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Abstract 

The dairy farms form a vital part of German agriculture and consume significant energy for 

their operation. Germany is working towards energy transition to transform the existing 

fossil fuel-nuclear system to a sustainable energy system that relies on renewable sources 

due to various societal and political demands. As the energy demand is increasing due to 

the rise in population, there is also a growing push in Germany to adopt energy efficient 

technologies and measures to reduce energy waste. There is a scope for improving the 

energy efficiency in dairy farms. Using energy optimization techniques can help reduce the 

load on energy suppliers as well as increase cost savings for farms. 

German farmers are adopting newer digital technologies to achieve optimization of energy 

in their farms. One of the key tools in realizing energy optimization is the Energy 

Management System (EMS). The use of EMS in the case of dairy farms has been reviewed 

and presented in this work. The objective of the study is to investigate the potential  of 

energy optimization in dairy farms. Efficiency measures like replacing inefficient farm 

equipment are necessary to achieve energy efficiency. These measures are discussed in 

detail and their potential to save energy in dairy farms is presented. A comparison of all 

these measures is studied and how much energy savings can be obtained is reviewed.  

The use case scenario of EMS in different applications is presented as an indication of 

possibilities for energy savings using EMS. Furthermore, how the AI technology in 

combination with EMS can be used in farms and its benefits in dairy farming is reviewed. 

The types of farms on which the energy optimization measures can be implemented in an 

ideal case scenario are reviewed. The result of the study shows that there is vast potential 

for energy optimization in German dairy farms. Thus, the presented work can be further 

studied to identify further optimization possibilities with the advancement of AI  and 

newer technologies. 

 

  



IV 
 

 

Table of Contents 

Declaration................................................................................................................................................................... I 

Acknowledgement .................................................................................................................................................... II 

Abstract ...................................................................................................................................................................... III 

List of Figures ......................................................................................................................................................... VII 

List of Tables ......................................................................................................................................................... VIII 

List of Abbreviations ............................................................................................................................................... IX 

Chapter 1 ..................................................................................................................................................................... 1 

Introduction ............................................................................................................................................................... 1 

1.1 Research questions: ............................................................................................................................................ 3 

Chapter 2 ..................................................................................................................................................................... 4 

Means of Energy Optimization ............................................................................................................................. 4 

2.1 Milk collection ....................................................................................................................................................... 4 

2.1.1 Conventional Milking System (CMS) ................................................................................................... 4 

2.1.2 Automatic Milking System (AMS) ........................................................................................................ 6 

2.2 Milk Cooling ............................................................................................................................................................ 8 

2.2.1 Methods of Milk Cooling ........................................................................................................................... 9 

2.2.2 Precooler ..................................................................................................................................................... 10 

Types of Precoolers ............................................................................................................................................ 11 

2.2.3 Refrigeration Heat Recovery RHR units ......................................................................................... 13 

2.2.4 Compressors .............................................................................................................................................. 15 

2.3 Pumps .................................................................................................................................................................... 15 

2.3.1 Size of vacuum pumps ............................................................................................................................ 17 

2.3.2 Application and Limitations of VSDs ................................................................................................ 17 

2.4 Lighting ................................................................................................................................................................. 18 



V 
 

2.5 Cleaning ................................................................................................................................................................ 19 

2.5.1 Water heating ............................................................................................................................................ 21 

2.6 Feed system ......................................................................................................................................................... 22 

2.7 Load Management ............................................................................................................................................ 25 

2.7.1 Load Shifting .............................................................................................................................................. 25 

2.8 Energy Management System ........................................................................................................................ 27 

2.8.1 EMS in Logistics and Transportation: .............................................................................................. 28 

2.8.2 EMS in Manufacturing Industries:..................................................................................................... 29 

2.8.3 Regulations for Energy Management in Germany: .................................................................... 30 

2.8.4 ISO 50001 standard: ............................................................................................................................... 30 

2.8.5 DIN EN 16247-1 standard: ................................................................................................................... 31 

2.8.6 Tax Reductions and Exemptions: ....................................................................................................... 31 

2.8.7 Artificial Intelligence in EMS: .............................................................................................................. 32 

2.8.8 Artificial Intelligence in Dairy Farms: .............................................................................................. 33 

Chapter 3 ................................................................................................................................................................... 35 

Comparison and methodology of measures for Energy Optimization .................................................. 35 

3.1 Comparison of Conventional Milking System and AMS .................................................................... 35 

3.2 Comparison of cooling methods. ................................................................................................................ 36 

3.3 Comparison of farms with Precooling and RHR Units:...................................................................... 37 

3.4 Comparison of Conventional and Vacuum pumps ............................................................................... 38 

3.5 Comparison of cleaning systems ................................................................................................................ 39 

3.6 Energy Management System in context of Dairy farms .................................................................... 40 

3.6.1 Implementation cases of EMS in dairy farms ............................................................................... 41 

3.6.2 Challenges in Implementation of EMS ............................................................................................. 42 

Chapter 4 ................................................................................................................................................................... 44 

Discussion ................................................................................................................................................................. 44 

Chapter 5 ................................................................................................................................................................... 46 

Conclusion and future scope ............................................................................................................................... 46 

Re fere nc es  ........................................................................................................................................................... 48 



VI 
 

Appendix ................................................................................................................................................................... 56 

 

 

 

  



VII 
 

 

List of Figures 

Fig 1.1: Electrical Energy consumption by different processes in Dairy [3] ............................................ 2 

 
Fig 2.1 Milking Machine [25] ....................................................................................................................................... 5 

Fig 2.2: Herringbone Milking parlor [27][28] ....................................................................................................... 6 

Fig 2.3: Parallel Milking Parlor [27][29] ................................................................................................................. 6 

Fig 2.4: Rotary Milking Parlor [30][31] ................................................................................................................... 6 

Fig 2.5: Robotic Milking system (AMS) [33][34] ................................................................................................. 7 

Fig 2.6: Illustration of germ counts in raw milk at different temperatures and time [39] ................. 8 

Fig 2.7: Bulk Milk Cooler [41] ...................................................................................................................................... 9 

Fig 2.8: Energy Flows in Cooling System with Precooler [45] .................................................................... 11 

Fig 2.9: Concentric tube heat exchanger [45] .................................................................................................... 12 

Fig 2.10: Shell and tube heat exchanger [45] ..................................................................................................... 12 

Fig 2.11: Plate heat exchanger [45] ........................................................................................................................ 13 

Fig 2.12: Cross Sectional View of RHR unit [47] ............................................................................................... 13 

Fig 2.13: Energy Flows in Cooling unit with RHR installed [47] ................................................................ 14 

Fig 2.14: Pump with VSD and Pressure Sensor [54] ....................................................................................... 16 

Fig 2.15: Techniques in the process chain in realizing stages of automation in feeding 

system [64] ....................................................................................................................................................................... 23 

Fig 2.16: A rail mounted AFS in dairy farm [65] ............................................................................................... 23 

Fig 2.17: Daily load profile of a farm in Germany with direct cooling in winter [69] ........................ 26 

Fig 2.18: Daily load profile of a farm in Germany with ice bank cooling in winter [69] ................... 26 

Fig 2.19: Hourly Sport Market Price for Winter Day in Germany [70] .................................................... 27 

Fig 2.20: EMS PDCA cycle [13] ................................................................................................................................. 31 

 
Fig 3.1: Schematic of EMS in dairy farm setup .................................................................................................. 40 

 
Fig A 1: Energy consumption data from KTBL calculator with 100 cows and 8240 

kg/cow/a with CMS, direct cooling, precooling only. [71] ............................................................................ 56 

Fig A 2: Energy consumption data from KTBL calculator with 100 cows and 8240 

kg/cow/a with CMS, direct cooling, RHR unit only. [71] ............................................................................... 57 

Fig A 3: Energy consumption data from KTBL calculator with 100 cows and 8240 

kg/cow/a with AMS, direct cooling, precooling and heat recovery. [71] ............................................... 58 

 

 



VIII 
 

 

List of Tables 

Table 2.1: Energy comparison between different lamps [56] ..................................................................... 18 

Table 2.2: Cost comparison between different lamps [56] ........................................................................... 19 

 
Table 3.1: Comparison of Electricity consumption of Milking systems [71] ......................................... 35 

Table 3.2: Comparison of Electricity consumption and Costs of different cooling methods 

[3] ......................................................................................................................................................................................... 36 

Table 3.3: Comparison of precooling and RHR units [71] ............................................................................. 37 

Table 3.4: Cost and Energy comparison for Vacuum pumps  [72] ............................................................. 38 

Table 3.5: Comparison of Cleaning Methods [3] ............................................................................................... 39 

 
Table 4. 1: Ideal case scenario for Energy optimization measures ........................................................... 44 

  



IX 
 

 

List of Abbreviations 

 

EMS Energy Management System 

PV  Photovoltaics 

RHR Refrigeration Heat Recovery 

Hex Heat Exchanger 

LED Light Emitting Diode 

CMS Conventional Milking System  

AMS Automatic Milking System 

BMC Bulk Milk Cooler 

VSD Variable Speed Drive 

CIP Cleaning in Place 

CFS Conventional Feeding System 

AFS Automatic Feeding System 

BMC Bulk Milk Cooler 

AI Artificial Intelligence 

  



1 
 

 

Chapter 1 

Introduction  

Germany is the largest milk producer in the EU, amounting to one-fifth of the total EU milk 

output in the year 2022 [1]. Every fifth farm in Germany houses dairy cows. In the year 

2022, there were 52,895 farms, which generated 22 percent of the total agricultural 

production value through their milk production. This data highlights the role that milk 

production plays as an important branch of German agriculture in economic terms. 

Germany is working towards energy transition to transform the existing fossil fuel-nuclear 

system to a sustainable energy system that relies on renewable sources due to various 

societal and political demands [2]. As the energy demand is increasing due to the rise in 

population, there is also a growing push in Germany to adopt energy efficient technologies 

and measures to reduce energy waste. This also holds true for the milk and dairy industry. 

To scale up milk production but at the same time reduce the impact on ecology and 

environment, there is a need to address the problems related to energy, by implementing 

energy saving mechanisms wherever possible. Using energy optimization techniques can 

help reduce the load on energy suppliers as well as increase cost savings for farms. 

German dairy farmers are relying on technologies to achieve energy savings with the help 

of automation and digitalization [3]. One of the key technological tools is the Energy 

Management System (EMS) of dairy farms.  

To implement the EMS on a farm, firstly the energy consumption in the farm must be 

identified and segregated based on each process and equipment. In recent years, there has 

been a significant adoption of technological equipment in farms in Germany in recent 

years. In Bavaria, for example, 14.6% of all dairy farms currently milk with an automatic 

milking system [2]. Not only the milking system but many of these farms also use 

automatic feeding and cleaning systems. These systems consume a lot of energy, mostly 

electrical energy. The typical electrical energy consumption matrix in dairy farms in 

Germany is represented in the pie chart below (Fig 1.1). 

file:///D:/My%20files/Adi%20THI/Thesis-Energy%20Optimization%20in%20German%20Diary/Task%20work/Cow%23_CTVL001c1db7a0472964a52b312eedbeae8cee5
file:///D:/My%20files/Adi%20THI/Thesis-Energy%20Optimization%20in%20German%20Diary/Task%20work/Cow%23_CTVL001c1db7a0472964a52b312eedbeae8cee5
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Fig 1.1: Electrical Energy consumption by different processes in Dairy [4] 

As evident from Fig 1.1, milk cooling stands out as the most energy-intensive process, 

demanding a substantial amount of energy to cool large quantities of milk. There is scope 

for improving energy efficiency in the milk cooling process by using energy optimization 

techniques like the use of modern energy-efficient cooling equipment and other areas of 

farms like milk collection by using efficient pumps and the use of EMS in the farms. Also, 

the use of electric vehicles like electric tractors, wherever possible, can be used to improve 

energy efficiency and also reduce emissions from the use of diesel tractors. 

The energy optimization measures in dairy farms can be divided into three categories. 

These categories are based on costs incurred. The first category includes near cost-neutral 

measures such as behavioral changes of energy consumers or changing the schedule to use 

the equipment during low-cost energy supplied from self-generated renewable energy 

sources like Photovoltaics (PV), and Biomass. The second measure can be considered low 

investment measures, such as using motion detection for lighting or time control for 

automated processes like milking and cleaning. Also, this measure can include gradual 

replacement of light sources with modern energy-efficient lamps and conducting regular 

maintenance. The final category of measures is the most Cost-intensive as it involves 

replacing old equipment with modern energy-efficient ones. [5] 

S c o p e  o f  E ne rg y  O p t i m i z a t i o n  i n  Mi l ki n g :  

• Use of Speed Controlled/ Variable Vacuum Pumps 

• Installing Pre-cooler 
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• Refrigeration Heat Recovery (RHR) – using waste heat from refrigerant with the 

help of Heat exchangers. 

S c o p e  o f  E ne rg y  O p t i m i z a t i o n  i n  Mi l k  Coo l i ng :  

• Heat Exchangers (Hex) – using waste heat from milk cooling with them help of Hex 

and use it to heat water used for cleaning purposes. 

• Use of Scroll Compressors, which are more efficient than generally used 

reciprocating compressors.  

S c o p e  o f  E ne rg y  O p t i m i z a t i o n  i n  L i g h t i ng :  

• Use of motion sensors 

• Modern lamps-LEDs 

1.1 Research questions:  

1. How can the Energy in dairy farms be optimized? 

2. What are the different possibilities of Energy management systems? 

3. What are the benefits of Energy Optimization for farmers? 

4. What are the benefits in terms of environmental sustainability?  
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Chapter 2 

This chapter presents the means of implementing measures to optimize energy efficiency, 

like EMS, the areas of farms where energy can be optimized using different methods and 

equipment, which are essential to understanding the methods of optimization presented 

in this thesis research. 

Means of Energy Optimization 

In this section, different measures through which energy optimization can be achieved are 

presented. 

2.1 Milk collection  

Milk collection or harvesting is one of the primary consumers of electrical energy in dairy 

farms. The milk collection usually takes place two or more times per day on farms. This is 

generally done based on schedules i.e., in the morning and afternoon or evening. On 

average, milking utilizes 18 percent of the electrical energy used on a dairy farm [6]. Milk 

collection is done in different ways such as using portable milking machines, milking 

parlors, or milking robots. The milking machines or milking parlors are hereby referred to 

as CMS, and robotic milking is referred to as AMS.  The details and comparison of these 

methods is done in this section.  

2 .1 . 1  C o nven t i on a l  M i l k in g  Syste m  ( C MS )  

In conventional milking systems, cows are milked either individually using milking 

machines generally done in small farms or in a parlor system where multiple cows are 

milked using multiple milking machines in larger farms. Milking machines are used to 

harvest milk from cows and are made up of four teat cups attached to a claw, which is 

connected to a long milk tube and a pulsator [7]. The principle of machine milking is to 

extract milk from the cow by vacuum. The machines are designed to apply a constant 

vacuum to the end of the teat to suck the milk out and convey it to a suitable container [7]. 

In small farms, the milking machine is attached to a single bucket or container, as depicted 

in Fig 2.1, enough to store the milk from a single cow and moved from cow to cow, 

manually. The vacuum is supplied by vacuum pumps, which require electrical energy to 

generate and maintain the vacuum in the system. In most cases, electrical energy is used to 

run these machines, but in remote areas, fuel-operated pumps are used if the electricity is 
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unavailable. The system is mechanically simple with relatively low investment, running 

and maintenance costs compared with milking machines in parlors [7]. The energy 

optimization opportunities of vacuum pumps in small farms are low as the milking units 

are not many and the gains are not significant to install new equipment like variable speed 

drives on vacuum pumps.  

 

Fig 2.1: Milking Machine [8] 

In large farms, milking is carried out in milking parlors such as herringbone milking 

parlors (Fig 2.2), parallel milking parlors (Fig 2.3) or rotary milking parlors (Fig 2.4), 

where multiple cows are milked simultaneously. These milking parlors vary by the size 

and the position of cows, but the milking machines remain the same. Except for the rotary 

parlor (carousel), where the platform on which cows stand rotates while milking, the rest 

of the parlors are stationary parlors. The rotation is driven by a motor.  The milking 

machines are attached to cow teats manually and, after milking, washed and sanitized 

before attaching to another cow or for the next milking, manually by an operator. [7] 

In parlor systems, there is scope for energy optimization by employing VSDs on vacuum 

pumps as the milking units are high in numbers and employing VSDs helps save 

considerable amount of electricity, which is discussed in section 2.3. Also, in the parlor 

systems, the energy is consumed for washing and cleaning using hot water, which can be 

optimized by using heat recovery systems, which is discussed in section 2.2.3. 
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Fig 2.2: Herringbone Milking Parlor [9][10] 

 

Fig 2.3: Parallel Milking Parlor [9][11] 

  

Fig 2.4: Rotary Milking Parlor [12][13] 

2 .1 . 2  Aut om a t i c  M i lk i n g  Sys tem  ( A M S)  

AMS, also called robotic milking system, is a fully automated milking system. The milking 

unit of AMS consists of a milking machine, a teat position sensor, a robotic arm for 

automatic teat-cup application and removal, and a gate system for controlling cow traffic. 

The cows are allowed to decide their own milking time voluntarily rather than milked in 

groups at set times like in parlors. When the cow that wants to be milked enters the 

milking unit, the AMS checks if cow can be milked and if yes then it performs automatic 

teat cleaning, applies the teat cups, and starts the milking. After milking, the AMS performs 
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teat spraying and cleans the milking unit automatically as per the preset instructions on 

control unit. Since the whole system is automated, the AMS requires considerable energy 

to operate and function.  [14] 

 

Fig 2.5: Robotic Milking system (AMS) [15][16] 

AMS includes single-stall systems where robotic and milking functions are integrated, as 

well as multi-stall systems with transportable robot devices combined with milking and 

detachment devices at each stall. However, most AMSs are single-stall units where an 

isolated milking experience for the cow differs drastically from most conventional parlor 

systems. The primary consumers of energy of the AMS milking unit includes the robot, 

vacuum pump, air compressor and heating of water for cleaning. Due to automation of 

operations, AMS consumes more electricity than conventional milking systems. [17] 

Höhendinger conducted a study of AMS to examine the impact of different drive systems, 

like pneumatic drive and electric drive, within the attachment arm of AMS in practical 

conditions. A detailed quantification of energy consumption was carried out on two 

consecutive single-stall AMS of a dairy farm in southern Bavaria, Germany. The study 

concluded that the electrical drive of the attachment arm was more efficient than the 

pneumatic one, which was possible due to lower energy consumption and higher milking 

and production performance. The replacement of the pneumatic drive with electrical 

drives leads to higher energy consumption of the milking robot but reduces the energy 

consumption of the air compressor. Considering the increased performance of more 

milking events and reduced energy consumption of the total AMS, the energy efficiency of 

the electric attachment arm showed substantial advantages in the energy efficiency of the 

whole milking process. [17]  

In dairy farms with AMS, an electrical drive can be implemented to optimize the energy 

and reduce the overall energy consumption of AMS. However, there needs to be more 

studies on different technologies used with the AMS to optimize energy consumption 

compared to conventional milking systems. 
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The comparison of energy consumption between conventional and automatic milking 

systems is presented in section 3.1.  

2.2 Milk Cooling  

Milk cooling is the largest consumer of energy, accounting for approximately 26% of the 

farm’s energy consumption as depicted in Fig 1.1. Milk is collected from cows at 35-37°C 

and has to be cooled below 4°C within 3 hours to prevent any bacterial growth, which 

causes the quality of milk to deteriorate [18][19]. This is very critical as the milk at 

temperatures above 7°C is a favorable temperature for bacterial growth [18]. Hence, the 

microbial load can multiply rapidly if the milk is kept at that temperature. Cooling milk 

rapidly (below 6°C) is necessary to avoid the multiplication of microorganisms, especially 

psychrotrophs, which can grow at refrigeration temperatures but have optimal and 

maximal growth temperatures at >15 and 20°C, respectively as illustrated in Fig 2.6 [20]. 

Refrigeration systems for milk cooling consist of a bulk tank, a motor-driven compressor 

unit, an evaporator, and a condenser unit [6]. The system functions by circulating a 

refrigeration coolant through a cycle in which it releases heat during the condensation 

process. 

The location of the refrigeration unit has a significant influence on the energy 

requirement. For instance, raising the ambient temperature from 25 to 32°C results in an 

approximately 25% increase in energy consumption. Installing the refrigeration unit in a 

cool area with ample air circulation, along with structurally separating the milk storage 

room and compressor location, yields positive effects. Regular maintenance, in particular 

maintaining the optimum refrigerant level and cleaning the air heat exchanger, increases 

the energy efficiency of the system. [4]  

 

Fig 2.6: Illustration of germ counts in raw milk at different temperatures and time [21] 
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2 .2 . 1  M et h o d s  o f  Mi l k  C o o l i n g  

For milk cooling, BMCs are used both to cool the milk and store the cooled milk before the 

milk is collected by refrigerated trucks to the processing destination or plant. The BMCs 

operate on a vapor compression refrigerant cycle, where the refrigerant gas is compressed 

and then condensed to lower temperatures. Dairy farms utilize two different types of milk 

cooling systems, which are the Direct cooling and the indirect cooling type (ice bank 

cooling). [19] 

Direct cooling or direct expansion uses evaporator plates that are used in the lower 

portion of the storage tank and have direct contact with milk, as illustrated in Fig 2.7. The 

evaporator boils liquid refrigerant at a low pressure and temperature. This allows the heat 

from the surrounding surface, i.e., milk which is in direct contact with plates, to be 

absorbed and makes the refrigerant hotter and milk cooler. The agitators stir the milk for 

temperature distribution during the cooling process which keeps the milk moving and 

avoid freezing of milk. Excessive agitation can harm the milk inside the tank. [22]  

 

Fig 2.7: Bulk Milk Cooler [23]  

Indirect cooling, or instant cooling, involves cooling milk in an external storage tank. 

Indirect cooling systems use Hex’s to cool the milk. The cooling fluid (water or glycol water 

mix) from a chiller or cooling tower is used in the Hex to lower the temperature of the 

milk. The cooling takes place inside the Hex instead of the bulk tank, as is the case in direct 

cooling. The size of the Hex can be made as per the specific requirements of milk 

production in the farms. [22]  
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The ice bank cooling systems are beneficial for farms as refrigeration plant capacity can be 

minimized, as in this system ice bank meets the peak cooling demand of the milk, rather 

than the compressor. The ice bank can be created at any time which allows in maximizing 

the use of cheaper night-rate electricity or electricity generated from renewable sources. 

However, this system is less energy efficient than direct cooling as ice is built at one time, 

and the milk is cooled later. Due to this dual nature of the process and the unavoidable 

minor energy losses through the insulation during storage. [24] 

Comparison between direct and indirect cooling: [4] 

• Direct cooling systems have a lower energy requirement than indirect cooling 

systems. However, the power consumption is linked to the milking times, and the 

electrical connected load is approx. 20 percent higher. 

• The power consumption of indirect cooling is higher. However, peak loads can be 

avoided through the possible time separation of ice production and cooling. In 

addition, relocating ice water production to off-peak times enables lower energy 

costs than using a comparable direct cooling system.  

Among these two types of cooling methods, the direct cooling system saves 15–20% of 

electricity consumption in comparison to indirect cooling systems [25]. Therefore, the use 

of direct cooling is a better one for use in farms for optimized use of energy.  A comparison 

of these two methods is presented in section 3.2. 

2 .2 . 2  P re co o l e r  

Precooling is the cooling of milk that is being transferred to a bulk tank for rapid cooling 

after it is collected from the cows. This helps in reducing the temperature of milk from 

37°C to around 20°C or even lower depending on the precooling technology employed. 

Plate Hex is used in the precooling of milk in most cases. This device uses heat-conducting 

plates to run water and milk on either side, allowing the water to partially cool the milk. In 

theory, it is possible to achieve a milk temperature as it exits the plate cooler that is equal 

to the water temperature entering it, which is typically around 10°C. However, this would 

necessitate a very large plate cooler and a substantial water flow. [26]  

The precooling of milk could also reduce the bacterial growth rate, which helps preserve 

the milk quality. Using a pre-cooler can significantly reduce the cooling demand and 

enhance milk quality for a dairy farm. Also, the heat is transferred from milk to water, 

which can be used for cleaning the milk equipment like BMC and other equipment and can 

be used as drinking water for cows. A properly sized precooling heat exchanger can lower 

milk temperatures to as low as 6°C, resulting in refrigeration energy reductions of about 
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60 percent [6].  The potential energy savings from the precooler has been ascertained to 

be in the range of 40 to 60% [6][19]. The cost savings from cooling have been estimated to 

be about 50% [26]. Thus, this demonstrates the advantages of precooling the milk, helping 

reduce energy as well as costs and thus in sustainable farming. 

When using a pre-cooler, it is important to note that while electricity costs for milk cooling 

are halved, there is an associated increase in costs for water and wastewater. Therefore, 

utilizing a pre-cooler is a practical choice, especially if the cooling water required for the 

pre-cooler is to be reused within the farm, e.g., as cleaning and drinking water. [4] 

 

Fig 2.8: Energy Flows in Cooling System with Precooler [27] 

Typ es  of  Precool ers : 

There are different types of precoolers based on heat exchangers used in the precooler. 

These are the shell and tube type Hex and plate type Hex.  

In Shell and tube type Hex, the milk flows through the smaller tube(s) while the well water 

flows through the shell. The simplest shell and tube Hex is a concentric tube heat 

exchanger where a single small tube is housed inside of a larger tube, as illustrated in Fig 

2.9. To achieve greater surface area for heat transfer, multiple small tubes can be housed 

inside of a larger tube or shell, as shown in Fig 2.10. Other variations include 

configurations where a coil of tubing is enclosed within a chamber to increase the heat 

transfer area. Irrespective of the configurations, the milk passes through the smaller 

tube(s) while the well water flows through the shell. The shell and tube Hex come in fixed 

units or lengths that limit their flexibility to expand in capacity. [27]   
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Fig 2.9: Concentric tube heat exchanger [27] 

 

Fig 2.10: Shell and tube heat exchanger [27] 

Plate type Hex consists of a series of ribbed plates placed side by side in a pack, as 

illustrated in Fig 2.11. Plate coolers are made up of plate packs containing several stainless 

steel plates adapted to the milk flow rate. Rubber gaskets function as seals for the plates 

such that there are two separate circuits. The milk flows between every other plate while 

the well water flows through the circuit on the opposite side of the plate from the milk. 

Milk and cooling liquid pass each other in counterflow. The plates are ribbed to promote 

turbulent flow to increase the heat transfer rate. [27] 

Among these two types of heat exchangers used for precooling, plate Hex’s have the 

advantage of being compact as well as the ability to expand easily by adding additional 

plates to increase capacity as required. Shell and tube heat exchangers come in fixed units 

or lengths, so expansion is not as flexible. [27] 
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Fig 2.11: Plate heat exchanger [27] 

2 .2 . 3  Re f ri ge ra t i on  H e a t  Re cove ry  R HR  un it s  

The heat transferred from milk to refrigerant gas while cooling milk is generally not 

recovered or used for any purpose of heating. Installing a refrigerator heat recovery (RHR) 

unit could save substantial energy as the waste heat from milk is used to heat the water 

used for cleaning farm equipment. By harnessing heat recovery, it is possible to attain 

water temperatures reaching up to 60°C, resulting in a cost savings of 30% to 70% on 

water heating, depending on the amount of available heat [28]. The sizing of the RHR 

storage tank should be determined based on the number of cows being milked, ensuring it 

can supply sufficient hot water for a single milking session [6]. A cross-sectional view of an 

RHR unit is illustrated in Fig 2.12. 

 

Fig 2.12: Cross-sectional View of RHR unit [29] 
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The RHR unit consists of a water storage tank and a heat exchanger. The heat exchanger 

may be either independent of the water tank or integrated into the tank's jacket, covered 

with insulation and a protective shell. The refrigerant gas can attain temperatures 

exceeding 93˚C when entering the RHR heat exchanger based on ambient conditions. It 

exits the tank 24–30˚C lower after transferring the refrigerant heat to the water. An air-

cooled (occasionally water-cooled) condenser unit is connected in series with the RHR 

heat exchanger to eliminate any remaining heat from the refrigerant before it cycles 

through the evaporator to begin a new cycle. [29] 

 

Fig 2.13: Energy Flows in Cooling unit with RHR installed [29] 

There are two basic types of heat recovery systems, known as desuperheating and fully 

condensing units. As per a factsheet from Farm Energy Nova Scotia, desuperheaters 

consist of a small heat exchanger with refrigerant on one side and water from the water 

storage tank on the other. Desuperheaters are located outside of the hot water storage tank 

[30]. A desuperheater unit heats water to a temperature of around 35°C to 47°C and runs 

only when the refrigeration system is operating [6]. These units can be inexpensive to add 

but can recover and transfer only a portion of the available heat to the water. 

Condensing units are made of a heat exchanger jacket inside a water storage tank. These 

units can pre-heat water to about 55°C, which may need to be heated to the required wash 

temperature [30]. The condensing units recover nearly all of the available refrigeration, 

with temperatures reaching 48°C to 60°C. A fully condensing RHR unit eliminates the need 

for a regular condenser used in the refrigeration system. If nearly all of the energy 

captured by the RHR unit is used for pre-heating water, then a precooler is not needed to 

remove heat from the milk and may, in fact, increase overall energy costs. [6] 
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The RHR unit should be sized properly to reap benefits from its installation. The RHR 

storage tank should be sufficiently large to fulfill all the hot water requirements for a single 

milking session to optimize waste heat recovery. For larger farms, incorporating two or 

more RHR storage tanks can be beneficial. Alternatively, farms needing additional storage 

volume can install an insulated storage tank alongside the RHR unit, connecting the tank 

drains and plumbing the outlets at the top together. [29] 

2 .2 . 4  C o mp re s s o r s  

Compressors are an essential component of cooling systems used to compress the cold, 

low-pressure refrigerant gas supplied from the evaporator to a high-pressure, high-

temperature state for condensing. The types of refrigeration compressors used for milk 

cooling on most dairy farms are reciprocating and scroll compressors. Among these, the 

reciprocating compressor is most commonly used in dairy farms. [6]  

A reciprocating compressor is a positive displacement machine operating with one or 

more single-action pistons. These pistons, driven by a piston rod connected to a 

crankshaft, reciprocate within cylinders. A scroll compressor is a rotary positive 

displacement machine that operates with two scrolls. One scroll remains fixed, while the 

other is positioned 180° from the first, moving around a fixed point on the stationary 

scroll. As the scroll compressor operates in a rotary motion with few moving parts and no 

intake or discharge valves, it has lower vibration and noise level than a reciprocating 

compressor. The scroll compressors are newer and more efficient than reciprocating 

compressors. Replacing the reciprocating compressors with scroll compressors can reduce 

milk cooling electricity demand by 20%. Efficiency, compactness, lightweight design, and 

low sound and vibration levels are all qualities that make them a practical option to be 

used in dairy farms when compared to reciprocating compressors. [31] 

While scroll compressors are costlier than reciprocating to invest in, the energy efficiency 

of these compressors makes them a practical choice for energy optimization measures to 

be implemented in dairy farms.  

2.3 Pumps 

The vacuum pump is one of the largest energy users on a dairy farm. Vacuum pumps are 

used to draw milk and power washing equipment on dairy farms. It is estimated that 

vacuum pumps are responsible for up to 25% of all the electricity used to operate a dairy 

farm. [32] 
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Vacuum pumps create the negative pressure that helps draw the milk from cows and then 

transport the milk from the milk receiver to either the receiver bowl or the bulk tank [32]. 

The airflow created by vacuum pumps also transports water and cleaning solution through 

the milking system when it is being cleaned. Traditionally, milking systems have achieved 

stable control of vacuum levels by bleeding air into the vacuum lines whenever vacuum 

levels exceeded the setpoint [33]. This resulted in the vacuum pumps operating at a full 

load of 100%, regardless of the actual vacuum used by the milking equipment. This 

rudimentary but effective method does a fine job of controlling vacuum levels but is not 

very energy efficient [34]. Additionally, it is common that the vacuum pump in milking 

systems is considerably oversized, particularly as modern milking equipment generally 

demands a reduced vacuum capacity to operate [33].  

A solution to the problem of vacuum and energy waste is to vary the vacuum being created 

by the pump such that it matches the demand of vacuum on the pump. This can be 

achieved by installing a VSD or variable frequency drive, to the motor of the vacuum pump 

which adapts its speed according to the vacuum demand, generating more or less vacuum 

as necessary. A sensor (pressure transducer) is installed in the vacuum line to enable the 

variable speed drive to align with the vacuum demand, as depicted in Fig 2.14. This 

demand fluctuates significantly across standby, milking, and cleaning loads, with cleaning 

cycles often presenting the periods of highest demand and shortest duration. [35] 

The vacuum regulation on pumps with VSDs is equal to or better than conventionally 

regulated vacuum systems. Many styles of vacuum pumps can be found on dairy farms; 

VSDs work best if using a blower- or lobe- type vacuum pump. Other types of vacuum 

pumps (oil ring or vane pumps) may be less effective owing to the limits of speed at which 

they can operate effectively. Although it is possible to retrofit a VSD to a vane pump, the 

practical limit on their capacity is such that less energy savings will be made. If a farm is 

milking 3 times per day or more than 6 hours per day, the investment in the variable speed 

controller will typically pay for itself in less than 5 years. [33][35] 

 

Fig 2.14: Pump with VSD and Pressure Sensor [36]  
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Conventional vacuum pumps run only at maximum speed and depend on a vacuum 

regulator to remove the excess air from the system that is not being used during milking or 

washing operations [6]. Installing a VSD on a vacuum pump eliminates the need for a 

vacuum regulator as less energy is delivered to the motor, and its operating speeds are 

reduced. Potential savings on electrical usage by installing VSDs can be on average of 50% 

but ranges from 30% to 80% can be achieved [33].  

2 .3 . 1  S i ze  o f  vac u um  p um p s   

The size of the vacuum pump matters, as oversized pumps use more energy and are a 

waste of investment. Matching the pump size to the needs of the milking and washing 

system is essential. This can not only cut down the initial equipment investment but also 

decrease operational and maintenance costs over the pump's life cycle, ensuring maximum 

performance. [32] 

The vacuum pump's size is dependent on all the components in the system that admit air 

during operation. Pumps are typically sized by considering the volume of air admitted into 

the milking system during the milk collection, along with a 50 percent reserve to account 

for the wear and tear of parts and accidental overload. In the past, industry standards 

incorrectly advocated for larger pumps under the mistaken belief that they were necessary 

to account for washing. However, an excessively large pump can lead to overheating 

toward the end of its cycle. [6][32] 

Therefore, it is important to install a properly sized pump in the dairy farm after an 

evaluation of pumping requirements, which would save energy costs as well as investment 

costs. 

The energy savings and other advantages that can be obtained from installation of VSDs 

are significant. However, there are a few of the disadvantages associated with VSDs. The 

applications and limitations of VSDs are presented in section 2.3.2.  

2 .3 . 2  Ap p l ic a t i o n  an d  L im it at i on s  o f  VS D s  

For installing VSDs on farms, certain factors, such as farm size, type of vacuum pump, 

milking time, and unit, must be considered. If the farm size is small or milking units are 

fewer in number, the investment will take many years to pay back. These factors determine 

whether VSDs can be used and their limitations. 

The application and limitations of VSDs are: [37] 

• Installing a VSD vacuum pump may be a suitable option only on farms with long 

enough milking times or if the installed vacuum pump is oversized. 
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• Blower or lobe type of vacuum pumps are the only suitable pumps for installing a 

VSD (they can be installed on rotary vane pumps only if a minimum rpm is 

programmed in to prevent overheating).  

• Using three-phase current is suitable for VSDs. If the existing motor on the pump is 

single-phase, switching to a three-phase motor can increase the cost and payback, 

limiting the application of VSD for smaller farms. 

• The VSD is sensitive to dusty and damp conditions, which can be damaged by 

lightning strikes. It should be installed in an area which is dry, dust-free, and warm 

in winter with proper grounding. 

It is essential to consider these factors before installing the VSDs in the dairy farm to 

ensure optimum savings and optimum use of the equipment. 

2.4 Lighting  

Appropriate and energy-efficient lighting plays a prominent role in dairy performance. It 

can increase milk productivity and improve working conditions, making it a safer and 

more productive workplace for employees [37]. Factors that contribute to increased milk 

production include the type of light, the amount of light provided per watt, the 

temperature of the work area, the height of the ceilings, and the length of the lighting 

period. [6]  

Lighting on dairy farms, on average, consumes about 15-17% of the farm's electricity 

consumption. This can be reduced by using modern energy-efficient lamps and motion 

detectors in lighting systems. In Tables 2.1 and 2.2, a comparison of different types of 

lights in a dairy stable is presented. For comparison, the fundamental parameters 

considered are 120 cow places, approx. 1,360m² barn area, 120 lux, 1,825 operating hours, 

5 hours/day. 

Table 2.1: Energy comparison between different lamps [38] 

 Unit 
Fluorescent 

Lamp 

Metal halide 

lamps 
LED Spotlight 

El. Connected load [W] 58 250 100 

Light output [lm/W] 85 140 100 

Quantity n 72 12 14 

Total Power [W] 4176 3,000 1,400 
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 Unit 
Fluorescent 

Lamp 

Metal halide 

lamps 
LED Spotlight 

Power/area [W/m2] 3.1 2.2 1 

Acquisition costs/ lamp [€] 40 340 700 

Total acquisition costs [€] 2,880 4,080 9,800 

 

Table 2.2: Cost comparison between different lamps [38] 

 Unit 
Fluorescent 

Lamp 

Metal halide 

lamps 
LED Spotlight 

Average Life span [h] 20,000 30,000 60,000 

Replacement time [a] 11 16 33 

Cost [€/a] 342 360 568 

Energy consumption  [kWh/a] 7,621 5,475 2,555 

Electricity price [€/kWh] 0.22 0.22 0.22 

Energy costs [€/a] 1.677 1.205 562 

Total Cost [€/a] 2,019 1,565 1,130 

From the data in Tables 2.1 and 2.2, it can be clearly observed that both operation costs 

and energy savings can be made by installing LED lamps in the barns. The initial 

investment is high for LED lamps, but this can be recovered within a few years as the 

operating costs per year are very low. Therefore, installing LED lamps is ideal measure for 

optimizing the energy usage in dairy farms. 

2.5 Cleaning 

Cleaning, washing and disinfection of milking systems are vital processes in dairy farms to 

help maintain the quality of the milk produced. Cleaning and washing of the milking 

equipment and cooling tanks are carried out after each milking operation [31]. Cleaning 

and washing of milking systems and barns are significant energy consumers on dairy 

farms. Energy consumption varies from farm to farm as it depends on the type of cleaning 

system used on farms. On average, it consumes about 15% of energy used on farms [4]. 

Hot water is an essential part of the cleaning process used on farms.  A large portion of hot 

water is used for cleaning and sanitizing the milking system since washing typically 

consists of three or four cycles. The standard cleaning procedure includes a pre-rinse with 
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warm water (35-45°C), an application of a combined alkaline detergent and disinfectant 

(lasting 8-10 minutes), followed by a post-rinse with cold water [39]. A similar procedure 

is used with an acid solution, either once or twice a week or once a day, depending on the 

water hardness. For fat not to redeposit on milk contact surfaces, a water temperature of 

43°C should be maintained at the end of the cycle [31].  

In some farms, most of the cleaning process is generally done without dismantling the 

equipment, known as CIP. There are different types of CIP cleaning processes employed on 

farms, which are circulation cleaning, boiling water cleaning and batch cleaning [40]. The 

most widely used among these is the circulation cleaning system [41].  

In circulation cleaning, the cleaning solution (water + cleaning and disinfectant) flows 

through the system several times [40]. Circulation cleaning is a three-stage process that 

involves a pre-rinse with water to remove any milk residue, main rinse at approx. 55 °C 

with alternating alkaline and acidic cleaning agents and disinfectants, and a concluding 

cold-water rinse to remove cleaning and disinfectant residues [41]. 

Batch cleaning involves a circulation cleaning process, with the distinct feature that the 

rinse water is collected and utilized for the subsequent pre-rinse. [40] 

Boiling water cleaning involves generating a supply of hot water, which is then pumped 

once through the milking lines for the cleaning process. The rinsing process eliminates 

milk residues, and the disinfection is accomplished by maintaining the cleaning water at a 

temperature of 77°C for a minimum of two minutes. If the water is particularly calcareous, 

it is necessary to prevent limescale deposits by temporarily adding acid. [41] 

To effectively clean all components in the system that come into contact with milk, it is 

crucial for the water or cleaning solution to pass through the milk pipe system and 

connected elements (such as milking clusters) with sufficient turbulence. During the 

cleaning process, a flushing seal must be created in the milk pipe system, and factors such 

as the air flow rate of the vacuum pump play a role in determining this blockage. [40] 

All the cleaning processes require significant energy to operate, such as vacuum supply for 

turbulence and hot water for cleaning. A properly sized wash system, which minimizes air 

admissions and uses a warm pre-rinse (37–43°C), can wash the milking system effectively 

without needing excessively high–water temperature. Excessive flow rates can be reduced, 

effectively minimizing water reserve needs and lowering energy and costs needed for 

pumping. Additionally, oversized milk lines contribute to an increased demand for hot 

water during washing. Every 1-inch increase in milk line size approximately doubles the 
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hot water needed for washing. Therefore, properly sizing a cleaning system is vital to 

optimize energy without wasting energy. [42] 

Monitoring the temperature of wash water during parlor clean-up can effectively reduce 

hot water consumption. Using cold water is sufficient for the initial coarse washing of the 

parlor, and incorporating a high-pressure, low-volume power washer can contribute to 

further reductions in water usage and clean-up time and, thus, energy use. In cases where 

warm water is required, utilizing water directly from an RHR unit rather than the water 

heater proves to be an energy-saving measure. All these measures are opportunities for 

optimization of energy in water heating and cleaning operations of dairy farms. [42]   

2 .5 . 1  Wate r  h ea t i n g  

Hot water plays a crucial role in ensuring the production of high-quality milk on dairy 

farms. It is used for the purpose of cleaning milking systems, bulk tanks, and parlor 

equipment, and feeding cows, and washing towels [42]. The quantity of hot water needed 

varies across farms, depending upon factors such as the size of the milking herd and the 

type and scale of the milking system in use. Typically, hot water is generated by water 

heaters utilizing fuel oil, natural or propane gas, solar energy, or electricity [6][31]. On 

average, a minimum of 15 liters of water at 75°C is necessary for each milking unit [6]. 

Approximately 14 liters of hot water are needed per cow in tie stall operations, and this 

requirement increases to about 17 liters for free stall operations. The amount of energy 

used for water heating is impacted by both the quantity of water used and the temperature 

to which the water is heated [42]. In some instances, heating water can constitute 

approximately 25 percent of the total energy consumption on a dairy farm [42].    

The optimum temperature for hot water is about 74°C; heating water above this 

temperature is usually not necessary and can waste energy [42].   By using warm or cold 

water instead of hot water, when possible, energy consumption can be optimized. A warm-

water pre-rinse, about 35 to 43 degrees, does not cause the milk to stick to the equipment, 

which is a problem with cold water. Additionally, a warm water rinse prevents the 

occurrence of mineral and protein deposits in the pipeline, which is frequently 

encountered when using hot water. [6] 

There are several methods to decrease the energy consumption involved in heating water.  

In a direct water heater, the water storage tank and heating element are integrated, while 

in an indirect water heater, the storage tank contains a heat exchanger connected to a 

separate boiler unit.  Regardless of the type of water heater in use, be it direct or indirect, 

the overall efficiency is impacted by the combustion efficiency of the fuel source and the 

extent of heat loss from the storage tank, referred to as standby loss. [6]  
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Standby losses occur when the heat within the water is conducted out through the walls of 

the water heater or when thermo-siphoning causes water to move up the pipes above the 

water heater, leading to the conduction of heat into the surrounding environment [42]. 

There are various measures to minimize standby losses in a water heater.  If the water 

heater has an R-value (resistance to heat conduction) of less than 16 and is located in a dry 

spot, it can be insulated with fiberglass insulation. Electric water heaters can be insulated 

on the top and sides, whereas gas and oil water heaters are typically insulated only on the 

sides. An estimated reduction of 4% to 9% in electricity demand for water heaters is 

possible by insulating water heater tanks [43]. Alternatively, tankless (on-demand or 

instant) water heaters, which require less electricity than conventional heaters, can be 

used [43]. Heat can be maintained in pipes leaving the water heater by installing foam 

insulation and a heat trap on the hot water pipe leaving the water heater [42]. This 

decreases thermosiphoning of hot water from the water heater, resulting in reduced losses 

and energy use for heating. Additionally, insulating water pipes extending from the water 

heater to the final usage point helps in preserving water temperature before reaching its 

intended use.  

2.6 Feed system 

Feeding cows on dairy farms is a significant energy-consuming process requiring about 

15% of farms’ electrical energy consumption. Feeding carried out with semi-automatic 

system is referred to as CFS, or fully automated system is referred to as AFS.  

CFS uses a diesel driven tractor operated mixing ration wagon to feed the cows. In studies 

conducted on CFS, the feed system has a certain level of mechanization in feeding fodder to 

cows, like using a feed robot and wagon driven by a tractor diesel engine [44][45]. AFS 

uses an automatic system equipped with stationary feeding hoppers, a mixing unit, and a 

distribution wagon operating on the rail.  

In AFS, several technical approaches have been devised for the automated feeding of cattle, 

and these can be categorized into three distinct stages of automation Fig 2.15. The stages 

are: [45][46] 

1. Mixing and distribution (semi-automated) 

2. Filling mixer, mixing and distribution (semi-automated) 

3. Unloading and transport, filling mixer, mixing and distribution (fully automated) 

In stage 1, a stationary feed mixer must be filled by mobile equipment from bunker silos. 

The advantage of this variant is that cows can be fed automatically several times a day, but 
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filling the feed mixer still requires time, and filling silos is carried out with manual labor 

using a tractor and a bucket. [44][46] 

In stage 2, the filling of the mixer is also automated, and farmers do not need to worry 

about fixed mixing and feeding times. Except for the transport and unloading of fodder, the 

system is automated for all other feeding system operations. [44][46] 

Stage 3 is the complete automation of the feeding system from storage transport to feeding 

the cows. This technology is very costly to invest in and energy-intensive compared to the 

other two semi-automated systems. [44][46] 

 

Fig 2.15: Techniques in realizing the stages of automation in feeding system [46] 

 

Fig 2.16: A rail-mounted AFS in a Dairy farm [47] 
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As per the study conducted by Oberschätzl on farms with different stages of AFS installed 

in Bavaria, Germany, the transport of fodder from the stock container to the mixer process 

and mixing the rations are the most significant energy consumers of AFS in the dairy farms 

with a share of 77 % of the energy consumption of the whole feeding system. The 

transport of fodder from underground silos in dairy farm 3 reveals a high energy 

consumption of 34.5 kWh per day. They concluded that the texture of feed components 

influences the required energy consumption for transporting fodder to the mixer and 

mixing the rations. Their conclusion indicates that the texture of feed components plays a 

significant role in determining the energy consumption needed for transporting fodder to 

the mixer and mixing rations. Additionally, the results pertaining to the consumption of 

transport, distribution, and pushing of feed indicate that factors such as the number of 

animals to be fed, the quantity of the ration, the frequency of mixing rations, and the 

distance between the feeding hall and the barn significantly influence the required energy 

consumption. In their study of four dairy barns employing semi-automated and fully 

automated feed mixing and feeding systems, the daily electrical energy consumption was 

found to be 8.8 kWh with the semi-automated system, and up to 52.6 kWh for the fully 

automated system. [48] 

Compared of CFS and AFS, according to Tangorra, AFS has the potential to result in lower 

energy costs for cattle feeding. According to a study outlined in their report, daily energy 

consumption, which takes into account installed power and operation times, is reduced by 

70% for an AFS when compared to a CFS. Tangorra conducted their own study comparing 

the energy and labor utilization in CFS and AFS farms in Italy. The findings from their 

research indicated a significant reduction in both energy consumption and manual labor 

when transitioning to an AFS as opposed to a CFS. Transitioning from a CFS with a tractor 

and trailed TMR wagon to an AFS led to substantial reductions, including a 97% decrease 

in energy consumption and a 79% cut in labor requirements. [49] 

From these findings, it becomes evident that the adoption of an Automated Feeding System 

presents an opportunity to optimize energy utilization in dairy farming. This is particularly 

significant in feeding systems where conventional methods tend to require substantial 

energy. However, it is also evident that using an AFS requires high investment as well as 

high energy consumption. Therefore, depending on the size and requirements of farms, 

adopting an AFS with stage 1 or stage 2 automation of feeding systems would be ideal for 

optimizing energy consumption in feeding systems. 
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2.7 Load Management  

This section presents how load management and scheduling the different farm tasks can 

help manage the grid load and energy load, optimize energy generated on farms, and 

reduce energy costs.  

The aim of load management is to coordinate the timing of electricity procurement and 

power consumption in such a way that the maximum power is as low as possible and the 

load curve runs as even as possible. Load management does not necessarily reduce 

electricity consumption, but it does reduce electricity costs. [50] 

Given the constant rise in energy costs for farmers and the decreasing compensation rates 

(feed-in tariff) for solar power, prioritizing the self-consumption of electricity generated 

on the farm becomes sensible from an economic and ecological point of view. This trend of 

self-consumption is expected to continue growing in the future. Integrating self-generated 

electricity on farms requires precise planning, with detailed analysis of load profiles in 

specific consumption areas, both for new and existing systems. This approach enables the 

delay of power peaks, promoting a well-coordinated load management between energy 

production and demand. Using this approach, power peaks can be postponed in order to 

achieve load management that is coordinated between energy production and energy 

demand. [4] 

2 .7 . 1  L o ad  S h if t in g  

Managing schedules by shifting peak energy demand to optimize energy generation and 

consumption of energy during peak generation hours helps reduce load on the grid as well 

as on farm energy generators. This also helps in reducing energy costs greatly as more self-

generated energy can be consumed and less from the grid. An electricity load profile of a 

farm during a winter day in Germany is illustrated in Fig 2.17. The cooling process used in 

this case is direct cooling of milk and herringbone parlor for milking in a 2x8 

configuration, with 2 times milking in the day and 120 milking cows. 

From Fig 2.17, it can be observed that the peak demand is during the morning time from 

5:30 am to 9:00 am and late afternoon from 03:00 pm to 06:00 pm when milking is 

generally done at farms. These peaks are due to milking and subsequent cooling of the 

milk at those times, followed by cleaning. However, with this type of approach the energy 

costs would be significantly higher as the energy consumption is during peak demand time 

of the day, when the electricity costs in Germany are typically higher than during non-peak 

hours, as illustrated in Fig 2.19. Tasks like milk cooling can be shifted to low demand and 
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low tariff times of the day if ice bank cooling system (as depicted in Fig 2.18) is used as ice 

can be prepared and stored, during night when tariff is low [4]. 

 

Fig 2.17: Daily load profile of a farm in Germany with direct cooling in winter [51] 

 

Fig 2.18: Daily load profile of a farm in Germany with ice bank cooling in winter [51]  
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As evident from Fig 2.18, the energy demand is somewhat distributed, and lower peaks 

can be observed during peak demand hours. It is also evident that some of the cooling 

demand is shifted to daytime hours, which can be helpful if there is a self-energy 

generation plant like PV. However, the nighttime off peak tariff is not used in this case for 

the creation of ice bank. Shifting the cooling demand of ice bank formation to night time 

helps in utilizing the night time off-peak tariff to the maximum extent possible, save energy 

costs and prevent short term peaks and reduce load on the grid electricity. 

Many electricity suppliers offer off-peak tariffs. Electricity consumption is charged at 

different prices depending on the time of day (HT - high tariff time and NT -low tariff 

time). Contracts for electricity consumption of significantly more than 100,000kWh/year 

usually already include a differentiation between HT and NT. Consistent electricity 

consumption throughout the year is better for the utilization of power plants and grids 

and consequently cheaper for the customer than a constantly fluctuating load profile with 

pronounced load peaks. [50] 

 

Fig 2.19: Hourly Sport Market Price for Winter Day in Germany [52] 

From observation of Fig 2.19, it becomes apparent that energy prices tend to be higher 

during the morning and evening when there is increased demand during these periods. 

Therefore, by rearranging activities in the dairy operation, shifting them from peak-

demand periods to times of lower demand, both energy costs and the stress on the grid 

can be reduced, and grid stability can be ensured. 

2.8 Energy Mana gement System  

An energy management system (EMS) is a computer-aided tool used by power system 

operators to monitor, control, and carry out optimal energy management. EMS helps in the 

optimization of energy consumption to conserve use and decrease energy costs [53]. 
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EMS in the context of dairy farms can be used to monitor, control and measure energy 

consumption and generation from renewable energy sources and help optimize the energy 

use and reduce energy related costs.  

EMS offers various possibilities in dairy farms, helping to optimize energy use, reduce 

energy costs, and improve sustainability. Below are different possibilities for EMS in dairy 

farms: 

1. Monitoring and Control of Farm Equipment: EMS can continuously monitor the 

performance of various energy-intensive equipment such as milking machines, 

cooling systems, and lighting systems. It can adjust settings to optimize energy 

usage based on real-time data obtained from sensors and weather conditions [54]. 

2. Load Management: EMS can manage the timing of energy-intensive processes like 

ice generation for milk cooling to avoid peak demand periods, which can lead to 

lower energy consumption from grid electricity and use solar PV energy during 

day time [55]. 

3. Renewable Energy Integration: For farms with renewable energy sources like PV, 

biogas, or wind turbines, EMS can control and optimize the use of this clean energy, 

ensuring it is used efficiently and stored when excess energy is generated [55]. 

4. Lighting: Efficient lighting systems can be managed by EMS to ensure that lights 

are only on when necessary, using occupancy sensors or time-based schedules. 

5. Energy Storage Management: If the farm uses energy storage systems like 

batteries, EMS can manage the charging and discharging of batteries to optimize 

energy use and reduce grid dependency [2]. 

6. Predictive Maintenance: EMS can predict when equipment requires maintenance 

based on usage patterns and sensor data. This helps prevent unexpected 

breakdowns, reducing downtime and energy waste [3]. 

7. Data Analysis: EMS can collect and analyze large amounts of data, providing 

insights into energy consumption patterns. This data can be used for making long-

term energy management strategies and investment decisions [3]. 

8. Regulatory Compliance and Reporting: EMS can assist in meeting regulatory 

requirements by tracking and reporting energy consumption data for compliance 

with energy efficiency standards like ISO 50001. 

EMS in dairy farms is a versatile tool that can be customized to meet the specific needs of 

each farm, helping to improve efficiency, reduce costs, enhance environmental 

sustainability, and ensure regulatory compliance with energy regulations. 

2 .8 . 1  E M S  i n  L og i st i c s  an d  Tra n sp o r t at i on :  

EMS in logistics can help in the selection of the proper transportation methods and routes, 

carry out load optimizations, the use of fuel-efficient vehicles, and the adoption of clean 

file:///D:/My%20files/Adi%20THI/Thesis-Energy%20Optimization%20in%20German%20Diary/Task%20work/Cow%23_CTVL001c1db7a0472964a52b312eedbeae8cee5
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fuels [56]. Emissions from road transportation activities result in around 15% of global 

CO2 emissions. Implementing EMS can help in reduction of transportation cost as well as 

reduce emissions by proper capacity utilization and fuel-efficient vehicles, and thus help in 

addressing global warming. Logistics operations are energy-intensive and have a negative 

influence on the environment [57]. Implementing energy efficiency measures in logistics is 

crucial for reducing emissions to achieve environmental sustainability, and one of the 

approaches to realize energy efficiency in logistics operations is to maximize capacity 

utilization. 

To improve energy efficiency in warehousing operations of logistics, installing energy-

efficient electrical lighting system, control devices, and monitoring energy consumption 

for heating, cooling, ventilation, and freezing can result in energy consumption reductions 

of up to 20%. Importantly, the associated investments are relatively low and can be 

recovered in a short time frame. [58] 

2 .8 . 2  E M S  i n  M an ufa c t u ri n g  In du s t ri e s:  

Manufacturing Industries overall have been reluctant to adopt energy management 

systems due to misconceptions like high investment costs, low production rates, long 

payback period for investment in energy efficiency [59]. Also, the lack of government 

regulations, and tax reductions and incentives aggravate these perceptions. However, in 

recent years the adoption of EMS is steadily increasing owing to tax rebates, higher 

benefits, sustainability, and government norms and introduction of EMS standards like ISO 

50001. 

There are several benefits that manufacturers in recent years have benefited from 

implementing EMS standards. Experience in various industries has demonstrated that 

companies can achieve savings of roughly 10-30% in their annual energy consumption and 

cost reduction by implementing improved energy management practices, often through 

simple operational changes. Through the implementation of an EMS to enhance energy 

performance, companies can simultaneously optimize their industrial systems and 

enhance the monitoring of system efficiencies. The resulting productivity gains for 

companies utilizing an EMS may encompass improved production and capacity utilization, 

reduced resource consumption and environmental impact, and decreased operational and 

maintenance (O&M) expenses. These advantages collectively lead to increased value 

generation, bolstering the company's competitiveness. [60]  

A case study of iron and steel industry of ArcelorMittal Saldanha Works by Mac Nulty, 

illustrates that by adopting an EMS, ArcelorMittal saved around USD 13.5 million in 2011 

with a capital investment of just USD 70,500. This translated to a 5.3% decrease in the 
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average energy demand when compared to the 2010 baseline figures. The company 

recovered its investment in less than four production days. Furthermore, even without 

additional energy efficiency enhancements and assuming all plant conditions remain 

constant, the savings achieved in 2011 would amount to approximately USD 51 million by 

2016, five years after the initial investment. The 12 measures undertaken to achieve these 

savings included simple operational changes, such as switching off post-combustion 

cooling radial fans when not in use, increasing the temperature of the cooling water 

system in the melt shop, and switching off burners at ladle stations when not required, 

amongst other similar measures. [60] 

The case study illustrates that simple operational changes and behavioral changes can 

amount to significant energy and cost savings, and environmental impact. Thus, industries 

are adopting the EMS more and more as they understand the enormous cost benefits and 

reduction in carbon footprint. 

2 .8 . 3  Reg u l at i on s  fo r  E n e rgy  Ma n ag eme n t  in  G e r m any:  

There are several steps announced as well as rules implemented in Germany for energy 

consumption and efficiency measures for small commercial and industrial enterprises. 

As per the new draft Energy Efficiency Law (EnEfG), final energy consumption is to be 

reduced by at least 26.5 % by 2030 compared to 2008. Also, companies whose annual 

average total final energy consumption of >15 GWh are obligated to set up energy or 

environmental management systems. Additionally, there is an obligation to record and 

implement the potential for use of waste heat and other energy saving measures. [61] 

According to the German Energy Services Act (EDL-G), energy audits in accordance with 

DIN EN 16247-1, must be conducted by non-SMEs (Small and Medium Scale Enterprises) 

at intervals of every four years. This is exempted if the enterprise has already implemented 

EMS and has been certified with DIN EN ISO 50001. [62] 

2 .8 . 4  I S O  5 0 0 0 1  st an d ard:  

The ISO 50001 is an international standard for energy management system was created in 

2011 by the International Standards Organization. This standard is not restricted to any 

specific industry or field and can be used by a wide variety of organizations, authorities, 

and companies or establishments of all sizes, including SMEs. [63] 

The basic approach of an ISO 50001 standard is a Plan-Do-Check-Act (PDCA) continual 

improvement framework cycle, as illustrated in Fig 2.20. 
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Fig 2.20: EMS PDCA cycle [60] 

• Plan: Conduct an energy review and establish the baseline, benchmark against 

similar sites, set objectives and targets, develop resources and action plans 

necessary to deliver results in accordance with the organization’s energy policy. 

[60] 

• Do: Implement the action plans. [60] 

• Check: Monitor and measure processes, review the level of target achievement and 

the effectiveness of the EMS against the objective of the energy policy. [60] 

• Act: Recognize achievements, take action to continually improve energy 

performance and the EMS, derive new objectives. [60] 

2 .8 . 5  D IN  EN  1 6 2 4 7 - 1  st an d ard:  

This European standard provides a consistent and standardized framework for conducting 

energy audits in various industries. It defines specific criteria, operational procedures, and 

outcomes. Utilizing DIN EN 16247-1:2012 enables the assessment of the company's 

current energy situation, including energy input, usage, and flow. With this information, 

tailored recommendations can be generated to enhance energy efficiency and decrease 

energy consumption within the organization. [62] 

2 .8 . 6  Ta x  Re du ct i on s  an d  Exem pt i on s:  

The German government has over the years introduced various tax reductions and 

exemptions to encourage enterprises to implement energy savings and management 

systems. One of the measures is electricity tax peak equalization (SpaEfV), is provided to 

enterprises if they have ISO 50001 implemented, or they conduct energy audit as per DIN 

EN 16247-1 [62]. 
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2 .8 . 7  A r t i f i ci a l  In t el l i g en ce  i n  E M S:  

With the growth of digital technology, new technologies and opportunities have emerged 

which can be used to monitor and control energy consumption and generation. AI is one 

such technology which is being increasingly used in the management of energy systems.   

AI is a set of computerized systems that performs tasks mainly revolving around human 

beings (perception, reasoning, interacting, and learning). Generally, AI focuses on 

developing intelligent machines and software. It has countless applications in complicated 

problems of all fields, particularly energy management. By using Artificial Intelligence, 

energy management can be achieved more automatically and intelligently without human 

intervention, whereas most energy systems are yet operated manually or at a basic level of 

automation. [64] 

An EMS has a large amount of data, which can be analyzed using several techniques of 

Machine Learning (ML), a subfield of AI [65]. ML uses complex algorithms to solve 

challenging problems that are difficult to solve with traditional approaches [66]. Those 

techniques can generate a mathematical model of the underlying phenomenon using 

historical data, that can be used to predict the energy consumption, identify consumption 

patterns, automatically operate lighting, ventilation, heating and cooling systems, Short-

Term Load Forecast [65].  

Applying these techniques to historical energy consumption data contributes to the 

effective implementation of an EMS by allowing feedback related to energy consumption, 

and thus encouraging continuous improvement. Thus, it is possible to assist users in 

decision making and improve users’ understanding of the factors that influence the 

expenditure on energy, such as the excessive use of air conditioners on hot days, heaters 

on cold winter days, or energy consumption from renewable sources helping in reducing 

energy costs [65].  

AI models using various algorithms can help in forecasting and other energy management 

areas, but AI models need training and immense volume of data has to be gathered. For 

this purpose, big data systems and data mining can be used which enable the discovery of 

new functions and relationships, which determine the performance of artificial 

intelligence. Data mining also refines the information. Thus, AI is trained iteratively with 

more accurate data. Energy management can be further enhanced through advanced 

digital technologies like Internet of Things (IOT) and blockchain. IOT can help in storage of 

data and in connecting AI to other hardware and software devices and systems using the 

cloud technology and, the data can be accessed from anywhere using cloud technology. 

[67] 
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While AI has a lot of potential in enhancing the EMS it also has certain challenges such as 

ensuring data security, understanding the principles of AI technology, ensuring 

cybersecurity, refitting existing systems, and quantifying the relationship between AI 

integration and economic benefits [67]. Some other challenges include initial 

implementation costs, specialized training and skill development, interoperability, and 

compatibility with equipment and different AI systems [68]. 

2 .8 . 8  A r t i f i ci a l  In t el l i g en ce  i n  D a i ry  Far m s :  

AI used in dairy farming enables real-time insights into individual cow health and 

behavior, optimizing feed management and reproductive performance. Robotic milking 

systems driven by AI provide stress-free and voluntary milking experiences, leading to 

increased milk yields and overall herd health [68]. AI encompasses several technologies, 

including machine learning, deep learning, natural language processing, and data analytics, 

which can be applied in the dairy sector to improve farming practices significantly [68]. 

Use of ML methods enable applications such as real-time analysis of video images to 

identify cattle, measure body condition and temperature, and detect changes in feed 

topography to measure feed availability and intake. Changes in behavior can be detected as 

early warning alerts for diseases such as lameness or as an indication of oestrus. Such AI 

applications can mimic human reasoning and enhance human tasks. These predictive 

alerts on herd health can help farmers in advance about the decrease in milk yield and 

make decisions based on such data alerts [69].  

Listed below are several vital roles AI can undertake in the context of dairy farming. 

• Precision Dairy Farming: In dairy farming, one of the most significant applications 

of AI is precision dairy farming, which involves the individualized monitoring and 

management of cows. AI-driven sensors and smart devices are utilized to track 

various aspects of each cow's health and well-being. These sensors can 

continuously monitor vital signs such as heart rate, rumination activity, body 

temperature, and overall behavior. By analyzing this real-time data, AI algorithms 

can identify any deviations from normal patterns, alerting farmers to potential 

health issues at an early stage. Early detection of health problems enables prompt 

intervention, which decreases the risk of severe illnesses and minimizes veterinary 

expenditures. [68] 

• Fertility Management: Maintaining a productive and sustainable herd is vital for 

dairy farmers, and reproductive efficiency plays a key role in achieving this goal. AI 

technologies play a pivotal role in optimizing fertility management by closely 
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monitoring each cow's reproductive cycle. AI-driven systems can analyze cow 

behavior and physiological data to pinpoint the most fertile period, thus optimizing 

breeding and insemination schedules. This precision in fertility management leads 

to improved conception rates and reduced calving intervals, ultimately resulting in 

higher reproductive success rates and increased milk production. [68] 

• Data-Driven Nutrition: Nutrition plays a crucial role in dairy farming, exerting a 

substantial impact on the health of cows and their milk production. AI-powered 

data analytics enable the formulation of personalized and balanced diets for 

individual cows. The system considers factors such as the cow's age, breed, weight, 

milk yield, and overall health status. By fine-tuning the feeding strategies based on 

real-time data, AI ensures that each cow receives the precise amount of nutrients 

required, leading to optimized milk production and overall cow health. This data 

driven approach also minimizes feed wastage, promoting sustainable farming 

practices. [68]  

• Robotic Milking Systems: AI-driven robotic milking systems have revolutionized 

the milking process on dairy farms. These automated milking machines are 

equipped with AI technologies to identify individual cows based on unique 

identifiers, such as RFID tags. The system adjusts milking settings according to 

each cow's preferences and physiological conditions, ensuring a stress-free and 

comfortable milking experience. Robotic milking systems allow cows to be milked 

at their preferred times, respecting their natural behavior and rhythms. This 

personalized approach to milking not only enhances cow welfare but also leads to 

increased milk yields, as cows produce more milk when they are at ease and 

comfortable during milking. [68] 

Thus, with the help of AI the farmers can have huge benefits in terms of increased milk 

production, reduced costs for feed, milking, and veterinary expenses.  

The AI technology can be implemented in dairy farms to enhance the overall dairy farm by 

ensuring optimization in various fields of farms as mentioned in above sections. In the 

field of AI in EMS of dairy farms it can enhance energy efficiency, help in greatly reducing 

the energy costs, improve the energy production and reduce energy wastage. This also has 

a multiplier effect on the overall finances of the farm and in reducing pollution and ensure 

sustainability. 
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Chapter 3  

This chapter includes the calculations regarding energy use and how with the use of 

different energy efficient equipment and measures like load management energy 

consumption can be reduced while not affecting the farm output i.e., milk production.  

Comparison and methodology of measures for 

Energy Optimization 

3.1 Comparison of  Conventional  Milking System and AMS  

Considering 100 cows on a farm, the energy consumption in a typical farm is calculated 

using an online calculator from KTBL based on sample data. The comparison of energy 

consumption in farms with conventional milking, automatic milking, and other modern 

equipment is presented in this section. 

For comparison, using an online calculator from KTBL, annual electricity consumption of 

both milking systems with 100 cows and milk quantity of 8240kg/cow/year is presented 

in Table 3.1.  

Table 3.1: Comparison of Electricity consumption of Milking systems [70] 

 Conventional Milking system Automatic Milking System 

Electricity Consumption 

[kWh/a] 
7577 12000 

Electricity Consumption 

[kWh/cow/a] 
76 120 

The energy consumption in AMS is considerably higher than the conventional milking 

systems. This is due to most of the process being automated, which requires significant 

energy to operate. With an average of 0.42 kWh/milking, the power consumption of the 

AMS is significantly higher than in conventional systems which require 0.28 kWh on 

average. According to study reported by Höhendinger, AMS consumes 42% higher energy 

consumption compared to a conventional milking system [17]. The data from Table 3.1 

also indicates that Automated Milking Systems (AMS) consume 37% more energy than 

conventional milking systems. Hence, it is optimum to use conventional milking systems 
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from the point of view of energy consumption if there is no problem of labor force at the 

dairy farms. 

3.2 Comparison of  cooling metho ds.   

In the comparison of energy consumption of cooling processes, pre-cooling with direct 

cooling method is the most energy efficient. The ice bank cooling is the most energy 

intensive of the cooling methods as it is an indirect cooling method and there are losses 

through insulation during storage of ice.  

Comparison of cooling methods is presented in this section and Table 3.2. The comparison 

is based on energy consumption and the energy costs for the process of cooling per liter of 

milk. 

Table 3.2: Comparison of Electricity consumption and Costs of different cooling methods 
[4] 

 Electricity 
Consumption per kg 

of milk 
[Wh/kg] 

Milk quantity 
per year 
[kg/a] 

Electricity 
consumption per 

year 
[kWh/a] 

Electricity 
costs per year 

[€/a] 

Direct 
Cooling 

20 1,000,000 20,000[a] 4,000 

Ice water 
cooling 

24 

24 

500,000 

500,000 

12,000[a] 

12,000[b] 

2,400 

1,560 

3960 

Pre-
cooling 

with direct 
cooling 

10 

2[c] 

1,000,000 10,000[a] 

2,000[d] 

2,000 

100 

2,100 

[a] Electricity price HT: 20 ct/kWh 

[b] Electricity price NT: 13 ct/kWh 

[c] Water Consumption in liter/kg milk 

[d] Water consumption in m3/year 

From the data presented in Table 3.2, it is evident that precooling with direct cooling 

method saves up to 48% of energy in comparison with cooling only with direct and ice 

bank cooling method. Therefore, employing a direct cooling method, along with precooling 

and heat recovery, offers an opportunity to optimize the energy usage in milk cooling on 

dairy farms. 
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3.3 Comparison of  farms with Precooling and RHR Units:  

Precooling and RHR units are competing technologies of heat transfer process [29]. 

Depending on the size of the farm, it is practical to install either of the two technologies or 

both technologies to benefit in energy efficiency and costs [6]. In this section, a 

comparative overview is illustrated to understand which technology is beneficial in 

different farm sizes. 

To compare the two technologies, an energy consumption analysis is carried out using the 

same set of variables for farm energy consumption. The energy consumption data is 

derived from the online calculator from KTBL. For calculations, cow milk yield of 

8240kg/cow/year and energy consumption of heating water for milk tank is considered. 

Table 3.3: Comparison of precooling and RHR units [70] 

 Precooler only RHR unit only 
Precooler and 

RHR 

Herd Size [n] 100 300 100 150 100 300 

Annual Energy 

consumption for cooling 

[kWh/a] 

6,302 12,604 12,999 25,997 7,253 14,506 

Annual Energy 

Consumption for  heating 

[kWh/a] 

1,572 3,144 684 1,368 684 1,368 

Combined Annual Energy 

consumption [kWh/a]  
7874 15,748 13,683 27,365 7,937 15,874 

The comparison of the cooling methods, installing the precooler only is a better option as 

is evident from Table 3.3 The energy consumption from cooling load when only precooler 

is installed is 51.5% lower in comparison to no precooler installed. The combined energy 

consumption when only precooler is installed is little less when compared to when both 

precooler and RHR are installed . When RHR only is installed the combined energy 

consumption for either size of farms is significantly higher as the energy used for cooling 

of milk without a precooler is about 50% higher. That means that installing precooler is a 

better energy optimization option as well as cost savings on investments. However, the 

data considered for heating from this calculator is only for bulk tank cooling, which is not 

the whole water heating energy requirement.  

According to Sanford, if all of the energy recovered by the RHR can be used for preheating 

water, then the installation of a precooler will increase overall energy costs because some 
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of the heat in the milk will be transferred to well water as opposed to being used for 

preheating water. In case of RHR unit not being used, then using a precooler must be 

considered by maximizing the cooling of the milk close to well water temperature. If both 

RHR and precooler are installed, then cooling of milk by the precooler only fraction of 

potential reduction of up to 6°C must be used as reducing to the potential would lead to 

increasing energy usage. [27] 

As per study outlined in report by Pradhanang, installing an RHR unit is best suited to 

farms with milk production volume of less than 400,000 liters per day and installing both 

precooler and RHR unit is suitable for farms with milk production of above 400,000 liters 

per day. Another study presented in their report concluded that for small farms with 60 

milking cows or lower, RHR unit was the practical choice for energy optimization and for 

large farms with cow size of 200 and 400, installing both precooler and RHR units is the 

best option for energy optimization. [31] 

Therefore, depending on the farm size, the cooling and water heating requirements, the 

ambient temperature at farm locations are the variables that influence the energy 

consumption of these two technologies. Both these technologies are very suitable options 

for implementing energy optimization measures. Energy audit has to be carried out to 

decide which technology is suited for the dairy farm. 

3.4 Comparison of  Conventional  and Vacuum pumps  

The cost savings and energy savings of conventional vacuum pumps in comparison with 

speed controlled vacuum pumps is presented in Table 3.4 below. 

Table 3.4: Cost and Energy comparison for Vacuum pumps  [71]  

Metric Unit 

Conventional 

vacuum pump  

Speed-controlled 

vacuum pump 

2000 l/min, 5.5 kW 2000 l/min, 5.5 kW 

Price [€] 4500 7300 

Milking duration/day [h] 3 6 3 6 

Fixed costs, maintenance, 

repair[a] 
[€] 720 900 1168 1460 

Electricity consumption/year[b] [kWh] 6000 12000 3600 7200 

Electricity costs/year[c] [€] 1200 2400 720 1440 

Total costs/year [€] 1920 3300 1888 2900 
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[a] 10% depreciation, 4% interest, 2% maintenance for conventional pumps and 12% 

depreciation, 4% interest, 4% maintenance for speed-controlled pumps. 

[b] 40% savings through speed control 

[c] Electricity price € 0.2/kWh 

From the comparison presented in Table 3.4, it can be observed that the electrical energy 

savings are about 40% by using speed control in operation of vacuum pumps. That is a 

substantial savings in energy consumption. Even though the speed-controlled pump has 

purchase and maintenance costs around 60 percent higher, it achieves a total cost saving of 

approximately 2 percent with a daily running time of 3 hours. Extending the running time 

to 6 hours increases the savings to over 12 percent in the given calculation example. In the 

scenario of an electricity price increase from 2 to 22 cents per kWh, the total cost savings 

would be around 4 or 14 percent. [71]  

 3 .5  Comparison of  cleaning systems  

The different cooling methods presented in section 2.5 are compared in this section. The 

comparison focuses on assessing the effectiveness of cleaning methods in terms of energy, 

water, and chemical usage. 

Table 3.5: Comparison of Cleaning Methods [4] 

 
Consumption of  Functional safety/ 

Ease of maintenance Electricity Water Chemicals 

Circulation Cleaning Average High High Good 

Boiling water 

Cleaning 
High High Very low Very good 

Tank rinsing Very Low Average Average Medium  

Batch Cleaning Low Low Lowa -- 

a: Very expensive cleaning agents to use. 

Based on the energy consumption data presented in Table 3.5, it can be observed that in 

the circulation cleaning method the energy consumption is not too high but water and 

chemical consumption is high. The boiling water cleaning method is the most energy 

intensive process among the compared methods. In comparison to other methods, as the 

energy consumption is not high, it is an optimum method to be considered for energy 

optimization measures. 
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To optimize the energy consumption in farms, the length of piping from the milk room to 

the parlor should be kept to a minimum to reduce cleaning water volume, heat loss during 

cleaning [31]. This reduces the need for heating more amount of water, which would 

otherwise lead to higher energy consumption. Among the cleaning methods, which variant 

of milking system cleaning is optimum for energy and cost savings can only be assessed if 

the size of the system, cable length and cross-sections and electricity tariffs are known 

[41].  

3.6 Energy Mana gement System in context of  Dairy farms  

The EMS can be used in dairy farms in different ways to optimize energy used in the farms 

and to optimize the energy produced using renewable energy sources on the farm. The 

EMS methodology is illustrated in the Fig 3.1 below. 

 

Fig 3.1: Schematic of EMS in dairy farm setup 

As illustrated in Fig 3.1, EMS has an autonomous central control unit which is connected to 

various equipment in the farm by the means of sensors and smart meters, which gather 

and process the data of energy consumed by the equipment. The EMS control unit is also 

connected to the grid and on farm energy generation equipment and energy storage 

systems like battery and ice bank storage if available. Weather forecast and historical data 

is fed into the EMS control unit, and it can predict the weather patterns and energy 
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generation possibilities and based on this it can communicate with the grid and decide 

when the energy from the grid is to be used and when the energy from the on-farm 

equipment or the energy storage systems to be used based on the availability. 

The control unit is designed to decide the priority of each farm operation as to when an 

operation needs energy and if an operation can be postponed to a later time so that the 

higher priority operation can be fed energy. This is done by feeding the load profile data of 

each equipment and the flexibility of operations into the EMS, so as to achieve the highest 

possible energy efficiency and the load curve of the energy consumption is as flat as 

possible. The control unit tries to maximize the energy production and feed the energy to 

equipment on the farm to use on farm generated renewable energy as much as possible. 

EMS also communicates with the grid and uses the energy from the grid when energy from 

on farm energy generation and energy storage is not sufficient to meet the energy demand 

of the farm. Also, whenever there is excess energy generated which is not useful for the 

farm, it is fed into the grid using net metering. This communication with the grid also helps 

in stability of the grid.  

The control unit can also communicate with the sensors that are installed on the 

equipment to detect any malfunction of devices and equipment and suggest corrective 

measures to users or can alert the users of the malfunction, thus helping in reducing the 

breakdown time.  

3 .6 . 1  I m p le men t a t io n  c a se s  o f  EM S  in  d a i r y  fa r m s  

There are many cases of EMS  usage in different fields like industry, commercial buildings 

as Building EMS (BEMS), Facility EMS,  or private households as Home EMS (HEMS) but 

use and study in the field of agriculture or livestock farming is not widespread. While the 

EMS use in farms has not been in large scale but some studies have been conducted and 

are being conducted to help know the technology as well as identify the problems to 

implement EMS in dairy farms. Some of these studies are discussed here. 

In a study of EMS in dairy farms in Bavaria, Germany by Bernhardt, the study of EMS in 

automatic dairy farms was conducted which also included the Cow and her behavior as a 

part of the system and welfare of the cow was one of the central points of the study. The 

welfare of the cow was considered as the cows are the most important part of the farm 

which give milk and if the cows are well and feel good, the milk production is higher which 

is the ultimate purpose of the dairy farm. The study was conducted on automatic dairy 

barn with 125 dairy cows having two milking AMS, Robotic feeder to supply feed regularly 

to cows, automatic floor cleaner, and manure cleaning robot. Daily load profiles of all 

electrically operated machines were created by measurements on different dairy barns in 
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Bavaria. The data in time intervals of one minute was recorded, as some machines in the 

dairy barn work for only a few minutes. This was done to avoid missing any load peaks 

which otherwise would be missed if the time intervals of 15 minutes were used for 

recording. The farm had a PV system installed on the dairy farm. But this system was able 

to provide the energy only for electrically operated machines. Therefore, a biogas plant 

was planned for installation to provide energy during night or low sunny days. They 

observed that in case of short–term fluctuations it´s even possible that EMS can provide 

more energy than only the surplus as single consumers can be timely shifted, and the 

excess energy can be sold with profit. The study found that energy from PV plant and 

biogas production  was found to be sufficient for the farm needs. In this study, it was 

observed that the issue of communication of systems with each other is a significant 

problem faced in implementing the EMS as even the equipment from same manufacturer 

also are not able to communicate with each other. This study provides an insight into how 

to implement the EMS in dairy farms and the challenges and opportunities that exist. [54] 

A study on implementation of ISO 50001 EMS in dairy farm was conducted in Ireland by 

Trubetskaya, which focuses on combining lean six sigma principles with EMS to achieve 

energy efficiency in the farms. The study focused on identifying the optimization 

possibilities in electrical as well as thermal energy needs of the farm. Their study 

estimated that using EMS can contribute to reduction in thermal energy use by 36% and 

CO2 emissions by 46%. They also observed that the cost savings from this amounted to 

reduction in energy costs by 36%. From this study it can be concluded that implementing 

of EMS can contribute to significant energy demand, cost savings, and also contribute to 

the reduction in emissions, thus improving sustainability. [72] 

From these studies, it can be observed that while there are significant challenges in 

implementing an EMS in dairy farms, the benefits can be high, encouraging the adoption of 

EMS.  However, there needs to be more studies conducted to investigate the potential of 

EMS in optimization of energy consumption on dairy farms and cost savings for farmers.  

 3 .6 . 2  C ha l l en ge s  in  I m p le me n t at i on  o f  E M S  

Implementing an EMS in dairy farms has several challenges like interoperability and 

compatibility of different systems on farms. These challenges are discussed below. 

• Communication with different equipment: The communication of all technological 

systems involved is fundamental in EMS in order to be able to exchange current 

status data and necessary control variables with each other and the control unit 

[55]. The individual control systems are self-contained and often use proprietary 

systems. In some cases, even systems from the same manufacturer are unable to 
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communicate with each other. It is therefore often necessary to set up a parallel 

sensor and control system to enable communication with each other.  

• Specialized training: EMS is a novel technology and has not been used widely, 

involves the use of computers and data sets, specialized training has to be 

provided to farmers and farm users to understand the components and functions 

of EMS.  

• Data integration and measurement:  EMS requires load demand, weather data, 

sensor data and other equipment data  that needs to be measured or collected and 

fed into the system [54]. This can pose a challenge initially to have necessary 

measurement equipment and technology.  

• Data security:  As the control unit and other systems are connected to internet 

networks the risk of data theft and manipulation is high and therefore, robust data 

security measures need to be integrated while installing the EMS units. 

• High implementation costs:  Since the EMS involves installing the computer unit 

with servers and sensors and different electrical and electronic units, initial 

investment is very high [3]. This can be a challenge on small farms and has to be 

considered while planning for installation of EMS. 

• System Errors: EMS can have detrimental effects on the functioning of the farm 

infrastructure if the bugs or systemic errors creep into the system which can have 

severe consequences, which may lead to power disruption in worst case scenario 

[3]. This can pose a significant challenge and hence resilient EMS systems have to 

be designed to prevent errors. 

The implementation of EMS has many challenges as listed above. Therefore, it is important 

to review these challenges and seek solutions while implementing an EMS in dairy farms. 

EMS is an effective solution to optimize the energy consumption in farms. As discussed in 

this section, the EMS has many advantages as well as challenges. It is important to 

compare and review them before implementing them in dairy farms.  
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Chapter 4  

Discussion 

The opportunities for optimizing energy are manifold across different areas of farms. The 

comparisons presented in chapter 3 help in understanding the benefits of implementing 

energy optimizing measures and use of energy management system. Here, in this chapter, 

the results of the comparisons are discussed, and what measure is useful for various types 

of farms is presented. 

From the comparisons of Chapter 3, the ideal case for different types of farms is presented 

here in Table 4.1 below. 

Table 4. 1: Ideal case scenario for Energy optimization measures 

Measures 
Farm with 20 

cows 
Farm with 50 

cows 
Farm with 100 

cows 
Farm with 150 
cows and above 

Milking systems CMS CMS AMS AMS 

Cooling Method 
Direct Cooling 

only 
Direct Cooling 

with RHR 
Direct Cooling 

with RHR 
Direct Cooling 

with PC and RHR 

Pump 
Conventional 

Vacuum 
Pumps 

VSD Pumps VSD pumps VSD pumps 

Cleaning 
Manual 

Cleaning 
Circulation 

Cleaning 
Circulation 

Cleaning 
Circulation 

Cleaning 

Feed system 
Manual 
feeding 

Level 1 
automation 

Level 1 or level 
2 automation 

Level 2 or level 3 
automation 

 

The ideal measures of energy optimization for different sizes of farms are presented in 

Table 4.1. The scenario is presented based on the data  presented in Chapter 2 and Chapter 

3. These are based on theoretical assumptions and some practical considerations. The type 

of measures to be implemented for energy optimization in farms can be determined based 

on the farm size, location, investment potential, and other variables by calculations.  
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These measures can be implemented individually or combined based on each farm’s 

requirements. The measures can also be implemented in combination with EMS to further 

enhance the energy efficiency of the farms. The use of EMS also reduces the work burden 

on the farmers and thus helps in efficient working conditions.  

  



46 
 

 

Chapter 5  

Conclusion and future scope 

The focus of this thesis was to identify the opportunities for energy optimization in 

German dairy farms. This is imminent as there is growing energy demand due to increased 

automation and depletion of energy resources and concerns on emissions due to energy 

use. To overcome these, the energy optimization in different areas of farm operations was 

studied. Even though there is wider adoption energy-efficient technologies in German 

dairy sector, there is still areas of improvement as presented in this work. As German dairy 

farms are increasingly adopting digital technologies to improve overall energy use, EMS as 

a tool of energy optimization is suggested.  

There are various measures that can be implemented to optimize the energy use in dairy 

farms in Germany. Efficiency measures in milk cooling is identified as the biggest possible 

energy efficient measure that can be implemented on farms to reduce energy 

consumption. Vacuum pumps in the area of milk extraction and transport to milk tanks are 

also significant consumers of energy on farms, and the use of VSD on vacuum pumps can 

help reduce significant energy consumption. In the case of milking systems, the use of 

conventional milking parlors is the optimum method to extract the milk from cows they 

consume relatively lower energy in comparison to AMS. However, in large farms and in 

farms with labor shortage, the AMS can be implemented by using electrical drive-in place 

of pneumatic drives which reduces the energy consumption of air compressor.   

In areas like cleaning, using optimum water temperatures and using cold water wherever 

possible can reduce the energy consumption for water heating.  Also, properly sizing the 

milk lines can reduce hot water requirements thus reducing energy use. Using energy-

efficient lighting like LEDs can reduce energy requirements by more than 50%. Feeding 

operations of the farm can be automated or semi-automated depending on farm sizes, 

which are energy efficient. Transitioning from CFS to an AFS system can save up to 97% of 

the energy used in the feeding system of farms. Also, the use of electric tractors in semi-

automated farms can contribute to significant energy as well as emission reduction.  

Along with the suggested measures, implementing an EMS was studied, which can help in 

significant reduction of energy use. EMS can also help in reducing the workload on the 

farm as most of the operations are automated. With features like weather prediction, real 

time monitoring of data, automated energy trading, and load management, EMS as a tool of 
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energy optimization can help farmers in reducing energy use and emissions and also 

contribute to the welfare of farm animals, 

In this work, the potential for energy optimization in German dairy farms was studied and 

presented. It can be concluded that there is huge potential for energy optimization in 

German dairy farms.  

Various case studies of EMS in farms have been conducted by different authors, which have 

been presented in this work. However, with the growing digital technologies and 

automation of farms, more studies need to be conducted to identify the true potential of 

EMS and its benefits for farmers and the overall agricultural economy. The emerging 

technologies like AI can be further integrated into EMS. The use of AI technologies like 

machine learning can help in optimizing the EMS technology by use of algorithms. 

Algorithms like NILM(non-intrusive load monitoring) can be integrated into the EMS 

system to identify and segregate various energy loads in the farm. Further research in 

these fields needs to be carried out to identify further optimization opportunities. 
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Appendix 

  

 

Fig A 1: Energy consumption data from KTBL calculator with 100 cows and 8240 
kg/cow/a with CMS, direct cooling, precooling only. [70] 
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Fig A 2: Energy consumption data from KTBL calculator with 100 cows and 8240 
kg/cow/a with CMS, direct cooling, RHR unit only. [70] 
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Fig A 3: Energy consumption data from KTBL calculator with 100 cows and 8240 
kg/cow/a with AMS, direct cooling, precooling and heat recovery. [70] 
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