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Introduction

The success of using laser equipment in material process-
ing is not only determined by technological aspects but also by
cost efficiency. In order to evaluate this, it is necessary to com-
pare costs produced by laser processes with the influence of
these costs on the production economy and the earnings that
laser processes provide. Lasers in material processing are
used mainly for one of the following technological or economic
reasons:

– The production of a cut contour, a weld seam or a surface
property is only possible with lasers. Laser techniques are
almost inevitably the most economic production method as
alternative solutions are only possible with a disproportion-
ately high amount of engineering work and equipment. Al-
though the issue of cost efficiency is not of primary impor-
tance here, it still should not be disregarded.

– Lasers offer technological advantages for the final product
compared with conventional manufacturing processes. In
such cases cost efficiency is at least one criterion among
several others for or against the use of a laser technique.
For example, if the service life of a component is increased
through the use of a laser welded seam, then laser welding
will be able to establish itself as a possible manufacturing
process even if the costs are similar.

– A laser technique offers a higher machining speed than
conventional manufacturing processes. With technologically
comparable machining results, the evaluation of cost effi-
ciency is the only way to prove which method is the more
cost effective alternative.

The laser competes with an extremely low cost, conven-
tional manufacturing process. However, to produce good re-
sults this process requires preliminary treatments and/or finish-
ing processes, which may necessitate the use of ecologically
harmful substances. Lasers, on the other hand, may produce
the required quality without additional treatments or decisively
reduce it. The cost efficiency of the laser process is then calcu-
lated from the reduction in the overall costs.

A suitable method of calculating costs has to  be found in
order to be able to properly justify the use of lasers based on
the possible costs. A calculation using the machine-hour rate
or the manufacturing cost rate is the first approach. Together
with the calculation of the costs per metre or the costs per
component for laser processing  meaningful data can thus be
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Table1: Calculation of the machine hour rate and the manufacturing cost rate based on a laser cutting machine
in one-shift and three-shift production

Table 2: Cutting costs per metre cut.
Cutting gas: Oxygen. Material: Structural steel. CO2 laser at 1500 W.
Machine hour rate, labour cots and overhead costs were taken from Table 1.
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determined. The consideration of costs per metre does not
take secondary processing times into account in the calcula-
tion. However, these must be considered for the costs per
component, as secondary processing times are very depend-
ent on the type of machine and even on the peripheral equip-
ment (e.g. parts supply or removal equipment). It is very diffi-
cult to use realistic values in process comparisons. Since Linde
prefers cost considerations that are not machine specific, we
will look at the costs per metre more closely in this article.

Machine-hour rate - the basis 
for evaluation of cost efficiency

We have kept very close to proven methods in the method
selected below to calculate machine-hour rate and, subse-
quently, manufacturing cost rates. Table 1 (page 3) shows a
general example of cutting cost calculation using a laser cut-
ting machine and lists all the relevant points.

Costs per metre for cutting, welding and
surface treatment

Table 2 (page 3) shows an example of how the cutting
costs are calculated per metre for the cutting of structural steel
in one-shift and three-shift production. In such evaluations the
various cost factors can be classified very easily. This example
demonstrates that the machine-hour rate represents the
largest part of the overall costs. The costs can therefore be re-
duced most easily and significantly if the machine is used to
fullest capacity.

The method used in Table 2 can naturally also be used to
calculate the costs for laser fusion cutting with nitrogen. A
slightly modified and extended method is used to calculate the
costs per metre for laser welding or surface treatment with
lasers. The cutting gas is then replaced by a shielding gas. The
method has to be extended to include items such as filler ma-
terials, wire or powder or powder carrier gas. 
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Fig. 1: Costs incurred in laser cutting of structural steel 
using oxygen 3.5, one-shift production, 
80 % utilisation of the machine
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Fig. 2: Costs incurred in laser cutting of CrNi steel 
using nitrogen 5.0, one-shift production, 
80 % utilisation of the machine
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Effect of gases on process costs

The diagrams above are very helpful for analysis of the pro-
cess costs. The separate costs for machines, wages, energy,
consumables and other items are shown in detail. Machine
costs (overhead costs) together with labour costs account for
the major part in all the laser techniques discussed in this ar-
ticle. The costs for laser gases, lenses and nozzles for CO2

lasers represent just the smallest part. The costs for laser gas-
es are low because modern CO2 lasers have very low con-
sumption rates. Thanks to their long service life the costs for
lenses and nozzles are usually considerably less than 1% of
the processing costs.

The assist gases used in each laser technique account for
costs to different extents depending on the type of gas and the
consumption quantities required. This is illustrated for laser
cutting in the two charts (page 4). Whereas the amount of cut-
ting gas used in laser oxy cutting is very small (Fig. 1), the
amount of cutting gas used in laser fusion cutting with nitrogen
is larger (Fig. 2). In this case the much lower feed speed, the
higher gas pressures and thus the higher consumption of the
gas affect the calculation. On the other hand, gases offer po-
tential to save costs for lasers to a much higher extent than the
actual gas costs represent. The quality of the cuts produced
by laser fusion cutting with nitrogen is often considerably high-
er for further machining of the parts than the specifications re-
quire. Therefore, costly finishing processes can be omitted.
There is therefore also potential to save costs in the subse-
quent machining processes.

Savings can also be made with laser oxy gas cutting. The
use of oxygen with higher purity (O2 3.5) results in a higher cut-
ting speed compared to industrial grade oxygen (O2 2.5). This
clearly counterbalances the higher price as shown in Fig. 3.
But the higher purity gas also results in higher process reliabili-
ty. If industrial grade oxygen is ordered there may well be some
higher quality oxygen in the cylinder that is not required for the
minimum quality of 99.5% purity. Should this be the case the
cutting parameters must be adjusted in order to achieve good
results. However, if oxygen 3.5 is used, any higher purity in the
gas cylinder would affect the cutting parameters only to a 
negligible degree. 
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Fig. 4: Comparison of costs of different types of gas used in laser welding
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Fig. 3: Cutting costs incurred in cutting with 99.2 % oxygen
with purity 99.7 %

Type of gas A; welding speed 100 %; Gas costs 100 %

Type of gas B; welding speed 110 %; Gas costs 200 %
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The influence of the gas can also be seen with laser weld-
ing although in most cases it is more complex. In the simplest
case the welding speed can be increased through the use of a
shielding gas or shielding gas mixture that is optimally suited
for the process. The savings are evident even in the case of an
expensive shielding gas, as shown in fig. 4. It is not so easy to
evaluate the effects of less spatter formation, an optically
pleasing seam or increased process reliability. Such factors
cannot be taken into consideration in the calculation method
described above. However they must be included in a com-
plete cost evaluation, i.e. any savings in work or costs in fol-
lowing steps must be taken into account. It must also be taken
into consideration that a construction designed for laser weld-
ing can make a major contribution to low-cost laser welds.
Simply replacing a conventional welding seam with a laser
seam without making design modifications will seldom be suc-
cessful in economic terms.

The above-mentioned examples of laser cutting and laser
welding are indicative only. For individual cases there is a MS-
Excel data sheet available for an exact calculation.

Conclusion

The first impression of  laser techniques is that these are
not among the most economic manufacturing processes.
These often even have the reputation of being extremely ex-
pensive processes because of the high investment costs.
However, an evaluation of all the circumstances reveals that
lasers can achieve not only technological but also economic
advantages. This includes both preliminary and finishing treat-
ments and design work. The calculation methods shown can
be very helpful in calculating costs and have proven their case
practically in many applications. Linde offers anyone interested
in lasers the possibility of making individual calculations for ma-
chine-hour rate and process costs, such as costs per metre
cut or costs per metre weld seam. We would be pleased to
assist you with your individual cost/benefit evaluations.
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Linde AG
Linde Gas Division
Phone: +49 89 7446-0
Fax:    +49 89 7446-1230
www.linde-gas.com

Linde Gas – 
Making the difference

Linde Gas is in the business of making
a difference in everything we do. For the
benefit of our customers. Through inno-
vative solutions within manufac-
turing industry, metallurgy, chemistry,
food processing, medicine, specialty
gases, alternative fuel technologies 
and the environment. This difference 
is reflected in our position as a leading
company in Europe and as a major dri-
ving force world-wide.

Gas technology that works for you

Created through forward thinking, a
close customer relationship and a sound
business sense, the Linde Gas combination
of gas products and support services,
innovative hardware, customized solutions
and on-site supply systems generates
new and profitable opportunities. 

Linde Gas technology daily drives
entrepreneurship the world over with our
employees all working concertedly to
keep making that difference.


