
©Centre for Remanufacturing & Reuse 2008 

Page 1 of 21    © Centre for Remanufacturing and Reuse

Used under Creative Commons license
http://creativecommons.org/licenses/by-nc-sa/2.0/uk/ 

© Centre for Remanufacturing and Reuse

Used under Creative Commons license
http://creativecommons.org/licenses/by-nc-sa/2.0/uk/ 

 

 

 

 

 

 Carbon Impact of 

Remanufactured Products 
 

 

 

 

 

 

 

 

 

 

 

 End Mill Cutting Tools 

 

 

 

 

Written by: Dr Hudai Kara 

Date: 23 March 2009 (corrections November 2009) 

 



©Centre for Remanufacturing & Reuse 2008 

Page 2 of 21    © Centre for Remanufacturing and Reuse

Used under Creative Commons license
http://creativecommons.org/licenses/by-nc-sa/2.0/uk/ 

© Centre for Remanufacturing and Reuse

Used under Creative Commons license
http://creativecommons.org/licenses/by-nc-sa/2.0/uk/ 

 



©Centre for Remanufacturing & Reuse 2008 

Page 3 of 21    © Centre for Remanufacturing and Reuse

Used under Creative Commons license
http://creativecommons.org/licenses/by-nc-sa/2.0/uk/ 

© Centre for Remanufacturing and Reuse

Used under Creative Commons license
http://creativecommons.org/licenses/by-nc-sa/2.0/uk/ 

 Contents 
Glossary 4 

1 Summary 5 

2 Introduction 6 
2.1 Manufacturing stages of cutting tools 7 
2.2 Goal and scope 9 
2.3 Product system and system boundaries 10 
2.4 Inventory 13 

3 Impact Assessment 14 
3.1 Carbon impact 14 
3.2 Market Overview and Analysis 17 

4 Conclusions 18 

Appendix A: System Boundary 19 

Appendix B: Process Trees 20 

 



©Centre for Remanufacturing & Reuse 2008 

Page 4 of 21    © Centre for Remanufacturing and Reuse

Used under Creative Commons license
http://creativecommons.org/licenses/by-nc-sa/2.0/uk/ 

© Centre for Remanufacturing and Reuse

Used under Creative Commons license
http://creativecommons.org/licenses/by-nc-sa/2.0/uk/ 

 Glossary 
 

CNC  Computer Numeric Control: the modern generation of machine tools 
controlled by software connected directly to design data rather than 
manual operation. 

CO2e   The net emissions of the life-cycle expressed as the equivalent 
amount of carbon dioxide. 

Ecoinvent Industry-recognised database containing life-cycle phase impacts 
for numerous materials and products. 

HSS  High Speed Steels; grades of steel formulated for high-end cutting 
applications. 

IPCC  Inter-governmental Panel on Climate Change, the international 
forum defining the global scientific position on global warming. 

LCA  A technique whereby the various effects of manufacturing, using 
and disposing of an item or service are evaluated according to a 
methodology for a stated set of parameters. 

OEM  Original Equipment Manufacturer; the first manufacturer of a new 
item, holding design specifications and possibly copyright. 

PVD  Physical Vapour Deposition; a term used to describe a variety of 
methods to deposit thin films onto surfaces under vacuum, specific 
to improve surface properties such as hardness. 

SimaPro Industry-recognised tool providing an interface to the Ecoinvent 
database for easier assembly of lifecycles including reuse loops, 
sensitivity analyses and presentation of the results. 
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1 Summary 
 

The analysis of a life cycle will become extremely complicated for all but the 
simplest products.  It was our intention to originate this work by creating a 
template for the analysis of more complicated products and assemblies through 
the consideration of a simple, single-component product. 

As a preliminary to this work, CRR has already produced a report on the potential 
of remanufacturing machine tools (available at remanufacturing.org.uk).  An 
analysis of High Speed Steel cutting tools, specifically an end-mill tool, is 
therefore appropriate.  An advantage of this product as the start point is the fact 
that it is remanufactured through regrinding so comparisons between using new 
and reusing can easily be drawn. 

This report summarises the method and outputs of a short-cut “carbon footprint” 
of a remanufactured cutting tool over new cutting tool.  The analysis was based 
on the real-life data collected from a tool remanufacturer with the assumption of a 
5-times remanufacturing cycle for each new tool.  In practice this figure will be 
dependent on the type, shape of the tool.  The inventory of component impacts 
included materials, energy, transport logistics, remanufacturing ratio for each part, 
and disposal and waste scenarios. 

All analysis was based on the data available in the Ecoinvent database using the 
methodology of Inter-Governmental Panel on Climate Change (IPCC).  SimaPro 
was used as the software package. The functional unit chosen is one piece of 
cutting tool. 

In summary, the carbon impact of remanufacturing cutting tools is considerably 
lower than that of new ones due to savings in production of materials with high 
embodied energy (special alloys):  Only one fifth of the carbon burden of a new 
cutting tool is required for remanufacturing.  In absolute terms, the carbon impact 
per kg of tool of a remanufactured end-mill is 1.3 kgCO2e compared to 6.4 kgCO2e 
of a new end-mill tool. 

Based on the sales figures in 2008, there is potential saving of 0.5 million tonne 
CO2e is available if remanufacturing cutting tools is fully adopted across industry.  
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2 Introduction 
 

In Life Cycle Analysis (LCA), material and energy balances are used to quantify 
the emissions, resource use, and energy consumption of all processes required 
to make the process of interest operate.  Process blocks that are included in the 
boundary of the analysis include raw material extraction, transportation, 
processing, and final disposal of products and by-products.  The results of the 
inventory are used to evaluate the net environmental impacts so that efforts can 
be focused on mitigating negative effects. 

There are numerous types of cutting tools and they are made of various types of 
metals depending on the application.  A distinct type of cutting tool is to be 
considered for this work – HSS (high speed steel) milling tool.  In the interests of 
simplification uncoated tools will be the subject of the initial assessment although 
it should be noted that recent developments in PVD coating technology and 
materials have significantly reduced the scale of the application of uncoated HSS 
tools in recent times. 

Among all other types of cutting tool varieties we picked an end-mill milling cutter, 
a cutting tool used in industrial milling applications.  It is distinguished from the 
drill bit, in its application, geometry, and manufacture.  While a drill bit can only 
cut in the axial direction, a milling bit can generally cut in all directions, though 
some cannot cut axially.  End-mills are used in milling applications such as profile 
milling, tracer milling, face milling, plunging, etc. 

End-mills are typically made on CNC (Computer Numeric Control) machines 
under high-pressure lubricants such as water, water-soluble oil, and high-
flashpoint oil. Grinding inside the machine is accomplished with abrasive wheels 
mounted on a spindle (and in some cases, multiple spindles).  Depending on 
what material is being ground, these wheels are made with industrial diamond 
(when grinding tungsten carbide), cubic boron nitride (when grinding cobalt steel), 
and other materials (when grinding, for instance, ceramics), set in a bond 
(sometimes copper). 

Since the primary purpose of remanufacturing is to give a second life to the 
existing parts, the parts that are not suitable for this purpose enters the 
remanufacturers' waste stream.  The amount of product discarded (as opposed to 
reused/remanufactured) is important to correctly model the waste stream. 
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2.1 Manufacturing stages of cutting tools  

 

High Speed Steel 

High speed steels are used as the material for cutting tools – drills, reamers, 
turning tools, milling cutters etc. and many more general tools where a fine cutting 
edge is required.  They are characterised by their hardness and wear resistance 
which is combined with toughness and a resistance to elevated temperatures. 

They have largely replaced high carbon steels for these applications during the 
1900s as they exhibit greater temperature resistance. This in turn allows for 
cutting protocols which generate more heat- (faster material removal rates- 
spindle / traverse speeds and depth of cut).  Their development led to the 
subsequent advance of more rigid machine tools which were capable of 
exploiting this improved performance. 

They are members of the Fe-C-“X” multi-component steel alloy system where “X” 
represents chromium, tungsten, molybdenum and/or cobalt as alloying elements.  
Generally the alloying elements are present in excess of 7% by proportion and 
Carbon represents in excess of 0.6 % of the whole. 

The steps which process the raw material billet into the finished tools are 
machining, heat treatment, grinding, de-burring and coating. 

 

Machining 

Whilst the steel is still in its (relatively) soft state it must be machined to form a 
“blank”. 

This is usually achieved using CNC machining centres carrying out traditional 
milling or turning routines.  Other larger scale metal removal steps are also 
carried out at this stage to minimise the relatively slow, energy-intensive effort 
required at the later grinding stage. 

Flute machining of tools is only carried out by milling on larger tools, whereas the 
material removal from smaller tools is effected by grinding from the solid billet. 

 

Heat Treatment 

High speed steels require hardening and tempering to achieve their required 
characteristics. 

Two variations of procedure are employed namely salt bath and vacuum furnace 
heat treatment. 
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1. Salt Bath Heat treatment 

This process is preferred where a combination of material properties is required 
within the single tool- when a hard surface and cutting edges are allied to a softer 
tougher core (e.g. drill bits). 

The process involves immersion in three salt baths at varying temperatures- 

 pre heat at 850 ˚C 

 high heat at 1200 ˚C 

 quench at 560 ˚C 

Hardening is experienced by the surface in contact with the salts and a 
toughening is experienced by the remainder of the tool where it is heat affected 
during the process. 

 

2. Vacuum Heat Treatment 

Vacuum heat treatment will harden the entire exposed surface of the tool and is 
employed for items such as taps and milling cutters. It is a clean, single cycle 
process within which the parameters of time and temperature can be chosen to 
achieve a particular hardening effect. 

Both vacuum and salt bath operations will be followed by a tempering operation 
to balance the final hardness and toughness of the product as is required for its 
particular application. 

 

Grinding 

The correct grinding of a cutting tool is critical to both its future performance and 
life expectancy in operation. The geometry is chosen to suit its specific 
application and care is taken that excess local heat is not generated during the 
process as to alter the metallurgical properties. 

Different types of grinding will be required for different tools- namely centreless, 
cylindrical, thread and flute grinding. 

Machinery is exemplified by multi axis CNC units. Mineral oil coolants are used 
along with a variety of abrasive wheels. 

Types include- aluminium oxide, silicon carbide, cubic boron nitride, and diamond 
abrasives. 

Coolant is used during the process to cool the work piece, provide lubrication 
between work piece and wheel and flush the work area. Oil or water emulsion 
types are used although oil tends to be preferred for the grinding of cutting tools. 
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De-burring 

A de-burring operation will follow grinding to remove burrs formed at the 
intersection of cuts. 

Various processes are available including; 

 Brush de-burring 

 Vibration polishing 

 Thermal de-burring 

 Fluidised bed emersion 

 Pre-wearing 

 Electro polishing de-burring 

 Micro blasting 

 Walnut shell blasting 

 

Coating 

Coating is not part of this assessment but is normally the final stage of tool 
manufacturing.  Tools are often finished by the application of a thin coating which 
is designed to increase the hardness and/or smoothness of the surface.  
Improved performance is gained through both a reduction in friction and heat 
generation in the cut, and a reduction in the tendency for galling.  Improved 
performance and increased tool life result. 

The hard materials used for these thin surface coatings are predominantly 
carbides, borides, and silicides of the forth, fifth and sixth groups of the periodic 
table.  Examples include TiN, CrN and ZrN.  They are applied through a physical 
vapour deposition process.  A typical coating thickness for a milling cutter is 2 to 4 
microns. 

More recently the addition of further alloying elements (e.g. Cr, Al, Y) has 
increased the temperature and oxidation resistance of the coatings. 

 

 

2.2 Goal and scope  

The goal of this study is to compare the carbon impact of remanufacturing cutting 
tools to that of manufacturing new ones from scratch.  The study also intends to 
highlight the materials and energy benefits of remanufactured cutting tools, if any.  
The outcome of the study will be used internally and then disseminated externally 
mainly through CRR website, www.remanufacturing.org.uk . 

http://www.remanufacturing.org.uk/
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The use phase is not included in this study as we do not expect a major 
difference in term of energy usage between remanufactured and manufactured 
cutting tools.  The study will include the end of life options for both but excludes 
packaging. The functional unit chosen is one piece of cutting tool. 

Throughout this study ISO guidelines on Life Cycle Analysis (ISO 14040: 
Principles and Framework, 14044: Requirements and Guidelines) is observed.  

 

 

2.3 Product system and system boundaries 

It is important that the project boundaries used in life cycle analysis for the 
purpose are clearly and appropriately defined, to capture all of the impacts 
associated with the activity under investigation.  

The boundaries of this project encompass all the major stages in the life cycle of 
a cutting tool but exclude the impacts arising from its usage.  In order to directly 
and fairly compare the impacts of manufacturing (OEM) and remanufacturing, the 
boundaries of both life cycles have to be consistent.  When modelling the 
remanufactured cutting tools, the impact of the first manufacture of the cutting tool 
is included as this will form the core of the subsequent remanufactured lives.  
This impact is amortised over the remanufactured lifespan.  A schematic 
illustration of the system boundaries designed by the CRR for comparison of 
various product groups to identify the carbon benefits is given in Appendix A.  A 
system boundary specific to manufacturing (Figure 1) and remanufacturing ( 
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Figure 2) are shown below.  

 

Figure 1. Materials and energy input involved with manufacture and distribution of a new HSS 
milling tool 
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Figure 2. Materials and energy input involved with remanufacture and distribution of a regrind HSS 

milling tool 

 

 

Inclusions/Exclusions 

The followings are included in this study: 

 Materials and energy 

 Transport covering the whole supply chain and including entire transport 
life cycle rather than the operation 

 End of life (Reuse, Recycle) including detailed reuse/recycle ratios for 
each parts 

 

The followings are excluded in this study: 

 The use phase 

 Packaging 

 Waste arising in part manufacturing and product assembly in 
manufacturing 
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Key assumptions and Limitations 

Following assumptions are made for this study: 

 OEM manufacturing is based in Far East with local supply chain for the 
materials/parts used.  

 Waste treatment for new products is 100% recycling.  

 Remanufacturing is exercised locally within 100 km distance. 

 For each part remanufacturing/recycling ratio was based on the data 
obtained from remanufacturer of such tools.  All solid waste is recycled 
100% but metal dust/sludge from grinding activities ends up in landfill.  

 

Following limitations applies for this study: 

 Majority of the data used in this study was obtained from Ecoinventa 
database version 2.  Arguably, this is the most comprehensive database 
for such data but the quality of each data set might affect the outcome. 

 

 

2.4 Inventory 

Machine tools vary greatly in shape and size (Figure 3).  The study deals with a 
generic end-mill machine tool.  The dimension of the end-mill used in this study is 
given in Table 1.  

 

Figure 3. Various end-mill milling cutters 

 

                                                
 
a http://www.ecoinvent.ch/ 
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Table 1. Dimension and weight of the end-mill cutting tool. 

Mill Diameter, 

mm 

Shank Diameter, 

mm 

Flute Length, 

mm 

Overall Length, 

mm 

Weight, 

Kg 

20 20 38 141 0.8423 

 

The primary data related to cutting tool is collected from remanufacturer. The data 
involves how much materials removed during remanufacturing stages as well as 
any logistic information. The rest of the data requirement is obtained from 
Ecoinvent database (version2) which was available with SimaPro, an LCA tool by 
Pré Consultantsb. 

 

 

3 Impact Assessment 
 

This is stage where in an LCA understanding and evaluating the magnitude and 
significance of the potential environmental impact of a product takes place.  A 
large number of impact methodologies exist within SimaPro.  It is important to 
know the audience that the information is communicated to and desired 
aggregation of the results.  In this study, as explained in the goal and scope, we 
would like to have a carbon impact (CO2e) of the remanufactured cutting tools and 
compare it with the new ones.  In this case we can use the methodology 
developed by the Inter-governmental Panel on Climate Change (IPCC) to look at 
the global warming potential over a 100 years (GWP100) of these two activities in 
terms of CO2 equivalents. 

 

 

3.1 Carbon impact 

Process trees for manufactured and remanufactured cutting tools are shown 
separately in Appendix B.  To make a relative comparison the process trees show 
manufacturing of two new tools against remanufacturing one tool and the core 
that is needed for the remanufacturing as illustrated in Figure 4.  This chart is 
based on the two new end-mills and one remanufactured end-mills including the 
carbon burden of new one (the core).  Based on these a remanufactured end-mill 
has a carbon footprint of 6.47kg CO2e compared to that of new one of 12.8kg 

                                                
 
b http://www.pre.nl/ 
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CO2e.  This equates to about 50% carbon saving when the end-mill 
remanufactured once. 

 

Figure 4: Carbon impact of two new end-mills compared with a remanufactured one including the 
carbon burden of the core. 

 

 

In practice a machining tool can be remanufactured a number of times depending 
on the types.  According to the remanufacturers end-mills on average can be 
remanufactured up to 5 times.  On this basis the cumulative carbon burden of 
remanufacturing an end-mill comparing the new ones is shown in Figure 5.  Only 
a fraction of increase in the carbon impact of the remanufactured end-mills to 
6.54kg CO2e compared to a massive 38.5kg CO2e that of new ones.  This equates 
to a saving of 83% based on five times remanufacturing of a new end-mill. 
Including the carbon burden of the core a remanufactured end-mill only has a 
carbon footprint of 1.3kg CO2e. 

 

Figure 5: Total carbon impact of remanufacturing end-mills compared with the new ones based on 
5 times remanufacturing. 
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Most of the machining tools are made of special alloys containing cobalt and 
nickel.  These alloys have higher carbon impact in their production than steel.  As 
shown in Figure 6 materials (solid billet) are the highest contributors to the overall 
carbon impact for new end-mills.  By remanufacturing, materials are saved hence 
its energy burden during production.  Regrinding is the major contributor to the 
carbon impact of a remanufactured unit (Figure 7). 

 

Figure 6: Contribution of each process stage to overall carbon impact of a new end-mill. 
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Figure 7: Contribution of each process stage to overall carbon impact of a remanufactured end-mill. 
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3.2 Market Overview and Analysis 

The industrialized countries polled in the Production Machinery 2008 study of 
shipments and trade had a total output of almost $82 billion, up from $71.5 billion 
those same states built the year before.  Japan remains the single largest 
producer, followed very closely by Germany.  China, with its domestic machine 
producing industry growing at 30 percent last year, is third in outputc.  In the UK 
the consumption is about $945m while the production is around $816m in 2008 
alone (Table 2).  If we assume that each unit cost $10, there are 94.5 million units 
in the market.  If a new unit remanufactured for 5 times, the market will need 
around 16 million units as core then remaining units are remanufactured from the 
cores available.  The potential value shown in Table 2 is based on the sale figure 
only but the profit margins will be higher.  Although this is an extreme scenario, it 
could help us to calculate carbon benefits available from remanufacturing cutting 
tools in the UK alone.  This is shown in Figure 8.  There is over half a million 
tonnes of potential carbon saving per year is available from remanufacturing 
cutting tools. 

 

Table 2: Breakdown of UK cutting tool consumption in 2008 and remanufacturing potential based 
on 5 times remanufacturing and sale value of 10$ per unit.  

Cutting Tools Production Consumption Remanufacturing Potential 

Value [$] 816,000,000 945,100,000 784,433,000 

 No of Units 81,600,000 94,510,000 78,443,300 

Source: Data from http://www.productionmachining.com/article.aspx?id=80174 

 

Figure 8: Carbon saving available in the UK in 2008 alone through remanufacturing cutting tools. 

 

                                                
 
c http://www.productionmachining.com/article.aspx?id=80174 
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4 Conclusions 
 

Life cycle analysis of remanufacturing end-mill cutting tools over new ones was 
conducted using the SimaPro software package.  

Our analysis was mainly based on the data available on Ecoinvent for processes 
and the data collected from relevant remanufacturer.  Based on our analysis 
following conclusions are made: 

 

 Remanufactured end-mills have 80% less carbon impact than the new 
ones per unit assuming each unit is remanufactured up to five times.  
Carbon impact of a remanufactured end-mill is 1.3 kgCO2e compared to 
6.4 kgCO2e of a new end-mill. 

 Even remanufacturing for once provides 50% carbon saving.  

 Solid billet (its embodied energy) has the most carbon burden for a new 
end-mill. 

 Materials saved when remanufacturing and carbon burden is mainly due 
to regrinding and transportation (collection and delivery). 

 In the UK the production of cutting tools does not satisfy the demand in 
consumption in 2008 and arrears are imported.  There is a good potential 
for remanufacturers as the market is in demand. 

 Based on the sales revenues in 2008, there is potential carbon saving of 
over half a million tonnes of CO2e per year in the UK. 
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Appendix A: System 

Boundary 
Schematic of system boundary protocol that developed and adapted 
by the CRR to compare the carbon impact of various remanufactured 
products over new.  
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Appendix B: Process Trees 
Process tree of manufacturing cutting tools (including two tools for 
comparison and 9.6% cut-off point).  
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Process tree of remanufacturing cutting tools including the core 
(3.3% cut-off point). 

Clinker, at
plant/CH U

0.541

Portland
calcareous
cement, at

0.524

Diesel, burned
in building

machine/GLO U

0.268

Electricity, high
voltage,

production
UCTE, at

1.52

Electricity,
medium
voltage,

0.872

Electricity,
production mix

DE/DE U

0.458

Electricity,
production mix

IT/IT U

0.216

Electricity,
production mix
UCTE/UCTE U

1.51

Hard coal,
burned in
industrial

0.452

Electricity,
lignite, at power

plant/DE U

0.219

Lignite, burned
in power

plant/DE U

0.219

Chromium steel
18/8, at

plant/RER U

0.363

Ferrochromium,
high-carbon,

68% Cr, at
plant/GLO U

0.537

Ferronickel,
25% Ni, at

plant/GLO U

0.264

Nickel, 99.5%,
at plant/GLO U

3.05

Steel, converter,
chromium steel

18/8, at
plant/RER U

0.226

Natural gas,
burned in
industrial

0.35

Heavy fuel oil,
burned in
industrial

0.571

Iron-nickel-chro
mium alloy, at

plant/RER U

4

Milling,
chromium steel,
small parts/RER

U
0.617

Turning,
chromium steel,
CNC, primarily

roughing/RER S
0.579

Turning,
chromium steel,
CNC, primarily
dressing/RER S

0.215

Metal working
machine

operation,
process heat

0.806

Machining

4.61

Heat treatment

0.806

Grinding

0.579

HSS Cutting Tool

6.42

HSS Cutting
Tool_LCA

6.42

Reman HSS

0.0466

Solid billet

4

Regrinding

0.00789

Disposal Reman

-1.12

Reuse Reman

-1.12

Reman HSS
Cutting Tool_LCA

6.47

 

 


