
SUCCESS STORIES
SECOND WAVE

Computational Cloud Services and 
Workflows for Agile Engineering

Second revised edition



2

CLOUDFLOW
SECOND WAVE 
EXPERIMENTS

MOTIVATION

In engineering, computers and software are used in 

different phases and stages of the product lifecycle. 

Starting with styling, covering the design and 

simulation of many domains, e.g. durability, safety, 

emissions, etc., and spanning the optimization 

of the manufacturing resources and processes. 

Many computer-aided tools (CAx tools) are 
compute-heavy and too expensive to be 
affordable for SMEs. Additionally, data sets are 

huge and typically sensitive w.r.t. security issues. 

Cloud computing is known for data-centred tasks, 

thus well suited for running heavy simulations on 

scalable HPC resources, which themselves are 

hard to access and require a lot of skills typi-

cally also not available in SMEs. However, 

engineering applications do not only 

require software and hardware 

resources as engineers often 

think in workflows.
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CLOUDFLOW

CloudFlow has recognized the importance of 

supporting workflows as engineers do not work in 

isolated cells but always use different tools and tool 

chains – in automating tool chains there is a similar 

amount of benefits not yet exploited by others as 

there is in accelerating simulations on HPC clusters – 

CloudFlow is supporting both.

CloudFlow is a project, co-funded by the EC, with its 

unique proposition being the provision of a set of 
independent heterogeneous software services 

coming from different commercial SW vendors which 

can be composed to workflows (chains of tools) 

by the end user and executed in Cloud and HPC 

environments via its Portal – the Portal is becoming 

publicly available in 2016.

In addition, CloudFlow is making contributions in 

the field of data interoperability, semantic service 

integration and Web- / cloud-based visualization.

SECOND WAVE

The selected application experiments span the 

following topics: 

XX Optimizing Energy Consumption and Noise Emis-

sion of the Cooling Airflow for for Compressors

XX Plant Simulation: Optimization of Steel Structure 

Manufacturing

XX Electronics Design Automation (EDA): Modelling of 

MEMS Sensors

XX More Efficient Drug Production Using Cloud-Based 

Simulation of Bioreactors

XX Optimizing Heat Exchanger Design of Biomass 

Boilers Through CFD Simulation

XX Automobile Light Design: Thermal Simulation of 

Lighting Systems 

XX Plant Simulation: Discrete Event Simulation of 

Welding Lines

All information about the CloudFlow project can be found on: http://www.eu-cloudflow.eu
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MOTIVATION

Noise emission and energy consumption are 

two decisive factors for worker safety as well as 

human-compliant workplaces and resource-efficient 

factories, respectively. This CloudFlow application 

experiment aims at minimizing energy consumption 

and noise emissions created by the fan and the cool-

ing airflow for the reference case of compressors. 

This goal is achieved through introducing simulation, 

more specifically computational fluid dynamics 

(CFD), to the design and development process at 

BOGE and derive acoustics information from the 

OPTIMIZING ENERGY 
CONSUMPTION AND 
NOISE EMISSION OF THE 
COOLING AIRFLOW FOR 
COMPRESSORS 



 5

flow simulation results to influence fan selection and 

noise-reducing enclosure design. The resource-de-

manding CFD simulations have been carried out with 

FlowVision from Capvidia which has been cloudified 

and adapted to the CloudFlow Infrastructure within 

the course of the experiment. 

The experiment was an opportunity for BOGE to gain 

experience with CFD simulations and to introduce 

them to their development process that – so 

far – was based on building physical mock-ups 

and experimentation taking approx. 3-5 months 

of development time for one design variant of an 

enclosure-fan combination. 

GOALS OF THE EXPERIMENT

Product innovation: improving the ‘quality’ of the 
compressor–enclosure–fan combination based on 

the simulation results, quality here means:

XX optimized design for the shape of the enclosure

XX cooling-fan with lowest possible noise emission 

and power consumption

XX reducing development time from 3-5 months 

to 1-2 months 

XX lowering costs due to shortened development cycles

TECHNICAL IMPACT

The cloudified CFD software FlowVision by Capvidia 

enabled BOGE to economically predict the effects of 

enclosure design and fan selection more accurately 

than with the physical experimentally based 

approach formerly used. Some of the quantifiable 

technical/physical improvements are: 

XX reduced fan power consumption from 4 kWel 

to 2.75 kWel (> 30 percent) 

XX reduced fan noise (just fan, without compressor 

block) from 82.1 dB(A) to 75 dB(A) (almost  

10 percent - for our noise perception a reduction 

of 7 db(A) means that the new fan is almost only 
half as loud as the previous one)

XX reduced noise of the whole compressor by 0.9 

dB(A) (15 percent reduction of noise energy)

These noise reduction levels have been validated 

by physical experiments and measurements. These 

improvements have been possible due to the 

efficient HPC/Cloud-based simulations which have 4 

provided insight into physical effects (air pressure, air 

flow) which is invisible in physical experiments. These 

insights revealed that some of the measures taken 

in the past to reduce noise of compressors where 

actually only addressing the symptoms, negatively 
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Partners: 
XX BOGE KOMPRESSOREN Otto Boge GmbH & Co. KG – industrial company, Germany

XX Capvidia NV – SME, Belgium

affecting other performance parameters, instead of tackling the cause, e.g. noise 

reduction was compromising energy efficiency making the compressor less 

environmental-friendly than possible now after he experiment. 

Simulation time could have been reduced by a factor close to 4 by using HPC 

resources. The affordability of the HPC resources and simulation services 

could have been improved by a factor close to 4, too, in the reference case 

due to a pay-per-use model. 

This all contributes to reduced design and engineering time 

and costs. Yet alone, the design and layout of the split-
ter-type silencer can be calculated within hours 

instead of days that were needed before for the 

physical experiment. This allows for simulating more 

alternatives than physical ones can be built economically, 

finding better solutions for the product more likely. 

Putting it all together, the design cycle can be accelerated by a factor of 

5 roughly, because not only individual experiments can be accelerated by 

virtualising them, e.g. the splitter-type silencer from a week to a few hours, but 

also some of the physical mock-ups can be rendered superfluous by replacing 

them with digital ones on which virtual simulations can be performed. Thus, the 

experiment also contributes to better time-to-market.

OPTIMIZING ENERGY 
CONSUMPTION AND 
NOISE EMISSION OF THE 
COOLING AIRFLOW FOR 
COMPRESSORS 
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ECONOMIC IMPACT

Predicting noise emission and power consumption of a compressor more 

accurately in the development phase thereby avoiding physical validation steps 

has considerable economic advantages for BOGE in terms of development cost 

and time-to-market. Furthermore and based on the current number of delivered 

compressor systems existing BOGE clients will save electricity cost that 
amounts to about 350,000 euros per year. Finally, the important 

noise and power consumption reduction offers potential to increase 

the BOGE market share in particular in those markets in which 

either very silent or ultra-energy-efficient compressors are 

required. Taking the development cost reduction and the 

competitive advantage through better products and a 

faster time-to market into account, it is conservatively 

estimated that BOGE can increase their revenues by 
about 2 million euros over the next 5 years. 

Having demonstrated the successful application of its FlowVision 

CFD analysis software, Capvidia expects a twofold economic impact 

of the experiments results. Using the software using cloud HPC resources 

on a pay-per-use base makes CFD and therefore this software attractive 

and affordable for many more companies. This will increase the sales of SW 

licences considerably. Moreover, the combination of the CFD specific knowledge 

of Capvidia with HPC resources in a package provides the company with a new 

business model selling all-inclusive CFD simulation services where customers 

get a turnkey simulation result for a fixed price in a given short time. Capvidia 
expects to increase revenues by 5 million euros over the next 5 years 

thanks to the experiment ś results. 
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MOTIVATION

The current process of designing a new steel 

fabrication plant encompasses several steps and 

involves personnel with different competencies. At 

the beginning, the commercial crew interacts with the 

customer, in order to gather the plant requirements. 

Subsequently, the technical team prepares a first 

draft plant layout, based both on the customer re-

quirements and on the previous experiences related 

to very well-known plant layout templates. Based on 

a typical production mix, a production optimization is 

run in order to verify the expected plant performance. 

Since the needed simulation and optimization 

tools require powerful hardware, this task 

has to be done by the technical office 

and cannot be executed at the 

customer premises. 

PLANT SIMULATION:  
OPTIMIZATION OF 
STEEL STRUCTURE 
MANUFACTURING
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Therefore, a video of the simulation run is recorded 

by the technical office and sent to the customer. By 

watching the video, the customer develops a better 

understanding of the process and, typically, he wants 

to apply several changes to the layout or to the 

machines used. Those changes are sent back to the 

technical team, where a new simulation and optimi-

zation task is executed and a new video is generated. 

This loop is usually repeated until the required level 

of maturity of the solution is achieved.

Thus, the existing process is time consuming 
and inefficient because of many iterations, where 

only the technical team can run simulations and as-

sess the plant productivity, using dedicated worksta-

tions. Each production optimization of a typical plant 

of medium complexity (composed of 4 machining 

stations, 2 loading bays, 2 unloading bays and the 

automatic handling system) requires approximately 

8 minutes on a high-end, 8 cores desktop PC, while it 

requires 30 minutes on a normal laptop. Clearly, a 30 

minutes window for each optimization is prohibitive 

in a negotiation with the customer. Each month, 

at least 10 requests for early design modifications 

and simulation are sent to the technical office, to 

start and carry on the negotiation phase and the 

mentioned iterations (within the average of 20 new 

negotiations per year).

GOALS OF THE EXPERIMENT

The experiment is meant to optimize this process 

and to enable quicker and faster simulation and 

optimization even at the customers’ site. This vision 

requires the implementation of two could-based 

services to simulate and optimize the production 

of a complex manufacturing system, composed of 

several machines and conveyors. The two services 

are coupled with a client application meant to 

streamline the access and the steps required to suc-

cessfully simulate and optimize a production plant 

(i.e. upload of the simulation model, customization 

of the layout, selection of the production mix and 

visualization of the results). The technical objective of 

this experiment is thus to provide the functionalities 

of the simulation and optimization tools as cloud-

based HPC services, in order to achieve the main 

business goal to empower a wider range of user 
(i.e. the commercial crew) with quicker simulation 
and optimization solutions to be deployed at the 

customer’s premises.
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TECHNICAL IMPACT

The implementation of the experiment was 
successful in reducing the time needed to 

perform an optimization for a layout of medium 

complexity from 30 minutes to approximately 
3 minutes on portable devices, blowing away the 

barrier that made impractical the use of such tools 

during the negotiation phase, at the customer’s 

premises. Modifications can now be applied showing 

directly the effects of the changes, streamlining the 

interaction towards the best configuration. With the 

achieved implementation of the experiment, several 

direct economic benefits are expected over a short 

to mid-term period. 

ECONOMIC IMPACT

FICEP benefits from a more efficient proposal 
phase due to the streamlined interaction between 

the technical team and the commercial crew, now 

endowed by quick-everywhere simulation and 
optimization capabilities (for the average plant 

afore mentioned, the number of iterations is reduced 

from a minimum of 6 – where each iteration takes 4 

man-days – to 2, quantifiable in 4,800 euros savings, 

not taking into account the improved quality of the 

service offered). Taking into account the number 

of negotiations processes initiated per year, which 

were estimated before in 20 negotiations, this lead 

to an estimation of 96,000 euros/year savings. 

Furthermore, collaboration between different FICEP 

teams located worldwide is boosted, as the results 

of different layout simulation are stored in the cloud, 

further increasing the capability to properly address 

the customer’s needs.

The cloud-based configuration also allowed TTS 

to develop a new business (and pricing) model: a 

monthly 100 euros fee in a pay-per-use model allows 

to reach a wider number of SMEs having a limited 

expenditure capacity but a strong necessity of sim-

ulation functionalities especially during the machine 

design phase. These companies would benefit from 
a usage of the platform purchased as a service on 
demand. Such SMEs usually operate in niche mar-

kets providing speciality high-performing machines in 

small (also one-of) lots. This will result in an increased 

number of active customers for TTS, with more than 

20 additional machine manufacturers using TTS 

cloud-based solutions, resulting in 80,000 euros of 
additional sales over a 3 years time horizon starting 

from the project conclusion, with the creation of 

2 new jobs over the same time period.
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PLANT SIMULATION:  
OPTIMIZATION OF 
STEEL STRUCTURE 
MANUFACTURING

Partners: 
XX FICEP S.p.a. – industrial company, Italy

XX Scuola Universitaria Professionale della 
Svizzera Italiana (SUPSI) –  

R&D institution, Switzerland

XX Technology Transfer System (TTS) S.r.l. –  

SME, Italy
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MOTIVATION

Integrated circuits (microchips), are designed, modeled 

and simulated in more than 20 discrete design steps. 

Near the final steps where the design evolves to a 

physical layout, it is important that the models of the 

chip used in simulations are realistic, accounting for the 

electromagnetic behavior of the actual materials and 

geometries, so as to avoid performance shortcomings 

due to unforeseen, so called “parasitic”, electrical 

and electromagnetic properties of the various chip 

components. 

Our EDA CloudFlow Application Experiment aimed to 

derive such realistic electrical models of certain 

parts of a MEMS sensor, aiming add to it com-

ponents and functionality without increas-

ing the overall chip area. The particular 

MEMS sensors are designed and 

manufactured by EUROPEAN 

SENSOR SYSTEMS (ESS).

ELECTRONICS DESIGN  
AUTOMATION (EDA):  
MODELLING OF MEMS 
SENSORS
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GOALS OF THE EXPERIMENT

XX Product innovation:

XX use cloud version of Helic’s modeling software 

to derive realistic chip models and free-up 

space on the chip

XX use the freed space to add new on-chip 

components and thus broaden the market 

opportunities for the chip

XX Enable the particular innovation by using an on-

cloud version of Helic’s software

XX Reduce chip de-risking time by 1.5 weeks for the 

particular 12 week exercise (10 percent time saving)

TECHNICAL IMPACT

In this particular experiment Helic’s cloudified 

RaptorX parasitics extraction software, helped ESS 

modify its MEMS chip design and add interfaces for 

a broader range of devices, while maintaining the 

same chip dimensions and cost. In particular ESS:

XX freed 5 percent off the chip area, by placing 

closer together certain on-chip transmission lines, 

whilst maintaining achieved levels of performance

XX utilized the freed area to add components 

and extend the ASIC’s ability to interface with all 

combinations of capacitive sensor structures

XX ensure that is no crosstalk on the chip, without 

manually implementing pre-modeled generic 

foundry components

Further than the particular experiment and for more 

complex designs, IC designers have the following key 

benefits:

XX Capture hard-to-discover crosstalk between 

blocks of different hierarchies

XX Include all electromagnetic and substrate effects 

in the derived models

XX Account for High-frequency resistance, self-in-

ductance, mutual inductance, capacitance and 

substrate models in a single extracted file

XX Quantify crosstalk between nets across multiple 

blocks

XX Work on large circuits within realistic time scales

ECONOMIC IMPACT

End-User: Savings aspect
From the IC designer perspective, access to Helic’s 

software over and HPC/cloud – enabled platform, 

provides a unique pay-per-user flexibility. Helic’s 

software accepts generic format input (GDSII file of 

the physical design) and does not constrain the end 

user to the use of a specific hardware platform/OS or 

specific Electrical Design software suite.
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The time saving benefit from using Cloud Extraction 

services depends mainly on the complexity of the cir-

cuit that needs to be extracted and the capabilities 

of the cloud hardware. In the case of large designs, 

and considering that cloud hardware and optimized 

computing algorithms result in half the extraction 

time (conservative assumption) this could yield an 

overall project duration improvement of around 10 

percent. 

In the present demonstration, since only a small, 

but crucial, part of the chip was extracted, the 

improvement due to the small extraction time is 

negligible. However, if one takes into account the 

time saved compared to the time needed to utilize 

alternative strategies to extraction (substitution of 

metal lines with pre-modeled METAL RESISTOR CELLS 

and utilization of conservative rules on physical 

design), then the overall project’s duration benefit 
is around 10 percent. In terms of production costs 

reduction, were ESS to directly reduce chip area 
by 5 percent without adding the extra components, 

they would achieve a cost saving of approximately 5 

percent on wafer costs. For an indicative cost of 0.8 

dollars/chip, savings would be in the order of 40,000 

dollars (36,700 euros) for 1 million pieces. It must be 

stressed however, that in this particular instance ESS 

benefits not from dollar savings on Si area, but on 
added functionality!

In terms of software license fees savings, should ESS 

decide to introduce the SaaS version of RaptorX in its 

design flow and employ it on crucial chip’s blocks, the 

cost reduction for ESS’s use of the cloud’s extraction 

scheme vs the standard extraction scheme is in the 

order of whopping 80-90 percent. This would result 

in savings compared to the overall EDA tools licensing 

cost that ESS utilizes, of 25-30 percent, which may be 

up to 40,000 euros per year.

Additional financial benefits for designers include 

(a) savings on expensive tape-outs (chip prototypes) 

and subsequent measurements which show chip 

misbehavior due to unaccounted parasitics in the 

model (b) avoiding losses incurred by getting into the 

market with underperforming and thus underpriced 

chips, in order to meet customer timescales. Such 

savings vary widely, depending on chip technology, 

volume and application area.

End-User: Market prospects
ESS products address a large market of micro-com-

ponent solutions providers (for smart phones, 

tablets, ultra-books, and wearable devices). Currently 
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estimated  

market size is at 3.7 

billion dollars whereas 

with current growth rates this 

market will have grown to 4.5 bil-

lion dollars with ESS’s potential share 

being at 0.2 percent generating revenues 
of a ballpark 10 million dollars. The Hu-

midity sensors market alone, which is addressed 

by the improvements achieved in this experiment, 

is a fast growing segment, and was estimated at 

approximately 300 million dollars for 2017, while a 

single customer alone can bring in a 2.5 million – 3 

billion dollars deal if their specification is met.

ISV: New market prospects
Helic, has developed from scratch and has success-

fully demonstrated a platform-agnostic web version 

of its RaptorX software, suitable for IP and Design 

Services SMEs as well as for the Academia. Security 

concerns over valuable IP leaking to the outside 

world, are not founded in the case of only partial 

chip processing, as long as any disclosing elements 

of the chip design, functionality, end application or 

ELECTRONICS DESIGN  
AUTOMATION (EDA):  

MODELLING OF MEMS 
SENSORS

© Joachim Wendler– fotolia



16

customer do not leave the designer premises. Further security enhancements 

will depend upon the Cloud service provider and any additional security platform 

employed. Successful market take-up of the SaaS offering, could see Helic 

gaining revenues from the SME market where Helic’s standard products version 

are normally outside most SMEs’ budget limits.

The global SME IC designers’ market targeted by Helic is estimated at 20-28 

million dollars and Helic could be looking at a 2 percent penetration in 

3 years from now. With Helic’s currently envisaged pricing model 
this sort of penetration could bring another 0.5 million dollars 

in 3 years from now.

In terms of new jobs, we estimate that 2 new job 
posts will be created to launch the SaaS product 

and until a 150,000 euros mark of additional revenue is 

achieved. Following that, it is estimated that another 1 job post 
will be created per 100,000 euros of revenue. More job posts 

may be created due to promotion effects (e.g. via academic usage).

ENVIRONMENTAL IMPACT

Amongst other things, Helic’s software can be used to reduce a chip dimension, 

by allowing chip designers to bring closer together various on-chip components. 

The two main motivators behind reducing chip size are (a) smaller chips for 

smaller devices and (b) cost. The former has been an ongoing trend and market 

requirement from the very beginning of the electronics sector.

Cost savings due to chip area reduction is a major driver, since (a) the cost of a 

printed Si wafer is the same regardless of how many chips have been printed on 

ELECTRONICS DESIGN  
AUTOMATION (EDA):  
MODELLING OF MEMS 
SENSORS
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it and (b) yield improves a lot as chip area is reduced, 

because the same number of on-wafer defects 

produce less defective chips.

Raw material savings (Silicon, Si) are minuscule whilst 

also Si is abundant on the planet.

However, there is a lot to be saved in terms of energy 

and water by reducing chip size.

Although it is extremely difficult and complex to 

accurately estimate such savings, we indicatively 

base our calculations on a 2002 estimation which 

stipulated that a 2 g (memory) chip requires:

XX 1.6 kg of fossil fuel

XX 72 g of chemicals

XX 32 kg of water

Adapting this gross approximation to our experiment 

and ESS’s electronics (which, however are not mem-

ory chips), we have:

5 percent savings on a relatively small quantity of 1 

million of ESS chips originally sized at 1640x1600 um 

each give approximately of savings in Si chips. Very 

roughly and not accounting for shrinkage effects in 

chip packaging, processes, yield and a large number 

of other parameters, we could obtain savings of:

XX 188 kg of fossil fuel
XX 8.46 kg of chemicals
XX 3.76 tons of water

If the above calculation gets the order of magnitude 

approximately right, and given that we live in a world 

with dozens of billions of microchips being produced 

every year, there is certainly potential for massive 
savings on natural resources by reducing the size of 

those chips.

Partners: 
XX ATHENA Research & Innovation Center – R&D institution, Greece 

XX European Sensor Systems (ESS) – SME, Greece 

XX Helic S.A. – SME, Greece
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MORE EFFICIENT 
DRUG PRODUCTION 
USING CLOUD-BASED 
CFD SIMULATION OF 
BIOREACTORS

MOTIVATION

Aerated stirred reactors, the most common type of both small- and large-scale 

bioreactors, are used for performing microbial fermentation or mammalian cell 

culture unit operations for the production of biological therapeutics such as 

vaccines, hormones, proteins and antibodies. Usually, basic design criteria have 

been adapted in such a way as to meet the requirements of cells. In particular, 

the shear sensitivity requires consideration in impeller design, aspect ratio 

and aeration. Sufficient oxygen transfer and carbon dioxide removal are 

very important criteria in selecting a bioreactor system. Taking into 

account the process criteria, the scale-up process of bioreactors 

still presents a challenge and requires detailed knowledge 

about diverse fields such as the mixing processes, agita-

tion, aeration, heat and mass transfer, etc.

Computational Fluid Dynamics (CFD) is a simulation approach 

that can be successfully used for the characterization of biore-

actors by evaluating process parameters. Useful processes can be 

obtained using CFD already in an early development stage of the devices 

without the need for building-up a prototype. Furthermore, CFD tools can be 

successfully used in the scale up/down process, in order to reduce the number 

of prototypes and therewith production costs.

GOALS OF THE EXPERIMENT

The main challenge in the calculation is the treatment of multiphase systems and 

long process time of several hours which leads to long calculation time, which 

is not suitable for industrial application. In order to overcome these limitations 

and to apply CFD simulations in the development process, a highly optimized 
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workflow and huge computational resources are 

required. For instance, an estimation of the oxygen 

mass transfer coefficient for only 1 variant takes about 

1 week of computational time (using a single computer 

with 12 CPUs). This is mainly caused by the need to run 

transient simulations up to 20 seconds. The time must 

be completely simulated and in addition the simulation 

has to run with very small time steps caused by multi-

phase simulations (e.g. 0.01s). 

Simulation is becoming more and more interesting 

for the industry in the case of comparing several 

simulation variants but only if the calculation takes no 

more than 1 week. There are several advantages 

of high performance computing, such as the 

possibility of parallel calculations using 

“supercomputers” and simultaneously 

full cost control (costs per hour of 

use). Furthermore it offers an 

opportunity to use high-end 

simulation technology 
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MORE EFFICIENT 
DRUG PRODUCTION 
USING CLOUD-BASED 
CFD SIMULATION OF 
BIOREACTORS

in the development process without additional fixed costs (such as licences and 

hardware costs). An optimized simulation workflow for the HPC/Cloud infrastruc-

ture offers SMEs a possibility to exploit the advantage of this technology directly 

for their own products, without huge investment costs and a long period of 

vocational adjustment.

The aim of the presented project was to adapt the virtual process for 

cloud-based multiphase simulations of a bioreactor in order to perform 

a DoE analysis (Design of Experiments). SES-Tec, as the end-user 

in the experiment, is planning to offer the obtained know-how 

and services to their customers with a significantly faster, 

automated and proven simulation workflow using the 

CloudFlow infrastructure. Obtained results during 

the project time will be used for demonstration, where 

DoE calculations will be shown as a state-of-the-art method 

for the bioreactor analysis already available for the complex 

multiphase simulations in pharmaceutical industry. 

ECONOMIC IMPACT

Using the Cloud-based simulation technology it is possible to carry out analysis 

of bioreactors with clearly reduced costs due to reduced calculation time of 

parallel simulation variants and full cost control. Through the parallel calculation 

of a huge number of variants in a very short calculation time it enables 

the opportunity to get new customers. Addressing a customer segment defined 

by the pharma, biopharma, automotive and general engineering industries, in a 

three-year horizon SES-Tec estimates to face a market size of around 4.7 billion 

dollars, with a potential share reaching 20,000-50,000 euros/year and leading 
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to an increase of 15 percent of actual turnover due to only Cloud comput-

ing. Furthermore, SES-Tec is planning to hire a new employee, which deals 

exclusively with cloud computation. AVL-List as independent software vendor in 

the experiment benefits by new customers or more sold licences. Moreover, a 

new Cloud-based business model was created as well. In the three-year perspec-

tive, AVL is expecting an increase of the sold Cloud-based licences by 5-10 
percent (about 150,000 euros in three-year perspective). Only for the 

Cloud computing, AVL is expecting to offer between 2 and 5 new job 
positions. Furthermore, AVL also expects to gain new clients and 

to increase the number of AVL-FIRE users up to 15 percent in 

three-year perspective. 

TECHNICAL IMPACT

The computational time for design of experiments (DoE) 

analysis was decreased from 5 weeks to 1 week. Due to 

huge computational resources in the cloud, all 25 simulations 
variants can be run in parallel and not one after the other. This 

number of variants are typical for DoE analysis, but are not limited 

anymore thanks to Cloud-based technology. Furthermore, the number 

of simulation variants is no longer related to the in-house hardware 
resources and therefore no investments are needed. Finally, each bioreactor 

manufacturer can benefit from proven and validated simulation technology and 

workflows for this kind of application.

Partners: 
XX AVL List GmbH – industrial company, Austria 

XX SES-Tec OG – SME, Austria
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OPTIMIZING HEAT 
EXCHANGER DESIGN 
OF BIOMASS BOILERS 
THROUGH CFD 
SIMULATION

MOTIVATION 

Biocurve manu-

factures condensing 

biomass boilers for central 

heating and hot water systems 

for domestic users. The design 

of such boilers is currently based on 

the experience of the Biocurve technical 

staff. A prototype is designed, and then the 

original design is improved through trial-and-error 

cycles. The only software used in the design process is 

computer-aided design (CAD) software (viz SolidWorks) 

and spreadsheets. Currently, the time needed to design 

a prototype of a condensing biomass boiler is close to 6 

months. An additional 6 months are necessary to bring 

the prototype boiler to the market (construction, refine-

ment, testing and official approval). With this current 

methodology, the capability of Biocurve to develop new 

boiler models or improve existing ones is very limited.

GOALS OF THE EXPERIMENT

The objective of this experiment has been the intro-

duction of computational fluid dynamics (CFD) tools, in-

tegrated in a cloud environment, in the design cycle for 

the condensing biomass boilers of Biocurve. The CFD 
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tools (automatic mesh generator, CFD solver and CFD 

post-processing) have been applied to the simulation 

of the heat exchanger, one of the main components 

of the boilers manufactured by Biocurve. One of the 

challenges of the experiment has been the creation of 

a user-friendly interface and workflow. This has been 

a main requirement of the experiment, since Biocurve 

staff has never employed CFD tools previously.

TECHNICAL IMPACT

The resulting CloudFlow application allows Biocurve 

to design a heat exchanger not only in terms of 

thermal performance but also in terms of material 

use (fewer tubes or shorter tubes). This was not 

possible with the previously existing workflow. Also, 

this application enables Biocurve to research the 

performance of a number of possible modifications 

or improvements that, up to now, was also unfeasible 

because it would have required building physical pro-

totypes. As a result, in terms of the product design 

and innovation, the design of the heat exchangers 

can be optimized, both in the flue gas side (number, 

total length, diameter, curvature and slope of flue gas 

pipes) and in the water side (water tank geometry). 

During the experiment, the following technical 

improvements have been achieved:

XX Development of a virtual model of the current 25 

kW boiler model in which the number of pipes has 
been reduced from 10 to 3. The reduction of the 

number of pipes in this model represents a saving 
of 18 kg of stainless steel (a 32 percent of the 

original weight of the pipes of this boiler). This lower 

number of pipes implies savings of raw material, 
but also, savings in fabrication costs (lower hours 

of workforce required, smaller insulation needed, 

less paint) and transport costs (lower volume of 

the boiler). The total cost saved estimated for this 

model is around 400 euros per unit. 

XX Adapting an elliptical geometry for the tubes 

(currently the pipes have a circular geometry)

XX The water side has been modified in order to get a 

more homogenous distribution of the water mass 

flow throughout the water tank

XX As a result of these modifications, the volume of the 

25 kW boiler model has been reduced by 30 percent. 

This reduction saves material costs and, also, allows 
the installation of these boilers in a greater 
number of houses, since space is often of essence.

Also, the CloudFlow application contributes to reduce 

the time (and costs) to bring a new boiler to the 

market. Thus, the time-to-market for a new boiler can 

be reduced from currently 1 year to 8 months (a time 
reduction of 33 percent). 
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OPTIMIZING HEAT 
EXCHANGER DESIGN 
OF BIOMASS BOILERS 
THROUGH CFD 
SIMULATION

ECONOMIC IMPACT

The use of the CloudFlow application can save Biocurve around 23,000 euros in the 

design of a new boiler model, taking into account the reduction of the number of pro-

totypes should be built and, as a consequence, the lower time-to-market required. 

The Cloud application would allow Biocurve to increase the number of new models 

developed per year (currently, Biocurve is able to design 1 new model per year). 

The reduction of the size of the boilers due to a better design can save around 
15 percent of the total costs of a boiler.

This product (condensing biomass boilers) is positioned in the 

residential/commercial pellet boilers market. According to the 

European Bioenergy Outlook, edited by AEBIOM (http://

www.aebiom.org/blog/category/publications/statistics/), 

the European potential market for residential pellet boiler 

(up to 50 kW) is expected to grow up to 2020 in more than 

500,000 units, as well as some 30,000 commercial pellet boilers 

(more than 50 kW). Biocurve analyses Europe as a whole market 

and their boilers comply not only with European legislation, but also with 

local regulations (particularly British, German, French, Austrian, Italian and, 

of course, Spanish legislations). With the CloudFlow application, Biocurve will be 

enabled to speed up the maturity of some products (15 kW, 25 kW or 100 kW) even 

1 year in advance and enter in some currently unaffordable markets thanks 
to reducing costs (that is, low outputs markets and Eastern Europe market). It is 

estimated that sales of current boilers will be increased by 80-100 units/year, new 

sales of lower output range boilers will reach 100-150 units/year and of higher 

output boilers, 50-80 units/year. Addressing a customer segment defined by the 

domestic and commercial (tertiary) heating sector, in a three-year horizon  Biocurve 
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estimates to face a market around 600,000 
potential buyers, with a potential share reaching 

0.05 percent and leading to incomes of 2.55 million 
euros. Between 3 to 6 new jobs would be created if 

this volume of sales will be reached.

From the point of view of nablaDot, this experiment 

has provided nablaDot with a new business model, 

through the development of CFD tools on the cloud. 

This business model can be offered both to SMEs and 

large companies. Currently, nablaDot’s business (ap-

proximately 90 percent of the turnover) is based on 

CFD consultancy using commercial CFD software and 

in-house computational resources. In the long term 

(5 years from now), it is expected that 40-50 per-
cent of the turnover (around 150,000 euros) will 
be related to ad-hoc development and supporting 

of CFD tools used in the cloud. 3 new engineers are 

expected to be hired thanks to this line of business.

UNIZAR-BIFI provides computing power to mainly 

local manufacturing companies. In the medium term 

(3 years), the market size of HPC centers (companies 

demanding power computing) is expected to be twenty-

fold. This experiment will help to expand its services to a 

wider geographical range and to maintain its remarkable 

position as a HPC center. According to the expectations, 

this will represent an increase of incomes between 
30,000 euros and 150,000 euros in the next 3 years 
and the creation of new jobs (between 2 and 5).

The results of this CloudFlow experiment are an 

excellent proof of the advantages of the cloud-based 

simulations. The access to HPC resources through 

the Cloud offers relevant benefits: obviously, 

simulations are run faster, more complex models can 

be implemented or alternative designs can be calcu-

lated in parallel; as a result, the design process is not 

only improved but accelerated, since best solutions 

can be find sooner. Thus, the tool developed in this 

experiment is expected to be offered to at least 
15 manufacturers of heat exchangers (from 

different sectors, such as oil and gas industry, food 

industry, power sector or automotive sector).

Partners:
XX BioCurve, S.L. – SME, Spain  

XX nablaDot S.L. – SME, Spain  

XX Universidad de Zaragoza – R&D institution, Spain



26

AUTOMOBILE LIGHT 
DESIGN: THERMAL 
SIMULATION OF  
LIGHTING SYSTEMS

MOTIVATION

The development of head and rear lamps is totally condi-

tioned by the outer style surfaces. Often this forces lamp 

designers to work with reduced spaces. Heat dissipation 

is very difficult in these conditions and the plastic material 

may degrade, losing its optical and esthetic properties. 

Simulation is a powerful tool to test virtually the thermal 

and mechanical performance of lighting systems. The 

simulation process consists of several stages. Each one 

requires a lot of time to generate the models and to ob-

tain results. The new procedure based on the CloudFlow 

portal cuts off the time requested in the whole process, 

saving at the same time and cost in license fees. 

In addition to the time and cost/project reduc-

tion, the collaboration with the partner 

CSUC (HPC) has given to an SME like 

BTECHC the possibility to run 

bigger models improving the 

simulation quality and in-

creasing the number of 

simulation rounds 

per project. This 

aspect is  
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crucial to check more strategies for heat dissipation, to 

decide the convenience of using thermal shields and, 

to select materials and surface treatments properly. 

GOALS OF THE EXPERIMENT

XX Improving the simulation process to speed up 

the product innovation in lighting systems. This 

means:

XX Optimized design in terms of the material 

thermal performance.

XX Optimized design in terms of the best strategy 

of thermal dissipation.

XX Increasing the number of simulation rounds per 

project.

XX Lowering costs due to savings in commercial 

license fees.

The new simulation methodology has been validated 

by comparison with previous simulated results and 

experimental measurements.

TECHNICAL IMPACT

Any CFD software to be used in thermal simulation 

of lighting systems is very demanding in computing 

resources. Robustness and reliability are strongly de-

pendent on the number of cells used in models. The use 

of high performance computing is very convenient to 

run this kind of simulation. Although the computational 

cost provided by HPC is quite reasonable, the license fee 

of commercial CFD software depends on the number 

of cores to be used in the simulation and makes it 

unaffordable for an SME like BTECHC. The CloudFlow 

experiment has enabled BTECHC the chance of working 

with OpenFoam (CFD open source) after enhancing its 

capabilities of modeling properly the radiation phenom-

ena. It has been estimated savings of 80 percent in 
license fees and 38 percent in computing costs. 

In addition to the cost reduction, the cloudified pro-

cess reduces by 75 percent the workflow execu-
tion time due to the use of supercomputing and the 

automatization of several stages in only one single 

workflow. This fact enables BTECHC increasing the 
number of simulation rounds per project from 
3 to 10 which allows better product optimization. 

Another important advantage for BTECHC is being 

able to run the workflow via the CloudFlow portal 

from any place with Internet connection as well as 

using the remote post processing through the portal 

by means of a powerful graphical node. Now the 

simulation results can be discussed directly with 

the customer without investing time reporting or 

creating videos to support explanations.
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AUTOMOBILE LIGHT 
DESIGN: THERMAL 
SIMULATION OF  
LIGHTING SYSTEMS

ECONOMIC IMPACT

Every year the automotive industry starts near 500 new developments of head 

and rear lamps. It is estimated that the funds devoted to outsourcing CAD and 

CAE activities (BTECHC core business) are approximately 360 million euros world-

wide. BTECH began supporting the automotive lighting industry in 2009. One of 

the BTECHC strategies to win market share is offering services not covered by 

the competitors. Thermal simulation, due to its complexity, is one of these 

services. Until now, the simulation service had two main drawbacks: 

cost and number of loops per project. The CloudFlow experiment 

is a solution for BTECHC clients who claimed for time and cost 

reduction. 

Summing up all cost/project involved in the project 

execution, the total cost difference between the old 
and new procedure is approximately 76 percent. This 

huge cost reduction should lead BTECH to a better position to 

win market share as provider of engineering services.

Taking the development cost reduction and the competitive advantage 

through better products and a faster time-to market into account, it is 

estimated that BTECHC can increase their revenues in simulation services 
by about 240,000 euros over the next 3 years. It is expected the creation of 
2 new jobs allocated to the CAE&CFD department for this period of time. It is 

estimated that synergies with the CAD team would increase the revenue in 
CAD services in two times reaching 1.2 million euros.
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Regarding the CSUC activities as HPC, after the CloudFlow portal deployment 

CSUC users have easier ways to follow up their jobs. Before the experiment, a 

pay-per-use payment modality was in use and the value of each simulation was 

accounted by the CPU time. After the CloudFlow experiment other resource 

which do not consume much CPU time (such remote visualization) are properly 

accounted using the wall clock. 

Addressing a customer segment defined by the CAE simulation 

sector in the European industry, in a three-year horizon CSUC 

estimates to face a global market size of around 100 

customers, with a potential share reaching 5 percent 
and leading to incomes of 50,000 euros. With this 

new resources available CSUC plan to create 1 new 
job to support the new users and develop the existing 

infrastructure.

Another important advantage for BTECHC is being able to run 

the workflow via the CloudFlow portal from any place with Internet 

connection as well as using the remote post processing through the portal 

by means of a powerful graphical node. Now the simulation results can be 

discussed directly with the customer without investing time reporting or creating 

videos to support explanations. 

Partners: 
XX Barcelona Technical Center (BTECHC)– SME, Spain

XX Consorci de Serveis Universitaris de Catalunya (CSUC)– SME, Spain
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MOTIVATION

Discrete event simulation (DES) of production and 

logistics processes is a well-established method to 

support engineering throughout a variety of manu-

facturing industries all over Europe, today. However, 

the process of conducting a simulation project and 

conducting simulation experiments is still a very 
individual and rather handcraft-like activity 

with the software residing on rich clients at the desk 

of each simulation engineer. The overall process and 

the outcome of simulation projects are highly depen-

dent on the skills and the experience of the involved 

simulation experts and planning engineers.

GOALS OF THE EXPERIMENT

The SIMCASE experiment allows engineering com-

panies (mainly in the automotive sector but with a 

high potential for other industries, too) to search for 

improved factory layouts far more efficiently than 

before. This is achieved by deploying discrete-event 

simulation (DES) models into the cloud. The use of 

Cloud resources for the simulation runs significantly 

increases the number of evaluated config-
urations, ending up with better manufacturing 

solutions (e.g. less buffer space and less investment 

in buffers; better utilization of robots).
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ECONOMIC AND  
TECHNICAL IMPACT

These improved solutions directly 

lead to cost benefits: reduced size of 

required buffers and equipment result 

in a decrease of investment for about 
4-8 percent which translates to more than 
50,000 euros per manufacturing system. Costs 

for engineering hours are saved to an extent of 

10-20 percent compared to a conventional 

approach by being able to share data 

in an easier way and by parallelizing 

modelling and model execution 

(i.e. simulation). A major 

benefit for the end users, 

specifically for engi-

neering SMEs, is 
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also the distributed world-wide access to very costly 

software on a per-use part time basis.

Companies’ direct costs in software and hard-
ware can be reduced up to 80 percent considering 

that a simple notebook can run the client application 

and allow users to input parameters for simulations 

to be calculated and executed at a remote HPC 

provider, whether the simulation is conducted as 

one experiment or hundreds of experiments (variant 

simulation – design of experiments, DoE). 

For SimPlan as independent software vendor (ISV), a 

Cloud-based offering leads to new revenue channels 

not only for software but also for engineering services 

and also to higher market coverage. The results of the 

experiment did exceed SimPlans initial expectations by 

far: the implemented solution fits nicely with existing 

offerings and will lead to approximately 300,000 
euros additional revenue within the next 5 years 
resulting in about 1.5 additonal full time equiv-
alents. It also turned out that the results are a door 

opener for in-depth discussions with major German 

automotive OEMs about them adapting the solution.

For Introsys as engineering SME, the offering leads 

to reduced engineering and software costs and 
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Partners: 
XX Introsys-Integration for Robotic Systems – SME, Portugal

XX SimPlan AG – SME, Germany

XX University of Kassel Department of Organization of Production and Factory 

Planning– R&D institution, Germany

improved offerings (engineering solutions) for their 

customers.

Introsys intends to provide better and innovative ser-

vice to its clients. With a more cost effective work pro-

cesses using Simcase Introsys can assure more quality 

to its clients (machine builders). This machine builders 

(first tier suppliers of the automotive industry) assures 

better production processes and products with lower 

costs. With Simcase Introsys maintains itself in a 

competitive edge relative to their competitors because 

they can reduce 90 percent of the software license 
costs for a team with 10 robot programmers. The 

Cloud solution also improves the software process 

quality in 10 percent. Addressing a customer segment 

defined by the Automation/Automotive/Logistic (OEM 

and Machine Builders) industry, in a three-year horizon 

INTROSYS estimates to face a market size of around 

42 billion dollars, with a potential share reaching 0.05 

percent and leading to incomes of 17 million euros 
and about 20 additional employees.
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END USER
XX Barcelona Technical Center (BTECHC) – SME, 

Spain 

XX BioCurve, S.L. – SME, Spain 

XX BOGE KOMPRESSOREN Otto Boge  
GmbH & Co. KG – industrial company, Germany 

XX European Sensor Systems (ESS) – SME, Greece

XX FICEP S.p.a. – industrial company, Italy

XX Introsys-Integration for Robotic Systems – 

SME, Portugal

XX SES-Tec OG – SME, Austria

PARTNER
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SOFTWARE PROVIDER
XX AVL List GmbH – industrial company, Austria 

XX Capvidia NV – SME, Belgium

XX Helic S.A. – SME, Greece

XX nablaDot S.L. – SME, Spain

XX SimPlan AG – SME, Germany

XX Technology Transfer System (TTS) S.r.l. – SME, Italy

HPC PROVIDER
XX Arctur d.o.o. – SME, Slovenia

XX Consorci de Serveis Universitaris  
de Catalunya (CSUC) – SME, Spain

XX Universidad de Zaragoza – R&D institution, Spain

RESEARCH & DEVELOPMENT
XX ATHENA Research & Innovation Center – R&D institution, Greece

XX Scuola Universitaria Professionale della Svizzera Italiana (SUPSI) –  

R&D institution, Switzerland

XX University of Kassel Department of Organization of Production  

and Factory Planning – R&D institution, Germany
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CloudFlow is running three waves of 

application experiments in total. The third wave 

comprises experiments from the following fields:

XX Simulation and optimization of additive manufac-

turing for improving the gearbox production 

XX Optimizing machining processes through big data  

from cyber-physical systems – CUSTOMISE

XX Empowering adaptive manufacturing via Clouds – 

MANUCLOUD 

XX Cloud-based simulation for optimal rubber 

injection moulds

XX Cloud-based optimisation of extrusion dies

XX Optimising fire safety of shopping centres – Fire in 

the Cloud

XX Optimal suspension design in the Cloud – CLISOD

THIRD WAVE
EXPERIMENTS
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The third wave brings the following new partners to the CloudFlow consortium:

XX BORIT – Belgium

XX CIMNE - Centre Internacional de Mètodes Numèrics  
en Enginyeria – Spain

XX COTTES GROUP – Spain

XX CU - Coventry University – United Kingdom

XX CYPE SOFT, S.L. – Spain

XX DHCAE Tools GmbH – Germany

XX Donerre Suspension – France

XX EMO Extrusion Molding GmbH – Austria

XX INO – Ingenieurbüro für Numerische  
Optimierungsmethoden – Germany

XX ITAINNOVA - Instituto Tecnológico  
de Aragón – Spain

XX ITECAM - Centro Tecnologico del Metal de Castilla La 
Mancha – Spain

XX MIJU, S.A. – Spain

XX NOESIS – Belgium

XX PKT - Powerkut Ltd. – United Kingdom

XX STAM – Italy

XX STANDARD PROFIL SPAIN, S.A. – Spain

XX STT Engineering & Systems – Spain

THIRD WAVE
PARTNER
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INFRASTRUCTURE 
AND PORTAL

The CloudFlow Portal is the entry 

point for workflow execution in the Cloud-

Flow Infrastructure . The Portal encapsulates 

the technical details and provides complete 

end-to-end solutions to the end user. Furthermore, 

the Portal provides added value by enabling the 

symbiosis of key competencies and knowledge. The 

CloudFlow Portal enables easy and straightforward 

access to the Cloud/HPC resources. 

The CloudFlow Infrastructure is hosting the 

CloudFlow Portal as a web server running on a 

virtual machine. Users can start and interact with 

workflows from the CloudFlow Portal. Software 

vendors can use resources within the Infrastructure 

seamlessly, in some cases even without the users 

noting that HPC resources are used in the back-

ground to accelerate calculations.
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Currently the CloudFLow Infrastructure contains 

components from the following commercial 
software offers:

XX AVL Fire from AVL List 

XX Express Data Manager by Jotne 

XX FINE product suite by Numeca

XX FlowVision by Capvidia

XX OpenFOAM

XX Plant simulation tools from TTS

XX Raptor/X by Helic SimAssist by SimPlan 

XX SimulationX by ITI

XX TopSolid by Missler

The third wave is adding further tools to the 

infrastructure. The following software solutions are 

available with the involved HPC centres and can be 

provided upon request:

XX Ansys 16.0 by Ansys

XX ElmerFEM, OpenFOAM, ParaView, Octave

CloudFlow is looking for further ISVs to integrate 

their software and further end users benefitting 

from the infrastructure. The 46 partners constituting 

the consortium are acting as competence 

centres to help and consult new customers 

of CloudFlow. The company clesgo UG 
is founded to sustainably provide, 

maintain and expand the Cloud-

Flow results.
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