
  
 

 
 

 GHG Calculator 

(GHG – Green House Gas) 

CO2 footprint 

estimation for  

 machining 



 
 

1 
 
 

Table of Contents 

This project is made in collaboration with: ............................................................................... 2 

1 Executive Summary ............................................................................................................ 3 

2 Introduction ....................................................................................................................... 3 

3 Hypothesis.......................................................................................................................... 4 

4 Success Criteria .................................................................................................................. 4 

5 Project Scope ..................................................................................................................... 4 

6 Risk Analysis ....................................................................................................................... 5 

7 Pre-Analysis and Literature Study ...................................................................................... 5 

7.1 Meeting the challenge of Scope 3 emissions: ..................................................................................... 5 

7.2 Standards and protocols for calculating a product carbon footprint ................................................. 6 

7.3 Methodology for literature review / pre-analysis .............................................................................. 7 

7.3.1 Material consumption ................................................................................................................. 8 

7.3.2 Energy consumption .................................................................................................................. 10 

7.3.3 Wear of cutting tools ................................................................................................................. 12 

7.3.4 Disposal of chips ........................................................................................................................ 13 

7.3.5 Cutting fluids .............................................................................................................................. 14 

7.3.6 Logistics ...................................................................................................................................... 15 

8 User & Expert interviews ................................................................................................. 16 

8.1 Locating interviewees ....................................................................................................................... 16 

8.2 Machining companies ....................................................................................................................... 17 

9 Experiment design ........................................................................................................... 19 

10 Test results ....................................................................................................................... 19 

10.1 Calculation of CO2e emission ............................................................................................................ 19 

10.2 Calculation of CO2e emission reduction ............................................................................................ 20 

11 Discussion......................................................................................................................... 21 

12 Conclusion and further activities ..................................................................................... 22 

Appendix 1: Carbon footprint mapping ................................................................................... 22 

Appendix 2: Databases ............................................................................................................ 23 

References ............................................................................................................................... 24 

 



 
 

2 
 
 

This project is made in collaboration with: 

 

Fonds:  

 

 

 

  



 
 

3 
 
 

Figure 1: Inspiration on the flow that is of interest in the 

calculations. 

1 Executive Summary 

An analysis into the merits of making CO2e estimates of produced goods has been made for establishment 

of a model for calculation of estimated CO2e reduction obtained through machining parameters optimized 

by Taptesting. Several standards and norms have been uncovered as well as databases on materials 

characteristics for the purpose of development of the GHG calculator estimating the CO2 equivalent 

emission caused by one or more machining operations on a part. Two different models have been 

developed, a very simplistic model based on machining spindle power and a model taking more aspects 

into consideration. Testing the two models internally and externally have documented that savings on 

CO2e emissions of a significant magnitude can be established in many cases of Taptest optimization (Modal 

Analysis) of turning and milling. The GHG calculators have already been applied in a number of cases and 

will be applied going forward in connection with Taptesting.  

2 Introduction 

With the growing concerns on global warming, much research attention has been focused on industrial 

activities which consume large amounts of energy and emit carbon into the atmosphere. Low-carbon 

manufacturing, aiming to reduce carbon intensity and enhance resource utilization, is then emerging as a 

timely topic and spurs much research into a low carbon scenario. Furthermore, with the EU Directives and 

the Danish governments new climate legislation from 2020, Denmark must reduce greenhouse gas (GHG) 

emissions by 70% in 2030 compared to 1990. In the coming years, there will be increasing demand for 

reporting on companies' CO2e emissions from both authorities and the market. 

The barriers for effectively calculating emissions are due to three main reasons; 1. Lack of aligned methods, 

2. Data uncertainty and 3. Lack of tools and guidance. 

Idea: 

This project aims to research and develop a 

Green House Gas emissions calculator that 

efficiently can calculate GHG emissions on 

part-level regarding both the baseline and 

updated parameters during Taptesting.  

The initial expectation is to provide GHG data 

for the companies on the;  

- Energy usage for the in-process machinery 

- Fixed material data on emissions for the 

specific metals or other material used in the 

specific Taptesting case. 

- Variables such as process time, energy usage, 

coolant usage and mix, and tooling wear. 
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The delivery is the GHG calculator, that can calculate the emissions from the specific Taptest based on the 

machining process, based on reliable constants (for materials, tooling, fluids etc.) and variables such as 

time spent, energy consumption and other variables identified in a questionnaire (see fig. 1 for inspiration). 

 

Why is this project important?  

The demand for the possibility to calculate emissions on products and processes have become an 

increasing factor for sub-suppliers in the manufacturing industry. Currently this type of product sought to 

be developed does not exist, therefore minimizing the possibility for these companies to meet demands. 

For DAMRC it is equally important that we as an organization understand and proactively use GHG data for 

us to help the industry to progress. Furthermore, the ecosystem DAMRC takes part in experience stronger 

and stronger demands for actively demonstrating the green benefits for instance from foundations. 

3 Hypothesis 

This project aims to research and develop a Green House Gas emissions calculator that can calculate GHG 

emissions on part-level regarding both the baseline and updated parameters during Taptesting. 

4 Success Criteria 

To ensure use of the GHG-calculator during 3 field tests of manufacturing companies, depicting a precise 

number of emissions measured in CO2e (kg. of CO2 equivalent) of the machining process for a specific test 

part. 

The results from the GHG Calculator must be calculated and validated by DAMRC Taptest specialist within 

5 minutes, after all data has been filled out. 

5 Project Scope 

The customers of the industrial companies have heightened their demands towards sustainable suppliers 

and partners in the last decade, whereas the possibility to calculate and analyze potential emission-saving 

initiatives would provide a competitive advantage for the industrial company. 

We want to develop a tool to efficiently calculate emissions on process-level for machining operations, 

based on reliable external data, data from onsite Taptesting and company specific data based on a 

questionnaire. 

The area of use is subtractive manufacturing companies, to which the calculations would improve their 

insight on and be able to collect data on potential energy-, emission-, and material reducing possibilities. 

This solution would be an added competencies to the DAMRC and added value to the company, during 

company visits regarding e.g., Tap-Tests, 3D fixturing and other tasks. 
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6 Risk Analysis 

Availability of relevant and exact data for calculations is unknown, however we know that there are more 

general calculators available that handles for instance materials. We will seek to find the most reliable 

source available. 

Project is for now seen as a software project related to DAMRCs services within Taptesting, with the 

addition of measuring energy consumption – it is not known if there will be need for hardware sensors to 

provide accurate information related to GHG calculations. If the need for hardware exceeds 3.000 DKK we 

will delimitate our GHG calculator from these specific parameters. 

Reliable data on CO2 footprint on raw materials, energy etc. and measurement power and coolant 

consumption are crucial for emission calculations and results will suffer incorrectness if missing.  

7 Pre-Analysis and Literature Study 

The focus of the review of scientific articles and commercially available material relates to the focus on a 

calculator of emissions related to CNC-machining of parts. Furthermore, to ensure a mapping of emission 

points during machining operations. The scientific articles and existing principles and mathematical 

equations will be identified and analyzed to determine commonality in results in milling-, drilling- and 

turning operations. To determine established ways of mapping emissions, the work from various sources is 

presented next. 

7.1 Meeting the challenge of Scope 3 emissions: 

• Significant: Suppliers represents on average 90% of a company’s total emissions 

• No direct control: Depends on other players in the value chain and is beyond a company’s direct 

operations. 

• Lack of granular insight: Companies need to invest considerable time in data collection to 

understand emissions at product level. 

To truly drive decarbonization, companies need to understand where their emission hotspots are, ideally 

at product-level across the value chain. In the end, what is not measured, cannot be managed. 
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To determine what to analyse and how we will make use of the proposed mapping in the decision tree 

below

 

Figure 1: Illustration showing a decision tree on which form of analysis to choose. 

The purpose of this project is to determine reduction in CO2e footprint of optimizing machining processes, 

why the finding from the decision is that we can do with a cradle to gate investigation. Please see below 

illustration. We will make do with focusing on steps up to and including Manufacturing for this project. 

7.2 Standards and protocols for calculating a product carbon footprint 

Figure 2 - Illustration showing the difference between Cradle to gate and Cradle to grave. 
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Various standards have been made to determine the CO2 footprint of products. The best-known standards 

for calculating a carbon footprint are following: 

PAS 2050: Publicly Available Specification (PAS). First published by the British Standards Institute in 2008 

and revised in 2011 to provide an internationally consistent method for quantifying the CO2 balance of 

products and services.   

GHG Protocol: Product Life Cycle Accounting and Reporting Standard 

Based on the first PAS 2050 method, published in 2011, contains requirements for quantifying the 

greenhouse gas inventories of products and for public reporting. 

ISO 14067: Most common standard for PCF, defines the balance limits in which climate change alone is 

considered an impact category, widely applicable to all products and is intended to promote transparent 

communication of the results. 

7.3 Methodology for literature review / pre-analysis 

The process of identifying which relevant articles, data sources and information for the establishment of 

the GHG Calculator is outlined: 

1. Identify the scope of the project. 
2. Locate which areas of research is needed for scope. 
3. Perform literature review revolving the located research areas/ subjects. 
4. Consolidate and analyze findings to support the future analysis. 

Introduction to relevant scientific studies and articles 

Firstly, understanding the area of focus regarding calculating the GHG-emissions in machining processes is 

necessary. As described in this project, the calculations are only based upon “Scope 1”, being the direct 

emissions of the reporting company, and not upstream and downstream activities EPA (2022). 

Figure 2: Illustration of emissions (generalized) in machining processes. 
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It is important to understand the parameters of interest, towards establishing a calculation on the 

emissions on product level in a machining process. It is necessary to breakdown the processes that 

contribute to the overall carbon emissions of a CNC-based machining system, such as electricity, cutting 

fluid, wear, and tear of cutting tools, material consumption and disposal of chips, etc. Li, C. et al. (2015). 

The identified areas were: 

- Electricity/ Energy (kWh)  (Input) 
- Cutting fluid (L)   (I/O) 
- Material consumption (Co2e) (Input) 
- Wear/ use of cutting tools  (I/O) 
- Disposal of chips (Co2e)  (Output) 

Another approach developed by Qun, S. and Weimin, Z. (2012) divides the total GHG emissions into three 

segments and includes transportation between processes. Furthermore, it divides processes in 

subprocesses, such as the coarse milling and finishing. This method introduced can be calculated 

theoretically, while the calculation is complex (See figure in Appendix 1). It should be noted that, to create 

an applicable solution, a production process focus should be made. 

Production process is the entire process of transforming raw materials into finished products, is also 

perceived as a resource-environment input -output processes. Based on the manufacturing process chain 

and IPO (IPO, input-process-output) graph, complex manufacturing processes can be decomposed into a 

series of process unit, establish IPO correlation function model based on the analysis of resource 

consumption and environmental impact. This process is shown in the model below. 

 

 

 

This theory/ model can be synthesized with the previous model by Li, C et. Al (2015), with an input-

process-output (IPO) approach. The areas listed, are labeled as inputs and outputs and are to be included. 

7.3.1 Material consumption 
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Figure 3: The carbon emission in kg of CO2e 

According to steel.org, steel retains an extremely high overall recycling rate, which stood at 88 percent in 

2012 Free, M. (2016). 

When calculating the carbon emissions regarding producing a material, it is termed “CO2e” or “Embodied 

Carbon Dioxide”. Embodied carbon comes from the consumption embodied energy consumed to extract, 

refine, process, transport and fabricate a material or product (including buildings). Often, measured from 

cradle to (factory) gate, cradle to site (of use), or cradle to grave (end of life). 

A researcher from University of Bath under the Sustainable Energy Research Team, developed a database 

of embodied carbon in relation to different materials, called the ICE database (Inventory of Carbon and 

Energy). The database was created from a large review of literature, and has been updated from 2005 – 

2019, which is the latest version. Below is the Average embodied carbon (kg CO2e /kg) of different steel 

parts. 

Main Material Sample Size 
Average Embodied Carbon 

(kg CO2e/kg) 

Min Embodied Carbon 

(kg CO2e/kg) 

Max Embodied Carbon 

(kg CO2e/kg) 

Steel - All Data Collected 169 2,364 0,282 16,155 

Steel, Bar and Rod 
44 1,088 0,282 3,200 

Steel, Sheet 
20 2,369 0,643 3,060 

Steel, Galvanised 
10 2,766 2,383 3,592 

Steel, Structural 
10 2,102 0,975 3,600 

Steel, Stainless 
7 4,407 3,606 6,290 
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Atmospheric emissions of criteria and priority atmospheric pollutants expressed on per tonne of metal 

produced. 

 

To gain a “correct” picture of the entire GHG-emission to make the metal part, the entire supply chain 

should be evaluated. Regarding materials, the DAMRC member Tibnor has a CSR report that encompass 

some of their steel products, in which the carbon footprint is analyzed. 

 

 

7.3.2 Energy consumption 

In machinery manufacturing, metal cutting process has the highest 

unit energy consumption. Typical processes such as milling, turning 

and other metal cutting for example, have a unit energy 

consumption account for 66~82MJ/kg in numerical control 

machining process, 50% higher than the consumption by using the 

forming methods such as forging, casting etc. in Qun, S. and 

Weimin, Z. (2012). 

Furthermore, the energy consumption of coarse processing is 

about 60% of the total energy consumption, finishing even reached 

95%. Obviously, research of the resource consumption, energy Figure 4: Process of energy 

consumption in MP (J. Eswiet, S. 

Kara 2008) 
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conservation and emissions reduction for the metal cutting process has enormous potential and ecological 

urgency Qun, S. and Weimin, Z. (2012). 

When calculating the GHG emissions of the energy 

consumption, it can be difficult to know how the 

energy was produced (coal, wind, solar etc.). This 

means that a general assumption needs to be made, 

based on an Energy-Mix. It is recommended that this 

energy mix, is based on the Danish Energy-mix, where 

1 kWh equals 135g of CO2e.  Numbers from 2019). This 

energy-mix is estimated to decrease each year, due to 

the focus of establishing wind- and solar power, and to 

reduce Co2 emissions by 70% by 2030. (See fig 6) 

Energinet.dk (2020). The Energy mix in Denmark incl. 

import in 2019 were: 

1. Wind   45% 

2. Fossil fuels  18% 

3. Biofuel  13% 

4. Hydro  11% 

5. Nuclear  5% 

6. Solar   4% 

7. Waste   4% 

Latest statistic on realized CO2e intensity is shown below graph. It is expected that the intensity will stay 

around this level for the next few years apart from the recent increase in fossil fuel ratio due to effects 

from the war in Ukraine and a low wind energy production in part of e.g. 2021 which can also be noted 

from figure 6. It should be noted also that there are more ways to calculate these numbers and published 

figures on the CO2e factor from different sources may be in conflict. In this work numbers from Energinet 

have been applied. Energinet is considered a reliable source of data. 

 

Figure 6: Danish energy-mix and CO2e 

intensity g/kWh from 1990 – 2028 

(Energinet.dk 2020) 
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 Energy consumption for machining – example 

One of the key emission factors of this project is the 

energy consumption of the process. This is one of the 

only factors which can be altered using Taptest or 

similar optimization technologies. 

As can be seen from the figure to the right, the constant 

energy consumption (idling) is responsible for 33,4% - 

which will continue to exist, though being able to 

minimize the idling time. 

Furthermore, the variable energy usage can be altered 

through changing machining parameters, to ensure 

optimal production. This has often been related to 

minimizing the time spent machining, while heightening 

the energy consumption, due to an increase of spindle 

speed or other parameters. 

7.3.3 Wear of cutting tools 

Calculating emissions from tool wear, is a larger challenge to calculate, where there is not a reliable 

solution available currently. The first challenge lies in the calculation of tool wear of the specific tool, which 

is determined by several variables such as, depth of cut, material removal rate, spindle speed and the 

operator’s skill level and handling of the tool. The second challenge lies in the many different alloys used 

for manufacturing. 

Mathematical formulas exist, that try to calculate the tool life, but does not include all variables, and would 

always be an estimate. The industry has developed advanced computational techniques of calculating, that 

have proven quite reliable, but shouldn’t be used in advanced workpiece materials and under extreme 

machining parameters, AMTIL (2016). 

Taylor developed this model in the early 1900s and is still used today, which calculates the tool life. The 

simple formula of his model is: vC * Tn = CT  

Where vC is cutting speed, T is tool life, and n and CT are constants with CT representing the cutting speed  

that would result in a tool life of one minute. (Commonly, n=0.08 to 0.02 for H.S.S tools, n=0.2 to 0.4 for 

cemented carbide tools, n= 0.5 to 0.7 for Ceramic Tools, n = 0.1 to 0.15 for cast alloys) 

Tool wear typically accelerates at the beginning of an operation, settles into a steady but slower rise in a 

second phase, and finally enters a third and final phase of rapid wear until the end of tool life.  
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Figure 5: Eckelmann et al., 2014. 

The net environmental benefits of recycling for each alloy can now be calculated. First, GHG emissions 

from producing each alloy were determined by simply multiplying the proportion of each element in the 

alloy by the GHG emissions factor for that element, summing them to a total amount for the alloy 

(Eckelman, M.J. 2014). 

 

 

7.3.4 Disposal of chips 

According to DST1, all industries in Denmark generated 950.000 Tons of metal waste in 2019. In the Danish 

metal industry, 182.707 tons were registered whereas 83% were recovered and sent for recycling facilities. 

 

1 https://www.dst.dk/en/Statistik/emner/miljoe-og-energi/groent-nationalregnskab/materiale-og-affaldsregnskaber 
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7.3.5 Cutting fluids 

Machining coolants are categorized into the four following categories:  

- Synthetic fluids  
o Synthetic coolants do not contain petroleum-based oil. Usually, they consist of lubricants 

and rust inhibitors dissolved in water. Suppliers provide synthetics as concentrates, much 
like soluble oils, and they are mixed with water to create the coolant. 

- Semi-synthetic fluids  
o (5% oil to 35% oil) – and rest is synthetic oil (polymer) 

- Soluble oils  
o (>40 % oil) 

- Straight oils  
o (100% oil) 

Machining fluids belong to the group of soluble oils. In the following, calculation of an estimate of the CO2e 

emission per volume is made according to the method outlined by Li, C. et al. (2015). 

83%

12%
5%

Metal  waste generated in 
Denmark 2019,  and kind of  

treatment

Materials
Recovery

Incineration

Deposition of
Waste
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In the table below a CO2e/L is calculated based on above mentioned data: 

 

The calculated carbon emission factor of 2,77 CO2e/L will be the basis of calculating the machining coolant 

contribution. 

Based on an estimated industrial practice of exchanging cooling fluid app. once every year, doing one shift 

operation, the amount of cooling fluid in the specific machine is divided into a standard one shift operation 

time of 1680 hours per year and then 100800 minutes. The “wear” or consumption of cooling fluid can 

then be estimated for a machining operation. 

 

7.3.6 Logistics 

Column 

Designation 
A B C D 

Symbol CEFoil ECoil EEoil ᵨ 
Description Carbon Emission 

Factor 

Oil Carbon 

Content 

Oil Specific 

Energy 

Oil Density 

Units [kg CO2e /L] [kg CO2e /GJ] [kJ/kg] [kg/L] 

Formula/Source 
A = D*B*C*(10^-

6)*(44/12) 
[1] [2] [2] 

Numeric Value 2,772 20 42000 0,9 



 
 

16 
 
 

To identify the emissions in relation to logistics, the scope defines which areas to look upon. 

If the company has information from their suppliers about how materials, lubricants, tools etc. are 

transported (means) and from where, it will enable a broadened scope of the emission calculation. 

To further quantify logistical emissions on product level, logistics need to be defined and normalized to 

calculate emissions per. product. 

E.g., 1.000 kg of iron is transported from supplier to company via. truck., each part before production has a 

weight of 100 kg. Each product therefore has the “responsibility” for 10% of the transport emissions. 

Further calculation on the total emission footprint can be realized through data from several databases 

and can be retrieved from e.g. OpenLCA. OpenLCA is an open-source and free software for Life Cycle 

Assessments. The data set covers all relevant process steps / technologies over the supply chain of the 

represented cradle to gate inventory with a good overall data quality. The inventory is mainly based on 

industry data and is completed, where necessary, by secondary data. This data set is based on primary data 

from internationally adopted production processes, connected with regional precursor chains. Database is: 

ef_secondarydata_202202. 

8 User & Expert interviews 

Upon analyzing the relevant articles and databases, it was necessary to gather empirical data from the 

Danish industry, to further understand the needs of the solution. 

The work package, were divided in sections that included the following: 

1. Locate possible interviewees within the machining industry and suppliers. 
2. Develop interview questions. 
3. Conduct interviews with machining companies 
4. Conduct interviews with suppliers/experts. 
5. Analyze findings. 
6. Locate potential risks and changes to scope. 

8.1 Locating interviewees 

Through investigation and discussion of machining companies within the DAMRC network and partners, 

several possible machining companies were located which were the following. 

Machining companies (for measurement of GHG-emissions) 

Company name Region Products Product materials Size 

Company 1  Southern Denmark Large >20 T Steel LE 

Company 2 Mid Jutland Machining (>10 kg, <5T) Steel SME 

Company 3 Northern Jutland Machining parts (>1kg) Stainless steel SME 

Company 4 Mid Jutland Parts (>100g, <70T) Steel / plastics SME 
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Company 5 Mid Jutland Components (>10g) Steel LE 

Company 6 Mid Jutland Parts (>100g) Steel SME 

Company 7 Southern Denmark Automation (>100g) Steel SME 

Company 8 Mid Jutland Machining parts (>20g) Tool Steel SME 

Company 9 Mid Jutland Automation (>100g) Steel SME 

Company 10 Mid Jutland Machine parts (>100g) Steel SME 

Company 11 Mid Jutland Wooden parts (>1kg) Wood SME 

Company 12 Mid Jutland Rotor parts (>10kg) Steel LE 

Company 13 Southern Denmark Hydraulics (>10kg) Steel SME 

Company 14 Mid Jutland Fittings (>100g) Steel SME 

 

These companies all produce metal parts at their own manufacturing site, which means it would be 

possible to measure power usage, coolant, material weight and tool wear during a potential company visit. 

It was furthermore important to interview the suppliers of machining companies, regarding coolant, raw 

materials, and tools, to understand the value chain. 

Supplier companies (Value chain GHG-emissions) 

Company name Region Supplier type Product materials Size 

Company 15 Mid Jutland Machining parts Tool Steel LE 

Company 16 Mid Jutland Machining parts Tool Steel SME 

Company 17 Southern Denmark Raw Materials Steel LE 

Company 18 Southern Denmark Raw Materials Steel SME 

Company 19 Southern Denmark Raw Materials Aluminium LE 

Company 20  Zealand Coolant Oil / Synthetics LE 

Company 21 Mid Jutland Coolant Oil / Synthetics LE 

     

With the possible interviewees located, an invitation was created and sent out to the relevant contacts at 

the companies.  

 

8.2 Machining companies 

Q1: Have your customers requested the CO2e emissions regarding the production of your product? 

Q2: What initiatives have your company done, regarding sustainability/ SDG/ ESG? 

Q3: What value would you perceive of a calculation of emissions during the one machining process? 

Q4: Do you see potential for your production site, to investigate the complete emissions in your internal 

machining processes of parts (All roughing and finishing)? 
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GHG-Calc relevant questions: 

 

Q2.1: What materials are used to produce the selected item? (possibly 3.1 material certificates) 

Q2.2: What is the size and shape of the raw material used? (e.g. sheet/bar and weight) 

Q2.3: Do you know where your material supplier gets their materials from? (Which country) 

Q2.4: Do you know where your tool supplier sources their materials? (Which country) 

Q2.5: How often do you change tools or tool life on the part in question?  

Q2.6: Do you know where your refrigerant supplier sources their materials? (Which country) 

Q2.7: What is the composition of your coolant? (8% oil/ 92% water) 

Q2.8: How much of the residual material is recycled? 

Q2.9: What proportion of the cooling lubricant is recycled? 

 

The questions have been sent to a machining company to be tested whether they were understandable or 

not as a pilot test. The feedback from the questions is listed below. As can be seen not all questions could 

be answered and therefore it was decided to make an introductive text to explain the purpose of the 

questions. This is because questions 2.1-2-9 have not been answered since they did not understand which 

part in their production they were asking about. 

Q1: Har jeres kunder efterspurgt en beregning på CO2e-udledningen i forbindelse med produktionen af 

jeres produkt? Ja nogle kunder efterspørger en CO2e beregning for produktion af deres produkter, eller om 

vi gør det generelt. Vi er endnu ikke i stand til at gøre dette på produktionsordre. 

Q2: Hvilke initiativer har jeres virksomhed taget vedrørende bæredygtighed? Vi har udarbejdet og 

godkendt en politik og en strategi. Af konkret projekter vi arbejder med for at understøtte vores strategi er 

montering af lufttæpper ved enkelte luftsluser. Montering af solceller på en del af vores tag, samt 

montering af et EMS system på udvalgte større maskiner. 

Q3: Hvilken værdi ville I som virksomhed få ud af en beregning af CO2e -udledning? Bedre til at tilfredsstille 

udvalgte interessenter omkring arbejde med bæredygtighed. Lidt besparelser forventer vi også på sigt.  

Q4: I hvor høj grad vil jeres organisation være med til at forsøge at lave en klarlægning af CO2e udledning 

på den pågældende maskine? Kunne være interessant. Fortæl noget mere . . . . .  

 

Based on the first pilot test the following text has been produced to guide the responder though the 

questions. This is to ensure that they understand the meaning of the questions. 
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Hi (Company/Name of recipient) 

The following questions are set up to get an industrial input for the development of a greenhouse 

calculator with a focus on the resources spent on machining parts in metal.  

The first questions are about your current situation with working with emissions and resources usage in 

your production. Please answer them as detailed as possible.  

The second line of questions are about how much information you monitor on a component level. Please 

choose an example part in your current production and answer the questions with that part in mind. You 

may also provide additional information if you feel it can add value to the response.  

9 Experiment design 

The basic idea on the GHG-Calculator is to be used as an add-on in connection with Taptesting. The 

experiment design, procedure and test set-up are therefore tightly linked to Taptesting process.  

The developed calculator is tested by logging of time and power consumption on machining a test part in-

house and inserting these data into the calculator, to check that a credible result on the emissions based 

on a machining operation is obtained.  

After ensuring a credible result of CO2e emission estimation the calculator is used to calculate estimates 

before and after a Taptest optimization and thereby quantifying a reduction in CO2e emission of the 

optimization. Logging of the data needed for the CO2e emission calculations are already almost standard 

procedure at Taptesting. 

10 Test results 

The calculator has been tested in two steps, calculation of CO2e emission based on experimental data and 

calculation of CO2e reduction also based on experimental data. 

10.1 Calculation of CO2e emission 

DAMRC have planned an internal test. This will consist of a milling process containing both a roughing and 

a finishing process. A steel part has been designed to be processed for the test and is designed with a 

special focus on the length of the process. This is done to make it easier to conduct measurements on the 

power usage during the test. 

Process time was measured by a CAM program, timed while machining and measuring the power usage 

also come with time stamps to confirm a process of 23 minutes and 57 seconds. Whereas 1 minute was 

idle machining and 22 was active machining time. 

During the machining process the power usage of the CNC machine was measured by the Tiny Tag 

equipment.  
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All the data have been inserted into the GHG calculator, as seen above, resulting in ~0,303 kg of CO2 

having been emitted for machining of the part. The part design used for this purpose is test part for the 

demonstration potential of the calculator. 

It is demonstrated that the GHG calculator can provide an estimate of the emission of a processing 

sequence based on data supplied from trustworthy sources. In the next company visits, the calculator will 

be applied in connection with Taptest to do measurements in the industry. During these tests the GHG 

calculator will be evaluated on its usability and the results it provides. 

10.2 Calculation of CO2e emission reduction 

The result of the optimization should be that even though the throughput of energy is increased in the 

machining process, the time spent should be minimized, thereby decreasing the total power usage during 

the machining process. See example below. 
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As seen in the example above, by optimizing the process time by 50%, and increasing the machining power 

by 2,33kW, it is possible to lower the total energy consumption and emissions were reduced by 225 g CO2e 

or 27,5%. The idling time and power consumption were unchanged. 

11 Discussion 

The tool for estimation of reduction in CO2e emission based on “in process” logged power and time 

consumption is made and tested as a pilot. The result of the test was a reduction of 27,5% which is a quite 

significant improvement. This result is within the expected range of results and thereby confirming that a 

tool like this can increase companies’ awareness of the potential in optimization, not just for efficiency and 

cost down but also in reduction of the environmental impact. 

The result of procured by the tool is an estimate, not taking all minor contributions into account. Also, 

power consumption in standby mode and power consumption of auxiliary equipment is not included in this 

estimate.  

The results of calculation on saved CO2 amount in this report and when used in companies when 

Taptesting is relying heavily on which CO2e conversion factor is used. Depending on factor used it has a 

linear impact on the saved amount in kg but the relative savings stays the same. 

Statistics pointing at power consumption in standby mode and of auxiliary equipment may account for up 

to 90% of power consumption and thereby also of CO2e emissions, which means that apart from “in-

process” reduction, there is a huge potential for reduction of CO2e reduction in a production site. 

Whether the industrial companies are ready to embrace a tool like this will be found out through 

Taptesting visits. The tool is not intended for contributing to LCAs or ESG reporting though. 
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12 Conclusion and further activities 

The calculator tool is relying on “in-process” measured data. When used in connection with tap-testing 

these (power and time) data are normally monitored for the same reason. Implementation in industry is 

being conducted each time we are doing tap-test and a total of more than 4 estimations of reduction in 

CO2 reduction have already been conducted. I.e., data have already been sampled 4 times and it is 

planned to carry on doing this calculation of CO2e reduction when doing Taptest at companies which 

eventually more than fulfills the first success criterion. The other success criterion is that a calculation can 

be made in less than 5 min. The calculation, provided that the necessary power and time data have been 

logged on beforehand, can be done in less than one minute by a trained person. The datalogging can be 

set-up on the machine in few minutes. 

The tool is focused on “in process” CO2e reduction estimation in connection with tap-testing but can be 

further developed if relevant. Data on CO2e reduction is an inspiration and motivator for pursuing further 

reductions in other aspects of production. The GHG calculator is prepared for taking more aspects of CO2e 

accounting into consideration but serves its purpose for now. 

Appendix 1: Carbon footprint mapping 

 

Figure: Total carbon footprint in manufacturing site 
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Appendix 2: Databases 

Emissions factors in Denmark from 2015-2020: 

https://damrc.sharepoint.com/:x:/s/DAMRC/EV6LOkKkZy9Jl1SkH7iMo7ABxp8rfwEeCd1zfcD5Ls3lZg?e=yZ0I

qM 

Greenhouse Protocol – Iron / Steel database: 

https://damrc.sharepoint.com/:x:/s/DAMRC/EQkIrqw7j_NJvNcIfKF3q3IBsm1sF18Jq1Ye1Rqd9ar5Fg?e=7eb

dX3  

ICE Database (V3) – Embodied carbon in materials and production: 

https://damrc.sharepoint.com/:f:/s/DAMRC/Evimvj1oRpdDgEdWFK9pOpIBRQYvwndy9ZVxB-

ITtfKulQ?e=NWcpIb  

DAMRC Taptest – Internal database of Power consumption: 

https://damrc.sharepoint.com/:x:/s/DAMRC/EenJsENJEA5OmeOUx2KKJYQBGMI6pcFRSZzixRH0plpVCw?e=

PN3Uuf  

Collection of open-source LCA databases (usable in OpenLCA) – License for EcoInvent database: 1500€ 

https://nexus.openlca.org/search/query=steel%20production!countries=Denmark!price=%3C1  

https://damrc.sharepoint.com/:x:/s/DAMRC/EV6LOkKkZy9Jl1SkH7iMo7ABxp8rfwEeCd1zfcD5Ls3lZg?e=yZ0IqM
https://damrc.sharepoint.com/:x:/s/DAMRC/EV6LOkKkZy9Jl1SkH7iMo7ABxp8rfwEeCd1zfcD5Ls3lZg?e=yZ0IqM
https://damrc.sharepoint.com/:x:/s/DAMRC/EQkIrqw7j_NJvNcIfKF3q3IBsm1sF18Jq1Ye1Rqd9ar5Fg?e=7ebdX3
https://damrc.sharepoint.com/:x:/s/DAMRC/EQkIrqw7j_NJvNcIfKF3q3IBsm1sF18Jq1Ye1Rqd9ar5Fg?e=7ebdX3
https://damrc.sharepoint.com/:f:/s/DAMRC/Evimvj1oRpdDgEdWFK9pOpIBRQYvwndy9ZVxB-ITtfKulQ?e=NWcpIb
https://damrc.sharepoint.com/:f:/s/DAMRC/Evimvj1oRpdDgEdWFK9pOpIBRQYvwndy9ZVxB-ITtfKulQ?e=NWcpIb
https://damrc.sharepoint.com/:x:/s/DAMRC/EenJsENJEA5OmeOUx2KKJYQBGMI6pcFRSZzixRH0plpVCw?e=PN3Uuf
https://damrc.sharepoint.com/:x:/s/DAMRC/EenJsENJEA5OmeOUx2KKJYQBGMI6pcFRSZzixRH0plpVCw?e=PN3Uuf
https://nexus.openlca.org/search/query=steel%20production!countries=Denmark!price=%3C1
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