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Laser powder bed fusion (LPBF) is an 
additive manufacturing (AM) technology 
used to create three-dimensional objects 
by fusing layers of powdered material us-
ing a laser. The process begins with a bed 
of metal powder, which is spread evenly 
over a build platform. A high-powered la-
ser then scans the surface of the powder, 
selectively melting and fusing it togeth-
er in a precise pattern. This process is 
repeated layer by layer, with each new 
layer being added on top of the previous 
one, until the final object is complete.

LPBF offers several advantages over 
traditional manufacturing methods. It 
allows for the creation of complex geom-
etries with higher efficiency that would 
be difficult or impossible to produce with 
traditional machining methods. It also 
enables the production of small batches 
or even one-off parts without the need 
for expensive tooling. Heat exchangers 
are a perfect example for applications 
that can leverage the mentioned advan-
tages through AM.

This whitepaper presents a comprehen-
sive view of the entire AM customer jour-
ney, spanning from part identification 
and application development to produc-
tion optimization, all with the overarch-

ing goals of cost reduction and enhanced 
manufacturability. The focal point of this 
exploration is a heat exchanger integral 
to a heat pump developed by Kallum 
Sustainable Heat and Power (KSHP). 
Design and production optimization for 
the heat exchanger has been carried by 
a seamless digital workflow, powered by 
Siemens Digital Industries Software solu-
tions. Smart Fusion, a technology to re-
duce the need for support structures and 
the experience of EOS Additive Minds 
consultants supported the customer in 
tailoring the LPBF process parameters to 
fit the application requirements, elimi-
nating unnecessary process inefficien-
cies. The whitepaper also signifies and 
highlights the importance of process 
parameters that can substantially allow 
cost reduction even with limited or no 
design changes. 

By adhering to these specific stages of 
an AM development cycle, you'll discover 
how the integration of digital tools not 
only enhances the manufacturability of 
complex applications but also substan-
tially lowers the cost per part, establish-
ing a feasible foundation for serial pro-
duction.

Introduction

Pa
ge

 3
  |

  3
3



Conventional heat pump technology is 
based on boiling and condensation of 
a working fluid. This concept is, howev-
er, limited by the critical temperature 
of potential working fluids. Above the 
critical temperature the working fluid will 
not condense. Therefore, the maximum 
achievable temperature is typically lower 
than the required temperature for indus-
trial process heat. 

Several companies and research institu-
tions have explored various heat pump 
technologies which can deliver sufficient-
ly high temperature to facilitate re-use of 
some of the large waste heat resources. 
So far this has been met with limited 
commercial success. This is partly due to 
the high cost of machines that have had 
relevant technical performance.

The KSHP heat pump uses a Stirling 
process with air as working fluid. This 
process uses a cyclical compression and 
expansion of the working fluid. There 
are heat exchangers for uptake of low 
temperature heat and rejection of high 
temperature heat from the working fluid. 
To achieve an efficient process, the heat 
exchangers need to create a minimal 
friction loss during operation. At the 
same time the coefficient of heat transfer 
needs to be high in the hot and cold heat 
exchangers. The heat exchangers should 
also have limited volume, since the heat 
exchanger volume is a dead space which 
reduces the compression ratio of the 
process.

Several production methods were con-
sidered for the heat exchangers. To keep 
the cost of the heat pump system at a 
competitive level it was decided to use 

diesel engine parts and 3D printed heat 
exchangers. As the heat exchangers 
would need to be carefully optimized 
with regards to internal volume, flow 
resistance, heat transfer and strength 
we assumed that more than one design 
iteration could be necessary. This further 
strengthened our conclusion about AM 
being the right technology for the heat 
exchanger production.

The production of the heat exchangers 
was initially contracted to a Norwegian 
company. The company did several at-
tempts to produce the heat exchanger, 
however they had to give up due to the 
high complexity of the heat exchangers. 
Fortunately, they had previously coop-
erated with EOS and could establish the 
contact. The heat exchanger design was 
subsequently optimized for printing in 
cooperation with the EOS Additive Minds 
team and a first prototype was success-
fully printed.

Heat treatment and machining of the 
first prototypes has been done in Nor-
way. The heat exchangers were then 
installed on the heat pump. First trials 
demonstrated that high temperature 
is achievable and that the production 
methods are suitable. However, further 
iterations are required to comply with 
the results of the CFD analysis. Starting 
with the results of the first prototype the 
whitepaper leads through different itera-
tions of the application.

Redefining Efficiency of Heat Pumps
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KSHP

Norwegian company Kallum Sustainable Heat and Power (KSHP) was established in 
2019. The purpose of the company is to develop a high temperature heat pump for recy-
cling of industrial waste heat. Presently the European industry loses 292 TWh annually. 
This represents a direct value of about 29 billion USD. A substantial part of this heat can 
be re used as process heat, provided that a cost-efficient heat pump can be provided.

Introduction to Contributing Companies 

EOS

EOS provides responsible manufacturing solutions via industrial 3D printing technology 
to manufacturers around the world. Connecting high quality production efficiency with 
its pioneering innovation and sustainable practices, the independent company formed 
in 1989 will shape the future of manufacturing.

Powered by its platform-driven digital value network of machines and a holistic portfolio 
of services, materials and processes, EOS is deeply committed to fulfilling its customers’ 
needs and acting responsibly for our planet.

Along with products around systems and materials, EOS also supports its customers 
through its consulting arm, Additive Minds. Additive Minds advice customers along their 
AM journey to ensure successful implementation of the technology. Through training 
and collaborative projects, Additive Minds enables customers to leverage the full poten-
tial of AM. 

Figure 1. Additive Minds Journey
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Siemens

Siemens Digital Industries Software was founded in 2007 as Siemens PLM Software, a 
business unit of Siemens AG and became a separate legal entity in 2019. 

Today, Siemens Digital Industries Software has over 24,000 employees worldwide. 
The headquarter is in Plano, Texas, USA, and offices and facilities are operated in over 
40 countries, serving customers in more than 140 countries. 

Siemens Digital Industries Software serves a wide range of industries, including aero-
space and defense, automotive, electronics, energy and utilities, and medical devices. 

Siemens Digital Industries Software helps customers to unlock the full potential of addi-
tive manufacturing and realize the benefits of this emerging technology. 
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KSHP was introduced to EOS via a Nor-
wegian company and Innovation Norway. 
Innovation Norway has been helping 
Norwegian based customers under-
stand AM and take their first steps in 
the technology. The case at discussion 
corresponds to a heat pump that was 
discussed during the application identifi-
cation phase of the program (see vertical 
2 in figure 1). 

Additive Minds has developed a part 
screening and selection methodology 
that uses a combination of technical and 
economic criteria to assess the suitabil-
ity of applications. The technical crite-
ria of the methodology focus on size, 
material, and quality. The screening is 
done to ensure whether the size of the 
application is feasible to print, thereby 
acting as a first screening indicator. This 
is followed by evaluating if AM materials 
are available that fulfill the application 
requirements. Lastly, linked to material 
selection are the quality requirements. 
Quality requirements can include sur-
face roughness, mechanical properties, 
and dimensional accuracy but also other 
properties like chemical resistivity. The 

KSHP heat exchanger fits EOS's portfolio 
machines, and the material properties of 
316L fulfills all mechanical, thermal, and 
chemical requirements. However, room 
for improvement was highlighted in the 
screening process with points such as 
the depowdering strategy and support 
structure strategy.

Under the economic dimension, the 
methodology looks at cost per part, 
complexity, and value add. Complexity 
can refer to both manufacturing com-
plexity and geometric complexity. The 
heat exchanger case from KSHP had an 
apparent geometric complexity as the 
design proposed was unsuitable to be 
manufactured conventionally. The cost-
per-part targets for KSHP were slightly 
exceeded, but that is where redesign and 
process optimization come into play. The 
value adds can be multifold such as lead 
time to market, digital inventory, distrib-
uted manufacturing, customization, or 
sustainability. For KSHP, the value add 
was clear, and it was a quicker R&D cycle 
considering the stage they were in as a 
company and in the product's lifecycle.

Part Screening & Selection
Find an 
application
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Figure 2. Part screening framework for the KSHP Part describing all technical and economic criteria.
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Based on a discussion with the customer, a scoring was given on each dimension, both 
technical and economic. For KSHP the rating was at two each which placed the appli-
cation under the redesign phase. The rating is given on a scale of one to three, where 
three represents a perfectly suitable fit, two represents a medium fit with aspects of 
improvement, and one represents a non-suitability of the criteria for AM.

Figure 3. Eco-Tech matrix for KSHP heat exchanger.
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The initial part was tested and without undergoing any redesign a conservative support 
structure strategy was chosen to print the part. No specific software was used for opti-
mization at this stage apart from enablement through the EOS Additive Minds team. The 
focus for the first prototype was not to optimize cost but rather to ensure buildability on 
the first attempt with a conservative approach. 

Initial Design with CPP (Cost per Part)

Figure 4. AM cost distribution of first heat exchanger 
design.

During our cost per part (CPP) analysis of 
the first design, we discovered a com-
mon phenomenon: The CAPEX-related 
cost, which includes both system and 
peripheral costs, constitutes the largest 
portion of the cost per part. This situa-
tion is mainly caused by a long build time 
but it is advantageous, because it opens 
up opportunities for optimization. When 
CAPEX dominates the CPP, there's always 
room for improvement.

System costs are closely tied to how effi-
ciently the machine is used. So, the more 
the build process is optimized to increase 
utilization, the lower the part costs will 
be. This optimization is key to reducing 
expenses.

The second significant factor in CPP is 
material costs. Here, we have identified 
a potential for improvement regarding 
material consumption. Light weighting of 
the application and reduction of support 
material leads to lower mass and less 
material that is used during the LPBF 
process. This feedback was given to the 
design team for implementation.

Post Processing 
Costs

Consumables &  
Overhead Costs

Operators CostsMaterial CostsCAPEX Costs Engineering Costs

3% 67% 13% 1% 7% 9%

Pa
ge

 1
0 

 | 
 3

3



Redesign with Siemens NX 
and Process Optimization 
Using Smart Fusion

As noted above, there is room for improvement for cost per part and therefore we went 
through a structured process with Siemens NX and considered Smart Fusion for the 
printing process. Smart Fusion is a tool to locally control the energy input during the 
LPBF process, thereby avoiding overheating and enabling significant reduction of sup-
port structures.

Initial Design

A majority of parts that are introduced 
to the market that are additively man-
ufactured have not been optimized 
for additive manufacturing, which also 
means that there is untapped potential 
in improving quality and cost per part. 
This causes several potential issues to 
arise during the AM process. Analyzing 
the first prototype of the heat exchanger, 
three key issues have been identified: 
distortions, surface quality, and over-
heating areas. The part was designed 
inside of an external CAD system, which 
was then forced to be exported as an STL 
or similar file format. Since most additive 
machines and software take STL files, 

this universal option was chosen. The 
problem with an STL file is that quality 
can suffer due to exporting of tetrahedral 
meshes rather than true CAD geometry. 
Typically, you will see these areas arise 
on rounded surfaces, holes, and oth-
er curved geometry. Since most of the 
geometry falls under these checks, this 
causes the file to need some repairs and 
modifications to ensure a high quali-
ty print. In addition, there were some 
support geometries already applied to 
the part that were there for the purpose 
of ensuring adhesion to the build plate 
and a mounting zone for post machining 
processes. 

Develop Your 
Application & 
Business Case
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Part Modification and Improvements

Figure 5. Analysis and 
cleaning of the design 
with Siemens NX.

Because the part was challenging due to printability and the STL export, geometry clean-
up and modifications needed to be made. The first issue was that degenerated facets 
and folded facets existed in the model. We initially tried to use JT (file format) conver-
sion, but the system used to design the part had errors upon exporting, resulting in even 
worse results. 

We began to automatically clean up and repair the geometry using Siemens NX. Then 
some manual clean ups were performed in some areas of concern, to have more flexi
bility on the results achieved and further improve the part quality.

The surface quality was poor in detected 
areas. Some repaired automatically and 
some needed further attention. This was 
done with NX Convergent Modelling™ to 
smooth and repair these areas of con-
cern.

We also noted the part had no true 
faces, resulting in geometry that was 
more difficult to directly CAD model too. 
After adding true faces, we were able to 
assemble and put true CAD geometry 
where required and avoid export issues 
with certain hole features.

The surface quality before the operation 
seems to be tesselated and linear. Sur-
face quality after repair is smoother and 
of better quality.

Figure 6. Comparison of surface quality before and after 
adding true faces.

Before

After
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Other modifications included changes to volume supports that were added to the part 
to ensure a better print angle and smoothing additional geometry sections as needed. 
Once these were completed, these functions were also added to NX Additive Manu-
facturing validation tools to ensure further printability such as void detections, surface 
roughness, wall thickness issues, and print times.

Figure 7. Working principle of Smart Fusion.

Smart Fusion

Support structures are an integral part 
of the metal laser powder bed fusion 
process, serving three main purposes: 
counteracting internal stress caused by 
the laser powder bed fusion process, 
enhancing heat transfer in overhanging 
regions, and connecting the part to the 
build platform. However, the objective 
should be to minimize their use due to 
the drawbacks they bring. Support struc-
tures not only cause longer build times 
but also lead to unnecessary material 
consumption and added post-processing 
efforts to remove them after printing.

EOS has developed Smart Fusion, an ad-
vanced software tool that regulates en-
ergy input into the part using a feedback 

loop integrated with the EOSTATE Expo-
sureOT monitoring system. ExposureOT 
detects light emissions from the melting 
process that correlate to overheating. 
By comparing this signal to a target grey 
value, Smart Fusion communicates with 
the 3D printer's laser control system to 
optimize energy input for subsequent 
layers. This dynamic adjustment of the 
energy input enhances heat distribution, 
significantly reducing the need for sup-
port structures without affecting build 
time. The reduced material consumption 
even leads to a shorter build time com-
pared to conventional support strategies 
thus reducing costs.
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Siemens Consolidation Choices

Figure 8. Heat exchanger with standard support strategy.

There is a certain level of AM design 
that was highlighted in this whitepaper. 
However, in this domain our focus was 
on quick wins hence we looked into sup-
port structure optimization to improve 
buildability. One of the main issues when 
originally printing this part was overheat-
ing that had a negative impact on build-
ability and also on surface quality of the 
internal fluid channels. Both can depend 
on a lot of factors such as material type, 
process parameters, overhang location 
and wall thickness of the features. Typi-
cally, these can be relieved with support 
structures or by morphing geometry to 
not have any areas that aren’t supported. 

In a typical scenario, engineers will go to 
lattice types supports (see block / lattice 
supports below) which will allow for easy 
support removal and quality assurance. 
An option is to add perforations to these 
supports to lower the amount of waste 

and decrease the print time needed. By 
doing this, it may cause more warping 
and surface quality issues than intended. 
One thing that Siemens has noted when 
it comes to these parts is that it is better 
to over support in some cases where 
surface quality is a must, rather than 
lowering supports and causing a lower 
quality print to be made. In AM, since a 
lot of these issues are related to thermal 
problems, adding supports that act as 
heat sinks will alleviate the problems. In 
NX, we can design these supports while 
also adding lattice support types with 
solid support types (see solid supports 
below). We are also able to design any 
support imaginable due to it being a CAD 
core background using an automatic 
design support. We then ran this to the 
35-degree overhang angle, which is a typ-
ical number when thinking metal powder 
bed additive manufacturing.
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By taking advantage of Smart Fusion during the printing process, significantly lower an-
gles are still printable. Considering the round heat exchanger geometry, a solid support 
strategy that only covers overhangs below 10 degrees has been chosen. Even though 
this is still STL geometry, we are able to create faces directly on the geometry and mod-
ify our own solid supports. We could use industry standard volume supports, but they 
did not have proper teeth placement and would be more difficult to machine. 

Figure 9. Heat exchanger with 
low angle support strategy that is 
enabled by Smart Fusion.

EOSPRINT Integration into SIEMENS NX

SIEMENS and EOS have been solution partners in the additive manufacturing domain 
since 2018. In this partnership, this allows a user to perform their entire additive work-
flow inside of NX without needing to export the part into a separate print preparation 
software like EOSPRINT2. This saves the user time and allows for easier, more repeat-
able, and more scalable printing operations. Once the part was completed inside the NX 
environment, it was directly linked to the EOS machine and an openjz file, the native EOS 
print file format, was created for the printer and could be directly delivered to the print-
er if on the same network.

Figure 10. EOSPRINT integration in Siemens NX.
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Parameter Optimization

EOS standard processes have undergone thorough process parameter development 
and rigorous testing across different Technology Readiness Levels (TRL). However, these 
parameters are a balanced compromise by design, accommodating diverse customer 
specifications and industry standards. Considering the specific requirements of an appli-
cation, like the KSHP heat exchanger, these standard process parameters can serve as 
a robust foundation for further optimization to increase productivity while still fulfilling 
the part requirements.

Given the heat exchanger's unique characteristics, there are multiple areas where pro-
cess parameter optimization can be applied to achieve the desired outcomes, increase 
efficiency, and fulfill part requirements.

Solid Supports

Solid supports serve as temporary and sacrificial components. Unlike most applications, 
solid supports do not require the same strict material and surface roughness criteria. 
Even at a 95% density, they maintain sufficient mechanical strength to fulfill their intend-
ed role during the printing process, which is providing heat transfer and counteracting 
internal stresses. Disabling contour and UpSkin exposure while modifying parameters 
like layer thickness, scan speed, and hatch distance can yield notable improvements in 
productivity without compromising the intended support function. Additionally, transi-
tioning from Stripes to NoPattern exposure can not only reduce build time due to fewer 
jumps but also enhance buildability of this support type.

Block / Lattice Supports

When using a block support type strategy, similar to that of the conventional 35-degree 
design, optimizing the exposure order of the support vectors can be achieved through 
an algorithm, effectively reducing jump delays. Additionally, typical adjustments to de-
crease the build time for supports include implementing a skip layer approach. The layer 
thickness of the support exposure is set to double the layer thickness compared to the 
one used to print the part. Moreover, the scan speed can be increased to a certain ex-
tent, provided that buildability and strength requirements allow for a slightly less stable 
printing process.
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Part Exposure for Heat Exchanger

The 40 μm 316L process is considered a balanced option between quality and pro-
ductivity but EOS recently introduced a high productivity 80 μm process. This process 
offers comparable mechanical properties but comes with increased downskin surface 
roughness, due to the stronger stepping effect caused by the increased layer height. 
Due to the heat exchanger's mechanical requirements, it is feasible to switch to the high 
productivity process. To address potential increased surface roughness in the internal 
channels and its impact on fluid pressure drop and the heat exchanger’s efficiency, 
downskin and surface parameters were adjusted to mitigate this effect. Further poten-
tial to reduce build time involves disabling UpSkin exposure, as it is not essential for the 
heat exchanger's functionality. While UpSkin exposure has mainly cosmetic effects, it 
increases build time without significant benefits for the heat exchanger.

Process Parameter Optimization of the  
Heat Exchanger Build

Below is a comparison table showcasing 
the significant improvement in build time 
achieved by optimizing the process pa-
rameters. All scenarios were simulated on 
the EOS M 300-4. In the standard scenario, 
the default EOS 40 μm process for 316L 
was used for the part and supports, re-
sulting in a build time of nearly 67 hours. 
This configuration served as a reference 
for comparison.

In the subsequent simulation, solely pa-
rameters applied to solid supports were 
optimized. This approach represents a 
conservative method of process optimiza-
tion, whereby the main part itself remains 
unaltered. For the support optimization 
scenario, the support parameter was mod-
ified to 80 μm, the exposure pattern was 
adjusted from Stripes to NoPattern / Time 
Optimized and the hatch distance was 
increased. The results show a notable im-
provement, with the build time reduced to 
61.5 hours, representing an 8.2% increase 
in productivity compared to the baseline.

The most substantial productivity gain 
was attained in the final scenario, where 
also the process parameters for print-
ing the heat exchanger itself have been 
optimized. As a starting point, the high 
productivity 80 μm parameters devel-
oped by EOS were employed, and further 
adaptations were made to meet all part 
requirements while achieving signifi-
cantly increased build rates. One factor 
contributing to the enhanced productiv-
ity was the reduction of recoating time 
by half, resulting in a saving of more 
than two hours. To address the potential 
challenge of increased surface roughness 
in the internal channels due to a stronger 
stepping effect caused by the higher lay-
er thickness, adjustments were made to 
the downskin parameters. Furthermore, 
UpSkin exposure was disabled. These op-
timized parameter settings led to a build 
time of just over 30 hours, representing a 
55.0% increase in productivity compared 
to the baseline configuration.
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Table 1: Different optimization scenarios for the heat exchanger simulated on the EOS M 300-4.

These results highlight the substantial 
potential for reducing build time and, 
consequently, overall costs by adapting 
process parameters to specific applica-
tion requirements. The fine-tuning of 
process parameters not only facilitates 

Industrialize & Qualify

The application in focus did not belong to a highly regulated industry hence we did not 
work in this direction. We, however, support customers to certify and qualify their appli-
cations as part of the AM step process. For more information, please read this article or 
get in touch with Additive Minds. Qualification varies from industry to industry and is a 
complicated topic hence the link to the article to understand the basics on how we can 
support. 

Scenario Process Strategy Part Parameter Support Parameter Build Time

1 Standard 40 μm default 40 μm default 66:58

2 Support optimized 40 μm default 80 μm optimized 61:29

3 Fully optimized 80 μm optimized 80 μm optimized 30:07

cost reduction but also aids in achieving 
desired quality targets that may not be 
attainable with standard process set-
tings. This serves as a perfect transition 
to move into the production discussions 
and optimize the production set up.

Qualify and 
Industrialize
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Production Optimization
 
What is Tecnomatix?

Tecnomatix is a comprehensive software 
solution developed by Siemens Digital 
Industries Software for digital manufac-
turing planning and production simula-
tion. It offers a wide range of function-
alities that enables users to optimize 
their production processes and improve 
efficiency. 

By creating virtual models of their pro-
duction lines, Tecnomatix allows its users 
to simulate and optimize various produc-
tion scenarios. The digital twin approach 
helps to identify potential bottlenecks, 
minimize downtime, and enhance overall 
productivity. 

The software covers a wide spectrum 
of manufacturing processes, including 
process planning, simulation, robotics 
and automation, production line opti-
mization, and quality management. It 

assists to design flexible and adaptive 
manufacturing systems, which are crucial 
in today’s dynamic production environ-
ment. 

Additionally, Tecnomatix supports ad-
vanced data analytics, which enables the 
users to gather and analyze real-time 
production data. This capability helps to 
make data-driven decisions, predict po-
tential issues, and continuously improve 
manufacturing processes.

Tecnomatix, through its powerful fea-
tures and user-friendly interface, is a 
valuable tool for industries such as au-
tomotive, aerospace and defense, elec-
tronics, and many others, as it facilitates 
seamless integration of manufacturing 
processes, streamlines production, and 
enhances overall operational efficiency. 

Produce  
and scale

Pa
ge

 1
9 

 | 
 3

3



What Value Does Tecnomatix Generate?

Through simulation-aided production and manufacturing planning companies relying  
on Tecnomatix optimize their business and increase efficiency. Some key values to 
mention are: 

1.	 Improved efficiency: Tecnomatix optimizes manufacturing processes, leading to 
increased productivity, and reduced operational costs

2.	 Enhanced quality: By simulating production processes, the software helps to identify 
potential issues in the manufacturing process early, leading to better quality control 
and fewer defects in the final products. 

3.	 Faster Time-to-Market: Tecnomatix streamlines production planning and execution, 
enabling faster product development cycles and quicker launches in the market.

4.	 Resource optimization: The software helps in better resource allocation, leading to 
reduced waste and increased utilization of machinery, equipment, and labor.

5.	 Collaboration and Communication: Tecnomatix facilitates seamless collaboration 
and communication among different teams involved in the manufacturing processes, 
leading to better decision-making and coordination. 

6.	 Flexibility and adaptability: the software allows customers to respond quickly to 
changes in demand or production requirements, ensuring their manufacturing 
processes remain agile and adaptable. 

7.	 Cost reduction: by identifying inefficiencies and improving production workflows, 
Tecnomatix helps to reduce overall manufacturing costs. 

In summary, Tecnomatix empowers customers to optimize their operations, make data-
driven decisions, and stay competitive in volatile and rapidly evolving markets. 
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A comparison of the two extreme cases, considering different shift models is done. The 
table illustrates the outcome of the Tecnomatix simulation conducted by EOS's digital 
(AMPO) team in collaboration with Siemens Digital Industries Software. The data in the 
table compares baseline (EOS M 290, a manual single laser system) with the optimal 
production set-up, denoted as Scenario 3 (EOS M 300-4, a highly automated quad laser 
system). We typically add 5% safety margins to account for unforeseen production inter-
ruptions. Similarly, the scheduled maintenance time has been kept as per recommend-
ed practice throughout the year and is same across the table. 
 

The analysis reveals three interesting aspects:

	→ The throughput increases by 625% from the baseline scenario on a single laser sys-
tem with standard process parameters, compared to a fully optimized design and 
process together with a highly automated quad-laser system. (Baseline vs Scenario 3)

	→ Interestingly, there is not a big difference between a one shift model and a 24/7 oper-
ation in both scenarios, 3% productivity gains for baseline case and 10% for scenario 
3. In the baseline scenario, this is caused by the very long build time of nearly nine 
days, which does not lead to many job changes that are outside of working hours. In 
the fully optimized scenario, it is explainable with the high degree of automation.

	→ Due to the production process efficiency, we can have time allocated for ‘idle time’ 
highlighting the fact that there is possibility and room for improvement.

Baseline
(EOS M 290)

Baseline
(EOS M 290)

Scenario 3
(EOS M 300-4)

Scenario 3
(EOS M 300-4)

Shift Model 1 Shift 24x7 1 Shift 24x7

Jobs / Year 36 37 249 261

Parts / Year 36 37 249 261

Working Time 7803 h 8092 h 7501 h 7882 h

Setup Time 37 h 38 h 19 h 20 h

Idle Time 293 h 2 h 444 h 53 h

Flooding Time 18 h 19 h 187 h 196 h

Scheduled maintenance 171 h 171 h 171 h 171 h

5% safety margin 438 h 438 h 438 h 438 h

Here we compare the manual EOS M 290 scenario (baseline) to the fully automated 
EOS M 300-4 (Scenario 3). In the case of the fully automated EOS M 300-4, the operator 
involvement is reduced to manual calibration and maintenance tasks hence we see a 
difference between Scenario 3 1-shift and 24x7 for “Idle time”. 

Table 2. Tecnomatix output for baseline and scenario 3.
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Figure 12. EOS M 300-4 production setup. Tecnomatix simulation for one system.

Figure 11. EOS M 290 production setup. Tecnomatix simulation for one system.

Opting for a round-the-clock shift model for a mere 10 % uptick in productivity does not 
present a compelling proposition. Evidently, the part aligns well with a single shift model 
in the automated scenario, yielding cost savings across labor, operations, and utilizing 
one the many advantages of AM where machines can run overnight without supervision.
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Cost per part (CPP) Overview

Figure 14. Overall cost comparison between different scenarios.

Figure 13. Four scenarios for Tecnomatix simulations.

Scenario 3: 

EOS M 300-4 with 
fully optimized 
process strategy

Scenario 2:

EOS M 300-4 with 
support optimized 
process strategy

Scenario 1: 

EOS M 300-4  
with standard  
process strategy

Baseline: 

EOS M 290 for  
first prototype  
build

CPP (Cost per part transitions) relative Baseline

CPP%

100%

Baseline

56%

Scenario 1 

53%

Scenario 2

39%

Scenario 3
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The baseline case involved the use of 
EOS M 290 without an optimized design, 
which was the first prototype build. In 
contrast, Scenario 1 represents the  
updated first design iteration using  
EOS M 300-4, showcasing a substantial 
44% reduction in Cost per Part (CPP). This 
highlights the significance of selecting 
the right machine for the application. It 
should be noted that the EOS M 290 may 
not always lead to more expensive parts 
than the EOS M 300-4; however, in cases 
of serial production, the EOS M 300-4 ap-
pears to be a much more suitable choice.

Moreover, further cost reductions em-
phasize the expertise of AM specialists 
from Siemens and Additive Minds, who 
can fine-tune process and design that 
lead to cost per part reductions. Scenario 
2, which incorporates an optimized sup-
port structure strategy, brings the cost 

Figure 15. Detailed cost structure of different scenarios.

Overall, we observe a trend of improvements across the costing value chain since tran-
sitioning from our baseline method. However, it is worth noting that there has been an 
increase in costs on the engineering side due to the additional time invested in establish-
ing the appropriate processes and building strategies.

Cost per part reductions relative to Baseline

Engineering System Material Operator Consumables Post  
processing

Scenario 1 0% -57% -18% -25% -38% -4%

Scenario 2 125% -60% -22% -25% -43% -12%

Scenario 3 150% -80% -22% -25% -68% -12%

per part down by an additional 9% com-
pared to Scenario 1, resulting in an over-
all reduction of 47% from the baseline.

The final optimization of the part with 
higher layer thickness and process 
adjustments in Scenario 3 leads to a 
significant reduction of 26% in cost per 
part compared to Scenario 2 and an 
impressive overall reduction of 61% 
from the baseline. Such a remarkable 
transition in the AM world is common 
with optimized designs and process 
strategies. Therefore, the key message to 
take away is,  
 
"Do not be discouraged by the 
initial cost per part estimate; there 
is always room for improvement 
through optimized designs, process 
parameters and production 
optimization."
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Outlook

The central objective of this whitepaper has been to show the customer journey across 
diverse stages of the AM application development cycle. While a full AM redesign was 
not in the scope of this paper, we would like to provide an outlook into further optimi-
zation potential.

Another intriguing aspect we're exploring is a comparison of carbon footprints across 
different production scenarios. This not only highlights how applications like the KSHP 
heat exchanger can contribute to a more sustainable industry but also underscores the 
potential for optimizing the manufacturing process in terms of carbon footprint.

Additive Minds EOS has launched a 
carbon calculator that allows users to 
calculate the carbon footprint of an appli-
cation that is printed on an EOS machine. 
With EOS’s focus on responsible manu-
facturing, the carbon calculator allows 
customers to take their own measured 
values into account to allow for a more 
precise calculation than other tools on 
the market, and help customers act more 
responsibly. EOS also works in collabora-
tion on different customer projects with 
Siemens Teamcenter to provide value 
from a sustainability angle to the AM 
community. 

While the quantification of carbon emis-
sions was not initially within the project's 

scope, our inquisitiveness impelled us 
to deploy our recently devised carbon 
calculator. The outcomes unveiled a sub-
stantial reduction of up to 27% in carbon 
emissions when comparing the baseline 
design against the configuration realized 
in scenario 3.

This reduction in carbon emissions pri-
marily corresponds to two facets: firstly, 
a substantial decrease in energy con-
sumption attributed to enhanced build 
time efficiency, and secondly, a notable 
reduction in powder consumption facili-
tated by an optimized support structure 
strategy—a testament to Smart Fusion.

Carbon Footprint Calculation
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An overview of the overall footprint reduction on the part is shown in the graph below, 
to use and follow the carbon calculator please click here.

Figure 16. Carbon emissions (CO2e) with respect to the baseline i.e., valued at 100%

CO2e (kg) in % relative to Baseline

CO2e

100%

Baseline

87%

Scenario 1 

82%

Scenario 2

73%

Scenario 3
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Future Print Optimizations

There is always room for improvement, and we have noticed also the case for our HX 
in focus here. Some additional ways to improve would be Siemens Topology Optimiza-
tion, Additive Optimization tools, and Star CCM+ for fluid optimization. This would allow 
the part to remain to spec, have gyroid or similar TPMS structures created to maintain 
norms while keeping it printable, and become more lightweight in the process. This 
combined with the required areas where support structures must be made will ensure 
more printability in the future. 

Figure 17. Advanced heat exchanger design with light-weighting approach.

Figure 18. Advanced heat exchanger design with internal TPMS structures.

Through light-weighting of a heavy geometry, roughly 25% of weight can be saved while 
still achieving the same mechanical properties. Although weight reduction might not be 
relevant for the stationary heat pump, but it substantially reduces production costs.

Changing the internal geometry to TPMS might allow increasing the surface area for 
heat transfer with similar pressure drop and mechanical properties.
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Summary

Additive manufacturing is an innovative production technology allowing cost-effective 
manufacturing of complex geometries. The whitepaper highlights that by harnessing the 
design freedom of AM, it becomes possible to create applications that are not only more 
efficient and sustainable, but also emphasizes that realizing the complete potential of 
AM necessitates aligning manufacturing particulars with application requirements. This 
principle holds true for all manufacturing technologies; optimal outcomes are achieved 
when one comprehends the process and factors in the technology's specific characteris-
tics.

EOS, Siemens, and KSHP worked collaboratively on this whitepaper showcasing their 
journey through the AM application development process for a heat exchanger. This in-
volved selecting the right application, refining the design, optimizing the manufacturing 
process, and planning production. Siemens' integrated software solutions demonstrated 
a practical and effective approach to enhancing the feasibility and cost-effectiveness of 
producing intricate heat exchanger designs.

The whitepaper lead through following stages of the AM customer journey:

	→ Understand why AM

AM enables cost-effective production of complex geometries, functional integration 
and flexible production scenarios.

	→ Identify Applications

Tools such as the Eco-Tech procedure not only assist customers in identifying AM-ap-
propriate applications but also provide insight into whether additional efforts, such as 
redesign or part consolidation, are necessary to create a viable case for AM.

	→ Business Case Analysis

Ensure that a technically viable product aligns with a favorable business case when 
produced using additive manufacturing. Conducting an initial analysis will unveil the 
most significant factors for optimizing the business case.

	→ Design Optimization

Every manufacturing technology has its unique characteristics and design principles. 
Although AM offers substantial design freedom, its complete potential can only be 
realized by adhering to Design for Additive Manufacturing (DfAM) principles. Siemens' 
seamlessly integrated digital solutions enhance the consistency, traceability, and reli-
ability of the application development process — spanning from design and produc-
tion optimization to direct transfer of print files to the EOS AM system.
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	→ Process Optimization

By customizing the LPBF process parameters to match the specific application re-
quirements, it becomes possible to optimize productivity, buildability, and even en-
hance quality aspects such as surface roughness.

	→ Production Planning

A decrease in build time might not necessarily result in increased production capacity 
unless job changes are synchronized with the shift model. Through simulations using 
Tecnomatix, various production scenarios are visualized, aiding customers in select-
ing the appropriate production setup. This encompasses factors like the machine 
type, the shift model, or the necessary number of machines to fulfill capacity needs.
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Are you seeking to minimize support structures and reduce 
the cost per part for your application? With the utilization of 
Smart Fusion, we can effectively manage overheating during 
the printing process, resulting in a significant reduction of 
required support structures without compromising on build 
rate. This leads to substantial cost savings and a reduced 
carbon footprint due to shorter build times, decreased ma-
terial consumption, and minimized post-processing efforts.

Our Additive Minds team is ready to support you in assess-
ing the benefits of Smart Fusion for your specific applica-
tions by analyzing technical feasibility, cost per part and 
carbon footprint. Contact us today for a tailored assessment.

KSHP sustainable Heat and Power has great plans for the 
future, with a product that is well aligned with the increas-
ing concern over CO2 emissions and global warming. At the 
present stage, we are looking for further external invest-
ment to accelerate commercialization. Interested investors 
are invited to contact Monica Hall at monica@kshp.no or 
+47 911 05 369 for more information.

For Additive Manufacturing to become a reliable industri-
al manufacturing solution, the right tools and technology 
need to seamlessly connect design and development to 
the shop floor. The challenges of doing more with additive 
manufacturing are designing optimized parts that print 
first-time-right and repeatedly producing those parts at 
volume with quality. Siemens NX CAD/CAM/CAE and PLM 
solutions provide all of the necessary capabilities to indus-
trialize Additive Manufacturing so that companies can not 
only prototype, but also design and produce ground-break-
ing products at scale. For more information, please contact 
Adam Hiller or Benedikt Altmann.
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