 
 

4,065,155 
 

64,229,449 176,960 1% 

Electrical 
energy 

 143,136 Mechanical 
energy 

 85,881.6 57,254.4 40% 

Total 4,076,355 64,549,54
5 

 4,065,155 
 

64,315,33
0.6 

234,214.4 0.4% 

 
 
 
 
Boiler 
 
 
 
 
 
 
 
 
Whole 
plant 

Husk  62,424,000 Steam  27601200   

Wooden 
pallet 

 86,583,600 Hot water  47498400   

Gas  3,970,800 District 
heating 

 87746400   

Oil  22,766,400      

Steam 
condensat
e 

 9,394,544.9      

Total 
 

 185,139,3
44.9 

  162,846,0
00 

22,293,34
4.9 

12% 

Overall  409,721,5
06.6 

  352,058,7
89.2 
 

57,662,71
8.05 

 

Recover
ed losses 

     
 

18,496,89
6.8 

 

Final 
Total 

 409,721,5
06.6 

  352,058,7
89.2 
 

39,165,82
1.2 

10% 



30 
 

4.2. SENSITIVITY ANALYSIS  

This section will represent a sensitivity analysis that has been conducted. As stated by (Wainwright and 

Mulligan, 2005) the process of sensitivity analysis involves changing the input parameters to see how 

much that will change the model output. The purpose of this analysis are as follows: 

 To check the model robustness. 

 To determine how sensitive the parameters are to data uncertainty.  

As shown by the energy balance results that losses are occurring in different forms such as material, 

electric and steam so this section contains analysis which will be concerning the variations in different 

losses and how sensitive the energy used are to these different kind of losses. Furthermore, another 

analysis will show how change in electric losses can result into cost saving for the company. It can be 

seen in Figure 9, Figure 10 and Figure 11 that change in used energy varies between 0% and ±0.30% if 

the losses varies with ±10%. Figure 9 shows the variation in energy used when material losses whereas 

the Figure 10 shows the variation in energy used when electric losses varies. Figure 11 shows the 

variation in energy used when steam losses varies.   

 

Figure.9. Sensitivity Analysis – material losses 

 

So the analysis shows that the most sensitive parameter is material losses followed by electric losses as 

compared to other parameters. So the reduction in material losses can enhance the energy used and 

vice versa as food is a major source of energy. Another parameter which is sensitive is electric losses 

and as shown by the energy balance results company have huge electric losses during the production so 

reduction in electric losses can result into energy efficient production.  
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                      Figure.10. Sensitivity Analysis – electric losses 

 

 

 

Figure.11. Sensitivity Analysis – steam losses 
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Another analysis conducted during this study concerns the variations in electric losses and how 

sensitive the prices of electricity are to these electric losses. The total electric energy consumed in all the 

three processes that is oat mill, breakfast mill and packaging during muesli production is 16,473,848.10 

KWh. Out of the total electric energy consumed during production 60% is converted as work and rest 

40% results into electric energy losses. The cost of electricity for the company is 0.50 SEK/KWh. So this 

analysis shows how sensitive the prices are to the variation in electric losses. Analysis depicts the 

relationship of different percentage of electric energy losses with different electricity prices. 

Furthermore, it represents how variation in the electric energy losses can shift the cost saving pattern 

for the company. Figure 12 makes it easy to understand that how much reduction in the electric energy 

losses can result into amount of cost saving for the company. If the electric losses get reduced to 25% 

from 40% the company can save up to 2,471,077.22 SEK/per year.  

 

 

Figure.12. Sensitivity Analysis – Electric losses prices 
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4.3. CLEANER PRODUCTION SUGGESTIONS 

Some of the Cleaner production suggestions focusing on technical aspects of every individual process 

are documented in the following sub-chapters. The list of energy losses which are occurring in different 

production process are listed below in descending order: 

Electric losses: Oat Mill, Breakfast Mill and Packaging. 

Material losses: Oat Mill, Breakfast Mill and Packaging. 

Oil losses: Breakfast Mill. 

Steam losses: Oat Mill, Breakfast Mill and Boiler.  

So CP measures are identified to minimize the abovementioned losses.  

4.2.1. BOILER  

 

Creating Storage Space for Excess of Husk 

Husk is used as burning fuel for the boiler. During summers the husk produced is more than the 

required quantity which results in sending the husk into fields. Whereas, in winters the husk produced 

is less which causes use of wooden pallet, oil and gas to fulfil the requirement. A brief comparison has 

been done in table 7 on two scenarios that is sending husk to fields and storing to husk based on social, 

environmental and economic impacts. The reason for brief comparison is that sending of husk has been 

kept out of the system boundary.  

Table 6. Scenarios – Comparison 

Scenarios Social Impact Economic Impact Environmental Impact 

Sending of Husk 

to fields 

Creates dust 

which contributes 

to air pollution 

which can affect 

human health in 

surroundings  

Increases transport 

costs, labour cost, 

reduces fertilizer 

cost. 

Contributes to air pollution as husk 

carries a lot of dust, transporting of 

husk causes CO2 emissions, 

increases use of wooden pallet and 

fuel which contributes to air 

emissions, reduces use of fertilizer 

Storing of husk  Totally encases 

the dust creating 

activity and 

reduces the air 

pollution and risk 

to human health. 

 

Vanishes transport 

costs, labour cost but 

increases fertilizer 

cost and also 

electricity cost as 

storing uses 

conveyor belt for 

transporting husk to 

storage room. 

Reduces the air pollution, vanishes 

the CO2 emissions due to transport, 

minimizes the use of wooden pallet 

and fuel but increases the fertilizers 

effect.  

An increase in the usage of husk reduces the energy losses and vice versa. Thus, it can be concluded that 

use of husk should be prioritized. Therefore, a storage tank could be built for storing the husk produced 

in summers so that it could be used in winters. 

Blowdown Minimization of a Boiler 

To limit the accumulation of salts, e.g., chlorides, alkalis and silicic acid the blowdown of boiler is used 

making it crucial to regulate these parameters within prescribed limits. Moreover, for removing the 

sludge deposits, such as calcium phosphates, and corrosion products, e.g., ferric oxides from the boiler, 

blowdown is used in order to keep the water clear and colourless (EC, 2006).The waste water is always 

discharged at a high pressure and temperature, either for a set time or continuously. Hence, it is 
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preferred to restrict the blowdown as far as possible. The total dissolved solids content of the boiler 

water is best kept as close as possible to the maximum authorised value (EC, 2006). This can be achieved 

via an automated system consisting of a conductance probe in the boiler water, a blowdown regulator 

or a blowdown regulating valve. The conductance is continually measured. The regulating valve is 

opened more if the measured conductance exceeds the maximum value. To reduce energy consumption, 

heat recovery can be done from the blowdown of a boiler (EC, 2006). 

 

Investigating the use of steam condensate.  

The steam is recovered from muesli production in form of condensate which has similar temperature 

as hot water used in pasta factory. So further probe and research can be done on sending or using the 

condensate directly to pasta factory which uses hot water of same temperature instead of sending it 

back to the boiler 

 

Scope of Co-generation 

Co-generation also known as combined heat and power (CHP), is a technique through which heat and 

electricity are produced in a single process. (EC, 2006). In food manufacturing processes for which heat 

and power loads are balanced, combined generation of heat can be used. The muesli production needs 

electrical energy in every step and thermal energy in a few steps of the process. Electricity is needed for 

lighting, for plant process control, and as the driving power for machinery. While steam and hot water 

are needed for heating process. This could act as a valuable alternative for the plant.  
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
  
 
 

Figure.13.Cogeneration plant (EC, 2009) 
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4.2.2. OAT MILL  
 
Installation of Electric meter 
 
The installation of electric meter on each sub process costs a lot of money making it economically 
unfeasible. Hence, the installation of electric meter can be done on the sub processes which consume 
maximum electricity during processing. The maximum electricity consuming sub processes in Oat Mill 
are Cleaning, Rollers, Air Blowers and Husk Removal. The amount of electricity consumed by each sub 
process has been stated in Appendix 8.9. Installation of electric metre will help analyse the machine 
electric consumption on daily basis. This could further facilitate the detection and correction of 
fluctuation in electricity consumption.  
  

Installation of Check weigher 
 
Check weighers could be installed on husk removal and cleaning sub processes in the Oat Mill which 

can help in measuring the amount of raw material entering into these sub processes and amount of raw 

material coming out of them. As in Oat Mill these are the sub processes where the material losses occur, 

so a check weigher could help analyse the exact amount of losses occurring each day. This in turn would 

make it plausible to detect and rectify the loss caused due to fluctuation in material losses.  

 

Use of frequency convertors on motor 
 
The use of frequency converters enable the control of motor’s speed, which ensures that the speed of 
the impeller is exactly matched to the required output of the motor resulting in  reduction of energy 
consumption (EC, 2006). This can be installed on the motors of maximum electricity consuming sub 
processes such as Cleaning, Rollers, Air Blowers and Husk Removal.  
 

 
Installation of Energy Efficient Motors 
 
As stated by Galitsky et al., (2008) energy efficient motors reduce energy losses owing to their improved 
design and materials, higher tolerances and better manufacturing techniques. Around 2-8% energy 
savings can be provided by motors of 1-15 kW. In energy efficient motors the rise in temperature is lower 
than the conventional motors, hence the lifetime of motor winding insulation and bearings is higher 
(EC, 2009). 
 
Installation of Properly Sized Motors 
 
Unnecessary consumption of energy is caused by oversized motors. Motors operating between 60 to 
100% full load can achieve peak efficiency, while their efficiency decreases significantly when they 
operate under 40%. Moreover, proper motor sizing may slightly decrease the operating speed of fans 
and pumps, and consequently energy consumption (EC, 2009). Therefore, the size of motors in the 
plant should be examined and in case oversized motors are identified then they should be replaced.   
 
Use of Variable Speed Drives 
 
The use of Variable Speed Drives can be used to reduce the loads on the motor which results in less 
energy consumption (EC, 2006). So VSDs can be installed to reduce the loads on the utmost energy 
consuming sub processes in the Oat Mill.  
 

Case Study 

In a Danish diary, frequency converters were installed on 203 motors which resulted into annual 
savings of EUR 90000 (1325000 kWh). The total power of motors was 1216 kW. Estimated 
investment made on the installation was around EUR 311000 (EC, 2006). This case shows how 
beneficial could be installation of frequency convertors on motor to reduce energy losses.  
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Minimize Motor Losses 
 
As stated by EC (2006) steps which can minimize the motor losses are as follows: 
 

 Ensuring proper care and attention during repair process when a motor fails so that energy 
losses can be minimized. 

 Oversized motors should be avoided. 

 Voltage imbalance should be checked so that excessive losses are not caused by low or high 
supply voltages, harmonic distortion or a poor power factor. 

 Wherever feasible specify higher efficiency motors. 

 
 

4.2.3. BREAKFAST MILL 
 
 
Use of Infrared Heating 
 
Infrared heating can used in place of sub process oven in Breakfast Mill which burns a lot of oil. Burning 
of oil causes air emissions. As stated by Krishnamurthy. K. et.al (2008) this technique has several 
advantages over conventional heating such as reduced heating time, uniform heating, reduced quality 
loss, absence of solute migration in food material, versatile, simple, and compact equipment, and 
significant energy saving. It runs on clean fuel that is electricity and adoption of this technique would 
completely eliminate the use of fossil fuels in the plant as this is the only machine which consumes oil 
in the entire plant.  
 
Installation of Electric Meter 
 
The installation of electric meter can be done on sub processes which consume maximum electricity 
during processing. The utmost electricity consuming sub process in breakfast mill is extruder. The 
amount of electricity consumed by each sub process has been stated in Appendix 8.9. Installation of 
electric metre will aid in analysing the machine’s electricity consumption every day and allow detection 
and correction in case of fluctuation.  
 
Installation of Check Weigher 
 
Since material losses in Breakfast Mill only occur in extruder so a check weigher could be installed on it 
which can help in measuring the amount of raw material entering into these sub processes and amount 
of raw material coming out of them. It can help analyse the exact amount of losses that occur each day 
and if material losses fluctuate or increases it can be easily detected and corrected. 
 
 
Use of Frequency Convertors on Motor 
Frequency convertors can be used on motor of the extruder for reducing the energy consumption as 
extruder is the most electricity consuming sub process in breakfast mill. (EC, 2006). 
 
 
Use of Variable Speed Drives 
 
The use of Variable Speed Drives can be used to reduce the loads on the motor of extruder which 
results in very little energy consumption.  
 
 

4.4.4. PACKAGING SECTION: 

 
Use of Filtration Method 
 
When the multi-head weigher weighs the muesli and indicates discrepancy in the weight, the surplus is 
thrown into a waste bag instead of a packing bag. As the waste bag reaches its limit its contents are 
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discarded as the amount of different ingredients are not known. However, if the muesli ingredients can 
be filtered via the help of simple filter whose mesh width can be designed according to the size of 
ingredients. This would lead to minimising the material loss and the energy that is required for its 
production.  
 
Optimization of Packing Line Efficiency 
 
Monitoring of packing line efficiency on weekly basis can be conducted by measuring key performance 
indicators such as waste to production ratio. In order to identify if the machine is operating at optimum 
efficiency the actual design and optimum values can be plotted. Number of rejects during every shift or 

day should be included in key performance indicators. 
  

 
Installation of Electric Meter 
 
The installation of electric meter can be done on the sub processes which consume utmost electricity 
during processing. The maximum electricity consuming sub process in packaging is mother machine. 
The amount of electricity consumed by each sub process has been mentioned in Appendix 8.9. 
Installation of electric meter will help in analysing the machine’s electricity consumption every day 
facilitating the detection and correction of fluctuation in the machine’s electricity consumption.  
 
Use of Frequency Convertors on Motor 
 
Frequency Convertors can be used on motor of the mother machine for reducing the energy 
consumption as mother machine is a sub process that consumes utmost electricity (EC, 2006). 
 
Use of Variable Speed Drives 
 
The use of Variable Speed Drives can be used to reduce the load on the motor of mother machine which 
results in less energy consumption (EC, 2006). 

 
 
 
 
 
 
 
 
 
 
 
 
 

Case Study: 

In France a company named VICO SA examined how its products (potato crisps and products derived 

from potatoes) could be effectively packaged. Earlier the products were packaged and placed on pellets 

to 1.8 m high. Hence, in a standard truck 38 pellets could be loaded on one level and the filling rate 

was near about 70%. After the study, the products were packaged and placed on pellets to a height of 

1.4 m and like that two levels of pellets could be contained in a standard truck. This measure resulted 

into decrease of truck movements by 10% and fuel consumption by 22% (EC, 2009). 
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5. Discussions 
 

One of the most essential part of human life is food that is why the way it is grown, processed and 

transported is worth understanding and improving. Nowadays, food industry comprises of various 

complex networks of different activities such as supply, consumption, packaging etc. Food industry 

consist of finished food products as well as partially prepared i.e. ready to eat or instant food packets. 

Involvement of various processes in food industry makes its energy consuming industry.  As stated by 

Drescher. S. et.al. (n.d) in USA the fifth biggest energy consuming industry in manufacturing sector is 

food industry. Moreover, it is also stated that food industry is also responsible for consuming 7% total 

electricity consumed by the manufacturing sectors. Furthermore, out of this 94% of electricity is bought 

and rest is produced by co -generation by food industries themselves. So energy analysis in food industry 

reveals the energy intensive processes and sub processes that can be improved by implementing energy 

efficient methods which results into reduced energy costs.  

This study aims to conduct an energy analysis of muesli production in Lantmännen Cerealia at Järna 

and suggest CP measures to enhance the production efficiency and reduce energy losses on the basis of 

energy balance results.  

 

5.1. METHODOLOGY 

 

This study is based on Cleaner Production (CP) assessment methodological framework which was 

suggested by United Nations Environment Programme (UNEP) (1996) and analysed further by Nilsson 

et al. The reason behind adopting this methodology is that it provides systematic approach to follow 

and help to accomplish the objectives of the study in a structured and methodical way. Particularly, for 

the scope of this research the methodology of the second (Pre-Assessment) and third phase 

(Assessment) of the framework were considered as relevant and were applied. These two phases involve 

various steps that have been explained in section 2. In this methodological framework, development of 

a process flowchart and an energy balance are fundamental steps, which is the greatest advantage of 

this methodology as they are instrumental in providing valuable  insights about the plant processes and 

map the energy flows across the plant and hence they can support the CP assessment. 

 

The choice of conducting energy balance with this methodology instead of other methods such as heat 

balance etc. is based on availability of data. Since data related to some of energy forms such as steam, 

raw material and oil was easily available for every sub process whereas on the other hand it was difficult 

to find data related to energy form like electricity for even whole process as company have only electric 

metres installed for whole production unit. So for collecting the data related to electric energy bottom 

down approach is adopted and energy consumed by each sub process is calculated by the author. 

Therefore, after collecting and calculating the data related to different energy inflows in every individual 

sub process energy losses in different forms for every individual sub processes was calculated based on 

efficiency of sub processes.  

 

Energy flow analysis is time consuming and requires huge amount of data. Data gaps or low accuracy 

data can led to misguidance. For example: data gaps related to efficiency of each sub processes led to 

interviewing the lead electrician of the company who answered that efficiency of each sub process is 

between is 55%-60%. So after consulting him the highest number is taken for the calculations. Such 

data gaps can cause variations in the results of this study.  
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5.2 SYSTEM BOUNDARY 

 

This study primarily focuses on the production of breakfast food muesli at Lantmännen Cerealia at 

Järna. All type of muesli have been considered in this study. Moreover, boiler is also considered in the 

limit, but only the steam used for muesli production has been deliberated. The reason behind this was 

that steam is used in production of muesli whereas other boiler outputs like district heating and hot 

water are not used in muesli production. Furthermore, some sub processes like oven and dryer are to 

be considered as “Black Box” model in order to achieve the energy balance in the overall company level 

(N.a. n.d). This is done as these sub processes are not frequently used, so the chemical reactions have 

been neglected. The energy and mass flow has been centred on the yearly production cycle of the 

company, limited by the time span of five months. The year chosen for study is 2017 due to its relatively 

recent nature and the ease of availability and access to raw data. The main reason behind focusing on 

this food article instead of pasta, granola etc. is that it is a major produced food article in the plant. 

 

Moreover, the focus of this study is to conduct energy flow analysis and mass flow is only done to aid 

the energy flows. As food is a major source of energy and loss in mass can result into loss of energy. So 

it was important to conduct a mass balance in every individual sub process to account energy losses in 

the form of material.  

 

5.3. ENERGY BALANCE RESULTS  

An energy flow analysis was conducted on muesli production at Lantmännen Cerealia. Whole operation 

is owned by the company which resulted to easy accessibility to primary and secondary data. The results 

of this study represent the picture of energy flows of muesli production in Lantmännen Cerealia at 

Järna. This report documents energy inflows, energy outflows, energy used and energy losses in 

different processes and sub processes. The results of energy balance help to monitor and document 

efficiencies and performances of different processes and sub processes used in muesli production. 

Furthermore, the results also indicates the processes that consume maximum energy. This study depicts 

that Cleaning, Husk Removal, Air Blowers, Extruder and Mother Machine are the highest energy 

consuming sub processes in muesli production. Moreover, based on the results of energy balance this 

report identifies plausible improvement or CP suggestions to enhance the efficiency of the processes 

and reduce the energy losses.  The implementation of the suggested CP measures could also result into 

more energy savings.  

The factual evidence suggest that the overall efficiency of the plant is approximately 90%. So the energy 

losses occurring in whole muesli production is 10%. However, the plant efficiency is quite high but there 

is still scope to reduce the energy losses and improve the environmental performance of the plant.  The 

energy losses in individual processes which are oat mill, breakfast mill, packaging and boiler are 36%, 

4.7%, 0.4% and 12% respectively.  The energy losses in oat mill is quite high as compared to other 

processes but it had been already been reduced by the company by closing of two major losses which 

are husk loss and steam loss. The loops of these two losses have already been closed. The husk removed 

is sent to boiler as fuel input whereas steam is recovered in form of condensate and sent back to feed 

tank of the boiler. These losses have been accounted as recovery losses in the energy balance of whole 

plant whereas during the energy balance of oat mill section these recovered losses have been kept out 

of the system boundary of that process and this is one of the primary reason behind high energy losses 

in oat mill.   

The results shows that major energy losses occur in form of electric losses and reason behind higher 

production efficiency is closing of few loops such as removed husk and steam. In general, CP suggestions 

reported could potentially enhance the overall energy efficiency of Lantmännnen Cerealia at Järna 

resulting in energy savings. Hence, both upstream and downstream impacts can be decreased. 

Furthermore, sensitivity analysis also shows that the reduction in electric losses will not only beneficial 

for the environment but also led to huge amount of cost saving for the company per year. Nonetheless, 
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a feasibility analysis is required in order to examine whether the suggested measures are economically 

and technologically feasible and pragmatic. Additionally, the analysis should be made with a life cycle 

perspective to ensure that suggestions don’t compromise with the health or environment and safety of 

employees in order to enhance the energy efficiency.  

Apart from implementing the CP measures, plant could also explore the potential of co-generation. As 

electricity and steam are the major energy inputs in the production. Moreover, steam is already being 

generated in the plant with the help of boilers by burning oat husk. So researching and probing on co-

generation technique could be an effective option so that electricity could also be produced by the plant 

itself. It is highly efficient and eco- friendly measure to produce thermal and electric energy 

simultaneously.  

A significant aspect in the plant which needs to be considered is sub process, oven which is the only sub 

process that consumes oil. This machine acts as a hurdle for plant to become completely fossil free. 

Replacement of this machine with IR heaters for baking of flakes could result into reduced carbon 

emissions (due to the combustion of oil) and enhance the environmental performance of the plant. 

In the last it is important to discuss the significance of this study. The study depicts the application of 

energy flow accounting tool in a Swedish food industry to identify the energy losses along with 

suggestions for improvement. The results of this study could be beneficial for other food industries as 

well.  Moreover, results of the study could motivate other industries for implementing this tool for 

identifying their energy losses during different production processes and to produce food in more 

sustainable way. As energy flow analysis not only results into reduce production costs but also helps in 

increasing the plant environmental performance.  

As the report reaches its conclusion it is vital to state that the development of the energy balance is 

based upon the primary data provided by the company along with data collected through bottom up 

approach to fill the data gaps. Nevertheless, certain figures were furnished by the people incharge of 

processes to fill the data gap which may cause variation in results. Furthermore, author is not certain 

about data provided by the people incharge which created a situation involving insecurity. For example: 

the efficiency of electric machines have been taken after interviewing the lead electrician of the company 

but maybe that would not be same for every machine. So this had created a situation of data uncertainty. 

So this can led to variations in the results. 
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6. Conclusion 
 

This report provides first detailed study regarding the energy analysis of muesli production in 

Lantmännen Cerealia at Järna and therefore provides scope of further studies in the arena. In order to 

map and quantify the flows in muesli production in Lantmännen Cerealia at Järna energy flow 

accounting method was applied. Consequently, an energy balance for the plant was developed. This 

energy balance helped in identification of maximum energy consuming sub processes during the 

production of muesli. These sub processes are Cleaning, Husk Removal, Extruder and Air Blowers. 

Furthermore, it also helped in discovering different energy outflows in form of material, electricity, 

steam, oil and energy losses. Energy losses deriving from several sub processes are highlighted in energy 

balance. The energy losses in different forms which are electric losses, steam losses, material losses, oil 

losses have also been identified. Moreover, this energy balance also depicts the losses that have already 

been recovered during the muesli production.  

The report concludes that the overall efficiency of the muesli production is high, due to recovering of 

two major losses which occur in form of oat husk and steam. This enhances the overall efficiency of the 

production process. But the plant still needs to be more efficient with respect to the use of electricity. 

Still there are certain losses that can be potentially reduced. Hence, CP measures were identified and 

assessed in order to suggest techniques and practices that could be implemented during the muesli 

production to reduce energy losses. Reduction in losses by implementation of these measures could 

decrease the energy consumption along with cost savings. Nevertheless, feasibility analysis is required 

before implementation of suggested measures. Therefore, this report can be instrumental in enhancing 

the sustainability performance of Lantmännen Cerealia at Järna. 
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8. Appendices 

APPENDIX 8.1: SANKEY DIAGRAM – OAT MILL MATERIAL FLOW 
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APPENDIX 8.2: SANKEY DIAGRAM – OAT MILL ENERGY FLOW 
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APPENDIX 8.3: SANKEY DIAGRAM – BREAKFAST MILL MATERIAL FLOW 
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APPENDIX 8.4: SANKEY DIAGRAM – BREAKFAST MILL ENERGY FLOW 
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APPENDIX 8.5: SANKEY DIAGRAM – PACKAGING MATERIAL FLOW 
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APPENDIX 8.6: SANKEY DIAGRAM – PACKAGING ENERGY FLOW 

 

 

 

 

 



50 
 

APPENDIX 8.7: SANKEY DIAGRAM – BOILER ENERGY FLOW 
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APPENDIX 8.8: SANKEY DIAGRAM – LANTMÄNNEN CEREALIA 
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APPENDIX 8.9: CALCULATIONS 

BOILER 
Energy input in form of removed husk = 17340 MWh. 

Energy input in form of wooden pellet = 24051 MWh. 

Energy input in form of Gas = 1103 MWh. 

Energy input in form of Oil = 6324 MWh. 

Energy input in form of steam condensate = 2746.9 MWh. 

Total energy Input = 51564.9 MWh. 

Energy output in form of steam = 7667 MWh. 

Energy input in form of hot water = 13194 MWh. 

Energy input in form of District heating = 24374 MWh. 

Total Energy Output = 45235 MWh. 

Energy Losses in Boiler 

Boiler 
Input 
Fraction  

Energy 
Content 
(MWh) 

Energy 
Content (MJ) 

Output 
Fraction 

Energy 
Content 
(MWh) 

Energy 
Content 
(MJ) 

Energy 
Losses (MJ) 

Energy 
Losses 
% 

Husk 17,340 62,424,000 Steam 7,667 27,601,200   
Wooden 
pellet 

24,051 86,583,600 Hot 
water 

13,194 47,498,400   

Gas 1,103 3,970,800 District 
heating 

24,374 87,746,400   

Oil 6,324 22,766,400      
Steam 
condensate 

2,746.9 9,394,544.9      

Total 51,564.9 1,85,139,344.9  45,235 162,846,000 22,293,344.9 12% 
Table depicting energy losses in Boiler mill 

1 MWh = 3600 MJ.  

So Total energy Input = 51564.9 MWh = 185633794.6 MJ. 

Total Energy Output = 45235 MWh = 162846000 MJ. 

Energy losses = 22787794.6 MJ. 

OAT MILL 
 

Energy consumption in form of electricity 

1. Intake Pit 

Energy consumed by intake pit = 29.5 kWh 

Number of working hours in day = 5 hrs. 

Number of working days in weeks = 7 days. 

Number of working hours in a year= 1680 hrs. 

Energy consumed by intake pit in a year = 29.5 x 1680 = 49560 kWh. 
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2. Electromagnetic filter 

Energy consumed by electromagnetic filter = 2.2 kWh 

Number of working hours in day = 5 hrs. 

Number of working days in weeks = 7 days. 

Number of working hours in a year= 1680 hrs. 

Energy consumed by electromagnetic filter in a year = 2.2 x 1680 = 3696 kWh. 

3. Pre Cleaning 

Energy consumed by Pre Cleaning = 41.5 kWh 

Number of working hours in day = 5 hrs. 

Number of working days in weeks = 7 days. 

Number of working hours in a year= 1680 hrs. 

Energy consumed by pre cleaning in a year = 41.5 x 1680 = 69720 kWh. 

4. Silos 

Energy consumed by Silos = 8 kWh 

Number of working hours in day = 5 hrs. 

Number of working days in weeks = 7 days. 

Number of working hours in a year= 1680 hrs. 

Energy consumed by silos in a year = 8 x 1680 = 13440 kWh. 

5. Filtration  

Energy consumed by Filtration = 15.92 kWh 

Number of working hours in day = 5 hrs. 

Number of working days in weeks = 7 days. 

Number of working hours in a year= 1680 hrs. 

Energy consumed by filtration in a year = 15.92 x 1680 = 32094.72 kWh. 

6. Silos 

Energy consumed by Silos = 4 kWh 

Number of working hours in day = 5 hrs. 

Number of working days in weeks = 7 days. 

Number of working hours in a year= 1680 hrs. 

Energy consumed by silos in a year = 4 x 1680 = 6720 kWh. 

7. Husk Removal 

Energy consumed by Husk Removal = 44 kWh 

Number of working hours in day = 24 hrs. 

Number of working days in weeks = 5 days. 
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Number of working hours in a year= 5760 hrs. 

Energy consumed by husk removal in a year = 44 x 5760 = 253440 kWh. 

8. Cleaning 

Energy consumed by Cleaning = 191.45 kWh 

Number of working hours in day = 24 hrs. 

Number of working days in weeks = 5 days. 

Number of working hours in a year= 5760 hrs. 

Energy consumed by cleaning in a year = 191.45 x 5760 = 1102752 kWh. 

9. Kiln  

Energy consumed by Kiln = 9.8 kWh 

Number of working hours in day = 24 hrs. 

Number of working days in weeks = 5 days. 

Number of working hours in a year= 5760 hrs. 

Energy consumed by kiln in a year = 9.8 x 5760 = 56448 kWh. 

10. Optical sorting 

Energy consumed by optical sorting = 4.1 kWh 

Number of working hours in day = 24 hrs. 

Number of working days in weeks = 5 days. 

Number of working hours in a year= 5760 hrs. 

Energy consumed by optical sorting in a year = 4.1 x 5760 = 23616 kWh. 

11. Silos 

Energy consumed by Silos = 4 kWh 

Number of working hours in day = 24 hrs. 

Number of working days in weeks = 5 days. 

Number of working hours in a year= 5670 hrs. 

Energy consumed by silos in a year = 4 x 5760 = 23040 kWh. 

12. Rollers  

Energy consumed by rollers = 167.22 kWh 

Number of working hours in day = 24 hrs. 

Number of working days in weeks = 5 days. 

Number of working hours in a year= 5670 hrs. 

Energy consumed by rollers in a year = 167.22 x 5670 = 963187.2kWh. 

13. Air Blowers 

Energy consumed by Air blowers = 80.1 kWh 
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Number of working hours in day = 24 hrs. 

Number of working days in weeks = 5 days. 

Number of working hours in a year= 5670 hrs. 

Energy consumed by air blowers in a year = 80.1 x 5670 = 461376kWh. 

Energy content in Steam 

Total steam produced from boiler = 7667 MWh. 

Steam input to oat mill = 5353.385 MWh / 5353385kWh. 

Steam input to oat mill = 19272186 MJ. 

Steam used in process = 9636093 MJ. 

Steam loss in the oat mill process = 9636093 MJ. 

 95% of steam loss is recovered in form of condensate and only 5% loss occur. 

Energy recovered from steam = 9154288.35 MJ. 

So Energy loss during recovery = 481804.65 MJ.  

Energy content in raw material  

Input mass of raw material = 3664392.86 kg. 

Energy content in 1 kg of material = 15.65 MJ. 

Energy content in input mass = 57380727.8 MJ. 

As 15% material loss occur during cleaning process and 15% material loss occurs in form of husk 

removed.  

Output mass of raw material = 2565075 kg. 

Energy content in 1 kg of material = 15.5 MJ. 

Energy content in output raw material = 39758662.50 MJ 

Output mass of husk = 549658.929 kg. 

Energy content in 1 kg husk = 16.56 MJ. 

Energy content in total output husk = 9102351.86 MJ. 

Material loss during cleaning = 549658.929 kg.  

Energy content in 1 kg of material = 15.5 MJ. 

Energy content in material loss = 8519713.4 MJ.  

Energy Losses in electricity 

Efficiency of each machine is taken as 60% as efficiency is not available from manufacturer so after 

interviewing the lead technician that number is taken.  

S.No. Process 
Name 

Electricity 
input (kWh) 

Mechanical 
Energy (kWh) 

Energy 
Losses  
(kWh) 

Energy 
Losses 
%   

1. Intake Pit 
 

49,560 29,736 19,824 40% 
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2. Electro -
magnetic 
filter 

3,696 2,217.6 1,478.4 40% 

3. Pre- Cleaning 
 

69,720 41,832 27,888 40% 

4. Silos 
 

13,440 8,064 5,376 40% 

5. Filtration 
 

32,094.72 19,256.832 12,837.888 40% 

6. Silos 
 

6,720 4,032 2,688 40% 

7. Husk 
Removal 
 

253,440 152,064 101,376 40% 

8. 
 

Cleaning 1,102,752 661,651.2 441,100.8 40% 

9. Kiln 
 

56,448 33,868.8 22,579.2 40% 

10. 
 

Optical 
Sorting 
 

23,616 14,169.6 9,446.4 40% 

11. Silos 
 

23,040 13,824 9,216 40% 

12. 
 

Rollers 963,187.2 577,912.32 385,274.88 40% 

13. Air blowers 461,376 
 

276,825.6 184,550.4 40% 

 Total 3,059,089.92 
 

1,835,453.952 1,223,635.968 40% 

Table depicting energy losses in electricity during different sub processes of oat mill 

1 kWh = 3.6 MJ 

So  

3059089.92 kWh = 11012723.712 MJ 

1835453.952 kWh = 6607634.2272 MJ 

1223635.968 kWh = 4405089.4848 MJ 

Energy losses in Steam  

S.No. Process 
Name 

Energy 
input (MJ) 

Energy 
used (MJ) 

Energy 
recovered  
(MJ) 

Energy 
Losses  
(MJ) 

Energy 
Losses 
% 
(MJ) 

1. Kiln and 
steam 
section 
 

19,272,186 9,636,093 9,154,288.35 481,804.65 2.5% 

 Total 
 

19,272,186 9,636,093 9,154,288.35 481,804.65 2.5% 

Table depicting energy losses in steam in oat mill 
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Energy losses in raw material 

Oat Mill 

Input 
Fraction 

Mass 
Input 
(Kg) 

Energy 
Content 
(MJ) 

Output 
Fraction 

Mass 
Output 
(kg) 

Energy 
Used (MJ) 

Energy 
Losses 
(MJ) 

Energ
y 
Losse
s % 

 
Raw  
material 

3,664,392
.86 

57,380,727
.8 

Raw 
material 

2,565,075 39,758,662.5
0 

0 0 

Removed 
Husk 

549,658.9
29 

 9,102,351.86 15.8% 

Material 
Loss 

549,658.9
29 

 8,519,713.4 14.8% 

Table depicting energy losses in raw material in oat mill 

 

BREAKFAST MILL  

 

Energy consumption in form of electricity 

1. Extruder 

Energy consumed by Extruder = 294 kWh 

Number of working hours in day = 14 hrs. 

Number of working days in weeks = 4 days. 

Number of working hours in a year= 2688 hrs. 

Energy consumed by extruder in a year = 294 x 2688 = 790272 kWh. 

2. Flattening roller 

Energy consumed by flattening roller = 240 kWh 

Number of working hours in day = 14 hrs. 

Number of working days in weeks = 4 days. 

Number of working hours in a year= 2688 hrs. 

Energy consumed by flattening roller in a year = 240 x 2688 = 645120 kWh. 

3. Oven 

Energy consumed by Oven = 3.9 kWh 

Number of working hours in day = 14 hrs. 

Number of working days in weeks = 4 days. 

Number of working hours in a year= 2688 hrs. 

Energy consumed by oven in a year = 3.9 x 2688 = 10483.2 kWh. 

4. Dryer 

Energy consumed by Dryer = 1 kWh 

Number of working hours in day = 14 hrs. 

Number of working days in weeks = 4 days. 
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Number of working hours in a year= 2688 hrs. 

Energy consumed by dryer in a year = 1 x 2688 = 2688 kWh. 

5. Silos 

Energy consumed by Silos = 4.65 kWh 

Number of working hours in day = 16 hrs. 

Number of working days in weeks = 5 days. 

Number of working hours in a year= 3840 hrs. 

Energy consumed by silos in a year = 4.65 x 3840 = 17856 kWh. 

6. Mixture 

Energy consumed by mixture = 15 kWh 

Number of working hours in day = 3 hrs. 

Number of working days in weeks = 5 days. 

Number of working hours in a year= 720 hrs. 

Energy consumed by mixture in a year = 15 x 720 = 10800 kWh. 

Energy content in Steam 

Total steam produced from boiler = 7667 MWh. 

Steam input to breakfast mill for muesli production = 140500.9 kWh. 

Steam input to breakfast mill for muesli production = 505803.24 MJ 

Steam used in the breakfast mill process = 252901.62 MJ.  

Steam loss in breakfast mill = 252901.62 MJ. 

95% of the energy is recovered in form of condensate from this loss so only 5% loss in actual.  

Energy recovered from steam = 240256.539 MJ. 

So Energy loss during recovery = 12645.081 MJ.  

Energy content in Oil 

Total Oil consumed in the year = 34,276 litre. 

Energy content in 1 litre oil = 9.963 kWh. 

Energy content in oil used in a year = 34,276 x 9.963 = 341491.79 kWh.  

Energy content in Raw material 

Input mass of raw material = 2565075 kg. 

Energy content in 1 kg of material = 15.65 MJ. 

Total energy content in input material = 39758662.50 MJ. 

Input mass of additives 1 through extruder = 250115 kg. 

Energy content in 1 kg of additives 1 = 16.5 MJ 

Total energy content in additives 1 through extruder = 4126897.5 MJ. 
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Input mass of additives 2 through small bin = 1298682.25 kg. 

Energy content in 1 kg of additives 2 = 16.5 MJ 

Total energy content in additives 2 through small bin = 21428257.1 MJ. 

Output mass of raw material = 2565075 kg. 

Energy content in 1 kg of material = 15.65 MJ. 

Total energy content in output mass = 39758662.50 MJ. 

Since efficiency of extruder is 85% so material loss occur in this process. 

Output mass of additives 1 through extruder = 212597.75 kg. 

Energy content in 1 kg of material = 15.1435704 MJ. 

Total energy content in additives 1 through extruder = 3219489.4 MJ. 

Output mass of additives 2 through small bin = 1298682.25 kg. 

Energy content in 1 kg of material = 16.5 MJ. 

Total energy content in additives 2 through small bin = 21428257.1 MJ. 

Energy Losses in electricity 

Efficiency of each machine is taken as 60% as efficiency is not available from manufacturer so after 

interviewing the lead technician that number is taken.  

S.No. Process 
Name 

Electricity 
input (kWh) 

Mechanical 
Energy (kWh) 

Energy 
Losses  
(kWh) 

Energy 
Losses %   

1. Extruder 
 790,272 474,163.2 316,108.8 

40% 

2. Flattening 
roller 
 645,120 387,072 258,048 

40% 

3. Oven 
 10,483.2 6,289.92 4,193.28 

40% 

4. Dryer 
 2,688 1,612.8 1,075.2 

40% 

5. Silos 
 1,7856 10,713.6 7,142.4 

40% 

6. Mixture 
 10,800 6,480 4,320 

40% 

 Total 
 1,477,219 886,331.5 590,887.7 

40% 

Table depicting energy losses in electricity during different sub processes of breakfast mill 

1 kWh = 3.6 MJ 

So 1477219 kWh = 5317988.4 MJ. 

886331.5 kWh = 3190793.4 MJ. 

590887.7 kWh = 2127195.72 MJ. 

Energy Losses in Oil 

Efficiency of burner is 85% as provided from manufacturer. 

S.No. Process Name Energy input 
(kWh) 

Energy used 
(kWh) 

Energy Losses  
(kWh) 
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1. Dryer 
 341,491.79 290,268.022 51,223.768 

 Total 
 341,491.79 290,268.022 51,223.768 

Table depicting energy losses in oil combustion during sub process of breakfast mill 

 

1 kWh = 3.6 MJ 

So 341491.79 kWh = 1229370.44 MJ. 

290268.022 kWh = 1044964.88 MJ. 

51223.768 kWh = 184405.565 MJ 

Energy Losses in Steam 

Input 
Fraction 

Energy 
Content 
(MJ) 

Output 
Fraction 

Energy 
Used 
(MJ) 

Energy 
Recovered 
(MJ) 

Energy 
Losses 
(MJ) 

Energy 
Losses 
% 

Steam 
(Dryer) 

505,803.24 Steam  
 

252,901.62 240,256.539 12,645.081 2.5% 

Table depicting energy losses in steam during dryer process of breakfast mill 

 

Energy Losses in Raw material 

Input 
Fractio
n 

Mass 
Input 
(Kg) 

Energy 
Content 
(MJ) 

Output 
Fractio
n 

Mass 
Output 
(Kg)  

Energy 
Used (MJ) 

Energy 
Losses 
(MJ) 

Energ
y 
Losse
s % 

Raw 
material 

2,565,075 39,758,662.
50 

Raw 
material 

2,565,075 39,758,662.
50 

0 0 

Additive
s 1 

250,115 4,126,897.5 Additive
s 1 

2,12,597.75 3,219,489.4 907,408
.1 

20% 

Additive
s 2 

1,298,682.
25 

21,428,257.1 Additive
s 2 

1,298,682.
25 

21,428,257.1 0 0 

Total  4,113,872.2
5 

65,313,817.1  4,076,355 64,406,409 907,408
.1 

 

Table depicting energy losses in raw material in breakfast mill 

 

PACKAGING 
 

Energy consumption in form of electricity 

1. Multi head weigher 

Energy consumed by multi head weigher = 2.5 kWh 

Number of working hours in day = 14 hrs. 

Number of working days in weeks = 5 days. 

Number of working hours in a year= 3360 hrs. 

Energy consumed by multi head weigher in a year = 2.5 x 3360 = 8400 kWh. 

2. Mother machine 

Energy consumed by mother machine = 8.8 kWh 
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Number of working hours in day = 14 hrs. 

Number of working days in weeks = 5 days. 

Number of working hours in a year= 3360 hrs. 

Energy consumed by mother machine in a year = 8.8 x 3360 = 29568 kWh. 

3. Printer 

Energy consumed by printer = 0.15 kWh 

Number of working hours in day = 14 hrs. 

Number of working days in weeks = 5 days. 

Number of working hours in a year= 3360 hrs. 

Energy consumed by multi head printer in a year = 0.15 x 3360 = 504 kWh. 

4. Metal detector 

Energy consumed by metal detector = 2.5 kWh 

Number of working hours in day = 14 hrs. 

Number of working days in weeks = 5 days. 

Number of working hours in a year= 3360 hrs. 

Energy consumed by metal detector in a year = 2.5 x 3360 = 8400 kWh. 

5. Check weigher 

Energy consumed by multi head weigher = 2.4 kWh 

Number of working hours in day = 14 hrs. 

Number of working days in weeks = 5 days. 

Number of working hours in a year= 3360 hrs. 

Energy consumed by check weigher in a year = 2.4 x 3360 = 8064 kWh. 

6.  X- Ray 

Energy consumed by X- ray = 2.3 kWh 

Number of working hours in day = 14 hrs. 

Number of working days in weeks = 5 days. 

Number of working hours in a year= 3360 hrs. 

Energy consumed by X- ray in a year = 2.3 x 3360 = 7728 kWh. 

7. Wrap around 

Energy consumed by wrap around = 15.2 kWh 

Number of working hours in day = 14 hrs. 

Number of working days in weeks = 5 days. 

Number of working hours in a year= 3360 hrs. 

Energy consumed by wrap around in a year = 15.2 x 3360 = 51072 kWh. 
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8. Pelletizer 

Energy consumed by pelletizer = 8.75 kWh 

Number of working hours in day = 14 hrs. 

Number of working days in weeks = 5 days. 

Number of working hours in a year= 3360 hrs. 

Energy consumed by pelletizer in a year = 8.75 x 3360 = 29400 kWh. 

Energy content in Muesli  

Input mass of muesli = 4076355 kg. 

Energy content in 1 kg of muesli = 15.8228389 MJ. 

Total energy content in input mass = 64499508.6 MJ. 

Output mass of muesli = 4071555 kg. 

Energy content in 1 kg of muesli = 15.8228389 MJ. 

Energy Content in output mass = 64423559 MJ. 

Energy Losses in electricity 

Efficiency of each machine is taken as 60% as efficiency is not available from manufacturer so after 

interviewing the lead technician that number is taken.  

S.No. Process 
Name 

Electricity 
input (kWh) 

Mechanical 
Energy (kWh) 

Energy 
Losses  
(kWh) 

Energy 
Losses  % 

1. Multi head 
weigher 
 8,400 5,040 3,360 

40% 

2. Mother 
machine 
 29,568 17,740.8 11,827.2 

40% 

3. Printer 
 504 302.4 201.6 

40% 

4. Metal detector 
 8,400 5,040 3,360 

40% 

5. Check weigher 
 8,064 4,838.4 3,225.6 

40% 

6.  X- Ray 
 7,728 4,636.8 3,091.2 

40% 

7. Wrap around 
 51,072 30,643.2 20,428.8 

40% 

8. Pelletizer 
 29,400 17,640 11,760 

40% 

 Total 
 143,136 85,881.6 57,254.4 

40% 

Table depicting energy losses in electricity during different sub processes of packaging 

1 kWh = 3.6 MJ 

143136 kWh = 515289.6 MJ 

85881.6 kWh = 309173.76 MJ 

57254.4 kWh = 206115.84 MJ 

Energy Losses in Muesli Material  
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Packaging Section 
Input 
Fraction 

Mass (kg) Energy 
Content 
(MJ) 

Output 
Fraction 

Mass (kg) Energy 
Content 
(MJ) 

Energy 
Losses 

Ene
rgy 
Loss
es % 

Muesli 4,076,355 64,406,409 Muesli 
 

4,065,155 
 
 

6,42,29,449 176,960 1% 

Table depicting energy losses in material during packaging 
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