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Abstract 

Production equipment accounts for a large portion of the energy use from industry. But so far there has 

been no standardized way of requiring energy efficiency when purchasing a new machine. Scania is therefore 

implementing energy efficiency requirements in their purchasing process for production equipment. As a 

part of this, there needs to be a way of validating that the requirements have been fulfilled. This study aims 

to find how requirements on energy efficiency in production equipment can be validated in a user friendly 

and time efficient way. 

Firstly, the energy efficiency requirements set by Scania and by regulations are mapped. Then these 

requirements are clearly defined to enable a validation. Two component-level measurements of one machine 

tool and one industrial washing machine are analyzed. And then a cost analysis is conducted to determine 

the timespan that can be said to be time efficient for a validation procedure. The results from this are used 

to develop a validation method and an interactive protocol to make the validation more user friendly. This 

method is then tested through a simulated validation. 

The method proposed consists of two parts, an inspection and a measurement. The inspection is purely 

visual and validates the requirements on efficiency class for electrical motors and pumps, as well as 

requirements of specific equipment. The measurement is performed by running the machine through four 

different machine states in eight steps and validates requirements on when energy is used, and how much is 

used. 

The proposed method validates all energy efficiency requirements set by Scania for machine tools and 

industrial washing machines. It can be performed in a timespan that is far shorter than what is cost efficient. 

The proposed method can validate requirements on the energy use from any electrical components, 

compressed air use, and visually confirm that required equipment is present and some of its properties based 

on labelling. It will also be able to validate any new requirements on the energy use of electrical components, 

meaning it can easily be applied to other types of production equipment. 
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Sammanfattning 

Produktionsutrustning står för en stor andel av energianvändningen inom industrin. Men än så länge finns 

det inget standardiserat sätt att kravställa energieffektivitet vid inköp av nya maskiner. Scania har därför 

börjat implementera krav på energieffektivitet i deras inköpsprocess för produktionsutrustning. Som en del 

av detta behövs ett sätt att validera att de ställda kraven också uppfylls. Denna studie undersöker hur krav 

på energieffektivitet kan valideras på ett användarvänligt och tidseffektivt sätt. 

Först kartläggs de energieffektivitetskrav som ställs av Scania och lagstiftning. Dessa krav definieras sedan 

så tydligt som möjligt för att möjliggöra en validering. Två mätningar av energianvändning på 

komponentnivå på en bearbetningsmaskin och en industriell tvättmaskin analyseras. Sedan utförs en 

kostnadsanalys för att avgöra ett tidsspann som kan sägas vara tidseffektivt för en valideringsprocess. 

Resultaten från detta används sedan för att utveckla en valideringsmetod och ett interaktivt protokoll. Denna 

metoden testas sedan genom en simulerad validering. 

Den föreslagna metoden består av två delar, en inspektion och en mätning. Inspektionen är endast visuell 

och validerar kraven på effektivitetsklass på motorer och pumpar, samt krav på specifik utrustning. 

Mätningen utförs genom att köra maskinen genom fyra olika maskinlägen i åtta steg och validerar krav på 

när energi används, och hur mycket som används. 

Den föreslagna metoden validerar alla krav på energieffektivitet som Scania ställer på bearbetningsmaskiner 

och industriella tvättmaskiner. Den kan utföras under ett tidsspann som är mycket kortare än gränsen för 

vad som är kostnadseffektivt. Den föreslagna metoden kan validera krav på energianvändning från elektriska 

komponenter, tryckluftsanvändning, och visuellt bekräfta att kravställd utrustning är på plats och vissa 

egenskaper baserat på märkningen. Metoden kommer också att kunna validera alla nya krav på 

energianvändning från elektriska komponenter, vilket innebär att den enkelt kan appliceras på andra typer 

av produktionsutrustning. 
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1 Introduction 
In this chapter, the problem which is considered in this study is outlined. A brief background as to 

why a reduction of energy use is desirable is given, and the study’s objective and scope is described. 

This is followed by a general look at the previous research that has been conducted on the topic. 

1.1 Background 
Global warming is the greatest challenge that humanity faces today [1]. To face this challenge, a majority of 

the world’s countries decided through the Paris-agreement to make sure the global temperature increase 

stays below 2°C compared to pre-industrial levels [2]. To do their part in achieving this, Sweden has imposed 

the world’s most ambitious climate goals and has vowed to achieve net-zero emissions of greenhouse gases 

by 2045 [3, 4]. The Swedish energy use in 2016 was 564 TWh, meaning that Sweden is in the top 20 of 

countries using the most energy per capita [5]. And so far, renewable sources only cover 54 % of Sweden’s 

energy use [6]. If the goals are to be reached, a major transition needs to be made toward using more 

renewable energy sources and a reduction of energy use. A reduced energy use will both lead to direct 

reductions of emissions and to less energy from renewable sources being needed to cover the demand. 

Therefore, Sweden has set up a goal of reducing the amount of supplied energy per unit of GDP by 20 % 

by 2020, and that the energy use is to be 50 % more efficient by 2030 [7, 8].  

Approximately one third of Sweden’s energy use comes from production in the industrial sector. At the 

same time, the industry has a big improvement potential when it comes to energy efficiency [9]. In the report 

Energieffektivisering – möjligheter och hinder, Jagemar & Pettersson estimate the technical improvement potential 

in the Swedish industry to somewhere around 10 to 15 % in the foreseeable future [10]. But this is just the 

technical potential, so if increased energy efficiency from improvements of methods and systems are 

included then the potential is most likely much greater [11]. With such potential for improvement of energy 

efficiency, there are also opportunities for Swedish companies to gain a competitive advantage by reducing 

their energy costs in production. There is therefore a lot of work being done in the Swedish industry related 

to energy efficiency. One indication of this is that the energy intensity in the Swedish industry on average 

has decreased by 1.4 % annually during the period 1974 to 2012. But if the goal of a 50 % more efficient 

energy use by 2030 is to be reached much more needs to be done. In an analysis by IVA in the report 50 

procent effektivare energianvändning 2050, it is estimated that if the 50 % target is going to be reached by 2050, 

you would need to decrease energy intensity in the Swedish industry by 1.8 % annually. This means that if 

the 2030 goal is to be reached, the decrease in energy intensity must accelerate quickly and would require 

much larger efforts than what is done today [12]. 

In Swedish manufacturing industry production processes account for 61 % of the total energy use, while 

support processes and facilities only account for the remaining 39 % [13]. Looking at the energy use from 

only one type of production equipment, machine tools, the large energy uses can be exemplified. The 

European commission recently estimated that almost 180 TWh is used annually by machine tools in the EU 

[14]. This means that machine tools alone account for more than 5.6 % of the total energy use by industry 

in the EU [15]. But according to A. Svensson, a lot of focus in the manufacturing industry has despite this 

been on reducing the energy use from the two smaller categories instead of the production processes [16]. 

A reason for this is that industrial companies are still lacking suitable methods and tools to address energy 

efficiency in production [17]. Tools such as Life Cycle Cost analysis can be used to assess the energy 

performance of production equipment based on data from suppliers, and methods such as the ones 

presented by Zust et.al. [18], Gontarz et.al. [19], and Paetzold et.al. [20] can be used to assess the energy 
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efficiency on existing production equipment. However, none of the methods currently available consider 

how buyers can set requirements on energy efficiency when purchasing production equipment. This is a 

problem since the suppliers have very little incentive to increase energy efficiency in their machines unless 

the customers have it as a requirement. Scania has therefore as a part of their work with energy efficiency 

developed a method for setting requirements on energy efficiency when purchasing new production 

equipment. In order to make sure these requirements are then met by the supplier, the energy efficiency 

requirements need to be validated before the production equipment is accepted by Scania. For this to be 

done in a systematic and efficient way, a standardized procedure is needed. 

1.2 Objective 
This thesis is performed with the purpose of creating knowledge about how validation of set requirements 

on energy efficiency in production equipment can be done in a user friendly and time efficient way. The 

method derived from this thesis is meant to be used as a part of a larger change of the approach when 

purchasing production equipment, where requirements on energy efficiency are set. This change is in turn 

done to support Scania’s energy goal to reduce energy use per manufactured vehicle and be the obvious 

leader in sustainable transport solutions. The questions this thesis aims to answer are: 

 How can a validation process of machine tools and industrial washing machines be performed to 

assess whether the energy efficiency requirements are fulfilled? 

○ How do industrial companies define requirements for energy efficiency in machine tools 

and industrial washing machines? 

○ What approach can be used to validate the set energy requirements in the most time 

efficient way possible? 

1.3 Scope 
This study aims to include all energy-related requirements which are set during the purchasing process of 

new machine tools and industrial washing machines at Scania. This study only looks at energy efficiency 

requirements applied to machine tools and industrial washing machines, meaning other types of production 

equipment are excluded. However, the method is to be intentionally made as general as possible to facilitate 

a potential future expansion of the method to other types of production equipment. 

1.4 Previous research on the topic 
So far, the research regarding energy efficiency in production equipment is mostly limited to machine tools. 

No relevant research regarding the energy efficiency of industrial washing machines could be found during 

this study. 
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Figure 1: Illustration of previous research 

The research relevant to energy efficiency in machine tools can be categorized into four different types of 

research. There are generally two major research areas relevant to this study; energy use in machine tools, 

and methodologies of different kinds relevant to energy in machine tools. This is illustrated in Figure 1. 

 

 

Figure 2: Categorization of research relevant to energy efficiency in machine tools 

The research regarding energy use in machine tools can be further categorized into research regarding 

investigation of energy use, potential reduction of energy use through minimizing energy use during non-

production, and specific technical solutions for reducing energy use in machine tools. The categorization of 

the research on energy use in machine tools is illustrated in Figure 2. 
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Figure 3: Categorization of energy use research on machine tools 

The research regarding the investigation of energy use in machine tools cover electricity use [21, 22], 

thermodynamic analyses [23], energy consumption simulations [24, 25], processing power use [26], life cycle 

energy consumption [27], and energy consumption during the use phase [28]. Although some of these 

studies do bring up the energy use of specific components in the machine tool, most do not break down 

the energy use on a component level. Such a breakdown of the energy use per component could prove 

useful to find where the most energy saving potential is.  

Research into the potential reduction of energy use through minimizing energy use during non-production 

is limited to two projects, PROFIenergy, and EWOTeK. PROFIenergy is a product which enables control 

devices to turn off components when they are not needed [29]. The company providing this product has 

conducted an assessment of the potential of using PROFIenergy, as well as commissioning a thesis work 

which was conducted by Tomas Löfwall from Uppsala university at Scania in 2014 [30, 31]. EWOTeK is a 

project started in 2009 with the intent to increase the technical development of German machine tool 

makers [32]. The project resulted in the publication of seven research papers covering many aspects of 

energy efficiency in machine tools, among which an estimation of the potential to reduce energy use through 

reducing the base load of the machines is made [33]. In contrast to the relatively few studies conducted on 

the potential, an area with a flurry of research papers is specific technical solutions for reducing energy use 

in machine tools. A few examples of this are Hu et al. which presents ideas on how to sequence the function 

in a machine tool to minimize energy use from the spindle [34], Mori et al. who studied how modifying 

cutting conditions and synchronizing spindle acceleration can reduce energy consumption [35], and Brecher , 

Jasper, and Fey who analyses a new supposedly more energy efficient hydraulic unit [36]. The categorization 

of the research is illustrated in Figure 3. 

The research regarding methodologies can be further categorized into two categories; Evaluation of 

energy efficiency of machine tools and Creating energy efficiency standards for machine tools. This 

categorization illustrated in Figure 4. 

 



11 

 

Figure 4: Categorization of research on methodologies 

The methods for evaluation of energy efficiency of machine tools vary quite a lot in their approach. Some, 

like Eisele et al. and Skoogh et al. use simulations to estimate a future energy efficiency [25, 24]. This has 

the benefit of being able to be performed before the machine is even built, but will only give a very course 

estimation of the future energy use. Another way to evaluate the energy efficiency of a machine tool is 

through continuous monitoring as Gontarz et al., Lenz et al., and Mohammadi et al. have done [19, 37, 38]. 

This will give a clear picture of the energy efficiency but can only be performed when the machine is already 

in production. Then there is the sort of middle ground where the machine is tested after construction, but 

before installation and start of production. To do this, most studies suggest a reference of some sort is used. 

Behrendt et al. suggest a reference part is used, meaning every machine tool is tasked with manufacturing a 

specific standardized reference part. The energy used when manufacturing this specific part is then a 

measure of the machines energy efficiency and can be compared to other machine tools [39]. Schlosser et 

al., Peng et al., and Giacone and Mancó instead suggest using a reference process to determine the energy 

efficiency of a machine tool. This means putting the machine through a certain process and measuring the 

energy used during the process, and then that energy use can be compared to other machine tools to 

determine the relative energy efficiency [40, 41, 42]. 

When it comes to creating energy efficiency standards for machine tools, two different approaches where 

found. Paetzold et al. introduces a methodology for evaluation of energy efficiency in machine tools with 

the goal of implementing energy labels for machine tools based on statistical analysis of the influence of 

different features on energy efficiency. The idea is that energy labels will draw the customers attention 

towards energy efficiency and thus push the manufacturers to reduce the energy consumption of their 

product [20]. Hettesheimer et al. has a similar idea where a point system is introduced [43], functioning 

similarly to an energy label in the hope that this will force the manufacturer to put more focus on building 

more energy efficient machine tools. This point system has been suggested as a possible future EU 

regulation and is presented in more detail in chapter 4.3. 

The problem with these methodologies is that they are all directed at the suppliers, and not at the customers. 

Both Paetzold et al. and Hettersheimer et al. make the assumption that an energy label will inherently cause 

customers to demand more energy efficient machines, and that manufacturers will be pushed to provide 

energy efficient solutions. But since the energy costs of the machine tool will arise during the use phase of 

the machine tools life cycle [27], the customer is the one who will pay for the energy costs. This means that 

suppliers have very little economic incentive to improve the energy efficiency of their machines. Therefore, 
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the focus of the research needs to shift to also create methodologies aimed at the customer. The customer 

has the economic incentive to demand more energy efficiency machines. Therefore, a method is needed for 

customers to demand energy efficiency in a standardized way when purchasing production equipment. 

1.4.1 Potential for improvement 
Schaltegger et al. [44] defines three different strategies for improvements from an environment- and energy 

standpoint in industry; Sufficiency, Efficiency, and Consistency. Sufficiency is defined as user based dimensioning 

and need based utilization. Efficiency is defined as improvement of the conversion efficiency. E.g. running 

electrical components at their highest efficiency level. And consistency is defined as choosing the best 

technology to accomplish both efficiency and boundary conditions. E.g. the regulations and other 

requirements which are set for the product. Applied to production equipment this means that to reach 

environment- and energy improvements, the optimal components need to be chosen, these should only be 

used when needed and only in the amount required [45]. 

Practically all the energy use in production equipment seen from a life cycle perspective is used in its 

operative phase, but how much energy will be used is mostly determined in the design phase [46]. In the 

design phase adaptions and changes can also easily be made with a high degree of profitability. Because of 

this, the configuration of the equipment is a key factor to remain competitive in the manufacturing industry. 

Despite this energy efficiency is rarely considered in the design and construction phase, which leads to over 

dimensioning and inefficient design [47]. One of the key issues with trying to make regulations on energy 

efficiency in production equipment is that the product is customer specific. This increases the diversity of 

function and configuration of the production equipment, and thus reducing the applicability of rule-based 

improvements. The ecodesign directive or other regulations can therefore not achieve the full optimization 

potential of production equipment. Instead, individually applied requirements must be used [18, 47]. But 

integrating energy aspects in the design process is still a challenge for most businesses. The main reasons 

for this is the lack of information on the energy use of the machines, and that the methods for producing 

that information are too time consuming or require too much competence [46]. For this reason, workpiece 

quality is often the only design criterion in the machine and process design of the production equipment 

[48]. And despite there being a considerable need for increased energy efficiency, studies show that measures 

to increase energy efficiency are not always implemented even though they are cost-effective. In Thollander 

& Ottossons [49] study on this phenomenon the two highest ranked reasons for why cost-effective energy 

efficiency improvements are not implemented were; Risk of disruptions in production and Cost of production 

disruptions/hassle. Both these barriers can be overcome if the efficiency measures are implemented in the 

purchasing process instead. And with the right tools there is definitely room to reduce the energy use from 

production equipment significantly. 

Not only the majority of energy use and environmental impact during a machine tools life cycle is generated 

during its use phase, but also the vast majority of costs [50, 27]. 66 % of costs are generated during the use 

phase, in which energy costs is the 2nd largest contributor at 17 % of the total life cycle costs [27].  

The base load is primarily determined by the auxiliary components in the production equipment, and is 

often a substantial part of the overall energy consumption [18]. A study by PROFIenergy found that for or 

a typical automotive production plant engaged in construction and assembly, up to 47 % the total energy 

consumption from production equipment is used during idle periods [30]. And in the projects Maxiem and 

EWOTeK, it was shown that auxiliary components such as pumps and fans accounted for a larger share of 

the energy use than the actual machining [51]. There is therefore great potential to reduce the energy 

consumption of production equipment through good energy management, i.e. by turning off components 
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when they are not adding value to the product. Reducing the energy use from these auxiliary components 

often lead to not only the reduction of direct energy use, but also indirect energy use. For example, a reduced 

use of a coolant pump means not only that the energy use of the pump is reduced, but also that less coolant 

is used, meaning less coolant needs to be cooled [52, 48]. A case study performed at Scania for Siemens has 

shown that reducing the baseload during non-production hours can decrease energy consumption by up to 

50 % [31]. In the project Maxiem, the energy use could be reduced by 75 % by switching to frequency-

controlled pumps, and need-controlled cooling- and hydraulic systems [51]. Other projects have had similar 

results, for example Li et.al. [53] where it is estimated that 58 % of the constant energy use could be saved 

through improvements of the hydraulic-, cooling-, and lubrication systems. 

Energy costs have long been seen only as a necessary overhead cost. But more and more industrial 

companies are now consciously moving towards treating energy as a resource of value which needs to be 

planned and managed [54]. And when they do, they will find there is great potential in reducing the energy 

use. 
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2 Theory  
In this chapter, all important terms and significant concepts related to the study are presented. 

2.1 Nomenclature 
Table 1: Nomenclature symbols 

Symbol Description Unit 

P Real power W 
U Voltage V 

I Current A 

ϕ Power factor N/A 

ns Specific speed min-1 

Q Flow m3/h 
r Interest rate % 
n Payback period Year 

 

Energy efficiency 

According to Napp et. al. energy efficiency means using less energy to provide the same service [55]. The 

standard ISO 50001 defines energy efficiency as “ratio or other quantitative relationship between an 

output of performance, service, goods or energy, and an input of energy”. In this study, energy efficiency 

is defined based on these two definitions as using less energy per produced unit. Unit being the particular 

part produced by the machine tool or industrial washing machine in question. E.g. engine block, 

connecting rod, crankshaft etc. 

Coolant 

A fluid which is applied to remove chips, cool the workpiece, and lubricate between the workpiece and the 

tool. The most common coolant is emulsion, which is a mix of water and oil. [56] 

Compressed air 

Air which has been compressed to a higher pressure. At Scania, this is used to power production 

equipment, keep away contaminants in sensitive equipment, and to blow away water. 

Deburring 

During machining processes the products often become burred, meaning sharp edges are created on the 

surface of the metal. Deburring is the process of removing these sharp edges. [57] 

End-washes  

Industrial washing machines which perform the final wash of the component before assembly. 

Starved 

A disruption in production because no new products are being supplied to the machine. 

Blocked 

A disruption in production because the product cannot continue further done the production line. 

VBA 

Visual Basic for Applications is the programming language of excel and other office programs. [58] 
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HMI 

Human-Machine Interface. Hardware and software which allows human inputs to be translated as signals 

for the machine. [59] 

OPE 

Overall Production Effectiveness. The equipment availability multiplied by the performance and quality 

factor. [60] 

Ammeter 

An instrument for measuring either direct or alternating electric current. [61] 

Component 

The components referenced in this study are parts of the production equipment that use energy to provide 

a function that is necessary for the production equipment’s function. These components are presented in 

Table 2. 

Table 2: Relevant components 

Spindle Rotating component that provides torque to the tool which is used to 
cut/mill/lathe etc. [62] 

Hydraulic unit Pressurized fluid is used to control movement and hold the workpiece in 
place during machining [63] 

Drive axis The motor driving the movement of the tool or workpiece linearly  

Fan Used for ventilation, cooling, or blow-off 

Coolant pump Pumps that flood the workpiece with coolant 

Coolant return pump Pumps that pump the used coolant from the machine back to the shared 
coolant system 

Robot Automatically controlled programmable robot which can move in three or 
more axes [64] 

Conveyor Belt, rollers, or similar, which is used to transport product or waste 

Electric heater Electrically powered heater that heats either air or water 

Washing pump Pump that is used to wash the product 

Vacuum pump Pump that pumps air from a chamber to achieve a lower pressure 

Deburring pump Pump that is specifically designed to smooth out sharp edges 

Booster pump Pump used to further increase the pressure of the washing fluid 

Drain pump Pump which is used to drain the washing fluid from the machine 

 

2.2 MDC-EE 
Machine Data Card - Energy Efficiency a tool used by Scania to set energy efficiency requirements. Each energy 

consuming component is categorized in levels 1-6 according to when and how much the component uses 

energy. During the purchasing and negotiation process, Scania fills in the current situation and then the 

supplier gets to fill in what they can deliver. The proposal made from a supplier in the MDC-EE is binding 

and will be required to be met upon delivery.  

An example of an MDC-EE can be seen in Figure 5. 
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Figure 5: MDC-EE example 

Scania’s goal is to have a demand controlled energy supply, which means that energy from the equipment 

should not be used when there is no need for it. Energy that is used when it is not adding any value to the 

product is called energy waste. The purpose of the MDC-EE is to reduce this energy waste. 

2.3 ISO 14955 
ISO 14955 is the international standard for environmental evaluation of machine tools. Part 1 describes the 

standards for design methodology for energy-efficient machine tools [65], and part 2 deals with methods 

for measuring energy supplied to machine tools and machine tool components [66].  

Parts 3-5 are under development and will describe the application of ISO 14955-1 and ISO 14955-2 to 

specific groups of machine tools [67] 

2.3.1 ISO 14955-1 
The ISO standard ISO 14955-1 Design methodology for energy-efficient machine tools defines methods for setting up 

a process for integrating energy efficiency aspects into machine tool design. It states the application of eco-

design standards to machine tools, mainly for automatically operated and/or numerically controlled (NC) 

machine tools. The standard only addresses the energy efficiency of machine tools during the use stage. I.e. 

it does not cover the energy efficiency of the manufacturing, transport, or disposal of the machine. 

The general steps described in the standard can be seen in Figure 6. 
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Figure 6: General steps of ISO 14955-1 

 

2.3.2 ISO 14955-2 
The ISO standard 14955-2 Methods for measuring energy supplied to machine tools and machine tool components 

establishes how the energy use of the machine tool should be measured. It sets the system boundary that 

should be used, as well as units, conversion rates, recommended equipment, and methods for determining 

electrical energy equivalent of non-electric energy. Generally, it says that each energy supply shall be 

measured at the system boundary. For components with a common supply at the system boundary, a 

measuring point within the system boundary should be considered. The components are then considered 

relevant if their energy use is more than 10 % of the total electrical energy use of the machine. Overall, the 

measuring points shall enable a functional assignment of machine tool components to machine tool 

functions according to ISO 14955-1 for 80 % or more of the energy supplied to the machine tool. 

2.3.3 Coming ISO standards in the 14955 series 
ISO 14955-3 Principles for testing metal-cutting machine tools with respect to energy efficiency, will describe the 

measurement approach in metal cutting machines. 

ISO 14955-4 Principles for measuring metal-forming machine tools and laser processing machine tools with respect to energy 

efficiency, will describe the measurement approach in metal-forming and laser processing machines. 

2.4 Ecodesign directive 
The ecodesign directive sets minimum requirements on energy performance in products and prohibit the 

most energy- and resource demanding products on the EU-market. The eco design directive should improve 
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the products environmental performance seen from a life cycle perspective. The requirements work as a 

lower limit to ban and remove the worst products from the market, seen from an energy perspective. All 

requirements are developed through life cycle analysis. The directive is a frame directive, meaning the 

directive itself does not set specific demands but only sets the frame for how requirements are to be 

developed and what is to be regulated. Specific demands for products are then regulated through separate 

product regulations. the product regulations also regulate when the regulations are enforced and how 

measurements and control is to work. [68] 

2.5 Machine Tools 
The definition of Machine Tools includes a wide variety of machines of many different functions and 

constructions. The common denominator is that they manufacture products or parts through shaping of a 

workpiece (usually metal). They enable the production of most other types of machines, including 

themselves [69]. Some of the most common functions of machine tools are cutting, milling, lathe turning, 

stamping, and honing. Since machine tools have such a large variety of functions, their construction is very 

complex and diverse. Machine tools consists of many non-comparable components in a broad range of 

dimensions. The amount of materials used, energy consumption and operation material (such as cooling 

agents or lubricants), depend heavily on the individually intended function of the machine tool. [70] 

Machine tools can generally be divided into three categories: Wet-, MQL- and Dry machining. Wet, or as it 

is sometimes called Flood machining is the most widely used technique in industry. In wet machining, the 

workpiece is flooded with a large quantity of fluid(coolant) for several reasons. The fluid cools the workpiece 

and spindle, it provides a better surface finish, improves dimensional accuracy, and facilitates chip disposal. 

But since the fluid can have adverse effects both on health and environment there has in recent years been 

a shift towards MQL and dry machining [71]. MQL (Minimum Quantity Lubrication) machining uses a lubricant 

instead of a fluid coolant. In MQL machining the surface of the workpiece is coated with a thin film of 

lubricant which reduces the heat build-up by reducing the friction [72]. Dry machining means that there is 

no coolant flooding and no lubricant sprayed at the workpiece at all which gives both environmental and 

economic benefits, but also means all the benefits of using the coolant is lost.  

2.5.1 SW Multi-spindle machining center – SV38357 
The production equipment used as a reference machine for machine tools was a multi-spindle machining 

center from Schwäbische Werkzeugmaschinen GmbH (SW). It has two spindles which were used to process 

connecting rods. The machine is in this report referred to by its designation at Scania SV38357. 

2.6 Industrial Washing Machines 
Industrial washing machines are machines which use washing fluid and high pressure pumps to clean parts 

before assembly. At Scania Södertälje, the parts that are washed can be engine blocks, camshafts, connecting 

rods, and other types of automotive parts. 

2.6.1 Viverk end-wash – SV36256 
The production equipment used as a reference machine for industrial washing machines was a carousel 

washing machine from Viverk AB. It performs the final wash for connecting rods before assembly. The 

machine works by placing the connecting rods on a carousel which rotate 1/5 of a revolution at a time. 

There are five different areas which the connecting rods pass through. First, they enter a rough wash where 

high and low pressure pumps flush the connecting rods with washing fluid to remove metal chips and other 

larger particles. Then the carousel is rotated to put the connecting rods in the lance wash where particularly 
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inaccessible areas are washed. With the third rotation the connecting rods are put in the fine wash where 

specially cleaned washing fluid is used to remove as much particles and impurities as possible. The fourth 

rotation brings the connecting rods to the blow-off where fans and an air heater is used to blow the excess 

water off the connecting rods. The last rotation brings the connecting rods back to the in-/output where a 

robot removes them and puts them in a vacuum chamber to remove the remaining fluid. This process is 

illustrated in Figure 9. The machine is in this report referred to by its designation at Scania SV36256. 

 

Figure 7: Visualization of the function of SV36256 
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3 Method 
In this chapter, the approach used to gather information on the subject and analyze data is presented. 

3.1 Outline of the overall process 
To reach the study’s objective;  

 Energy efficiency requirements were mapped 

 Requirements were clearly defined 

 Energy measurements were analyzed 

 A cost analysis was conducted 

The results obtained were used to develop; 

 A method for validation of energy efficiency requirements 

 A user-friendly tool to facilitate the validation 

The developed method and tool were then tested through a; 

 Simulated validation 

The results were then analyzed and discussed to arrive at conclusions that answer the study’s posed research 

questions. Figure 10 illustrates the study’s course of action. Every step is explained in further detail in the 

corresponding sub-chapter. 

 

Figure 8: Illustration of the working process 

3.1.1 Step 1 
Before starting work on the validation process, the method developed by Scania for setting requirements 

needed to be understood. For this reason, all available documents with relevance to the setting of energy 

efficiency requirements when purchasing production equipment were reviewed. This gave an understanding 
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about what needed to be validated as well as what information was needed in order to develop a sufficient 

quality method for validation of energy efficiency requirements for machine tools and industrial washing 

machines. 

A literature survey was performed to find general information about the topic of energy efficiency in 

machine tools and industrial washing machines, as well as general information about integration of energy 

efficiency during a purchasing process. The primary search engine used was KTHB Primo, but Google 

scholar was also used to a certain extent. In addition to this, a few journals were more extensively surveyed, 

these were: 

 CIRP Journal of Manufacturing Science and Technology 

 The International Journal of Advanced Manufacturing Technology 

 Energy - The International Journal 

 Journal of Cleaner Production 

 International Journal of Production Research 

 Energy policy 
 
The primary keywords used to search for relevant literature and their combinations are presented in Table 
3. 

 

Table 3: Keywords for literature survey 

“Energy efficiency” + “Machine tools” “Energy requirements” + “Machine tools” 

“Energy efficiency” + “Purchasing” “Setting energy efficiency requirements” 

“Energy efficiency” + “Machining” “Testing machine tools” 

“Energy efficient design” + “Machine” “Energy waste” 

“Energy efficient” + “Procurement”  

 

An attempt was also made to conduct a survey of Scania’s internal documents to find which components 

are generally present in machine tools and industrial washing machines, as well as the general rated power 

of the components. To do this, five machine tools and five washing machines where chosen as a reference 

sample. The spare parts lists of each machine were reviewed to find what components where present. This 

proved to be difficult, as much of the information needed was not listed. Therefore, the information gained 

from the spare parts lists was supplemented with a literature search of supplier data, but the collected data 

still was not enough to make any meaningful conclusions. Therefore, a search of Scania’s physical archive 

with machine blueprints and other mechanical information was conducted. When this search did not give 

all the required information the attempt was abandoned. 

3.1.2 Step 2 
Analysis was done on measurements of the energy use in one machine tool and one industrial washing 

machine at Scania. For the industrial washing machine, SV36256, a new measurement was made to obtain 

the necessary data. For the machine tool, SV38357, data from a previously performed measurement was 

used. This was done to get an understanding of which components are of importance when validating energy 

efficiency and to obtain data to be used in a cost analysis.  

A measurement was conducted on SV36256 which is a carousel washing machine for the end-wash of 

connecting rods. This machine was chosen because Scania is in the process of replacing it, which provides 

a good opportunity to also provide useful information that can be used to set requirements for the 
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replacement washing machine. First documents relevant to SV36256 was reviewed to determine the 

function of the washing machine, what components are operating in the machine, and the properties of the 

components such as rated power. The components that where identified in SV36256 are shown in Figure 

11. 

 

Figure 9: Configuration of SV36356 

Based on this information it was decided that measurements would be made on three electrical heaters, one 

fan, four washing pumps, the vacuum pump, and on the total incoming current. Clamp-on ammeters were 

then programmed to start measuring at 8:30 on the 31st of January. The ammeters for the total incoming 

current, the electrical heaters for the course wash, and the fan were set to register minute average currents 

while the rest of the ammeters were set to register average currents for every second. The ammeters were 

then placed on one phase of the supply cables to each component. Ammeters set at recording second 

averages stopped automatically when their memory was filled, which was about 17:07 on the 31st of January, 

while the ammeters set at minute averages continued to measure until they were removed on the 4th of 

February. The data was then exported from the ammeters to a computer where analysis of the data could 

be conducted. 

All the data from the measurement of the washing machine, as well as the data from the previous 

measurement of the machine tool was analyzed using the same method. Firstly, the measured current was 

converted to power through the formula. 

𝑃 = 𝑈 ∗ 𝐼 ∗ cos 𝜙 [73] 

The data was graphically analyzed to find periods of time where the machine was in a particular machine 

state. I.e. Production, Ready, Standby, and Off. The average power for each machine state was then 

determined. This was multiplied by the time spent in each state to obtain the annual energy use. The time 

spent in each machine state was determined using Scania’s internal statistic on overall production 

effectiveness and work schedules.  

During the calculations of energy use from the measurements, a number of assumptions where made: 

 The distribution between phases is even. 

Eq. 1 
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 Electrical heaters for purifying 1-5 are on at the same time as the electrical heaters for the course 

wash and are using the same share of their max power.  

 The cooling fan is on at the same time and using the same power as the evacuation fan. 

 The low pressure pumps for the course and fine wash are on at the same time as the low pressure 

pump for the lance wash and use the same amount of power. 

In conjunction with the analysis of energy measurements, a literature survey was made. The purpose of the 

literature study was to supplement the energy data from the measurements and obtain an understanding of 

what component are of interest for energy validation in different types of machines. The search for literature 

was mostly conducted through KTH Primo in combination with Google scholar and a search of relevant 

journals such as Sustainable Manufacturing, Journal of Manufacturing Science and Technology, International Journal of 

Energy Sector Management, and Journal of Cleaner Production. The search words used are presented in Table 4. 

Relevant and quantifiable information was collected in an excel sheet and interpreted to get a broad picture 

of the typical share of the energy use for each component of a machine tool. The minimum-, maximum-, 

and mean share of total energy use in the literature survey was compiled for each component. An attempt 

to conduct a similar literature survey for industrial washing machines was made but was abandoned due to 

a lack of relevant and reliable information. 

Table 4: Keywords for literature survey on machine tool components 

“Energy use” + “Machine tools” “Energy use” + “Machine tools” + “Components” 

“Energy use” + “Machining” “Energy use” + “Machining” + “Components” 

“Energy use” + “Manufacturing” “Energy use” + “Manufacturing” + “Components” 

“Energy efficiency assessment” + “Machine 
tools” 

“Power distribution” + “Machine tools” 

 

Since the method needs to be able to validate any type of configuration in a machine tool or industrial 

washing machine, all components that can in some cases be energy intensive need to be identified. Through 

multiple conversations with Anders Svensson, an energy- and development engineer at Scania, and Magnus 

Alin, a senior maintenance specialist at Scania, some additional components that may sometimes be present 

in machine tools were determined. 

In order to create a method for validation, the requirements which are to be validated need to be known. 

Therefore, all requirements set by legislation and Scania were mapped. This was done through an online 

literature survey and a survey of Scania’s internal documents. The online literature survey on the regulations 

and requirements for machine tools and industrial washing machines was done through a search of the 

Swedish Energy Agency’s and the European Commission’s website and documents linked from these 

websites.  The results from the survey were also further amended with an interview with the Swedish energy 

agency. The previous results from this study were also analyzed to determine which components need to be 

measured to validate the requirements from MDC-EE.  

An attempt to clearly define and quantify the definitions of level 1-6 in MDC-EE was made in order to 

clarify for suppliers and other stakeholders, as well as to enable a scientific validation of the requirements 

set through MDC-EE. To do this, the standard ISO 14955 was used to define certain machine states. In 

annex C of ISO 19455-1 the machine states OFF, Standby with peripheral units off, Standby with peripheral 

units on, Warmup, Ready, and Processing are defined as displayed in Figure 12. 
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Figure 10: Definitions of machine states in ISO 14955-1 [65] 

These machine states and definitions where adapted for the purpose of the validation of requirements set 

in MDC-EE. The difference between machine states Standby with peripheral units off and OFF is seen as 

negligible as the only difference in energy use comes from the control of the machine tool. The machine 

state Warmup was also deemed to have negligible energy use since very little time is spent in this state. The 

relevant machine states were then correlated to the levels 1-6 in MDC-EE and used to create as clear 

definitions as possible while still applying to as wide a range of machines as possible. To further facilitate 

the understanding of these definitions several examples involving common components in machine tools 

and industrial washing machines were developed. 

Since a validation of the energy efficiency requirements could demand additional resources from Scania, an 

investigation into the cost-efficiency of the validation was made. To do this, the data on the energy use of 

SV38357 and SV36256 was used to represent the energy use of machine tools and industrial washing 

machines. It was assumed that the energy efficiency requirements would lead to savings of the energy use 

during Ready and Standby. Meaning no energy would be saved during Processing by implementing the energy 

efficiency requirements. This was done to be certain that the potential savings are not over-stated. It was 

also assumed that the implementation of energy efficiency requirements without validation would lead to 

production equipment being delivered that does not fulfil all requirements. Both these parameters 

(percentage of energy savings from Ready and Standby, and percentage of faulty deliveries) were determined 

to be very difficult to estimate, and therefore a complete overview was needed instead of just assumptions 

of both values. A matrix was made where these two parameters varied; energy savings from Ready and 

Standby and faulty deliveries. On one axis of the matrix the potential savings from implementing the energy 

efficiency requirements ranged from 0 to 100 %. On the other axis the percentage of potentially reduced 

energy use that was not achieved due to faulty deliveries was placed. This matrix was made to show the 

complete range of possible cost savings depending on these two variables.  

The time which could cost effectively be spent on validation of the energy efficiency requirements was 

estimated by first calculating the amount of annual wasted energy if the validation is not performed. This 
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was done by multiplying the total energy use outside of Processing by the percentage that can be saved through 

implementing the energy efficiency requirements and the percentage of faulty deliveries. 

𝐴𝑛𝑛𝑢𝑎𝑙 𝑤𝑎𝑠𝑡𝑒𝑑 𝑒𝑛𝑒𝑟𝑔𝑦 = 𝑇𝑜𝑡𝑎𝑙 𝑒𝑛𝑒𝑟𝑔𝑦 𝑢𝑠𝑒 ∗  % 𝑆𝑎𝑣𝑒𝑑 𝑡ℎ𝑟𝑜𝑢𝑔ℎ 𝑟𝑒𝑞𝑢𝑖𝑟𝑒𝑚𝑒𝑛𝑡𝑠 ∗  % 𝐹𝑎𝑢𝑙𝑡𝑦 𝑑𝑒𝑙𝑖𝑣𝑒𝑟𝑖𝑒𝑠 

 

The annual wasted expenses from this was then calculated by multiplying the annual wasted energy by the 

cost of electricity. 

𝐴𝑛𝑛𝑢𝑎𝑙 𝑤𝑎𝑠𝑡𝑒𝑑 𝑒𝑥𝑝𝑒𝑛𝑠𝑒𝑠 = 𝐸𝑙𝑒𝑐𝑡𝑟𝑖𝑐𝑖𝑡𝑦 𝑐𝑜𝑠𝑡 ∗ 𝐴𝑛𝑛𝑢𝑎𝑙 𝑤𝑎𝑠𝑡𝑒𝑑 𝑒𝑛𝑒𝑟𝑔𝑦 

A present value factor was determined using the formula [74] 

𝑃𝑟𝑒𝑠𝑒𝑛𝑡 𝑣𝑎𝑙𝑢𝑒 𝑓𝑎𝑐𝑡𝑜𝑟 =
1 − (1 + 𝑟)−𝑛

𝑟
 

Where n is the payback period that is considered cost-effective, and r is the interest rate. 

The amount of time that could cost effectively be spent on validation was then determined by multiplying 

the annual wasted expenses with the present value factor and dividing with the cost of validation. 

𝑇𝑖𝑚𝑒 𝑓𝑜𝑟 𝑣𝑎𝑙𝑖𝑑𝑎𝑡𝑖𝑜𝑛 =  
𝑃𝑟𝑒𝑠𝑒𝑛𝑡 𝑣𝑎𝑙𝑢𝑒 𝑓𝑎𝑐𝑡𝑜𝑟 ∗ 𝐴𝑛𝑛𝑢𝑎𝑙 𝑤𝑎𝑠𝑡𝑒𝑑 𝑒𝑥𝑝𝑒𝑛𝑠𝑒𝑠

𝐶𝑜𝑠𝑡 𝑜𝑓 𝑣𝑎𝑙𝑖𝑑𝑎𝑡𝑖𝑜𝑛
 

The specific values used are presented in Table 5. 

Table 5: Values used in cost efficiency calculations 

Electricity cost  0.6 kr/kWh 

Payback period  3 years 

Interest rate  10 % 

Cost of validation 450 kr/h 

 

Further analysis of the data from the energy use measurements of SV38357 and SV36256 was made and 

combined with knowledge obtained from the literature surveys and interviews. With this information, an 

indication of how much the energy use in Ready and Standby could be reduced was derived. An assumption 

was then made based on conversations with Anders Svensson that the amount of energy which was not 

saved due to faulty deliveries from the supplier somewhere between 20 and 50%.  

3.1.3 Step 3 
A method for validating the requirements was then developed based on the results obtained in Step 2.  

 The method was made to include all components that were found to be able to have a significant 

energy use, as this means they are probable to be included in the MDC-EE in the purchasing 

process.  

 The method was made to include all requirements set by Scania and the most relevant other 

regulations.  

 The method was made so that the energy waste level of each component could be easily determined 

according to the definitions that were developed. 

 The method was made so that it could be performed within the period of time that was determined 

to be cost-effective. 

Eq. 2 

Eq. 3 

Eq. 4 

Eq. 5 
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An excel document was then made where the protocol for the validation is automatically created based on 

input data on which type of equipment is being validated and what components are present. This was done 

by using VBA to program rows to be visible/hidden when buttons are pressed. 

3.1.4 Step 4 
A simulated validation was performed to test the functionality of the method and to identify any 

shortcomings. To do this, a machine tool which was not in normal production was used. Since the machine 

tool was not in normal production, an operator could maneuver the machine tool in the way described in 

the validation method without disturbing the production. The energy efficiency requirements presented in 

this report where used to create a protocol. Then the requirements were validated according to the method 

described in chapter 4.5 of this report. The process was then evaluated to find any difficulties or 

shortcomings in the method. 
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4 Results 
In this chapter, all results which are relevant to the study are presented. 

4.1 Definition of levels in MDC-EE 
Based on the machine states presented in ISO14955, four machine states are defined for the purposes of 

this study; Off, Standby, Ready, and Processing. The definitions of these machine states are given in Table 6. 

Table 6: Definitions of machine states 

Machine state Definition 

Off The machines circuit breaker is OFF. 

Standby The machines circuit breaker is ON, but the machine cannot start cycle 
within 10s.  

Ready The process preparation, including warm up, axis reference and setup activities 
are already done. The machine tool is waiting for start signal, and is ready to 
start the cycle within 10 s.  

Processing This machine state represents the typical and individual machine processing.  

 

Based on these machine states, the levels of the MDC-EE are defined as presented in Table 7. 

Table 7: Definitions of the energy waste levels in MDC-EE 

Level Definition 
6 Energy supply to unit, always 

Always on – Uses energy even when the machines circuit breaker is switched off 
5 Energy supply to unit, only during production time 

Uses energy when machine is in Standby – Uses no energy in Off 
4 Energy supply to unit, only during active process 

Uses energy when machine is in Ready – Uses no energy in Standby or Off 
3 Energy supply to unit, only during value adding cycle time 

Always uses energy when machine is in Processing. I.e. when the machine is in continuous 
production – Uses no energy in Ready, Standby, or Off 

2 Energy supply to unit, only during time of operation when it is required (e.g. 
variations of different operations during one cycle) 
Turns on during Processing only when required – Off intermittently in Processing. Uses no 
energy in Ready, Standby, or Off 

1 Level 2 is achieved and in addition the volume is decreased (e.g. lower pressure, 
temperatures, speed). Only the needed amount to fulfil customer requirement is used. 
Turns on during Processing only when required, and no more than the amount needed is used – 
Off intermittently in Processing. Uses no energy in Ready, Standby, or Off 

 

The differences between components fulfilling level 2-6 are only in time. I.e. the difference is when they use 

energy, not how much is used. A timeline visualizing these differences is shown in Figure 13. A level 6 

simply means that the component uses energy during all time periods presented in the timeline in Figure 13, 

but this does not mean that the component have to use energy all the time to be a level 6. For example, a 

water heater which always keeps the temperature of the water above a certain setpoint, regardless of machine 

state, will use energy every time the temperature gets too low. It will not always use energy, but it will use 

energy during the machine state Off, meaning it is a level 6. A level 5 component will never use energy in 

Off, but can use energy in Standby, Ready, and Processing. A level 4 component will never use energy in the 

machine states Off or Standby but can use energy both during Ready and Processing. A level 3 however, always 
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uses energy during processing, but never in Off, Standby, or Ready. This means a level 3 component will 

always be using energy during continuous production and only stop using energy when production is 

stopped, or a disturbance occurs like the machine being starved or blocked. A level 2 component also only 

uses energy during Processing, but the difference from level 3 is that a level 2 stops using energy when it not 

needed by the process. I.e. a level 2 component regularly stops using energy during Processing. Further 

visualization of the differences between level 2 and 3 can be seen in Figure 14. It is important to point out 

that the differences between levels 2-6 are only in time. The y axis in Figure 13 is not marked since the 

energy use or power of the component is not what is being defined through the levels. Level 2-6 are only 

defined by when they use energy, not how much is used.  

 

Figure 11: Timeline visualizing the difference between levels 2-6 

But the difference between level 1 & 2 is only about amount. A component fulfilling level 1 fulfils all 

requirements for a level 2, but the amount used is controlled and adapted to the requirements of the process. 

I.e. there is no difference in the time a level 1 or level 2 component uses energy, only in the amount. A 

visualization of this is shown in Figure 14. 

 

Figure 12: Visualization of the differences between levels 1, 2, and 3 
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Examples of components whose behavior is defined according to the energy waste levels are presented in 

Tables 8 and 9. 

Table 8: Examples of energy waste levels in a machine tool 

Level 6 Example 1: Compressed air continues to flow to encoders and sensors even when the circuit 
breaker is switched to off. 
Example 2: The hydraulic pump always runs and does not turn off when the machines circuit 
breaker is switched to off. 

Level 5 Example 1: The ventilation fans run as long as the machines circuit breaker is switched on. 
Example 2: Flow of compressed air to encoders and sensors is only controlled through a 
magnetic valve which turns the flow on as soon at the circuit breaker is turned on, and only 
stops when the circuit breaker is turned off. 

Level 4 Example 1: The drive axes continually correct their position during unplanned stops, breaks 
and other disturbance (waiting for parts). They do not use energy when the machine is put in 
Standby as brakes are applied instead. 
Example 2: There is an unplanned stop with the workpiece still inside the machine tool. The 
coolant pumps continue to run until the automatic Standby mode is initiated after 3 minutes. 

Level 3 Example 1: The spindle is always spinning during continuous production even during loading 
and unloading of a new workpiece, but stops during all unplanned stops, breaks, and other 
disturbances in production.  
Example 2: The coolant pumps continuously run and flood the workpiece with fluid during 
the entire cycle and turn off during disruptions in production. 

Level 2 Example 1: The coolant pumps only run during the cycle time when the tool is performing a 
deformation of the material or part, such as drilling, milling etc. There is no by-pass flow over 
the HP pump.  
Example 2: The spindles only use energy when required to accelerate to cutting speed and 
when cutting the workpiece. It stops using energy and only its moment of inertia keeps it 
spinning as soon as the cutting is complete. 

Level 1 Example: The coolant system fulfils level 2 and a smaller pump, variable frequency drive and 
coolant amount optimization is used. 

 

Table 9: Examples of energy waste levels in an industrial washing machine 

Level 6 Example 1: Electrical water heaters always keep the water above a certain temperature 
independent of the machine state, meaning heating of the water happens even when the 
machines circuit breaker is switched to off. 
Example 2: The exhaust fans continually evacuate air at all times. It does not turn off when the 
machines circuit breaker is switched to off. 

Level 5 Example: The vacuum pump for drying starts as soon as the machine circuit breaker is turned 
on and runs continually until the machine is turned off. 

Level 4 Example 1: The heating of air for the blower is on continually during production and during 
shorter stops. During longer stops when the machine is put in Standby, the heating is turned off. 
Example 2: The exhaust fans runs during production and continues to run during unplanned 
stops, except for when the machine enters a pre-programmed Standby mode. 

Level 3 Example 1: The washing pumps deliver a continuous flow of fluid during processing, even 
when the carousel is transporting the parts between chambers. The flow is stopped during all 
unplanned stops, breaks, and other disturbances in production. 
Example 2: The heating of air for the blower is on continuously during production but shuts 
off as soon as production is stopped. 

Level 2 Example 1: The washing pumps are only running during the time the part is in exact position. 
Example 2: The fans for the blower only when required to accelerate to the required speed and 
when a part is in place to be dried. It stops using energy as soon as the part has passed and is 
only propelled by its moment of inertia. 

Level 1 Example: Level two is fulfilled and in addition the flow rate of washing fluid is decreased, a 
smaller pump is used, and the pump is equipped with variable speed drive. 
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4.2 Measurements and survey of energy use 
In this sub-chapter the energy use in machine tools and industrial washing machines is mapped and 

analyzed in order to know what components are relevant from an energy standpoint, and to gain 

insight into what the energy usage looks like when no energy requirements are set and no validation 

is performed. 

4.2.1 Energy use of the components in a machine tool 
A compilation of the currently available literature with breakdowns of the energy use in machine tools shows 

a large variation in the distribution of energy use between components. Despite the large variations, a pattern 

of which components generally have the largest impact on the energy use of a machine tool can be discerned. 

As can be seen in Table 100, the spindles are the largest consumers of energy. Apart from the spindles the 

largest consumers of energy are generally coolant pumps, hydraulic units, and drive axes. 

Table 100 shows the typical share of total energy use of a machine tool, based on a survey of 14 studies [18, 

25, 52, 76-86] 

Table 10: Different components typical share of a machine tools annual energy use 

 

 Max   Min  Mean 

Spindles 76 % 15 % 41,35 % 

Coolant pumps 45 % 2 % 17,44 % 

Hydraulic unit 24 % 10 % 17,38 % 

Drive axes 23 % 9 % 15,63 % 

Cooling 19 % 6 % 12,80 % 

Fans 18 % 7 % 10,82 % 

 

The breakdown of annual electrical energy use in machine tool 38357 can be seen in Figure 15, while the 

breakdown of energy use in the different machine states can be seen in Figures 16 and 19. The machine 

states identified in machine tool SV38357, and washing machine SV36256 where Off, Ready, and Processing. 

None of the analyzed machines had a Standby mode, but instead went directly from Off to Ready. As can be 

seen in Figure 15, the spindles make up the majority of the annual energy use from electrical components 

of machine tool SV38257. Together, the two spindles use just under 119 MWh annually, which is 57.9 % of 

the total 205 MWh energy used from electrical components. The drive axes and the hydraulic unit make up 

18.2 % and 15.9 % respectively, while the coolant pumps account for 8 %. 
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In the breakdown of the electrical energy use in SV38357 during Processing, which can be seen in Figure 16, 

the spindles are the largest consumers of energy using 62.7 % of the total. They are followed by the drive 

axes at 16.6 % and the hydraulic unit at 13.2 %. The coolant pumps are the smallest consumers at 7,5 % of 

the total energy use during Processing. As can be seen in Figure 17, both spindles and the high pressure coolant 

pump use energy intermittently during Processing, while the drive axes, hydraulic pump, and coolant return 

pump use energy continuously. A comparison of Figure 15 and 16 shows that the share of energy use from 

the different electrical components in processing is very similar to the annual shares. This becomes the case 

as the machine tool spends the most time in undisturbed production, and electrical components do not use 

any energy outside working hours since it is completely turned off. Scania’s internal statistics showed that 

machine tool SV38357 had an OPE of around 75 %, meaning that it is in undisturbed production for 75 % 

of the time during working hours. This also means that it is only in Ready for 25 % of the time during 

working hours. Since Processing is by far the state in which the machine tool spends most of its time, and also 

the state in which the machine tool uses most energy, it has the largest effect on the total energy use from 

electrical components. 

 

 

Other studies have found that the most energy consuming components in machine tools are spindles and 

axes [75, 35]. This is consistent with both the measurement of SV38357 and the survey of studies with 

energy breakdowns as can be seen in Figure 15 and Table 10. The spindles were in the top three of the 

components with the highest energy use in all studies of total energy use in machine tools that have been 
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compiled. But as can be seen in Figures 17, 18, and 19, the spindles have little to no energy use when they 

are not used. Therefore, the spindles energy efficiency cannot be improved by turning it off during Ready, 

or Off. Instead the energy efficiency during processing needs to increase. According to M. Alin there is 

generally no reason for spindles to use energy when they are not spinning up or shaping the workpiece. 

Spinning up a spindle does not take many seconds, but in cases where it is of high priority to reduce cycle 

times the extra second or seconds it would take if you turned off the spindle every time it is not in use may 

still be of importance [76]. Even though spindles generally are only used when they are needed, there are 

still ways of reducing the energy use from spindles. One way is to minimize the acceleration time, i.e. using 

more power during a shorter time. This has been shown to be able to reduce energy use significantly [77]. 

The problem with this solution is that the peak power increases. Therefore, there needs to be a compromise 

where the energy reduction from minimizing acceleration time does not result in too high peak power. 

Another way of reducing energy use from spindles is to decrease the weight to diminish the rotational inertia. 

The risk with this is that other parameters such as mechanical stiffness may be compromised if material is 

removed from the pulley or the spindle itself. However, a study showed that a significant of weight could 

be removed from the chuck without compromising performance. The same study presented findings where 

minimizing acceleration time and reducing chuck weight led to a total reduction of energy use from the 

spindle by 50 % [77]. There is also energy to be saved by optimizing the processing itself. Guo et. al showed 

that there exists a U-shaped curve where there is a point when energy consumption is minimized while still 

fulfilling all quality process requirements. This can be achieved by choosing the optimum cutting speed, 

feed rate, and cutting depth. For deep-hole drilling, the energy consumption can also be reduced by 

employing a so called adaptive pecking cycle, which executes pecking as needed by sensing cutting load [35, 78]. 

When SV38357 has entered Ready mode however, the spindles are the least energy consuming components 

only accounting for 2,3 % of the hourly electrical energy use, as seen in Figure 19. Instead, the hydraulic 

unit is the largest energy consumer using 46,9 % of the total. The drive axes use 36,5 %, and the coolant 

pumps 14,3 % of the energy use. As can be seen in Figure 18 and 19, the hydraulic pump, the drive axes, 

and the return coolant pump are the only components with a significant energy use when the machine tool 

is not in production.  

   

 

In total, 16,4 MWh of electrical energy is used in machine state Ready annually by SV38357. This means that 

8 % of the total annual energy consumption from electrical components is used when there is no production. 

It can be argued that none of the three major energy consumers during this time need to be using any energy 

at all outside of production. Hydraulic units are generally used to control movement and hold the workpiece 

in place during machining [76]. Several studies state that hydraulic units are one of the largest energy 
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consumers in machine tools. During processing they account for up to 28 % of the energy use, and when 

the machine tool is in Ready or Standby mode it can account for up to 58 % of the energy use [36]. The energy 

consumption of the hydraulic unit never reached these heights in any of the studies presenting energy 

breakdowns of machine tools, but the order of magnitude makes these claims believable. But according to 

Brecher et. al. [36] and Mori et.al. [79] hydraulic functions are only needed during 28 % of the time the 

machine tool is on. Therefore, the hydraulic unit should have a large improvement potential by reducing the 

energy use when it is not needed. There are generally two ways of reducing the energy use from the hydraulic 

unit. M. Alin says that by having an accumulator, the pump can be controlled to only start when the pressure 

drops below a certain point and can otherwise be turned off. That way, the pump will only be in use when 

it is needed [76]. As long as there are no leaks the pressure will not decrease during non-production, meaning 

the pump will only have to run during Processing [80]. Another way of reducing energy consumption from 

the hydraulic unit would be to have a variable speed drive. With a variable speed drive the system can sense 

demand and always supply the correct power to maintain a certain pressure. [81] 

Most machine tools have drive axes for the workpiece or machine components to be positioned 

automatically. As can be seen in Table 10 they generally account for between 9 % and 23 % of the total 

energy use in a machine tool. The energy use from the drive axes can generally be reduced by sequencing 

the features, i.e. optimizing the order in which operations are conducted [34]. The toolpath can also be 

optimized, i.e. minimize the energy use from movement of the axes by selecting the most efficient path. For 

example, making the path as straight as possible to minimize acceleration and deceleration, and aligning the 

components so that the axis carrying the least amount of weight is the most used. [82] 

These improvements however only consider the energy used during Processing, but as seen in Figure 19 the 

drive axes can also use a significant amount of energy even when they are not moving. This is because the 

axes continually adjust their position to stay in the exact correct position. In cases where workpieces or 

machine components are suspended in the air the motors for the drive axes will also run in order to 

counteract gravity. Since axis references are absolute, and servo motors start quickly, there are no reasons 

why you couldn’t put on brakes when processing stops and turn off the motors [76]. This energy use can 

therefore be removed entirely by using brakes to keep the axes in position during the machines states Ready 

and Standby. 

When it comes to the reduction of energy use by turning the coolant pumps off when they are not needed, 

there are no reasons they can’t be turned off according to M. Alin. However, there needs to be some 

circulation of the coolant to prevent contamination. Therefore, there needs to be a circulation pump which 

circulates the coolant from time to time during non-production. This pump can however generally have a 

lower rated power and turn on intermittently. [76] 

There are also ways of increasing energy efficiency during Processing. It has been shown that the maximum 

volume flow rate of the coolant does not necessarily lead to the best tool performance.  In other words, the 

optimum volume flow rate is not equal to the maximum volume flow rate. A reduction of the flow rate 

leads to a lower pressure. The relationship between these properties means that a reduction in flow rate 

leads to a larger percentage reduction in pressure. And since the pump power primarily depends on the 

pressure, pump power is reduced by an even larger percentage. This means that even small reductions in 

flow rate can have a significant impact on the energy use of the pump. In the case study conducted by 

Denkena et. al. it was shown that the maximal overall energy saving potential by reducing the flow rate was 

at least 37 %. [83] 
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The use of compressed air and cooling in the machine also give rise to energy usage. The compressed air is 

generated in large central compressors that supply a large number of machine tools and other equipment 

through a central system [84]. The compressed air is used in most machine tools as Sealant air [76]. This 

means the compressed air is continually supplied to a component creating a higher pressure inside it, making 

it harder for contaminants to get inside. Compressed air generally accounts for 15-20 % of the total energy 

use in a machine tool. However, MQL machining requires increased compressed air use compared to wet 

machining [85]. This is because machine tools using MQL use a large quantity of compressed air for 

lubrication. According to a measurement performed at Scania, a machine tool using MQL uses 104 % more 

compressed air than a machine tool using wet machining. All sealant air can be turned off during non-

production, but often need a time delay between stopping production and turning off. For example, linear 

encoders usually turn off 30 minutes after production stops in machine tools using wet machining. this is 

because the steam from the coolant is not immediately dissipated when production stops, so it takes some 

time before the air is contaminant free [84]. M. Alin says that sealant air to spindles is usually also turned off 

after about 30 minutes, as this is usually the amount of time it takes for the spindles to have cooled down 

to room temperature. If the sealant air is turned off directly when production stops, a backpressure is created 

in the spindle as it cools sucking in the moisture from the outside. 

In machine tools at Scania, the coolant, spindle, and distribution box are always cooled. Sometimes there is 

also tempering of the ball screws to avoid expansion of the material which could lead to quality issues. 

Generally, all cooling is adjusted according to the temperature of the medium it is cooling. This means that 

it is generally need controlled as it always only uses enough energy to cool it to the set temperature [76]. The 

cooling system normally makes use of cold water which is provided by a heat exchanger, and is often one 

of the major consumers of energy in a machine tool [86]. In the EWOTeK project, it was found that the 

cooling accounted for 20 % of the total energy use of a machine tool, and another study showed that cooling 

accounted for 15,1 % of the total energy use [87, 51] . In wet machining, a significant portion of this cooling 

is used for cooling of coolant. This cooling is not necessary in MQL and Dry machining as no coolant is 

used.  

 

Based on all information gathered in the literature survey and the measurement of SV38357 the components 

that have the most relevance to energy use in machine tools are: 

 Spindles were found to have the largest share of the annual energy use both in the literature survey 

and measurement. 

 Hydraulic units are present in almost all machine tools and can use a large share of the total energy 

use, particularly when the machine tool is not processing. 

 Drive axes accounted for over a sixth of the annual energy use in both the literature survey and 

measurement and used a surprisingly large amount of energy when the machine tool was not 

processing. 

 Fans are present on almost all machine tools either for cooling or ventilation and was in the 

literature study found to generally account for just over 10 % of the total energy use of a machine 

tool. 

 Sealant air was not part of the measurement of SV38357 but is used in almost all machine tools 

and is often never turned off. [84] 

 Cooling used to cool the spindle, the drives, the control cabinet, and the hydraulic system. 
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For wet machining: 

 Coolant pumps are present on all machine tools using wet machining 

 Cooling of coolant is necessary on all machine tools using wet machining 

 Coolant return pumps 

For MQL: 

 Compressed air for lubrication is necessary on all machine tools using MQL machining, and is a 

very large energy consumer 

This is summarized in Figure 20.  

 

Figure 18: Energy-relevant components in each machine tool type 

 

Additional components which could be present in machine tools and relevant from an energy perspective 

according to A. Svensson and M. Alin are: 

 Conveyors 

 Robots 

4.2.2 Energy use in washing machines 
The breakdown of annual electrical energy use in industrial washing machine SV36256 can be seen in Figure 

21, while the breakdown of energy use in the different machine states can be seen in Figures 22, 25, and 26. 

The largest consumers of energy annually in SV36256 are the electrical heaters and the washing pumps 

which make up 45.7 % and 24.6 % respectively. The vacuum pump and fans account for a much smaller 

proportion of the total energy use with 4.0 % and 3.4 % respectively. 
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In the breakdown of the electrical energy use in washing machine SV36256 during Processing, which can be 

seen in Figure 22, the electrical heaters and washing pumps are the largest consumers of energy, using 40 % 

and 30.8 % respectively. The vacuum pump and fans on the other hand only make up a few percent of the 

total energy use. In Figure 22, it can be seen that the vacuum pump, electrical heaters, and fans are on 

continuously during Processing, while the washing pumps are turned on/off intermittently. 

 

Figure 21: Power of washing machine SV36256 during Processing 

The vacuum pump continues to run at a constant rate in Ready, and only shuts off if the machine is 

completely shut off. The fans also run continuously during Ready and shut down when the machine is shut 

off. The electrical water heaters are on in all machine states, but only when needed to keep a certain water 

temperature. Therefore, they are on continuously during production since the water they are heating is being 

used and needs to be replaced with new heated water. During Ready and Standby they turn on when enough 

heat has escaped from the water tank that the temperature has dropped below the setpoint, an example of 

this is shown in Figure 24. However, the electrical air heater for the blow-off (In Figure 23 and 24 called 

Electric heater condenser) was on constantly with a power of around 7 kW in both production and Ready, and 

did not turn off completely until the machines circuit breaker was turned off. 
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As can be seen in Figure 25, the electrical heaters have the biggest share of the energy use when SV36256 

is in Ready accounting for 42.2 % of the total electrical energy use. The washing pumps energy use is 

negligible, while the vacuum pump and fans share of the total energy use is 7.8 % and 8.9 % respectively.  

The washing pumps in SV36256 did not use any significant amount of energy outside of production, and 

by the definitions of MDC-EE energy waste levels they would currently be a level 2, meaning there is little 

improvement potential from reducing energy waste. However, there can still be improvements made to 

reduce the amount of energy used during processing and bringing it down to a level 1 through use of for 

example frequency control. There also always needs to be some circulation of the fluid in order to prevent 

contamination [76]. This was done by the circulation pump, which was not measured and so part of the 

category Other. The energy use of the circulation pump can be reduced by fitting a small circulation pump 

which intermittently circulates the fluid instead of running continuously. 

The washed components are always dried when exiting a washing machine. Generally, this is done by 

blowing away excess fluid from the product, and in all so called end-washes there are also often vacuum 

chambers which are used to boil the rest of the fluid away by decreasing the pressure. According to M. Alin 

and A. Svensson, blowing off excess fluid can be done either by fans or by compressed air. Most new 

industrial washing machines use high pressure fans combined with a heater to remove the fluid. Sometimes 

this solution also requires some compressed air to be applied through lances at small hard to access areas of 

the product. The other solution is to simply use compressed air to blow away the fluid from the entire 

product. Using compressed air for this application is avoided to the extent possible when purchasing new 

machines as it uses significantly more energy than fans. [76, 16] 

As previously mentioned, end-washes often use vacuum pumps to dry the washed parts. These vacuum 

pumps are recommended by the manufacturer to run for 30 minutes without drying any component before 

starting production and 30 minutes after production is stopped. This is because the water vapor that is being 

removed can condense in the pump if the pump is too cold, potentially damaging the pump. Running the 

pump before production starts heats the pump and reduces the risk of this happening. Running the pump 

after production has stopped helps with evacuating any leftover water vapor [88]. Operators almost never 

know how long an unplanned stop in production may last. This means that in practice the vacuum pumps 

must always be on during working hours in order to not disturb production. Therefore, they can only be 

turned off outside of working hours, i.e. in machine state Off. However, Ecoclean, which is a supplier of 

washing machines to Scania, have said a washing machine which has a vacuum pump which cold starts and 

only run 15 minutes after production has stopped can be delivered. This would mean that the energy use 

from the vacuum pump during Ready and Standby could be greatly reduced. 
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Figure 24: Breakdown of energy use of washing machine SV36256 during Off 

Outside of production hours, i.e. during weekends and holidays when the washing machines are turned off, 

the electrical water heaters are the only components that use energy which is illustrated in Figure 26. In 

washing machine SV36256, the electrical water heaters turned on approximately every 40 minutes during 

Off. Industrial washing machines require the washing fluid to be a certain temperature in order to maintain 

the quality of the washing. Therefore, the washing fluid is always heated to somewhere between 40°C to 

60°C depending on the specific parameters of the individual washing machine. The parameters governing 

the washing temperature is the properties of the washing fluid as well as the flow rate and pressure of the 

fluid during the washing [16]. As seen in Figure 25, electrical heaters are one of the largest energy consumers 

in industrial washing machines. Since the washing fluid always needs to be kept at a certain temperature, 

there is no solution for having them turned off during Ready. The same problem applies for tuning off during 

Standby. As the time it takes to heat the fluid is significant, letting the fluid cool during working hours will 

most likely mean production will have to wait for the fluid to heat up to start production again. However, 

when it comes to energy use outside of the working hours, i.e. in the machine state Off, there are solutions 

to save energy. If the washing machine has the option to program a start time the machine can be turned 

off outside of working hours and then automatically start heating the fluid so that it is ready for production 

when working hours begin. 

Industrial washing machines often cool the washed components as they exit the machine. This is generally 

to bring the components down to a temperature where operators can safely handle them to perform 

different kinds of quality tests [76]. It can be noted that far from all washed components are handled by 

operators, yet all are cooled. There could therefore exist a solution where only the components intended for 

handling by operators are cooled. According to S. Sallmen, an industrial engineer at Scania, some types of 

products such as engine blocks, have other tests performed after the washing that function sub-optimally if 

there is a temperature difference between the product and the ambient air. In these cases, all components 

need to be cooled to the correct temperature if the test is to function optimally. However, the temperature 

difference affects the test in a way that makes false negatives, meaning that more parts fail the test. From a 

quality perspective, false negatives are not a problem as the engines that fail the test are left to cool and 

tested again later or be rejected and discarded [89]. This means that having a temperature difference does 

not affect quality negatively but may create a higher cost of testing as more work hours are needed to handle 

the false negatives. It can in some cases be enough to just have long conveyors before testing so that the 

parts cool down to room temperature before reaching the testing [76]. 
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Based on the measurements of SV36256 and multiple conversation with Anders Svensson and Magnus Alin, 

the components that are determined to have the most relevance to energy use in industrial washing machines 

are: 

 Electric heaters 

 Washing pumps 

 Hydraulic unit 

 Cooling 

 Drying 

o Vacuum pumps 

o Fans 

o Compressed air 

Additional components which could be present in industrial washing machines and relevant from an energy 

perspective according to A. Svensson and M. Alin are: 

 Deburring pumps 

 Booster pumps 

 Drain pumps 

 Robots 

 

4.3 Requirements 
There are two different types of requirements which are handled in this study. The first type consists of the 

requirements that Scania put forward when purchasing new machine tools and washing machines. The 

second type consists of legislation that regulate energy efficiency in machine tools and washing machines, 

as well as individual components used in these machines. Both of these types of requirements are to be 

validated through the method which this study sets out to deliver. 

4.3.1 Ecodesign directive  
The only legislation governing the energy efficiency of technology used in machine tools and industrial 

washing machines in the European Union is the ecodesign directive. The ecodesign directive is a framework 

directive only, meaning that supporting legislation is required to set specific requirements for each product 

covered by the ecodesign directive. It applies to all products placed on the EU market and to imported 

products. [90]  

4.3.1.1  Ecodesign requirements for machine tools 

There have been plans to extend the ecodesign legislation to include machine tools for some time [91]. 

While no legislation has yet been implemented for machine tools, preparatory studies and impact 

assessments have been made [92]. Through these studies, four policy alternatives have been proposed. 

1. Mandatory ecodesign requirements for woodworking machines and welding equipment. 

The requirements aim to reduce energy use both for the machine and its auxiliary equipment. For 

example requirements of software to reduce idling energy use, software to track and register 

energy use, and the use of inverter. [93] 
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2. Mandatory ecodesign “point”-program for metal-working, and stone- and ceramic 

working machine tools. The proposal works by points being awarded for different 

efficiency/design factors. The manufacturer has to reach a certain amount of points for the 

machine tool. The idea is that the manufacturer can choose freely what measures they want to 

implement in order to reach the right level of energy savings. [43, 93] 

3. Voluntary initiative. The concept is that the manufacturer themselves identify and realize the 

appropriate energy saving measures for their machine tools by using the standard ISO 14955. An 

independent auditor will then revise if the manufacturers are in compliance with the program. [93] 

4. Checklist for good manufacturing practice. A checklist is formed with measures for all 

product in the product group. It is then to be used by manufacturers and customer to catch and 

demand energy saving measures in the purchasing process. Measures that are listed are among 

many others; reduction of moving parts and optimization of hydraulic and pneumatic systems. 

[93] 

The European Commission considers welding equipment as a part of machine tools, and in January 2019 

the ecodesign legislation for welding equipment was passed and will enter into force in 2021 [93]. However, 

this study’s scope does not include welding equipment.  

While machine tools are not yet subject to energy efficiency regulation within the EU, or elsewhere globally, 

some of the components commonly used in machine tools are already covered by ecodesign regulations. 

4.3.1.2  Electrical motors 

There are currently ecodesign regulations in force regulating the efficiency of electric motors by referencing 

the International Efficiency classes as defined by the standard IEC 60034-30-1. In January 2019, the 

European Commission decided on a revision of the current regulations. In broad terms, the regulations will 

be made tougher and more extensive in 2021, and again in 2022. [94] 

The ecodesign regulations currently in force: 

 Electric motors with efficiency worse than IE2 are forbidden to introduce to the market or start 

using. 

 Electric motors within the interval 0,75-375 kW must fulfil IE3, alternatively IE2 if they are 

combined with an inverter. 

 These requirements do not apply for motors constructed to work submerged in a fluid, motors 

built-in in a product where the motors performance cannot be tested independently, or servo 

motors. [94] 

Ecodesign regulations from January 2021: 

 2-, 4-, 6-, and 8- pole motors within the power interval 0,75 – 1000 kW will have to meet 

requirements efficiency class IE3. The option to fulfil the requirements by using IE2 motors with 

inverters is removed. 

 Small motors in the power interval 0,12-0,75 kW will need to meet requirements for efficiency 

class IE2. 

 The power losses of variable speed drives rated for operating with motors with a rated output 

equal to or above 0,75 kW and equal to or below 1 000 kW shall not exceed the maximum power 

losses corresponding to the IE2 efficiency level. [94] 
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Ecodesign regulations from July 2022: 

 The energy efficiency of three-phase motors with a rated output equal to or above 0,12 kW and 

below 0,75 kW, single-phase motors with a rated output equal to or above 0,12 kW and increased 

safety motors with a rated output equal to or above 0,12 kW and equal to or below 1 000 kW 

shall correspond to at least the IE2 efficiency level 

 The energy efficiency of three-phase motors with a rated output equal to or above 0,75 kW and 

equal to or below 1 000 kW with 2, 4, 6 or 8 poles, that are not increased safety motors, shall 

correspond to at least the IE3 efficiency level. [94] 

 

4.3.1.3  Water pumps 

The ecodesign regulation requires that water pumps shall have: 

 A minimum efficiency at the best efficiency point of at least (ηΒΕΡ) min requ when calculated 

according to Equation 6, and with the C-value for an MEI of 0,4 found in Table 11. 

 A minimum efficiency at part load (PL) of at least (ηΡL) min requ when calculated according to 

Equation 7, and with the C-value for an MEI of 0,4 found in Table 11. 

 A minimum efficiency at over load (OL) of at least (ηΟL) min requ when calculated according to 

Equation 8, and with the C-value for an MEI of 0,4 found in Table 11. [95] 

Table 11: C-values when calculating efficiency of water pumps 

 

(𝜂𝐵𝐸𝑃)min 𝑟𝑒𝑞 = 88.59𝑥 + 13.46 𝑦 − 11.48𝑥2 − 0.85𝑦2 − 0.38𝑥𝑦 − 𝐶𝑃𝑢𝑚𝑝 𝑇𝑦𝑝𝑒,𝑟𝑝𝑚 

Where, x = ln(ns); and y = ln(Q) 

 

The C-value used in the calculation is determined by the type of pump. [95] 

Eq. 6 

Eq. 7 

Eq. 8 
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4.3.2 Requirements set by Scania 
There are several requirements that Scania put forward to suppliers when purchasing new production 

equipment. The exact requirements cannot be shown because of confidentiality issues, but a general 

description is provided below. 

 IE-class for electrical motors 

Apart from requiring all motors to follow the ecodesign directive, there are in some cases 

requirements for higher IE-classes. 

 

 MEI-Index for water pumps 

Apart from requiring all pumps to follow the ecodesign directive, there are in some cases 

requirements where the ecodesign requirement levels for ηΒΕΡ, ηΡL, and ηΟL need to be met when 

calculating with a higher MEI-Index. 

 

 Specific equipment 

In certain cases there are requirements for specific equipment to be fitted, such as accumulators 

or frequency converters. 

 

 Programmable start 

In order to be able to turn off all equipment during longer stops in production, any production 

equipment which requires a long time to prepare for start has to have a programmable start. This 

means that based on an input of intended start of production, the equipment automatically 

prepares so that it is ready for production at that time. 

 

 Compressed air supply 

The supply of compressed air to the production equipment should be stopped after a pre-

determined time after production has stopped. 

 

 Maximum idle power 

A maximum allowed power outside of production hours. I.e. during machine state Off. 

 

 Sleep mode / Shut down strategy 

The production equipment should have a sleep mode or shut down strategy, meaning it should 

automatically turn off components that are not being used after a certain amount of time. 

 

 MDC-EE 

The components are required to turn on/off according to the energy waste levels which have 

been filled in by the supplier in MDC-EE. 

The results presented in chapter 4.2 show which components are of most importance from an energy 

perspective. Based on these results, a number of components are determined whose energy efficiency will 

be validated pursuant to MDC-EE. 
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For machine tools: 

 Spindles  

 Hydraulic units  

 Drive axes  

 Fans  

 Compressed air 

For wet machining: 

 Coolant pumps are present on all machine tools using wet machining 

 Coolant return pumps 

For industrial washing machines: 

 Electric heaters 

 Washing pumps 

 Hydraulic unit 

 Vacuum pumps 

 Fans 

 Compressed air 

But it cannot be said with certainty that these are the only components whose energy waste level will ever 

need to be determined to validate the requirements from MDC-EE. Therefore, the method also needs to 

be able to determine the energy waste level of any other electrical component which may be present. 

Cooling was not included as a component whose energy efficiency level is to be validated since the cooling 

is need based. I.e. there is a set temperature which may not be exceeded, meaning that there is no way of 

turning off the cooling without affecting quality. However, the cooling will be indirectly affected by the 

increased efficiency of other components. As other components are used less, the heat they emit will 

decrease, leading to a decreased cooling energy use as well. 

4.4 Cost analysis 
As can be seen in chapter 4.2, machine tools have less energy use than industrial washing machines which 

means that less time can cost-effectively be spent on validation as less cost reduction is theoretically possible. 

But it should also be noted that the machine tools have more components which do not have any limitations 

for energy consumption reduction during the Ready, Standby, and Off machine states than industrial washing 

machines. The energy using components in SV38357 during Ready are hydraulics, drive axes, and the return 

coolant pump. At the very least, the energy consumption from the hydraulic unit can be reduced significantly, 

and drive axes should not need to have any energy consumption at all when the machine is in Ready if 

requirements like the ones in chapter 4.3.2 are implemented. This implies that a large proportion of the 

energy use in the machine states Ready, Standby, and Off can be reduced by setting energy efficiency 

requirements. For industrial washing machines, the situation is a bit different. Even though much of the 

energy use during Ready, Standby, and Off most probably can be reduced here too, there are some components 

which with the current technology will always use some energy during Ready and Standby. For example, the 

heating of washing fluid for the washing machines takes a long time, and so must be started well before 

production starts. Therefore, the fluid can only be allowed to cool down when there is a planned stop with 
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a pre-determined restart of production. In practice, this means that industrial washing machine swill always 

keep the fluid warm during the machine state Ready and Standby, and can only let it cool during planned 

stops I.e. in Off.  

Considering the high potentials for improvement that have been estimated in other studies, which is 

mentioned in chapters 1.4.1 and 4.2, the potential for reduction of energy use during non-processing 

through energy requirements is likely very high. Considering the information presented in chapter 4.2, it is 

reasonable to assume that the energy efficiency requirements set by Scania may lead to no energy being used 

by the hydraulic unit or drive axes during non-processing. If a 95 % reduction of the energy use from the 

hydraulic unit and drive axes is assumed, then the energy use during non-processing can be reduced by 79,3 % 

(13 MWh/year) for SV38357. If it is assumed that the electric air heater and fans in SV36256 can be 

completely turned off in Ready, but all other components energy use remains the same then the energy use 

when not in Processing can be reduced by 46,6 % (30 MWh/year). 

If it is assumed that 20-50% of the energy that can be saved through energy efficiency requirements is not 

realized if there is no validation, and that the end wash for connecting rods is representative for all washing 

machines, then the time that can cost-effectively be spent validation is between 23 and 58 hours. With the 

same assumptions, the time that can cost-effectively be spent on validation of energy efficiency requirements 

for machine tools is between 9 and 22 hours. 

The amount of time that can cost-effectively be spent on the validation depending on the amount of faulty 

deliveries and the share of non-processing energy that can be saved is presented in Figures 27 and 28. 

50%         14,3         28,5          42,8          57,0          71,3          85,5          99,8          114,0         128,3         142,5     

45%         12,8         25,7          38,5          51,3          64,1          77,0          89,8          102,6         115,5         128,3     

40%         11,4         22,8          34,2          45,6          57,0          68,4          79,8            91,2         102,6         114,0     

35%         10,0         20,0          29,9          39,9          49,9          59,9          69,8            79,8          89,8          99,8     

30%          8,6         17,1          25,7          34,2          42,8          51,3          59,9            68,4          77,0          85,5     

25%          7,1         14,3          21,4          28,5        35,6          42,8          49,9            57,0          64,1          71,3     

20%          5,7         11,4          17,1          22,8          28,5          34,2          39,9            45,6          51,3          57,0     

15%          4,3          8,6          12,8          17,1          21,4          25,7          29,9            34,2          38,5          42,8     

10%          2,9          5,7            8,6          11,4          14,3          17,1          20,0            22,8          25,7          28,5     

5%          1,4          2,9            4,3            5,7            7,1            8,6          10,0            11,4          12,8          14,3     

  10% 20% 30% 40% 50% 60% 70% 80% 90% 100% 
 

 

50%       3,1           6,2           9,2         12,3          15,4          18,5          21,6          24,6          27,7          30,8     

45%       2,8           5,5           8,3         11,1          13,9          16,6          19,4          22,2          25,0          27,7     

40%       2,5           4,9           7,4           9,9          12,3          14,8          17,3          19,7          22,2          24,6     
35%       2,2           4,3           6,5           8,6          10,8          12,9          15,1          17,3          19,4          21,6     

30%       1,8           3,7           5,5           7,4            9,2          11,1          12,9          14,8          16,6          18,5     

25%       1,5           3,1           4,6           6,2            7,7            9,2          10,8          12,3          13,9          15,4     

20%       1,2           2,5           3,7           4,9            6,2            7,4            8,6            9,9          11,1          12,3     

15%       0,9           1,8           2,8           3,7            4,6            5,5            6,5            7,4            8,3            9,2     

10%       0,6           1,2           1,8           2,5            3,1            3,7            4,3            4,9            5,5            6,2     

5%       0,3           0,6           0,9           1,2            1,5            1,8            2,2            2,5            2,8            3,1     

  10% 20% 30% 40% 50% 60% 70% 80% 90% 100% 
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Figure 25: Hours that can cost-effectively be spent on validation of an industrial washing machine 

Figure 26: Hours that can cost-effectively be spent on validation of a machine tool 
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4.5 Validation method 
Based on the results presented in chapters 4.1 to 4.4 the following validation method is proposed. 

4.5.1 Description of the procedure 
The validation procedure is divided into two parts; an inspection and a measurement.  

A physical inspection of the machine will be performed to validate that: 

 Electrical motors fulfil the required IE-class 

 Pumps have the required MEI-index 

 Required specific equipment is equipped 

This inspection is purely visual. The IE-class and MEI-index shall be validated by reading the name plate 

on the motor or pump. For any system which is required to be equipped with specific equipment, the 

inspector shall visually check that the required equipment is there. The function of the equipment does not 

have to be validated. 

The requirements that will be validated through the measurement are: 

 Programmable start 

 Compressed air supply 

 Maximum idle power 

 Sleep mode / Shut down strategy 

 MDC-EE 

The measurement is conducted by running the equipment through the four different machine states and 

measuring the power and/or flow to each component. The measurement needs to be prepared by placing 

ammeters on the wires which supply electricity for each component, as well as the main incoming wire to 

the machine. Each ammeters logger needs to be programmed so that the necessary resolution to determine 

the energy waste level of the component can be determined. A general recommendation is to log average 

values with a time span no longer than 5 seconds. If compressed air is to be measured there are two 

recommended ways of doing this. Using data from an existing flow metering device in the equipment is 

optimal. If no such metering device is present in the equipment an ocular monitoring of the valve needs to 

be performed. A check of the pneumatic flow chart then needs to be made to determine which valve is to 

be monitored. The measurement procedure is described below.  

1. Turn the equipment’s circuit breaker from Off to On 

 

2. Start equipment setup/warmup. After equipment setup/warmup is completed and when stable 

conditions are reached, measure power & flow for at least 5 minutes [Ready 1] 

 

3. Start automatic typical and individual equipment processing. Measure power & flow for at least 5 

minutes. If one cycle is longer than 1 minute, the measurement time shall be extended to include 

at least 5 complete cycles [Processing 1] 
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4. Starve the equipment. I.e. stop supplying new workpieces/parts to simulate an unplanned stop. 

After stable conditions are reached, measure power & flow for at least 5 minutes [Ready 2] 

 

a. If the equipment has a standby mode (e.g. an energy saving mode where the equipment is 

not able to start within 10 s), wait until the standby mode is automatically initiated and 

measure power & flow for at least 5 minutes after the power consumption has stabilized 

[Standby 1] 

 

5. Start automatic typical and individual equipment processing. Measure power & flow for at least 5 

minutes. If one cycle is longer than 1 minute, the measurement time shall be extended to include 

at least 5 complete cycles [Processing 2] 

 

6. Block the equipment. I.e. fill the outgoing conveyor to simulate an unplanned stop. After stable 

conditions are reached, measure power & flow for at least 5 minutes [Ready 3] 

 

a. If the equipment has a standby mode (e.g. an energy saving mode where the equipment is 

not able to start within 10 s), wait until the standby mode is automatically initiated and 

measure power & flow for at least 5 minutes after stable conditions are reached  

[Standby 2] 

 

b. If the equipment has a sleep mode or shut down strategy: Wait for the required time to 

enter all stages of the sleep mode. E.g. Sleep mode 1, 2, 3… etc. 

 

7. Turn the equipment’s circuit breaker off. When the power consumption has stabilized, measure 

power & flow for at least 5 minutes [Off] 

 

a. For industrial washing machines, the measurement of the machine state Off shall be 

extended by 55 minutes. 

The combined time for the measurements is 40 minutes for machine tools and 95 minutes for industrial 

washing machines, but a significant amount of time needs to be allocated to change between the machine 

states and letting the machine stabilize before each measurement. The time this takes will vary considerably 

between different machines, but a reasonable assumption is that the measurement in total will take about 

an hour longer than the combined time for the measurements. During the measurement, the start and end 

of each measurement of a machine state shall be recorded to facilitate the data analysis. When the 

measurement is concluded, the data from the measurement shall be analyzed.  

Any component with an average power of more than 100 W during a measurement of a machine state is 

determined to be ON. Each components energy waste level is then determined according to the following: 

 Any component which is determined to be ON in the measurement of machine state Off is 

determined to be a level 6. 

 Any component which is determined to be ON in any of the measurements of machine state Standby, 

but not in Off is determined to be a level 5. 

 Any component which is determined to be ON in any of the measurements of machine state Ready, 

but not in Standby or Off is determined to be a level 4. 
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 Any component which was not determined to be a level 4, 5, or 6, and did not regularly have a 

power below 100 W in any of the measurements of machine state Processing is determined to be a 

level 3. 

 Any component which was not determined to be a level 3, 4, 5, or 6, and regularly had a power 

below 100 W in any of the measurements of machine state Processing is determined to be a level 2. 

4.5.2 Protocol 
The validation needs to be prepared by first creating a protocol in the form of an Excel file. In this protocol, 

the requirements are filled in before the validation and the results of the validation are subsequently reported 

in the protocol. Since the protocol needs to be applicable to all machine tools and washing machines 

regardless of configuration, the protocol is interactive. Upon opening the Excel file, the lists are empty and 

no requirements are shown as seen in Figure 29. 

 

Figure 27: Default protocol 

There are two buttons at the top of the Excel sheet where a choice can be made between a washing machine 

or a machine tool, as can be seen in Figure 30. Pressing one of these will create a protocol with a common 

configuration for that machine type. An example of this is shown in Figure 31. 

 

Figure 28: Main buttons 
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Graph showing the power of each component during at least 
five cycles of continuous production 

Figure 29: Example of protocol for an industrial washing machine 
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The particular configuration of the machine tool or washing machine can then be specified by pressing the 

button ”Additional components” which brings up a menu with a wide variety of components that are often 

present in these machines, as seen in Figure 32. From this menu, the exact configuration of the machine 

that is to be validated can be specified. This will change the protocol to match the configuration that has 

been chosen. The energy waste levels from MDC-EE as filled in by the supplier during the purchasing 

process are then filled into the protocol in the column Level from MDC-EE which can be seen in Figure 33. 

 

Figure 30: Buttons for additional components 

After the completed measurement, the average power of the machine shall be noted on the second row of 

the measurements called Main. The requirement for maximum idle power is fulfilled if the average power in 

Off is equal to or lower than the set requirement. The status (on/off) shall then be filled in for each 

component for each measurement of a machine state and for all stages of the sleep mode, as shown in 

Figure 33. Based on the instructions given in chapter 4.5.1, the energy waste level of each component shall 

be determined and recorded under the header Levels from measurement. The Level from MDC-EE and Level from 

measurement are then compared. If the Level from measurement is equal to or lower than Level from MDC-EE, 

the component fulfills the requirement. The status (on/off) of each component in each sleep mode stage 

shall be compared with what was stated by the supplier during the purchasing process. I.e. if the components 

turn off during the sleep mode stage that was stated. The requirement is only fulfilled if all components’ 

statuses match what was stated by the supplier in the purchasing process. 
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Graph showing the power of each component during at least 
five cycles of continuous production

 

 Figure 31: Example of filled in protocol 
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4.6 Simulated validation 
A few issues were identified with the validation method during the simulated validation. The first of which 

was that there is not always a clear on/off switch on the machine. On the particular machine tool which the 

test was performed on, most of the components had to be turned off with individual buttons making the 

definition of the machine states difficult. The second issue was that some of the motors and pump were 

located in places where it was difficult to see the nameplates. But the biggest issue that was identified was 

the competence and time that was required to find the correct measuring points. For this test, finding the 

measuring points took over an hour and required that the person performing the measurement studied the 

electrical plans beforehand.  
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5 Discussion 
The following chapter contains a discussion and analysis of the main results of the study. 

5.1 Implementation of the method 
The validation method presented in this study can either be performed by the customer or by the supplier. 

At Scania, the idea is that the protocol is prepared by the project leader and sent to the supplier together 

with instructions on how to perform the validation and how to fill in the protocol. When the supplier has 

performed the validation, the filled in protocol is sent to Scania, where the protocol is checked. The method 

could equally well be used by the customer themselves without having to be changed in any way.  

Using the supplier to validate the energy efficiency of their own product is of course a risk as results could 

be faked to pass the validation. The risk of this happening is uncertain but is minimized as the data and 

results needs to be sent to the customer. I.e. the protocol. This means any attempt to send fraudulent results 

would require a lot of effort as all the raw data would also need to be faked. The reason for getting the 

supplier to perform the validation is a competence issue. It would generally be more difficult for the 

customer to come up with the equipment and competence needed to perform the validation. 

If and when Scania should oversee the validation, or perform their own independent validation is not 

something which was investigated in this study. Generally, the validation should only be performed if it 

serves a purpose. I.e. if there is doubt whether the requirements are fulfilled. In cases where Scania purchase 

many machines with the exact same configuration, it is not necessary to validate every machine as the result 

would most likely be the same. The same reasoning could apply if a machine is purchased from a supplier 

who has previously supplied a machine with the exact same configuration before without any deviations 

from the requirements. However, in every case where there is doubt whether the requirements are fulfilled, 

a validation should be performed. When there is more at stake or when there is a specific suspicion that the 

requirements will not be fulfilled, it may be of interest for Scania themselves to oversee the validation. This 

could be when there are many machines or a particularly expensive machine being purchased, or when the 

supplier has shown resistance towards fulfilling the energy efficiency requirements. 

 

5.2 Time efficiency of the method 
There is a difference in the depth at which the different requirements are validated. For example, the 

function of the sleep mode is validated by testing that each component turns off as was agreed in the 

purchasing process, but the function of the specific equipment required is not validated. This was 

intentionally done to make the validation method as time efficient as possible. If the function of a frequency 

converter where to be validated for example, a whole new measurement would need to be made demanding 

more time and competence. The validation method can be made more comprehensive if necessary by adding 

function tests of more requirements, as long as a lower time efficiency is acceptable. As shown in chapter 

4.4 more than 10 hours per machine can be spent cost-effectively on validation, which is much longer than 

the estimated 2-3 hours of the proposed validation method. However, this method is meant to be performed 

as a part of the regular purchasing process. There is always the risk that the people who are supposed to 

perform the method will not appreciate the extra work and start to oppose the use of the method. With this 

in mind, making the method require as little competence and making it as time efficient as possible is 

essential to get a widespread implementation. But in the validation procedure, the power and/or flow is 

measured several times for machine states Standby, Ready, and Processing, adding additional time to the 
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validation procedure. This is because the components do not necessarily have to behave the same way just 

because the machine state is the same. A hydraulic unit for example might turn off when the machine is 

starved, but not when the machine is blocked. For this reason, the validation is made to make sure that the 

components turn off/on in the same manner during the most common instances where they enter each 

machine state. I.e. going from Off to Ready, being starved, and being blocked.  

5.3 Extent of the method 
The validation method proposed in this report is able to validate the energy use from electrical components, 

compressed air use, and visually confirm that required equipment is present and some of its properties based 

on labelling. The method is constructed in a way that means it can be expanded to include any requirements 

on the energy use of any electrical component. This means the method can easily be applied to other types 

of production equipment to validate requirements on when components are on/off and how much energy 

they use. I.e. the requirements from MDC-EE, Sleep mode, and Max idle power can be validated regardless 

of the type of production equipment, and any new electrical component can be included in the validation. 

The visual inspection part of the validation method can validate any type of requirement where the 

equipment required can easily be seen. The proposed validation method can however not validate the 

function of this equipment, only that it is present. Any new requirements introduced that go beyond the 

energy use of electrical components, compressed air use, or requirements of specific equipment would 

demand an expansion of the validation method if they are to be validated. 

The validation method does not validate whether a component has achieved energy waste level 1. The 

definitions of the energy waste levels from 2 to 6 has been clearly defined. But the definition of level 1 reads 

“only the needed amount to fulfil customer requirement is used”. The “customer requirements” refer to requirements on 

the quality of the product Scania produces with the machine. Validating if a component only uses the 

amount needed to fulfil the customer requirement requires that the needed amount to fulfil the requirement 

is known. At the moment this is not the case. For example, there is no model for how energy a washing 

pump needs to use to clean an engine block enough to meet quality requirements. The energy the washing 

pump must use to meet this requirement will depend on the temperature of the fluid, pressure and flow of 

the fluid, shape and mass of the engine block, the type of particle/contaminant that is to be removed, etc. 

Calculating the required energy to meet customer requirements for every component is therefore not 

something that can be done within the scope of this study. It seems that defining exactly what “the needed 

amount” is would require more effort than it is worth. However, a change of the definitions could be 

imagined where “only the needed amount to fulfil customer requirement is used” is removed and replaced with a more 

measurable definition. For example, energy waste level 1 could be defined as fulfilling level 2 and having a 

lower energy use than the previous iteration of the machine.  

5.4 Importance of energy awareness 
Fulfilling the energy efficiency requirements mean the production equipment can be energy efficient, but 

that does not mean it will be energy efficient. Some of the requirements, like the sleep mode and efficiency 

class for electric motors make the production equipment more efficient regardless of other parameters. But 

things like the maximum idle power and the energy waste levels only lead to a better energy efficiency if the 

machine is operated correctly. There is for example no use in minimizing the energy use from the machines 

in Off if no one ever turns them off. Therefore, there needs to be an awareness of the energy use of the 

machines among the people operating them, so that they are shut off when they are supposed to. If there is 

not enough awareness about the energy use of the machines there is also the risk that changes to the machine 



54 

will be made that reduce the energy efficiency in an attempt to improve some other aspect of the machine, 

like for example reducing cycle time.  

It is important to keep in mind that the machine tools and washing machines that are the subject of this 

study produce other products or parts of products. These products then in turn have their own life cycles 

and energy use. Therefore, it must always be ensured that the quality of the products is not affected 

negatively by energy efficiency measures that are implemented on the machine tools and washing machines. 

Keeping in mind the large volumes of products that are manufactured by these machine tools and washing 

machines, a worsening of the products quality would in all probability lead to a far greater increase in energy 

use and environmental damage than what can be saved in the production process. Therefore, any potential 

measures to improve energy efficiency in machine tools and industrial washing machines must be 

implemented without compromising the quality of the product. 

5.5 Error sources 
The data on the incoming power to machine tool SV38257 was corrupt, meaning it could not be compared 

to the some of the measured components to determine an “Other” category. Since there were not enough 

ammeters available to measure the incoming current to all components, the measurement of washing 

machine SV36256 did not cover all energy use from the machine. Only the chosen components energy use 

was measured, and the rest was assumed based on the measured values as explained in chapter 3.1.2. 

Therefore, the breakdown of energy use in machine tools and industrial washing machines made in this 

study has a large margin of error. Also, machine tools and industrial washing machines are machines that 

are made to order and therefore vary widely in construction and composition depending on their intended 

function. The literature study and analysis of energy use in SV36256 and SV38357 do not represent a large 

enough sample of the machine variations to give a detailed picture of the energy use. The literature survey 

and the measurements only provide an indication of which components can be of relevance from an energy 

standpoint. The same applies for the cost analysis. The cost analysis requires a component level energy use 

measurement, of which there are only two. Therefore, the cost analysis assumes that SV36356 is 

representative of all industrial washing machines and that SV38357 is representative of all machine tools, 

which of course cannot be said based on the information available. To get a more accurate cost analysis, 

many more component-level measurements would need to be performed on a variety of machine tools and 

industrial washing machines.  

5.6 Conclusions 
 The validation method described in chapter 4.5 can validate all current energy efficiency 

requirements set by Scania for machine tools and industrial washing machines. The validation 

method can be used to validate any new requirements on the energy use of electrical components.  

 The validation method can be performed in a timespan that is far shorter than what is cost efficient.  

5.7 Future work 
In this study, a breakdown of the energy use in machine tools and industrial washing machines was presented. 

In the process of this, it was found that information about the energy use in machine tools and industrial 

washing machines at the component level is very scares. Research into general energy breakdown of 

different machine tool and industrial washing machine types would bring clarity to where the focus should 

be when setting energy efficiency requirements for production equipment. This research would also make 

it easier for customers to know which parts of the machine tool or industrial washing machine are more or 



55 

less important from an energy perspective when performing improvements on production equipment that 

is already in production. 

To solve the issues found during the simulated validation, there is the possibility of setting additional 

requirements. For example, a requirement could be set that the machine must have an off switch. In the 

same way a requirement could be set that the motors need to be easily accessible, or that copies of the 

nameplates are to be collected in another place, e.g. in a folder with other machine documentation. And to 

facilitate finding the correct measuring points a simplified electrical blueprint could be requested where it is 

clearly shown what electrical wires in the control cabinet lead to which components. Alternatively, it could 

be marked on the inside of the control cabinet’s door which electrical wires go to each of the components 

included in the MDC-EE. Requirements like this would greatly facilitate the validation, making it more time 

efficient and user friendly. One more requirement that could be set is an HMI-page where the status (on/off) 

for each component can be seen. The signals are available in the machine, so additional software that 

illustrates which components are on or off at any given time should be possible. This would allow for the 

validation to be performed without having to place ammeters on the incoming cables to the components, 

cutting down the time for preparations and analysis of the data. 

It does not always have to be the case that a lower energy waste level will lead to a lower energy use of the 

component. There may well be cases where a component can achieve a lower energy waste level, but in 

doing so must use more power when in use. One example of this could be a spindle which currently fulfils 

energy waste level 3, i.e. it continues spinning at all times during production. But to achieve an energy waste 

level 2 the spindle it turned off when not in use. The resulting need for acceleration will lead to the spindle 

using more power when in use, which in turn could lead to a higher energy use than before. Therefore, it 

would be of interest to investigate which energy waste level would be optimal for all the most common 

components found in machine tools and industrial washing machines. It would also be interesting to see 

what energy waste levels are possible to achieve with today’s technology without compromising the quality 

of the product. As an extension of this, the potential energy that can be saved by setting energy efficiency 

requirements and using the validation method could also be investigated. Such a study could show other 

stakeholders what they could gain by implementing energy efficiency requirements. 

There seems to be a smaller interest from researchers to reduce energy use in washing machines, since the 

literature survey to find a breakdown of the energy use in industrial washing machines turned up no results. 

This may be explained by the fact that there are many more machine tools than there are industrial washing 

machines. However as seen in chapter 4.2, the energy use from washing machine SV36256 far exceeded the 

energy use of SV38357. The consensus at Scania is that it is generally the case that industrial washing 

machines have a higher energy consumption than machine tools. Industrial washing machines also have a 

higher base load, meaning they use a large percentage of their energy use outside of production. Therefore, 

research into ways of reducing energy use in industrial washing machines could greatly help with reducing 

the base load in the manufacturing industry.  
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