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1 Final publishable summary report 

 An executive summary 1.1

CloudFlow is an Innovation Action within the I4MS initiative of the Factories of the Future PPP aiming at 
making the use of HPC and Cloud resources a practical alternative for manufacturing SMEs. Advanced ICT 
such as simulation and optimization software requires a high level of investment, being it financial or 
intellectual (expertise, training, know-how). This renders such technology prohibitive for many SMEs and 
even mid-caps. However, advanced ICT is key to innovate and stay competitive in an ever more demanding 
market. 

CloudFlow has developed an infrastructure with unique features: it allows for combining heterogeneous 
tools from different software vendors into workflows and executing them on both cloud and HPC resources. 
The workflow concept and dedicated web apps ease the use of simulation technology for non-experts. The 
infrastructure was developed over the course of the project and validated in 20 application experiments with 
more than 15 end users from different manufacturing segments looking for improving processes, products or 
both. 20 ISVs / engineering consultants have cloudified their software tools and embedded them into 
CloudFlow workflows for enabling successful experiment completion. These tools can be used beyond the 
scope and duration of the experiments and the project from the CloudFlow Portal. 

The experiment results already have contributed to improved competitiveness through better products and 
/ or shorter time-to-market with reduced costs and positive environmental impact (for more details on the 
technical and economic impact see the sections dedicated to the results for the end users and the ISVs). All 
in all, CloudFlow has generated more than 60 exploitable results: each of the 15 end users exploits the 
improved process, product or both. Each of the ISV exploits the cloudified tool and workflow. The overall 
CloudFlow infrastructure will be exploited by the partners via the start-up company clesgo.  

CloudFlow has contributed considerably to awareness rising of the benefits of simulation and optimization 
technology for manufacturing SMEs in being present at conferences, fairs, symposia, workshops and the like. 
Close to 200 dissemination events have been run in the course of the project apart from being active in 
Social Media such as LinkedIn and Twitter. The technical contributions of the project have been published in 
20 technical / scientific publications.  

The future of CloudFlow is sustained a) by ongoing and newly starting activities co-funded by the EC and b) 
by marketing the infrastructure via the Portal aiming at increasing the number of users for the technology, 
the number of ISVs providing technology and the number of experts (consultants) helping manufacturing 
SMEs to overcome the hurdles of first applying simulation technology in collaboration with clesgo. 
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 A summary description of project context and objectives  1.2

1.2.1 The political / socio-economic context 

CloudFlow is a Collaborative Project within the I4MS program of the Factories of the Future (PPP) initiative.  

The Factories of the Future (FoF) initiative aims to support EU manufacturing enterprises, in particular SMEs, 
to adapt to global competitive pressures by improving the technological base of manufacturing across a 
broad range of sectors. 

I4MS (ICT Innovation for Manufacturing SMEs) is the initiative promoted by the EU Commission (EC) to 
support the European leadership in manufacturing through the adoption of Information and Communication 
Technologies (ICT). Europe's competiveness in that sector depends on its capacity to deliver highly 
innovative products, where the innovation often originates from advances in ICT-enabled solutions. 

I4MS was initiated by the EC based on the observation that advanced ICT such as High-Performance 
Computing (HPC) is hardly accessible and affordable for SMEs and mid-caps. However, ICT can make a 
decisive contribution to product innovation in the manufacturing sector. Moreover, it has been recognized 
that SMEs and mid-caps are the main creators of new jobs in Europe. Especially after the crisis in 2008, EC 
co-funded actions that fertilize innovation in the manufacturing sector through ‘application experiments’; 
this was considered a promising concept to multiply the impact of research and technology transfer – a 
promise that the I4MS projects have underpinned since the initiative is now going into its third phase (I4MS 
III). 

HPC computing is considered one technology field to strive innovation through virtual simulation. Virtual 
simulation can reduce development time for manufactured products, enabling the engineers to explore – in 
the digital domain – completely new and creative solutions that would not be possible / economical to build 
as physical prototypes. Nonetheless, simulation requires special expertise and loads of compute resources 
that can be provided by HPC, again a cost-intensive technology. But Cloud Computing technology can render 
HPC resources much more affordable if only the tools and infrastructures were available … 

Thus, CloudFlow tackled this challenge by developing the infrastructure to run engineering workflows in 
Cloud/HPC environments and demonstrated its capabilities in 20 application experiments on simulation, that 

• showcase the customisation and adoption of HPC-cloud-powered simulation services by users, 
particularly SMEs 

• provide "one-stop-shop" access to simulation technology novel to  
end users, incl. affordable access to computing resources;  

• supported ISVs and simulation service providers to port their SW to a cloud of HPCs and run 
experiments on business models;  

• joined HPC providers into a cloud of HPC resources. 

The workflow-centred approach of CloudFlow not only contributes to affordability and accessibility but also 
lowers the knowledge barrier and provides expertise for future users via the Portal and its services to 
network with partners from the Competence Centres that can provide assistance. 

1.2.2 The application context 

CloudFlow (Computational Cloud Services and Workflows for Agile Engineering) is situated in the product 
and production development process within the manufacturing sector. Independent from the sector, these 
processes are defined by several common steps/stages such as designing, prototyping, testing, fabricating. 
Speeding up the prototyping and testing stages - which usually run in cycles since the first design often does 
not fully meet all requirements - is key to the competitive edge and to shorten time to market. 

Although the process is somewhat agnostic to the specific branch (market sector), the (software) tools used 
may differ from branch to branch and require a general and open concept to be integrated in workflows and 
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being applied in an interoperable manner. The CloudFlow infrastructure is supporting such a concept (see 
section technical context). 

Furthermore, the application experiments run in the course of CloudFlow are concrete and they can be 
assigned to distinct market sectors. As stated above, 20 application experiments have been carried out from 
8 different market segments: 

1. Manufacture of fabricated metal products, except machinery and equipment 
2. Manufacture of machinery and equipment 
3. Manufacture of rubber and plastic products 
4. Manufacture of electrical equipment 
5. Manufacture of computer, electronic and optical products 
6. Manufacture of chemicals and chemical products / Manufacture of basic pharmaceutical 

products and pharmaceutical preparations 
7. Manufacture of motor vehicles, trailers and semi-trailers 
8. Construction of other civil engineering projects 

The application experiments have had various objectives that span the following technical improvements but 
also socio-economic impacts: 

 safer water power plants and buildings 

 efficiency prediction of turbines 

 optimising machining paths 

 more compact EDA designs 

 better lights for cars 

 improved biomass energy efficiency 

 more predictable pharmacy production with bioreactors 

 more efficient factories and cyber-physical systems 

 lower noise compressors, improved worker safety 

 improved prediction of Additive Manufacturing processes for innovative gearboxes 

 optimising rubber injection moulds, suspension systems and extrusion dies 

Representative pictures – one for each experiment – are shown in the following figure. 

 

Figure 1: Application experiments in pictures 
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1.2.3 The technical context 

“Cloud computing” also known as 'on-demand computing', is a kind of Internet-based computing, where 
shared resources, data and information are provided to computers and other devices on-demand. Cloud 
computing and storage solutions provide users and enterprises with various capabilities to store and process 
their data in third-party data centres.  

From this common-understandable definition of the term cloud computing in Wikipedia, it can be deducted 
that cloud computing is centred around (large amounts of) data and compute services acting on that data on 
some kind of remote distributed compute resources. In engineering, computers and software are used in 
different phases and stages of the product lifecycle. Starting with the aesthetic styling (at least for some 
product types such as cars), covering the design and simulation of many domains, e.g. durability, safety, 
emissions, etc., again depending on the type of the product, as well as the optimization of the manufacturing 
resources and processes. Some of the computer-aided tools (CAx tools) are compute-heavy whereas others 
demand a lot of interaction between the engineer and the software, e.g. computer-aided design (CAD), pre- 
and post-processing for/of simulations. Additionally, some data is very sensitive w.r.t. security issues. All 
these characteristics are challenging the traditional, data-centred concept of Cloud Computing. 

The current state-of-the-art in cloud-based engineering services / environments can be classified into three 
categories:  

a) Proprietary tools  
b) Portals / projects with individual service offers  
c) Portals / projects with integrated heterogeneous service offers: CloudFlow 

Category A: Proprietary tools: The common denominator in this category is that the providers offer a closed 
set of vendor-specific services, in many cases pre-existing software to either design or simulate digital 3D 
models. The user typically does not have a choice from a large selection of heterogeneous tools (even from 
competitors) or to join the services up to dedicated workflows.  

Category B: Portals / projects with individual service offers: The common denominator of these services / 
projects is that they offer different individual services (engineering software, high performance computing 
resources, consultancy, etc.) to their clients. Software and service providers can deploy their offerings via 
these portals, i.e. the services and software components stem from heterogeneous sources (different 
companies), mostly commercial SW providers.  

Category C: Portals / projects with integrated heterogeneous service offers: CloudFlow 

CloudFlow’s unique value proposition is 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. 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 supporting workflows there is a similar amount of benefits not yet exploited by 
others as there is in accelerating simulations on HPC clusters – CloudFlow is providing both. In addition, 
CloudFlow is making contributions in the field of data interoperability, semantic service integration, and 
Web- / cloud-based visualization.  

1.2.4 The objectives 

CloudFlow’s results contributed to 20 technical objectives in the area of Data, Services, Workflows, Users 
and Business Models as can be seen from the CloudFlow webpage. A full discussion of the technical 
achievements would go beyond the limits of this chapter. Here, we concentrate on the three kinds of key 
performance indicators (KPIs) and present them with their fulfilment rate.  

Firstly, one set of KPIs is related to the Open Calls and Application Experiments run in the course of 
CloudFlow. A critical mass of Application Experiments and high-quality content and results are contributing 
to industrial competitiveness of the experiment partners. The following table is summarizing the indicators. 
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Targets Measurable aim 1st Call  2nd Call 
 Total number of experiments 20 13 20 

Number of external experiments 14 in total (2 Open Calls) 7 7 

Number of new partners (both Open Calls) 

 

22 in total 18 17 
 Number of new SMEs (both Open Calls) At least 11 11 8 

Number of Eastern European SMEs At least 2 from the above 11 0 0 

Number of new SW vendors per wave 2 6 7 

Table 1: KPIs to measure success of Open Calls 

• CloudFlow has overachieved all but one of these indicators: 
• Number of new partners:  35 (expected 22), i.e. more than 150% of overachievement. 
• Number of new SMEs:  19 (expected 11), i.e. more than 170% of overachievement. 
• Number of new SW vendors: 13 (expected 4), i.e. 325% of overachievement. 
• Number of Eastern European SMEs 0 (expected 2). 

Unfortunately, the proposals to our Open Calls from new member states where not rated high enough by 
the independent reviewers to be funded. The lesson from this is that SMEs – no matter where they are from 
– need help when they apply to Open Calls for the first time. In a follow-up action, our DIHs (Digital 
Innovation Hubs) will take-up this responsibility.  

Fortunately, CloudFlow helped 13 software vendors of small or medium size to cloudify their software. These 
software vendors greatly benefitted from the experience of the CloudFlow Competence Centres and the co-
funding. Without this, they probably would not have started to take the hurdle of cloudification and thus 
may have risked to not be competitive to cloud offers by the big players. Thus, CloudFlow did not only help 
the manufacturing SMEs but also small and mid-sized software vendors solely coming from Europe. 

Secondly, one KPI is centred on new Business Models. The expected number of new Business Models to gain 
insight into and experience with was six. In fact, each of the 20 experiments was accompanied with Business 
Model development. For each of the experiments’ partners their business case was not only discussed but 
concrete predictions for future market share, job creation and cost-effectiveness of Cloud usage was 
performed. 

Thirdly, a dissemination KPI was defined contributing to widen awareness and adoption of Cloud 
infrastructures in European SMEs. The expected amount of dissemination events was 30, which where 
exceeded already after 15 months of project duration. Overall, we have had almost 200 dissemination 
activities / events over the course of the project and familiarized many SMEs with the concept of cloudified 
engineering services. A full list of dissemination events is part of this document.  
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 A description of the main S&T results/foregrounds  1.3

The main scientific and technical results (foregrounds) can be classified into three categories: 

1. The CloudFlow Infrastructure with its core components and services 
2. The results of the manufacturing SMEs 
3. The results of the independent software vendors (ISVs) 

We dedicate one sub-section to each of these classes of results. 

1.3.1 The CloudFlow Infrastructure with its core components and services 

The whole CloudFlow Infrastructure is designed as a multilayer architecture to separate functionalities. It 
consists of six main layers, which may contain one or more system components. From the end-user 
perspective, all the layers are seen as a whole, but the real interactions between system components are 
complex. This section introduces the layers and their most important functional aspects of the infrastructure. 

The figure below shows a simplified diagram of the system layers with their main components. 

 

Figure 2: The layer structure of the CloudFlow system 

At the very top of the system hierarchy, see Figure 2, there is the User Layer. Its main task is to provide an 
entry point for the user of the CloudFlow system. It contains the CloudFlow Portal and vendor specific front-
ends (currently desktop applications), which enable users to choose, configure and control the execution of 
workflows. They also provide the possibility to interact with applications when it is necessary. To enable the 
seamless integration of services and applications from different software vendors, the Workflow 
Management Layer was designed. This layer contains applications and storage space to automate the 
management and maintenance of the users’ workflows. The vendor-specific Service / Application Layer 
provides design/engineering software that can be used by the end user. This software is divided into 
separate services and applications, which offer different functionalities and can be efficiently connected into 
workflows to suit individual customer’s needs. The vendor-specific services and applications may use 
functionality from the infrastructure’s Service Layer, which provides core infrastructure services and 
applications. Between the Infrastructure Service Layer and the Hardware Layer, the Cloud Layer is 
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implemented. Its role is to enable scalable, dynamic on-demand access to the hardware resources. It 
provides access to the storage space, where all the user and temporary files can be stored, a repository with 
images of Virtual Machines (VM), and the VM instances, in which the three uppermost CloudFlow layers run. 
The CloudFlow system currently uses three hardware infrastructures provided by  

• ARCTUR – Arctur Računalniški inženiring d.o.o. (Slovenia), 
• UNIZAR-BIFI – Institute for Biocomputing and Physics of Complex Systems of the University of 

Zaragoza (Spain), and 
• CSUC – Consorci de Serveis Universitaris de Catalunya (Spain) 

However, the CloudFlow system is not limited to these hardware providers and is designed to avoid vendor 
lock-in.  

Figure 3 shows the interplay between the main software components of the CloudFlow system in  
a high-level schematic way. By using the CloudFlow Portal, the end user can easily choose one of the 
available workflows that best suits the actual needs. The CloudFlow Portal provides a graphical front-end 
that allows the user to configure, track and interact with design and engineering software. The end user does 
not need to know about implementation details of the software or the environment that he wants to use. 
The user can fully concentrate on performing his engineering task. The whole management of the workflow 
execution and of the connections between inputs and outputs of the chained services and applications from 
different vendors is done by the Workflow Manager. It uses semantic service and workflow descriptions to 
be able to execute workflows in the proper way and with correct connections between input and output 
parameters. The required services and applications are arranged in the desired order into a workflow 
(marked on Figure 3 with the yellow arrow) and are executed accordingly. The single services and 
applications run on virtual machines, which renders the hardware allocation flexibly and relatively easy. The 
Cloud Management Service offers the possibility to launch new virtual machines (VMs) on demand as 
needed by the running workflow (see Figure 3).  

 

Figure 3: Overview of the interaction between main CloudFlow components 

In the following, the CloudFlow components are shortly introduced. The used terminology may have a 
slightly different or wider meaning outside of this project, here they are adapted to the CloudFlow project.  
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CloudFlow Infrastructure 

  The CloudFlow Infrastructure encapsulates all of the components illustrated in Figure 2. 
It comprises everything that is required by the described CloudFlow components to 
perform their tasks and to communicate with each other. 

CloudFlow Portal 

The CloudFlow Portal is a website that serves as a user entry point to the CloudFlow 
Infrastructure. It is a web-based client through which a user may log in and interact with the 
CloudFlow system. As such, the CloudFlow Portal provides a web-based Graphical User 
Interface (GUI) that allows activating other CloudFlow tools and applications using a 
standard web browser. 

Vendor-specific front-end 

A vendor-specific front-end is an application installed on a user’s local machine that 
interacts with the CloudFlow Infrastructure to perform a specific task. 

 

 

Workflow 

A workflow is a sequence of connected tools that needed to be 
performed to achieve a certain work task. Every workflow step is 
either a service or an application. CloudFlow workflows consist of 
one or more applications and services. Workflows (as well as 
services and applications) have semantic descriptions and are 
executed by the Workflow Manager. The workflows can be linear 
or more complex, including branching and looping. 

The main idea of this concept is to hide the complexity of data 
flows and internal communication from the user so that they can focus on the actual engineering task. 

To further ease the use of workflows, pre-defined workflows are created by system administrators in 
collaboration with experienced engineers and are ready to use for end users. Users are able to adapt pre-
defined workflows, depending on their individual needs. Users can also rely on a semi-automatic assembly 
using semantic concepts. Although, this semi-automatic orchestration was first meant to be make available 
to the workflow designers or service providers, this is now exposed to the end users who will be able to look 
for available workflows within the Portal. 

Semantic Service / Workflow Descriptions 

Machine-readable semantic descriptions of services, applications and workflows: They 
comprise the respective location, functionality, inputs and outputs. This kind of service 
description improves the compatibility between software from various vendors. The 
automated checking of semantic consistency and the inference of implicit knowledge are only 
two of many advantages offered by semantic service descriptions. The semantic descriptions 

are being provided with the using the Workflow Editor and are the basis for semi-automatic 
orchestration during workflow creation. The service providers fill in the types of their service inputs and 
outputs during workflow design, which are then used to match compatible services. The semantic service 
and workflow descriptions are also used to invoke the Web services and execute the workflows. 
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The Workflow Manager (WFM) is a CloudFlow component that automates the execution 
of workflows consisting of several services and applications. It also monitors their 
execution status. By taking care of the data flow between the inputs and outputs of the 
single services and applications it hides the complexity of executing chains of services and 

applications. The WFM also communicates with Resource Monitoring and Billing services to send resource 
usage information and check for user permissions before workflow execution. 

Workflow Editor 

The Workflow Editor (WFE) is a CloudFlow component that allows users to specify new 
and edit or change existing service and workflow definitions. Only users with appropriate 
rights are allowed to use the WFE. The WFE back-end makes use of the semantic service 
and workflow descriptions to enable a semi-automatic workflow creation/adaptation. It 

provides a SOAP interface, to which a web-based GUI is connected that enables comfortable access to the 
WFE’s capabilities via the CloudFlow Portal. The WFE is meant to be used by trained users. 

Service 

A service is a piece of software that runs remotely on the Cloud performing computations 
and provides the results back to the caller. During its execution, it can, e.g., interact with 
the CloudFlow Storage Space or a dedicated database. In CloudFlow, two types of services 
are distinguished: 

 a synchronous service performs its computation before returning; 

 an asynchronous service launches a computation in the background and returns immediately. The 

Workflow Manager periodically checks the service to see if it is completed. 

Services can require user interaction during their execution, or just display their status to the user. Services 
are made available as SOAP web services with a standardized interface and must provide a corresponding 
interface description in form of a WSDL. 

Storage Space 

Storage Space is disk space (physical or virtual) provided by the CloudFlow Infrastructure 
that enables storing input, intermediate, and output data. Data from this storage space 
can be downloaded to a local machine by a CloudFlow user for archiving the data in 
company data bases or using it in other (desktop) applications. 

 

Application 

       Applications provide a graphical interface for the CloudFlow user to interact with a 
running workflow. The purpose of applications may range from simple web pages 
letting the user set parameters for the following services, or receive (intermediate) 
output values from complex interactive visualization and even remote access to 
commercial software packages. Since the execution time of an application is user-

dependent, the application itself notifies the Workflow Manager if the user wants to 
proceed in the workflow. In Figure 2, applications are placed in Vendor Specific Services / Application Layer. 
Additionally, an infrastructure application, VNC Application, is shown in Infrastructure Service Layer. 

Virtual Machine 

Virtual Machines (VMs) are used to run services on the Cloud. They contain one or 
more services. To start a virtual machine, its image is loaded from the image repository 
located in the Cloud layer and executed using dedicated virtualization software. 

In order to transparently allocate on-demand compute nodes for the execution of 



13 
 

Image 

Repository 

compute-intensive workflows, compute-resource-provisioning is implemented in the Cloud Management 
Service. This service provides abstractions independent from Cloud vendors for the CloudFlow Portal and 
Workflow Manager in order to launch and shut down on-demand instances with the correct virtual machine 
for a given workflow execution. 

Image Repository 

The (virtual) Image Repository is a repository that holds images of all VMs that are 
available in the CloudFlow context. To deploy a service in the Cloud, a corresponding 
virtual machine image has to be created by the service provider, bundling the service 
executable with the needed environment. Usually, one starts with an image provided by 
the Cloud provider and installs and configures additional software (if any). The new image 

is stored in a database in the Cloud infrastructure. This database is available through the Cloud Management 
Service as Image Repository. Images can be identified by name and/or image ID. 

Hardware 

Hardware is the actual compute resource on which services are executed. We distinguish 
between Cloud hardware resources and HPC resources. 

 

 

The Portal 

The Portal is the web user interface for users to interact with the CloudFlow Infrastructure. In the 
background, the Portal has to communicate with the majority of other Infrastructure components such as  

 Workflow Manager, 

 Workflow Editor,  

 Authentication Services, 

 User Catalogue Services,  

 Billing Services and  

 Accounting Services.  

Data from these services are then compiled into a presentable form. 

The Portal provides for consumers (end users) easy access to buy and manage their resources (licences and 
CPU hours) that are required to run workflows. To buy these resources a shopping cart is present which the 
user fills before executing the payment. After buying the resources, the user can run workflows and monitor 
their execution. Additionally, they can see their history of payments for resources. 

Before accessing any of the Portal functionality, the users must log in with their username, password and 
associated project. This is necessary to ensure that only registered users, holding the appropriate roles and 
licences, can access the different CloudFlow functionality and workflows.  Resources, such as licences and 
CPU hours, are tracked through valid user credentials, and are shared within a project. Based on the licences 
available for the logged-in user, a list of workflows and utilities is displayed at log-in, as shown in Figure 4. 
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Figure 4: Available workflows and utilities in the CloudFlow Portal 

The CloudFlow Services 

CloudFlow distinguishes between Infrastructure services and core services. The infrastructure services 
comprise: 

• Authentication Services: The CloudFlow Infrastructure requires that all requests will be done by 
authenticated users. The Authentication Services are used by all CloudFlow components for 
handling tasks related to user authentication. 

• PLM Services and Generic Storage Services: These services provide functionality required for 
getting data in and out of the storage space. Currently, the PLM solution from Jotne, the object 
storage Swift from OpenStack, and an HPC storage used by CSUC are supported. 

• Cloud Management Service: This service provides an abstraction layer on top of the Cloud 
infrastructure layer. It gathers information about which virtual applications (vApps, Computes) 
and virtual machines (VMs, nodes) are available, what their status is and what properties they 
have. Furthermore, this service delivers functionality for starting and stopping Cloud compute 
resources, e.g., a single or a certain number of virtual machines containing services. 

• HPC Service: The HPC Service provides a simple, flexible and easy way to include HPC computing 
into workflows. The service is generic both in terms of HPC provider and application. 

• VNC Service: The VNC Service provides a way to remotely display the original GUI of the 
software running on the Cloud infrastructure. 

• GridWorker Generic Simulation & Optimization Service: It provides functions for executing 
distributed, parallel simulations, optimizations and data analyses in the Cloud or on HPC or 
cluster back-ends. 

In addition, CloudFlow provides the following core services 

• Workflow Manager and Workflow Editor: The Workflow Manager executes workflows; the 
editor allows to compose workflows consisting of chains of heterogeneous tools. 

• Service / Workflow Descriptions: Machine-readable semantic descriptions of services, 
applications and workflows. 

• Billing and Resource Monitoring Services: The Billing and Resource Monitoring Services keep 
track of the bought, available and used resources for users and companies. 

• Graphical Applications: The Graphical Applications of CloudFlow allow visualising CAD and CAE 
data in a web client using WebGL-based applications. 
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• Tinia is a framework for hybrid rendering using rendering capabilities both in the 
Cloud infrastructure and the user's web browser. 

• Remote Post-Processing consists of a ‘server application’, which performs complex 
post-processing tasks like calculating cutting planes or seeding streamlines in a 
simulation result dataset and prepares the actual rendering in a client application 
which shows the final results on a web page. Remote Post-processing is an 
interactive, distributed graphics application. 

 

  

Figure 5: Graphical Apps: Remote Post-Processing (left), Tinia (right) 

The CloudFlow Security framework 

Security is an important aspect for adaptation of Clouds. Many companies are reluctant to use public clouds 
if they run the risk to lose data about future products, which are vital for the sustainability of the company. 
CloudFlow has addressed this important topic by its security framework consisting of the following 
measures: 

• User Authentication: Each CloudFlow user has a unique username and password, which must 
be used to log in to the infrastructure. No Infrastructure component or service except the 
Authentication Service has access to the password. A token is used for all calls to the 
Infrastructure to identify the user and ensure that the user does not go beyond the granted 
privileges.  

• Encrypted communication: End-to-end encryption based on HTTPS is the standard form for 
encryption for all web-based services in CloudFlow. In order to use HTTPS properly, CloudFlow 
issued a certificate from Thawte (a company certified by VeriSign and Norton Security), which 
protects the communication also from eavesdropping in the initial setup. In order to avoid 
distributing a secret private key to all ISVs communicating directly with the end user, we use a 
proxy server. The proxy re-directs external requests to an appropriate end point and also 
handles the encryption / decryption of all traffic outside the Cloud / HPC centre. In multi-cloud 
settings, each centre sets up their own proxy. This has the added benefit that external Cloud 
providers can use their existing certificates without having to fear that CloudFlow components 
compromise their security. 

• Network level security: Each node in the virtual environments receives only an internal IP 
address, which makes them unavailable from the outside world. Any node that needs to accept 
requests from outside the data centre needs to be explicitly configured in the proxy. This helps 
to protect the servers from outside attackers. In addition, each node should setup a firewall to 
only accept requests arriving from the proxy, allowing centralized control of the network traffic. 
Furthermore, the traffic to specific nodes is allowed only for specific network ports and specific 
services. This guarantees that all network traffic comes in through specific controlled channels. 
Minimizing the chances of a random attack and making the overview manageable and enables a 
fast and focused response if an attack does in fact occur. 
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1.3.2 The results of the manufacturing SMEs  

In this section, we overview the results of the manufacturing SMEs. The results can be of two types:  

a) improvements in the process and  

b) improvements to the products.  

In many cases, CloudFlow contributed to both. We are structuring these results according to experiment / 
manufacturing SME(s) in an experiment respectively. 

1.3.2.1 Improved design and simulation of water turbines and water energy plants for increased energy 
efficiency and safety (Stellba) 

Stellba Hydro GmbH & Co KG is an SME working in the field of maintenance, repair and overhauling (MRO) of 
hydro (water) power plants. Water power plants have a lifetime of many decades, some of them are more 
than 70 years old - each one is special and individual. Repairing turbine blades, complete turbines or even 
water power plants always strives for improving energy efficiency and safety of the plants – not only 
relevant for Stellba and the company running the power plant but also the workers in the plant and even the 
people consuming the energy as energy efficiency and regenerative energy harvesting is a socio-economic 
topic in our era. 

Stellba has participated in six experiments covering many stages of the design, engineering and 
manufacturing stage of turbines. In these six experiments software tools have been cloudified that allow 
Stellba to  

• more efficiently design turbine blades through automated steps that replace some of the error-
prone manual work of inputting data into a CAD system 

• speed-up calculation of tool paths for the manufacturing machines that produce the turbines 
and turbine blades in milling processes 

• gain insights into the influences of different design parameters on the performance of turbines 
by calculating Hill Charts in a Design of Experiments approach with high-performance 
computers 30 times faster than with standard computers. Hill Charts characterize the energy 
efficiency of turbines depending on different parameters, thus, enabling to find the best setting 
for maximum performance. 

• lay out a water power plant based on systems simulation to further minimize the risk of 
emergency cases if the plant needs to be shut-down. This not only contributes to worker’s 
safety but also to the safety of people living in the vicinity of water power plants 

•  better monitor the quality of the manufacturing process and result with improved tools for 
comparing the actual shape of the manufactured physical object with the nominal CAD 
geometry, and finally 

• benefit from modern product data management enabling the trackability and traceability of all 
steps in the design and production pipeline. 

Ultimately, Stellba cannot just benefit from the development for one specific product but improve the 
quality and energy efficiency for all future MRO projects’ results as the repair, maintenance, overhauling task 
is always adapted to the individual case of the aged power plant which needs renovation. These benefits and 
results can be monetarized depending on the concrete case in savings and gains through increased energy 
efficiency in the order of several hundreds of thousands of Euros. With these improved service offers, Stellba 
keeps and extends its positon and can secure jobs in a highly competitive market segment. 
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1.3.2.2 Electronics Design Automation (EDA): Modelling of Mems Sensors (ESS) 

European Sensor Systems (ESS) an SME from Greece 
designs sensor systems, more specifically electronic sensor 
systems ‘on a chip’ that are produced on wafers. The goal 
of the experiment was to model and simulate parasitic 
effects of currents on near-by conductors. If the parasitic 
effects are known, then the layout of the sensor can be 
changed, so that it becomes more compact, meaning more 
sensors can be produced from one wafer with directly 
translates into a reduction of manufacturing costs per 
sensor, a reduction of use of raw material and a reduction 
of energy used per sensor and waste created. 

 

The duration of the simulation process largely depends on the structural / topologic complexity of the input 
data. In this experiment, a software has been cloudified which takes the output from the design system as 
input, extracts the topologic structural information, simplifies it and provides it as input to the simulation 
software.  

The result for the end user for the selected case was a reduction of 5% of chip size, i.e. the same chip – after 
optimization of the layout – can be realized on 95% of the area that was needed before. Or on the same size 
more functions can be integrated creating a higher integration density. Beside the impact on the product 
there is also an impact on the development process of the product, due to the faster simulation times, the 
whole process can be sped-up by approx. 10%. 

In additional to the monetary benefits and time reduction there are also environmental benefits, a reduction 
of 5% of the area for each sensor translates directly into savings of raw material: chemical substances for the 
production, water and energy for the production 

1.3.2.3 Optimization of Welding Lines (Introsys) 

Introsys is an engineering company – an SME from 
Portugal – which plans factories for the automotive 
industry in particular. Welding lines are a common part of 
the manufacturing lines in car factories. Welding lines 
consist of robots and transport systems that move the 
welded sub-assemblies from one robot station to the next. 
An optimal design of a welding line, possibly one that 
performs in a best possible compromise over a range of 
different tasks, is a highly complex optimization problem.   

 

The paths of the many robots, the material flow through the line and to the line (buffers), the speed of the 
process, the rhythm and synchronization of interaction, all that has to be simulated to find an optimum 
solution. As Introsys is working as consultant for many car makers, they are not just interested in improving 
one line but to have tools to speed-up this optimization process for all customers in the future. 

Actually, a simulation software tool from Siemens has been cloudified together with a workflow support and 
data management tool from SimPlan (see 1.3.3.6 below). 

The solution has been benchmarked with a reference welding line for which performance data was available.  

The improved version found through more and faster simulations using HPC would decrease the investment 
into the line by 4-8 percent, which translates into more than 50.000 Euros per manufacturing system. The 
amount of engineering hours could have been reduced by 10 to 20 %. Furthermore, Introsys would benefit 
from accessing costly simulation software by Siemens on a pay-per-use basis. Costs for hardware and 
software could have been reduced by 80%, still enabling to run hundreds of parameter studies in parallel on 
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an HPC instead of sequentially on a desktop machine. That would give an extreme boost in accelerating the 
development process. Up to now, the software is only available to this experiment, the discussions to open 
up the solution to the worldwide market are ongoing. In a three-year horizon Introsys estimates to be able 
to hire about 20 additional employees. 

1.3.2.4 Optimizing Energy Consumption and Noise Emission of the Cooling Airflow for Compressors 
(Boge) 

Boge Kompressoren GmbH & Co. KG, a mid-cap from Germany 
producing compressors for industrial use optimized one of their 
compressors with respect to noise emission and energy 
consumption. This innovation from Boge benefits their client 
and the clients’ workers: a) the clients have lower running costs 
because the compressors need less energy and b) the workers 
are working in a quieter environment which contributes to their 
health since they are not exposed anymore to excessive noise 
levels. 

 

With this experiment, a CFD software from CapVida was cloudified and used to simulate transient flow (a 
rotating fan) and its impact on noise (acoustics). The use of HPC reduced simulations times by more than a 
factor of four, which means hours instead of days. The results of the simulation enabled new insights into 
the interrelationships of fan, fan rotation, sound pressure and where and how to counteract them. 
Furthermore, new solutions where found to deduct noise emissions from transient flow fields with a high 
accuracy and have been published by Boge. Putting all that together, the design cycle could have been 
accelerated by a factor of 5 roughly contributing to a better time-to-market. Some physical prototypes are 
not needed any longer which also reduces design costs. 

Boge has reduced the fan power consumption of the selected compressor type by more than 30 percent. 
The fan noise has been halved which contributed to a noise reduction of 15% of the compressor as a whole. 
All these results have been validated by physical prototypes. The amount of reduction in power consumption 
amounts to 350,000 Euros per year on the side of Boge’s clients. This innovation provides the opportunity 
for Boge to their revenues by about 2 million Euros over the next 5 years. 

1.3.2.5 More Efficient Drug Production Using Cloud-Based CFD Simulation of Bioreactors (Ses-Tec) 

Ses-Tec is an engineering SME from Austria working for the 
pharmaceutical industry modelling and simulating 
chemical/physical/biological processes happening in 
production facilities of pharma companies. The goal of this 
experiment was to simulate a model of a bioreactor to gain 
insight into the opportunities of Cloud Computing for this 
application and to experiment with Business Models, i.e. 
calculate and predict a potentially successful business model 
for Cloud-based service offers.  

 

As a role model for bioreactors, aerated stirred reactors, the most common type of both small- and large-
scale bioreactors, which perform microbial fermentation or mammalian cell culture unit operations for the 
production of biological therapeutics such as vaccines, hormones, proteins and antibodies, have been used. 

For successful ‘production’ of pharmaceuticals in bioreactors, many parameters have to be set in an 
appropriate manner depending on the biological substances reacting. This defines a highly complex 
optimization problem which requires immense compute power to explore the design space through varying 
input parameters and analysing their impact on the result. Transient multi-flow, multi-domain models have 
to be set-up and simulated.  
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The software tool being cloudified was AVL Fire by AVL List GmbH, an ISV from Austria as well (see 1.3.3.8). 

Due to the use of high-performance computing, the computational time for design of experiments (DoE) 
analysis was decreased from 5 weeks to 1 week. 25 simulations have been running in parallel, which on 
standard computers can only run sequentially due to limited compute power. The Cloud/HPC-based solution 
renders the number of simulations independent from in-house local resources.  

Based on the simulation results which were compared to results obtained from physical devices, each 
bioreactor manufacturer can benefit from proven and validated simulation technology and workflows for 
this kind of application and Ses-Tec can offer this new service to all bioreactor manufacturers. Ses-Tec is 
expecting an increase in the annual turnover by 15 % and to be able to hire 1-2 new employees in the near 
future. 

1.3.2.6 Optimizing heat exchanger design of biomass boilers through CFD simulation (BioCurve) 

BioCurve, an SME from Spain, manufactures condensing biomass boilers 
for central heating and hot water systems for domestic users. Before 
CloudFlow, the design process took approx. 6 months and was based on 
experience, i.e. no virtual simulations were used. 

Within this experiment a simulation model of/for a biomass boiler was 
developed and solved with cloudified simulation software. One of the 
challenges of the experiment has been the creation of a user-friendly 
interface for the workflow consisting of mesh generation, CFD solver and 
CFD post-processing. This has been a main requirement of the experiment, 
since BioCurve’s staff has not been familiar with CFD tools.  

 

 

From the simulation results several changes to the design have been deducted which brought the following 
technical innovations and improvements: a) the number of pipes has been reduced from 10 to 3 yielding 
savings of 18 kg of stainless steel (32 % of the original weight), b) savings of raw material and their 
fabrication costs and c) a new type of geometric shape for the tubes. These modifications reduced the size of 
the boiler by 30 %, which allows for installation in more houses, especially private ones. This can unlock a 
completely new and huge market for BioCurve in Spain, Europe and beyond.  

In addition, the time-to-market for a new boiler can be reduced from currently 1 year to 8 months (a time 
reduction of 33 percent).  

Economically, the reduction of the size of the boiler due to a better design can save around 15 percent of the 
total costs of a boiler. Due to the results of the experiment, 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. In a three-year horizon BioCurve estimates 3 to 6 new jobs would be 
created if predictions are met. 

1.3.2.7 Automobile Light Design: Thermal Simulation of Lighting Systems (BtechC) 

BTechC, an SME form Spain, develops - amongst other parts - lighting systems 
for car manufacturers such as SEAT, VW but also others outside the 
Volkswagen Group. One of the challenges connected with lighting systems is to 
forecast the effect of heat (emitted inside the ‘lamp’) on the plastics surfaces of 
the lighting system (internal: the ‘mirror’ but also ‘external’, meaning the 
transparent cover). Heat may deform the plastics, change its optical behaviour 
(making it ‘blind’) or its physical properties (stability).  

 

The challenge in this experiment was to simulate the influence of heat to the properties of the plastics 
materials surrounding the heat source. For this end a sequentially coupled chain of tools has been set-up in 
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the cloud containing a CFD solver (OpenFOAM) for heat and a structural mechanics solver (Code Aster) for 
the impact on the mechanics of the container. 

The experiment has enhanced the capabilities of OpenFOAM by implementing new modules. Thus, BTechC 
can now work with the affordable, open source solution OpenFOAM. This results in estimated savings of 80% 
in licence fees. Compute costs have been reduced by 38 % through the pay-per-use concept for the HPC 
centre. The cloudified workflow reduces the process execution time by 75 %. In sum, this enables BTechC to 
increase the number of simulation runs per project from 3 to 10 to improve product optimization. The web 
front-end allow to run the simulations from anywhere and cloud-based graphics to visualize and discuss 
them with customers at their site. 

With the result of the CloudFlow experiment BTechC can approach more and more clients who claimed for 
time and cost reduction – before simulation times were prohibitive and not cost-efficient. Taking the cost 
reductions and the competitive advantage through better products and a faster time-to market into account, 
BTechC can increase their revenues in simulation services by about a quarter million Euros over the next 3 
years and create 2 new jobs. 

1.3.2.8 Optimization of Steel Structure Manufacturing (FICEP) 

FICEP S.p.a., an industrial company from Italy, is 
producing manufacturing machines and equipment for 
plants manufacturing steel structures. When planning a 
factory for a customer FICEP has to calculate and 
guarantee certain performance indicators for the lines 
in the future factory. Predicting the future 
performance of the factory requires both: a) knowing 
certain constraints from the used and b) configuring a 
line and simulating its behaviour with discrete event 
simulation (DES) tools.  

 

Singe DES calculations are not as computationally demanding as e.g. CFD calculations, however, a production 
line with dozens of machines each having dozens of parameters opens a huge design and optimization space 
requiring thousands of simulations to sample it to know which parameter combinations show good 
performance and are robust against small variations. 

Before CloudFlow FICEP had to visit their customer collecting information, go back to the office, simulate and 
return to the customer to show the results. By cloudifying the DES software in use, it is now possible to 
simulate certain scenarios while discussing with to customer about best possible solutions due to the use of 
HPC and web-based technology, which allows access via the web. Concretely, to perform an optimization for 
a layout of medium complexity the calculation time could have been reduced from 30 minutes to 
approximately 3 minutes on portable devices. 

This increase in efficiency, economically means for FICEP that more simulation cycles can be made, finding 
better configurations for the clients’ factories and more offers can be processed in the same time. Taking 
into account the number of negotiations processes initiated per year this leads to saving of approx. 100,000 
€ per year. More importantly the clients get more efficient production lines with higher throughput, 
decreased per part costs and can react more flexibly to changing demands. 
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1.3.2.9 Simulation and Optimization of Additive Manufacturing for Improving Gearbox Production 
(STAM) 

STAM develops and produces gearboxes, a special type of gearboxes is cycloidal 
ones, which show complex materials and require high precision. The high 
efficiency and compactness of cycloidal gearboxes make them suitable for some 
particular applications, such as aerospace and robotics. Additive Manufacturing 
(AM) promises to be able to generate almost any shape but the AM process is 
hard to master and is usually characterized by trial-and-error. The goal of this 
experiment is to improve the simulation of AM processes (improving the 
simulation models) and bring calculation times down to an acceptable level by 
leveraging HPC. For this end, CIMNE has cloudified its solver FEMPAR and 
developed a special module for AM (see section on results of ISVs). 

 

The resulting simulation time in this experiment is three times faster than before, so a huge obstacle has 
been overcome. Moreover, a design for an innovative gearbox has been found that increases the amount of 
transmittable torque by 20 % while reducing the amount of scrap material by 30%; less scrap material 
directly translates to faster machining (3D printing) time and cost benefits. The time-to-market can be 
reduced by 30 %.  Summarizing all the technical impacts, STAM can increase its competitiveness in the 
transmission systems industry for high tech applications due to the fact that STAM can become the number 
one source of mechanisms for special applications at a more affordable price in the cycloidal gearboxes 
market.  

The total costs of engineering and production of a new gearbox can be reduced by 30%. This reduction will 
allow for lowering the price of the innovative cycloidal gearboxes, consequently increasing the 
competitiveness of STAM.  Increased flexibility provided by AM as the manufacturing method will allow for 
opening new markets. Market expansion and new manufacturing opportunities will contribute to creating 
new jobs to support the growth brought by these opportunities. One year after the experiment STAM aims 
at having 10 new customers, three years after the experiment STAM wants to triple their market share. 
STAM estimates the additional revenues of the company due to exploiting the experiment’s results to be € 
100,000 after one year and € 300,000 after 3 years allowing to increase the number of jobs by three 
employees.  

1.3.2.10 Optimised Machining Processes Leveraging Cyber-Physical Systems (Powerkut) 

Powerkut Ltd., an SME from the U.K., is producing milled parts 
for the aerospace industry and other market branches. As a 
supplier, they get CAD models from their customers which have 
to be prepared to be machined at later stages. Analysing the 
CAD models to derive efficient programs for the milling 
machines is a time-consuming process. The decision on which 
features to machine first and the order of the remaining 
operations is currently made by experienced engineers and 
determine the later production time and costs decisively.  

The goal of this application experiment is to cloudify a process planning system which performs automatic 
feature recognition, optimisation of machining feature sequencing and multi-objective optimization of 
machining parameters hence increasing the cost-effectiveness and flexibility in the process planning stage. 
Since the choice of the order of the machining features and the process parameters (such as spindle speed, 
depth of cut, depth of width, etc.) also determine the quality (e.g. the surface roughness) of the final 
product, this experiment is expected to lead also to improved product quality. 

The result of this experiment has been verified using several test cases and demonstrates cost savings in the 
production in the range of 20 - 30 % (e.g., energy saving, less scrap material, etc.). The time for process 
planning will be 3-4 times faster than before. The quality of the produced orders will be improved from 
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minimum 20 micro level to 5 micro level. It is anticipated that € 200,000 will be saved per year for Powerkut 
when the system has been fully implemented in the company, thus, new jobs can be created. 

1.3.2.11 Optimizing Moulds and Stamping Processes for Bipolar Plates Used in Fuel Cells (Borit) 

Borit, an SME from Belgium produces moulds for stamping thin bipolar 
plates used in fuel cells, a potentially huge future market as fuel cells 
become more and more widely used, e.g. in Fuel Cell Electric Vehicles. The 
bipolar plates need a very fine structure, which poses especially high 
demands on the forming process. Optimizing the forming process will 
reduce errors in the production and thus material waste. 

The thinness of the plate and the complex structure as well as the many 
parameter variations pose a real challenge to simulation time and results 
and require the use of HPC to become of real help for SMEs.  

The goal of this experiment has been the reduction of development costs and time-to-market for the plates 
through a cloudified optimization technology that analyses the dependency of results from input (stamping) 
parameters from the field and combines it with simulation technology to better predict parameters that 
yield better products thus replacing the iterative and expensive optimizations process ‘on press’ that 
currently determines process time, cost and quality. 

The experiment result was verified using a selected type of plates and yield the following technical results: a) 
more than 30 % of time reduction compared with the trial-and-error process and b) significant 
improvements to the manufacturing quality. Moreover, scrap rate is expected to be reduced from 5 to 2%. 
Perspectively, with introducing simulation and optimization tools more complex and challenging designs can 
be handled thus motivating Borit to come up with more innovative shapes for bipolar plates that further 
improve product performance. The reported time reductions are worth a 100.000 € a year on top of the 
reduction in tool manufacturing and on press trial costs. Moreover, quality-improved forming capabilities 
and increased customer satisfaction will attract additional customers. This is likely to create additional 
revenue of several hundreds of thousands of € per year.  

1.3.2.12 Optimal Rubber Injection Moulds through Cloud-Based Simulation (Miju & Standard Profile) 

MIJU S.A, an SME, and STANDARD PROFIL S.A., a mid-cap, both from Spain 
are designing and manufacturing moulds for rubber injection for the 
Spanish, European and worldwide market. The end result of the injection 
process – the product – depends on the shape of the mould, its injection 
system and the process parameters. To design a good mould all this needs 
to be considered which is practically impossible for new complex shapes 
where designers and engineers cannot draw from their experience.  

 

So, when a new mould is being used for the first time(s) defects to the product are likely (i.e. scotch, flash, 
weld lines and air-trapped). To counteract on them, the experienced personnel tries to adapt the process 
parameters as good as possible since at that time the mould is fixed and its shape cannot be changed 
without re-designing and re-producing a new one. 

Thus, the objective of this application experiment is to improve the quality of the parts aiming at zero-defect 
manufacturing while minimising injection time. The methodology to achieve this goal is based on an app 
running in the cloud, which is using simulation technology in the background. So, the simulation is hidden 
from the end users and encapsulated in a workflow that minimized interaction and lowers the barrier for 
accepting simulation technology and releases end users to fiddle around which simulation parameters for 
established simulation solutions. Finally, the workflow is auto-generating required reports for 
documentation. 

MIJU and SP see the main technical impact in the process innovation: from a trial-and-error approach based 
on specialists’ experience to an explicit knowledge-based approach. This leads to an improvement of final 
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product quality. Better quality means reduction of inspection time, reduction of ramp-up time and reduction 
of rejected parts.  

1.3.2.13 Cloud-based optimization of Extrusion Dies (EMO) 

EMO, an SME from Austria, produces extrusion dies for their 
customers that mainly manufacture foils with the EMO machines. 

In this experiment extrusion dies, more precisely flat slit dies, have 
been optimized to better the production process. Flat slit dies are 
particularly complex due to structural expansion. The main challenge 
in plastic mould extrusion is to generate a uniform flow field across 
the exit plane of an extrusion die. To simulate this process fluid-
structure interaction needs to be put in place accounting also for 
thermal effects.  

The simulation of the interaction of melted plastics with the geometry of the flat slit extrusion die is 
computationally expensive and technically demanding as fluid-structure interaction appears and need to be 
coupled in the simulation – actually two cost-efficient, scalable Open Source solvers have been coupled to 
solve for these physical phenomena and have been integrated into an extremely user-friendly workflow. The 
HPC cluster provides an outstanding improvement of the process both in terms of runtime and in process 
quality. 

EMO will use the optimized extrusion die flow channel designs to produce better and cheaper flat-slit 
extrusion dies. The simulation times for large problems have been sped-up by a factor of 10 compared to in-
house hardware. The advanced CFD and CSM technology is planned to be introduced for in-house usage 
without the need of buying hardware resources and the corresponding administrative effort to maintain 
them. EMO can avoid recall actions for each manufactured extrusion die. One recall action implies costs of 
approx. € 100,000 for transportation (17 tons weight), modification and commissioning. This can save € 1.2 
Mio. per year. General production costs can be reduced by 30% particularly due to savings of energy, raw 
materials and personal costs.  

1.3.2.14 Improving fire safety of buildings by simulation in the cloud (Cottés) 

Cottés Group, an SME from Spain; offers as a service the simulation 
of fire safety of publicly used buildings including development of 
concepts for fire safety equipment installations (e.g. sprinklers) so 
that regulations are fulfilled. So, Cottes is working in a field which 
is of relevance for each European citizen. Who does not want to 
feel save when shopping in a mall or visiting a theatre?  

In this experiment, the fire safety of a shopping mall has been 
improved and the means have been provided to use the results of 
the experiment in the whole building sector. For this end, a CFD 
tool called CYPE-FDS has been cloudified and integrated into the 
CloudFlow platform. 

 

Currently CFD simulation technology is not commonly used in this industry sector because of the hardware 
and software costs, the limited number of CFD specialists and the time constraints for defining the fire safety 
design. In the reference case, this represents approximately 30 percent of the total time for the complete 
building design (structural and facilities). To be compatible with the design process the complete fire safety 
design cycle using CFD tools must be completed in no more than three weeks in order to be competitive with 
prescriptive models. Thus, more hardware resources must be provided in an affordable manner together 
with user-friendly tools due to the shortage of CFD experts in the AEC field. 

Cottés profits from the user interface improvements, especially for pre- and post-processing. The training 
time for the CFD tool can be reduced significantly by providing application-specific tailored functionality. 
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Additionally, access to HPC resources is streamlined by the workflow and does not require special know-how 
on the user side. Concerning the fire safety facilities design Cottes benefits from the increasing number of 
fire scenarios that can be simulated. Finding the optimum design is sped up by 30-40 percent due to the 
usage of the cloud solution. Using the cloudified solution of the experiment, Cottés expects to double the 
number or projects. Cottés is also expecting to reduce the costs of the active and passive mechanisms and 
gaining more probability of winning the tendering process. Gaining competitiveness through the cloudified 
version, the number of projects could be doubled. Furthermore, Cottés customers would benefit from 
obtaining optimized solutions in shortened time period, with a 30-40 percent cost reduction. Another 
benefit is the potential access to new markets. It is likely to increase the number of projects in a range from 
15 to 25 and to employ three more CFD specialists. 

1.3.2.15 Optimal design of suspension systems (Donerre) 

Donerre, an SME form France, is developing and manufacturing 
high-end suspension systems such as the ones used for world 
championship rally cars. Suspension systems are present in many 
products in our daily life: cars, motorbikes, etc. 

In this experiment, an optimum design for a selected test case 
from Donerre was found considering the application–specific 
requirements and constraints. For this end, a multi-body 
simulation tool has been cloudified (see ISV section on STT) which 
can be used by Donerre and other companies from now on to also 
optimise future designs.  

Before the experiment, the process of finding an optimal design was iterative requiring several physical 
prototypes. Due to the costs and time it needs to build prototypes, the development heavily relies on 
experience. It was never clear if better design would have been possible due to these constraints. Rarely an 
optimum solution was found in the first attempt; therefore, this process had to be repeated 3 or 4 times.  

Simulation promises to explore a wider design space and find better solutions in the same or shorter time 
with a fraction of the expenses associated to the current process. The challenges of a simulation-based 
approach lie in efficient use of HPC resources for the compute-demanding multi-body-systems simulation 
and efficient automated optimization procedures, which deduct design variables from many simulations’ 
results.  

The simulation tool allows analysing single modifications in the design of an existing shock absorber in less 
than one week leading to savings in labour of about 1 to 2 weeks. This time reduction multiplies with the 
number of design iterations needed. Thus, the cost savings will be higher than 50 percent. The cost of the 
simulation tools is also an important factor contributing to savings. The pay-per-use approach proposed in 
this experiment makes simulation tools affordable to Donerre and other SMEs. Using simulation tools 
Donerre will solve some crucial issues of racing vehicles. This competence is likely to motivate customers to 
select Donerre as a partner in the future. Thus, Donerre expects to create a new job for a design engineer in 
2018.  
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1.3.3 The results of the ISVs  

In this section, we overview the results of the Independent Software Vendors. The results are typically of 
three types: a) cloudification of existing software components that have an extended scope and purpose in 
comparison to the experiment focus, b) adaptation of the cloudified software as services to fulfil the 
experiment requirements and c) realisation of workflows, service embedding and linking by dedicated apps 
(optional). 

1.3.3.1 PLM in the Cloud (Jotne) 

Jotne, a SME ISV from Norway, cloudified their PLM software 
Express Data Manager (EDM) in the experiment PLM in the 
Cloud. Besides porting EDM to the CloudFlow Infrastructure, 
Jotne developed the corresponding workflow and data 
structures for supporting also the experiment CFD in the Cloud.  

Jotne reduced the time for reviewing and managing simulation results at Stellba by about 40 person-hours 
for a medium-sized turbine optimisation project. By shortening the elapsed time for handling projects, 
Stellba’s capacity for new projects increases and reduced product costs lead to better competitiveness. The 
ownership of data by Stellba is also improved as project data are archived in a standard format (STEP, ISO 
10303). 

The software components for design and analysis review and management are new HPC Cloud services 
provided by Jotne and packaged into a workflow to be easily accessible, usable and affordable. With this new 
Cloud service approach, Jotne has enriched their software functionality for a more useful, usable and 
efficient engineering optimization iterations. Since the topic of PLM is of high relevance for many 
manufacturing branches, in the future hundreds or even thousands of new usages of this software per year 
have become possible. The corresponding additional revenue can put Jotne AS into the position to hire five 
new sales and support persons for marketing the new solution and for supporting customers. 

1.3.3.2 CFD in the Cloud (Numeca) 

Numeca, an SME ISV from Belgium, cloudified their CFD 
software Fine/Turbo and helped Stellba to better predict 
efficiency of turbines due to full hill chart calculation in short 
time in the experiment CFD in the Cloud. Besides porting 
Fine/Turbo to the CloudFlow Infrastructure, Numeca 
developed the corresponding workflow and simulation model 
for the experiment.  

Using ‘cloudified’ CFD software of NUMECA and Product Lifecycle Management (PLM) software by Jotne, 
speeds up and simplifies the CFD process, thus reducing the development costs and increasing the 
competitiveness of Stellba by raising the product quality and reducing the development times (better time-
to-market). By increasing the accuracy of the CFD, the end-user Stellba can reduce the security margin for 
their efficiency guarantees, which increases the competitiveness in the market. If the efficiency of a 40 MW 
turbine can be increased by 2% with the help of efficient and sophisticated simulation, the turbine owner 
will gain more electricity output from his water plant worth € 200.000 per year.  

For NUMECA, the much higher accessibility of the cloud-based CFD solution, from virtually anywhere, will 
largely enhance the end-user experience in evaluating and using CFD solutions in design processes. 
Consequently, it is expected that the number of SMEs using CFD will increase largely in the short and 
medium term, resulting in new customers for NUMECA. Due to this increase one or two new jobs will be 
created in the short term.   
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1.3.3.3 Systems Simulation in the Cloud (ITI) 

ITI, an SME ISV from Germany, cloudified their systems simulation 
software SimulationX and modelled a water power plant for Stellba 
to optimized for safety behaviour together with Stellba. Besides 
porting SimulationX to the CloudFlow Infrastructure, ITI extended its 
tools to be efficiently used form web browsers support the 
experiment Systems Simulation in the Cloud and embedded them 
into a workflow. 

ITI, with the help of Fraunhofer EAS, enabled Stellba to run systems 
simulations themselves thus making them independent from 
external engineering consultancy services. The used subscription 
business model enables Stellba to use cloud resources on demand. 
The cost-effective scalable HPC resources in the cloud provide the 
possibility to run parameter studies in parallel within a reasonable 
time frame. 

 

 

ITI packaged the services and applications as an easily accessible, usable and affordable workflow. The new 
approach of providing software to end users as cloud services has enriched ITI’s software functionality in 
terms of parallelization and accessibility, with the exploitation of cloud resources also enabling ITI to offer a 
worldwide accessible service for simulation calculation and simulation data management. The new product 
is expected to create additional revenue through a subscription model. The expected additional revenue can 
enable ITI to hire up to two developers for optimizing and maintaining the simulation service. 

1.3.3.4 CAD and CAM on the Cloud (Missler) 

Missler, an SME ISV from France, has been active in two 
experiments porting their CAD/CAM software TopSolid to the 
cloud. Besides porting TopSolid to the CloudFlow 
Infrastructure, Missler designed a special interface to 
accelerating turbine design, automating a lot of error-prone 
manual processes and a workflow for calculating tool paths for 
CAM in the cloud using an HPC back-end. For the impact on the 
end user Stellba see corresponding section above. 

 

The design process is accelerated and optimized by using dedicated functionalities specific to turbine blades. 
These functionalities are added to the base CAD system via the Cloud. Before the end user’s specialist had to 
perform 40 different operations on each surface to get the desired solid model. Now, the designer is guided 
through the process with improved usability, resulting in fewer errors and helping to achieve good results 
with a minimum number of operations. Stellba’s process to design a new blade is in fact running roughly 25 
times faster than before, reducing the design time from eight hours to less than 20 minutes.  

HPC resources enable Stellba to simulate more complex machining tasks more quickly. The time to compute 
a best possible toolpath is now only one third of what it was before. This provides the opportunity to 
increase the quality of the machining. Tool paths are now calculated in parallel. The CAM workflow allows 
for preparing all data sets and executing them at once and in parallel in the Cloud.  

For Missler the experiment has opened up the opportunity to develop new “plug-ins” for other specific 
complex CAD design processes of high importance to different end users and to provide such “plug-ins” 
through the Cloud. This is creating additional revenue for Missler while end users can increase their 
productivity for a reasonable price. Missler can simplify the sales process with a pay-per-use approach 
developed in the CloudFlow project from which Missler can expect more revenue and also potentially new 
customers. This will allow Missler to hire new developers to further improve their Cloud-based functionality 
and also new technicians to provide training and support on the Cloud.   
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1.3.3.5 Electronics Design Automation (EDA): Modelling of Mems Sensors (Helic) 

Helic, an SME ISV from Greece, in this experiment cloudified 
the electromagnetic modelling software RaptorX and helped 
ESS to modify its MEMS chip design by adding interfaces for a 
broader range of devices, while maintaining the same chip 
dimensions and cost (see impact on end user above). Besides 
porting RaptorX to the CloudFlow Infrastructure, Helic 
extended its tools to efficiently support the experiment (with 
the help of the research institution ATHENA) and embedded 
them into a workflow. 

 

Technically, Helic benefitted from the experiment by now being able to offer a web version of its RaptorX 
software that will be offered as a SaaS offering. This opens to Helic the SME market segment, where Helic’s 
standard products are outside most SMEs’ budget limits. With Helic’s currently envisaged pricing model this 
new market could bring additional $0.5m. In terms of new jobs, Helic estimates that two (2) new job posts 
will be created for the launch of the SaaS product. More job posts may be created due to promotion effects 
(e.g. via academic usage). 

In this experiment, also the environmental impact has been analysed in somewhat more detail. The fact that 
the chips from ESS can be produced being 5% smaller than before entails savings of a) 188kg of fossil fuel, b) 
8.46 kg of chemicals and c) 3.76 tonnes of water for 1 million of produced chips originally sized at 1640x1600 
um. This is another convincing argument for using Helic’S software to other potential clients. Imagining the 
number of chips being produced worldwide every year, 1 million is not a huge number. 

1.3.3.6 Optimization of Welding Lines (SimPlan) 

SimPlan, an SME ISV from Germany, has ported their 
simulation and optimization workflow tool to the 
CloudFlow Infrastructure. As discrete event simulation 
tool PlantSimulation by Siemens is running at the HPC 
back-end. They modelled different welding line scenarios 
to be optimized for supporting the experiment 
Optimization of Welding Lines.  

 

The main impacts for SimPlan as ISV are: a) new business model for providing services and access to 
software, b) increased market coverage by offering Cloud-based solutions, c) improved Know-How on 
implementing Cloud-based solutions paving the way for follow-up activities using software packages other 
than the Siemens software (e.g. Demo3D or Anylogic) und d) improved quality for own service fulfilment by 
using computational power of HPC environment. 

For SimPlan 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 implemented solution fits nicely with existing 
offerings and will lead to approximately K€ 300 additional revenue within the next five years resulting in 
about 1.5 additional full-time equivalents. 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. 
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1.3.3.7 Optimizing Energy Consumption and Noise Emission of the Cooling Airflow for Compressors 
(CapVidia) 

CapVidia, an SME ISV from Belgium, has ported its CFD 
simulation tool FlowVision to the CloudFlow Infrastructure. They 
modelled the Boge compressor for enabling the experiment 
Optimizing Energy Consumption and Noise Emission of The 
Cooling Airflow for Compressors. For the results for the end user 
Boge see corresponding section above. Furthermore, CapVidia 
developed a workflow to embed their tools into CloudFlow. 

 

Technical benefits for the ISV are a reduction of simulation time close to a factor of 4 due to using HPC 
resources. This contributes to reduced design and engineering time and costs. Yet alone, the design and 
layout of the splitter-type silencer can be calculated within hours instead of days that were needed before 
for the physical experiment. 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 but also some of 
the physical mock-ups become unnecessary and replaced by virtual simulation.  

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. 
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 turn-key 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´s results. 

1.3.3.8 More Efficient Drug Production Using Cloud-Based CFD Simulation of Bioreactors (Avl List) 

AVL List, an ISV from Austria, has ported its CFD 
solver AVL Fire to the CloudFlow Infrastructure and 
embedded it into a workflow suited to support the 
experiment More Efficient Drug Production Using 
Cloud-Based CFD Simulation of Bioreactors - for the 
results for the end user/ consultancy Ses-Tec see 
corresponding section 1.3.2.5 above. 

 

The computational time for design of experiments (DoE) analysis was decreased from five weeks to one 
week. Due to huge computational resources in the cloud, all 25 simulations variants can be run in parallel 
instead of being executed sequentially. 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. 

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 years perspective, 
AVL is expecting an increase of the sold Cloud-based licences by 5-10%. 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% in three-year perspective.  



29 
 

1.3.3.9 Optimizing heat exchanger design of biomass boilers through CFD simulation (nablaDot) 

nablaDot, an SME from Spain, has cloudified a workflow consisting of pre-
processing (meshing), simulation and post-processing tools based on Open 
Source components to support the experiment Optimizing heat exchanger 
design of biomass boilers through CFD simulation – for impact on the end user 
BioCurve  

This experiment introduces computational fluid dynamics (CFD) tools in the 
design cycle for the condensing biomass boilers of BioCurve. The CFD tools 
(automatic mesh generator, CFD solver and CFD post-processing) have been 
applied to the simulation of the heat exchanger, a component of the boilers 
made by BioCurve (see 1.3.2.6 above).  

During the experiment, the following technical improvements on the side of BioCurve have been achieved a) 
the number of pipes has been reduced from ten to three (32% of the original weight of the pipes) implying 
savings of raw material, fabrication and transportation costs, b) an elliptical geometry for the tubes has been 
adapted, c) a more homogenous distribution of the water mass flow throughout the water tank has been 
found and d) the volume of the 25 kW boiler model has been reduced by 30% allowing the installation of 
these boilers in a greater number of private houses where space is limited. 

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 (approximately 90% of the turnover) is based on CFD 

consultancy using commercial CFD software and in-house computational resources. In the long term (five 

years from now), it is expected that 40-50% of the turnover will be related to ad-hoc development and 

supporting of CFD tools used in the cloud. Three new engineers are expected to be hired. 

1.3.3.10 Automobile Light Design: Thermal Simulation of Lighting Systems (CSUC) 

In this experiment CSUC as an HPC centre collaborated with 
BTechC, which are the users of the experiment results. CSUC 
acted as an ISV here, since they brought the software tools 
(OpenFOAM and Code Aster) to the CloudFlow Infrastructure 
and developed the corresponding workflow supporting the 
experiment Automobile Light Design: Thermal Simulation of 
Lighting Systems - for the results for the end user BTechC see 
corresponding section 1.3.2.7 above. 

 

In addition to the cost reduction due to moving from commercial tools to Open Source tools, the cloudified 
process reduces by 75% the workflow execution 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. 

Summing up all cost/project involved in the project execution, the total cost difference between the old and 
new procedure is approximately 76%. This huge cost reduction should lead BTECH to a better position to win 
market share as provider of engineering services. It is estimated that BTECHC can increase their revenues in 
simulation services by about 240 K€ over the next 3 years creating 2 new jobs 

Regarding CSUC's activities as a HPC provider, after the CloudFlow portal deployment CSUC users have easier 
ways to follow up their tasks. 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 resources 
that do not consume much CPU time (such as 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 one hundred customers, with a 
potential share reaching 5% CSUC plans to create one new job. 
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1.3.3.11 Optimization of Steel Structure Manufacturing (TTS) 

TTS, an SME ISV from Italy, has ported its discrete 
event simulation package DDD Simulator to the 
CloudFlow Infrastructure. They modelled different 
plant and scenarios to be optimized for supporting 
the Experiment Optimization of Steel Structure 
Manufacturing - for the results for the end user 
FICEP see corresponding section 1.3.2.8 above. 

 

The cloudified version of DDD Simulator running on an HPC back-end allows to calculate several alternatives 
and to optimize a design while interacting with the customer, before the technical team had to do the job 
and the sales person could only return to the customer days later. This facilitates being closer to the market 
and benefits in the offering stage because the customer can follow the optimization and more directly 
suggest requirement to be taken into account. 

The cloud-based configuration allowed TTS to develop a new business (and pricing) model: a monthly fee in 
a pay-per-use model allows reaching a wider number of SMEs having a limited expenditure capacity but a 
strong necessity of simulation 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 markets 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, with the creation of two new jobs over a three years horizon. 

1.3.3.12 HPC Workflow for Simulation and Optimization of Additive Manufacturing for Improving the 
Production of Gearboxes (CIMNE) 

CIMNE, a research and technology transfer institution form 
Spain which professionally develops and markets simulation 
software, has ported its finite elements solver FEMPAR to the 
CloudFlow Infrastructure and extended the simulation package 
for Additive Manufacturing (AM) for supporting the 
experiment HPC Workflow for Simulation and Optimization of 
Additive Manufacturing for Improving the Production of 
Gearboxes - for the results for the end user STAM see 
corresponding section 1.3.2.9 above.  

CIMNE benefits with the following technical impacts from the experiment: a) further advancement on the 
industrial applications of FEMPAR-AM, the large scale HPC scientific software tool tailored for AM, b) 
becoming a reference as simulation software provider in AM and c) gaining experience in providing 
software-as-a-service and specialised workflow-oriented solutions.  

Economically the value of CloudFlow for CIMNE lies in a) building a community of users to explore 
exploitation routes, b) allowing to further advance the industrial applications of the large scale HPC scientific 
software tool FEMPAR and c) expecting a 20% increase in market share after one year, increasing to 50% 
after three years. 
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1.3.3.13 Optimised Machining Processes Leveraging Cyber-Physical Systems (Coventry University) 

Coventry University is acting as the ISV in the experiment 
Optimised Machining Processes Leveraging Cyber-Physical 
Systems. They have ported their automatic feature 
recognition, feature sequencing optimisation and machining 
parameter multi-objective optimisation components to the 
CloudFlow Infrastructure and integrated them into a workflow. 
Furthermore, they have analysed a set of CAD models and 
their machining to come up with new improved sequences on 
machining features and optimised parameters for the 
machining process which renders the machining process more 
efficient in terms of time needed and generated scrap material 
(see benefits for end user PowerKut 1.3.2.10 above). 

 

For Coventry, deploying the CAPP simulation engine as a Cloud service ensures that users always work with 
the latest version. The maintenance and updating of the application are made easier. By updating 
applications on Cloud, all the users would get the latest service without any additional effort. Conventry´s 
technical impact is related to new knowledge generation on sustainable machining processes by using real-
world industrial case studies. For the services developed by Coventry, a commercial solution will be brought 
to market offering these CloudFlow services, especially to machining companies in aerospace and 
automotive sectors. Five years after the experiment more than 100 new customers (>400 licences) shall be 
acquired resulting in a revenue stream of more than 1 Mio.€ for the start-up being created from this 
experiment. 

1.3.3.14 Optimizing Moulds and Stamping Processes for Bipolar Plates Used in Fuel Cells (NOESIS) 

NOESIS, a Belgian leader in system integration for engineering, has 
ported their optimization toolkit Optimus to the CloudFlow 
Infrastructure. They have designed simulation models and 
implemented a CloudFlow Workflow to support the experiment 
Optimizing Moulds and Stamping Processes for Bipolar Plates Used 
In Fuel Cells. The optimization relies on simulation results, created 
with Abaqus running on the HPC facilities of CloudFlow.   

Technically, for NOESIS the experiment represents an excellent validation benchmark for the data reduction 
technique and for the adaptive process control strategy. Moreover, any provider of numerical software tools 
can benefit from a similar configuration of the Optimus tool to the one validated within this experiment. The 
expertise acquired while deploying Optimus within the CloudFlow infrastructure allows the ISV to effectively 
reproduce the architecture in any other scenario where Optimus can be coupled effectively to a numerical 
simulation tool running on a Cloud/HPC infrastructure. 

From the business point of view, NOESIS expects that the experiment results become part of the Optimus 
commercial offering and will develop new business opportunities by ‘embedding’ the CloudFlow middleware 
within the Optimus HPC offering for engineering customers. The CloudFlow-powered engineering workflows 
are expected to lead to 2-3 users to join the platform during the first year and to increase with time to 
€400,000 per year as the user-base grows. On top of that, there is the possibility to add engineering services 
offered to meet specific customer needs in terms of workflow complexity, specific optimisation routines to 
be implemented, and ad-hoc deployments on their production machines. These services could produce 
about 200.000 € in the third year after the project end. 
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1.3.3.15 Optimal Rubber Injection Moulds through Cloud-Based Simulation (ITAINNOVA) 

ITAINNOVA, a technical institution from Spain, here acting as the ISV, has 
ported OpenFOAM to the CloudFlow Infrastructure together with some 
dedicates tools that automate the process of optimizing rubber injection 
moulds minimizing the need of user intervention. The goal of the 
optimization is to reduce defects and to speed up ramp-up. Technically 
the goals are to speed-up the many simulations needed for optimization 
runs and to relieve users from fiddling around with simulation tools and 
parameters via a dedicated workflow.  

Technically the results of the experiment are deeper insight into and understanding of the rubber injection 
process due to HPC use which was not affordable before without the pay-per-use concept. Simulation and 
optimization time can now be offered more cost-efficiently which also benefits ITAINNOVA and the 
acceptance and market perspective of their tools. 

The provision of the new services and the development of new workflows in different industrial fields will 
lead to an increase in the number of projects for existing and new customers, for example expanding the 
service to include plastics or die casting in addition to rubber. This is expected to lead to additional revenue 
of €150,000 per year for the next five years. The above-mentioned improvements contribute to increased 
competitiveness in the target market and an increase of at least 10% of the personnel. 

1.3.3.16 Cloud-based optimization of Extrusion Dies (DHCAE, INO) 

DHCAE and INO, two SMEs from Germany, one software vendor and an 
engineering services company have been working together in the 
experiment Cloud-based optimization of Extrusion Dies. They ported 
OpenFOAM and CalculiX, a CFD and CSM simulation software, 
respectively, to the CloudFlow Infrastructure. Furthermore, they have 
designed simulation models and implemented a CloudFlow Workflow that 
realizes a coupled simulation of Fluid Structure Interaction (FSI). 

 

INO’s software product INIX has been extended to run in the Cloud and coupled with the structural 
mechanics solver CalculiX. The customer base is going to be enlarged by 50 SMEs and sales are planned to be 
tripled. For simulation services provided by INO themselves, significantly increased computational power is 
available now due to HPC clusters. INO expects that the innovative CFD-FSI simulations will increase the 
number of interested customers. A particular interest is with large companies with other types of tools, such 
as pipe and profile tools. 

DHCAE is able to provide a completely cloud-based workflow on a pay-per-use basis, hereby completing its 
portfolio of cloud-based services. The simulation times for large problems can be sped up by a factor of 10 
compared to in-house hardware and by a factor of 3 compared to the existing Amazon-based HPC 
architectures. DHCAE expects that the turnaround can be increased to 500 000 €/year in the next three years 
for the two market segments (general CFD/CSM Cloud simulation and specialist FSI tools) – this will allow to 
increase the number of employees. 

1.3.3.17 Improving fire safety of buildings by simulation in the cloud (CYPE SOFT) 

CYPE SOFT, S.L., an SME from Spain, has ported CYPE FDS, a 
software for fire simulation to the CloudFlow Infrastructure. 
Furthermore, they have designed simulation models and 
implemented a CloudFlow Workflow to support the 
experiment Improving fire safety of buildings by simulation in 
the cloud. In this experiment, the design of a complete fire 
safety design for a real shopping centre located in Spain was 

 

https://api.eu-cloudflow.eu/home/workflows.jsf
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done using the cloudified version of the software. 

With the cloudified software on HPC machines the solving time per scenario was reduced to less than one 
third of the one run on workstations. 

CYPE SOFT will offer the new cloudified solutions to new and existing clients. Adopting the same procedure 
for other software, e.g. structure analysis, energy efficiency and construction management, CYPE will be able 
to increase the Cloud-based product offerings allowing not just the solving of more complex problems in the 
domain of fire simulation but also entering other market domains. CYPE is expecting to address a bigger 
target market with the expectation of 2,000 clients within one year. Furthermore, it is likely to start 200 
projects with existing clients, one year after the experiment completion, with a perspective of 400 projects in 
the third year. Concerning new clients, CYPE expects 100 projects in the first year and 300 projects in the 
third year, respectively. CYPE is planning to employ two new software developers. 

1.3.3.18 Optimal design of suspension systems (STT) 

STT Systems, an SME from Spain, has ported their multi-body systems (MBS) 
simulation software CMechStudio to the CloudFlow Infrastructure. Furthermore, 
they have designed simulation models and implemented a CloudFlow Workflow to 
support the experiment Optimal design of suspension systems. The simulation 
results have been verified against physical tests and have demonstrated that the 
prediction accuracy is better than required by the end user, Donerre in this case.   

The technical impact for STT Systems is a) a reduction of execution time required by the parametric analysis 
between 10 to 50%, b) a reduction of execution time required by an optimisation problem by 10% to 20% 
and c) new possibilities to run parallel simulations on Cloud/HPC Infrastructures, thus allowing for solving 
more complex problems/models in less time.  

Economically, STT will exploit the results following two complementary approaches: a) offering licences of 
the enhanced simulation package and b) proposing pay-per-use services (software-as-a-service). The latter 
approach will allow STT to reach new customers especially in the SME segment. STT estimates to increase 
the turnover generated in 2016 by the simulation tools by a factor of 5% in 2018 and by a factor of 10% in 
the following three years. It is expected to create a new job for a mechanical engineer in 2018. 

 

 The Role of clesgo 1.4

clesgo aims to foster the access to manufacturers of customized technology for the digital transformation of 
their processes, rendering flexible, ubiquitous, and cost-effective orchestrating solutions, and leveraging 
trusted strategic alliances with world-class expert partners. clesgo wants to become the single point of 
access for any cloud-based engineering service, supporting our customers with expert knowledge and 
empowering them to execute digital manufacturing workflows. clesgo wants to enable our customers to get 
the maximum possible profit from the technology for their individual needs and requirements. 

clesgo offers Engineering Apps as a Service. An Engineering App is technically realized by means of a design 
centric workflow. This means that an Engineering App reproduces an engineering process for a specific 
artefact type (e.g. pump, compressor, motor) and it models the corresponding expert knowledge. clesgo’s 
service offerings support clesgo’s customers' needs in the fields of product development, additive 
manufacturing, and production lines. 

clesgo’s key principles are:  

 technological availability - cloud interfaces, cloud-based HPC, and cloudified engineering software;  

 business affordability - unified pay-per-use models, web self-service models, and try-before-you-buy 

strategies, and  
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 operational usability - domain knowledge, straightforward workflows, and simple graphical 

interfaces.  

Henceforth, clesgo believes that its customers will be able to: 

 foster the engineering process,  

 reduce the computation time,   

 solve highly complex problems,   

 improve the product quality,  

 lower the development costs, and   

 strengthen the productivity. 

clesgo is currently developing the needed mental shift in the future customers to facilitate their adoption of 
the technology, by assisting them in recognizing their own challenges (e.g. loss of opportunities) and by 
empowering them in understanding the benefits behind the technology. clesgo is building a roadmap that 
helps to understand and learn more about the jobs and pains of the future customers. clesgo strives for a 
vivid and transparent exchange with potential customers that allow them to iteratively and in short cycles 
converge to a validated value proposition and a proven conversion funnel to scale. By validating clesgo´s 
assumptions with potential customers, it will be able to create a customer base and start scaling and truly 
democratizing the technology. 
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2 The potential impact (including the socio-economic impact and the wider 
societal implications of the project so far) and the main dissemination activities 
and exploitation of results  

The impact on the end users and ISVs has been described on the pages above. For each end user and each 
ISV, a paragraph has been dedicated to the technical and economic impact for the respective company, 
sometimes environmental impact is described as well. 

In summary, the technical impact of the experiments can be condensed to: 

• new products and service offers esp. by the involved end users (manufacturing SMEs) and ISVs but 
also by the HPC centres and RTOs 

• improved quality or products and sometimes work environments, e.g. reduced noise emission 
• reduced engineering time and design errors 
• time gained by avoiding repetitive work is now available to increase product innovation by creative 

work  
• reduction of calculation times (up to >30x), i.e. much faster availability of simulation results, e.g. 1 

day instead of 1 month waiting time 
• increased the productivity 
• bettered affordability by pay-per-use models (SW & HW) 
• more complex problem solving in same or shorter time, i.e. problems can be tackled and simulation 

models can be used on HPC that are uneconomical on standard computers 
• increased accuracy of the computations by spending more compute resources on simulation models 

the quality of the prediction can be increased 
• universal access to software and hardware from one unified web platform, even via mobile devices, 

i.e. improved accessibility 
• increased user-friendliness / usability through workflows and web front-ends – also for non-experts 

in simulation 
• all-in-all contributing to increased competitiveness esp. of the involved end users and ISVs 

The economic impact in terms of effects to the job market can be summarized over all experiments as 
follows. The partners predict /estimate the number of new jobs being created through participating in 
CloudFlow via marketing their results to be 35 after one year after the project end. With a 3-years 
perspective they predict an amount of approx. 150 new jobs. The number of customers for the results of the 
project, incl. the Portal, is estimated to be bigger than 5000 with a 3 to 5 years perspective. The monetary 
effects, e.g. increased revenue, money gained by reduced costs for resources, incl. energy, etc. are estimated 
to be at least a 7 digits figure per year.   

Many experiments also have environmental impact, e.g. by raising the energy efficiency of products, by 
reducing energy consumption of products, by better using material resources by compacting electronics, by 
reducing noise emission they also contribute to health and safety of workers, by increasing safety of 
buildings they contribute to the well-being of citizens, just to name some examples. The environmental 
impact of the project as a whole can be seen in analogy to Cloud Computing itself: shared resources are 
being provided to many users raising the occupancy rate of these computers which makes HPC/Cloud more 
economic through sharing the consumption and cost of energy amongst many users, thus reducing idle time.  

The key societal impact of CloudFlow is the democratization of modelling and simulation technology on 
HPC/Cloud resources via web accessibility. Companies as small as one person can access so far unaffordable 
simulation and HPC technology to develop new products, speed up product development or offer services 
such as engineering consultancy via a digital marketplace as part of the CloudFlow eco-system currently 
consisting of almost 50 partners and still growing. The accessibility as well as the outreach via the Portal is 
world-wide. We think it will expand to users from all European countries and beyond in the future, making it 
possible even for participants from less developed countries to not just have access to state-of-the-art 
technology but to exploit it and contribute to it.  
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3 The address of the project public website, if applicable as well as relevant 
contact details  

The address of the project public website is:  http://eu-cloudflow.eu/ 

The project logo:  

 

 

Diagrams or photographs illustrating and promoting the work of the project (including videos, etc.) can be 
found under at the project website: http://eu-cloudflow.eu/download/dissemination.html and http://eu-
cloudflow.eu/download/press-material.html respectively, including 

 Success Story brochures 

o one for wave 1 experiments 

o one for wave 2 experiments 

o one containing all experiments of all 3 waves 

 PR video 

o a short version 

o a long version  

The website contains additional information related to CloudFlow, the experiments, the Open Calls, etc.  

List of all beneficiaries and their corresponding company logos 

 

 

 

Figure 6: Beneficiaries’ logos 

http://eu-cloudflow.eu/
http://eu-cloudflow.eu/download/dissemination.html
http://eu-cloudflow.eu/download/press-material.html
http://eu-cloudflow.eu/download/press-material.html
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Beneficiary Contact name 

1. FRAUNHOFER-GESELLSCHAFT ZUR 
FOERDERUNG DER ANGEWANDTEN 
FORSCHUNG E.V, Darmstadt, Germany 

André Stork 
email: andre.stork@igd.fraunhofer.de 

2. STIFTELSEN SINTEF, Norway Tor Dokken 
email: tor.dokken@sintef.no 

3. JOTNE EPM TECHNOLOGY AS, Norway Kjell Bengtsson 
email: kjell.Bengtsson@jotne.com 

4. DEUTSCHES FORSCHUNGSZENTRUM 

FUER KUENSTLICHE INTELLIGENZ GMBH, 

Germany 

Dennis Kolberg 
email: dennis.kolberg@dfki.de 

5. THE UNIVERSITY OF NOTTINGHAM, 
United Kingdom 

Glyn Lawson 
email: glyn.lawson@nottingham.ac.uk 

6. CONSULTORES DE AUTOMATIZACION Y 
ROBOTICA S.A., Spain 

Antonio Collado 
email: acollado@carsa.es 

7. NUMERICAL MECHANICS APPLICATIONS 
INTERNATIONAL SA, Belgium 

Michel Pottiez 
email: michel.pottiez@numeca.be 

8. ITI GESELLSCHAFT FUR 
INGENIEURTECHNISCHE 
INFORMATIONSVERARBEITUNG GMBH, 
Germany 

Thomas Neidhold 
email: neidhold@itisim.com 

9. Missler Software, France Jean-Claude Morel 
email: jc.morel@topsolid.com 

10. ARCTUR RACUNALNISKI INZENIRING 
DOO, Slovenia 

Tomi Ilijas 
email: tomi.ilijas@arctur.si 

11. STELLBA HYDRO GMBH & CO KG, 
Germany 

Martin Becker 
email: m.becker@stellba.de 

12. EUROPEAN SENSOR SYSTEMS S.A., 
Greece 

Emmanuel Zervakis 
email: zervakis@esenssys.com 

13. HELIC ELLINIKA OLOKLIROMENA 
KYKLOMATA A.E., Greece 

Charalampos Bakolias 
email: bakolias@helic.com 

14. ATHENA RESEARCH AND INNOVATION 
CENTER IN INFORMATION 
COMMUNICATION & KNOWLEDGE 
TECHNOLOGIES, Greece 

Ioannis Emiris 
email: emiris@di.uoa.gr 

15. INTROSYS-INTEGRATION FOR ROBOTIC 
SYSTEMS-INTEGRACAO DE SISTEMAS 
ROBOTICOS, S.A., Portugal 

Luis Flores 
email: luis.flores@introsys.eu 
 

16. SIMPLAN AG, Germany Sven Spieckermann 

mailto:luis.flores@introsys.eu
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email: sven.spieckermann@simplan.de 

17. UNIVERSITAET KASSEL, Germany Ingrid Wenzel 
email: s.wenzel@uni-kassel.de 

18. BOGE KOMPRESSOREN OTTO BOGE 
GMBH & CO KG, Germany 

Ulrich Dämgen 
email: u.daemgen@boge.de 

19. CAPVIDIA NV, Belgium Woitek Zietak 
email: wz@capvidia.be 

20. SES-TEC OG, Austria Dalibor Jajcevic 
email: dalibor.jajcevic@ses-tec.at 

21. AVL LIST GMBH, Austria Reinhard Tatschl 
email: reinhard.tatschl@avl.com 

22. NABLADOT, S.L., Spain Carlos Montañés 
email: carlos.montanes@nabladot.com 

23. BIOCURVE, S.L., Spain José Manuel Muñoz 
email: jmmt@biocurve-heating.com 

24. UNIVERSIDAD DE ZARAGOZA, Spain  David Íñiguez 
email: david.iniguez@bifi.es 

25. BARCELONA TECHNICAL CENTER, S.L., 
Spain 

Jaume Sabaté 
email: jsabate@btechc.com 

26. CONSORCI DE SERVEIS UNIVERSITARIS 
DE CATALUNYA, Spain 

Adrián Macía 
email: adrian.macia@csuc.cat 

27. TTS TECHNOLOGY TRANSFER SYSTEM 
S.r.l, Italy 

Paolo Pedrazzoli 
email: pedrazzoli@ttsnetwork.com 

28. FICEP S.P.A., Italy Allessandro Pirovano 
email: dt.carpenteria@ficep.it 

29. SCUOLA UNIVERSITARIA PROFESSIONALE 
DELLA SVIZZERA ITALIANA (SUPSI), 
Switzerland 

Diego Rovere 
email: diego.rovere@supsi.ch 

30. STAM S.r.l., Genova, Italy Marco Barbagelata 
email: m.barbagelata@stamtech.com 

31. CENTRE INTERNACIONAL DE METODES 
NUMERICS EN ENGINYERIA, Barcelona, 
Spain 

Cecilia Soriano 
email: csoriano@cimne.upc.edu 

32. COVENTRY UNIVERSITY, Coventry, 
United Kingdom 

Weidong Li 
email: aa3719@coventry.ac.uk 

33. POWERKUT LIMITED, Coventry, United 
Kingdom 

Peter Everett 
email: powerkut@me.com 

34. NOESIS SOLUTIONS NV, Belgium Roberto d’Ippolito 
email: roberto.dippolito@noesissolutions.com 

35. BORIT NV, Belgium Leo Oelbrandt 

mailto:s.wenzel@uni-kassel.de
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email: leo.oelbrandt@borit.be 

36. MIJU, S.A., Spain Alberto Pequerul-Balduque 
email: lab@miju.es 

37. STANDARD PROFIL SPAIN, S.A., Spain Arturo Garcia 
email: agarcia@standardprofil.com 

38. INSTITUTO TECNOLOGICO DE ARAGON, 
Spain 

Salvador Izquierdo 
email: sizquierdo@itainnova.es 

39. INO - Ingenieurbuero fuer Numerische 
Optimierungsmethoden, Germany 

Andreas Sobotta 
email: andreas.sobotta@ino-fem.de 

40. EMO EXTRUSION MOLDING GMBH, 
Austria 

Jürgen Hauser 
email: j.hauser@emo.at 

41. DHCAE TOOLS GMBH, Germany Martin Becker 
email: martin_becker@dhcae-tools.de 

42. COTTES FIRE & SMOKE SOLUTIONS, S.L., 
Spain 

Alejandro Adan 
email: alejandro.adan@cottesgroup.com 

43. CYPE SOFT, S.L., Spain Benjamin Gonzalez 
email: benjamin.gonzalez@cype.com 

44. ASOCIACION PARA LA INVESTIGATION Y 
DESARROLLO TECNOLOGICO DE LA 
INDUSTRIA DEL METAL DE CASTILLA LA 
MANCHA, Spain 

Jorge Vazquez Arias 
email: jorge.vazquez@itecam.com 

45. STT INGENIERIA Y SISTEMAS, S.L., Spain Jose Manuel Jimenez 
email: jmjimenez@stt-systems.com 

46. AMORTISSEUR DONERRE, France Guillaume de Coninck 
email: gdc@donerre.fr 

47. CLESGO UG (haftungsbeschränkt), 
Germany 

Sebastian Peña Serna 
email: sps@clesgo.com 
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4 Use and dissemination of foreground 
 

A1: list of scientific (peer reviewed) publications, starting with the most important ones 

N
O. 

Title Main author Title of the 
periodical or 
the series 

Number, 
date or 
frequency 

Publisher Place of 
publication 

Year of 
publicati-
on 

Rele-
vant 
pages 

Permanent 
identifiers2  

(if 
available) 

Is/Will open 
access3 
provided to 
this 
publication? 

1 Computational 
Cloud services and 
workflows for agile 
engineering 

Antonio 
Collado, Andre 
Stork, Daniel 
Weber, 
Christian Stahl 
and Tor Dokken 

International 
Conference 
on Cloud 
Computing 
and Services 

 
CLOSER 
2014 

Barcelona 2014 pending  yes 

2  A user-centric 
methodology to 
establish usability 
heuristics for 
specific domains 

Setia 
Hermawati, 
Glyn Lawson 

Contemporary 
Ergonomics & 
Human 
Factors 2015 

 
Taylor and 
Francis 

London 2015 80-85 Print ISBN: 
978-1-138-
02803-6, 
eBook ISBN: 
978-1-315-
68573-1 

 

 

 

 

3 Establishing 
usability heuristics 

Setia 
Hermawati, 

Applied Volume 56 Elsevier Amsterdam
Nether-

2016 34-51 https://doi.or
g/10.1016/j.

 

                                                           

2 A permanent identifier should be a persistent link to the published version full text if open access or abstract if article is pay per view) or to the final manuscript accepted for 

publication (link to article in repository).  
3 Open Access is defined as free of charge access for anyone via Internet. Please answer "yes" if the open access to the publication is already established and also if the 

embargo period for open access is not yet over but you intend to establish open access afterwards. 

 

https://doi.org/10.1016/j.apergo.2015.11.016
https://doi.org/10.1016/j.apergo.2015.11.016
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for heuristics 
evaluation in a 
specific domain: is 
there a consensus? 

Glyn Lawson Ergonomics lands apergo.2015
.11.016 

4 A p-multigrid 
algorithm using 
cubic finite 
elements for 
efficient 
deformation 
simulation 

Daniel Weber VRIPHYS 
2014, 11th 
Workshop on 
Virtual Reality 
Interactions 
and Physical 
Simulations 

Germany, 
September 
24 - 25, 
2014 

Euro- 
graphics 

Bremen 2014    

5 Flexible integration 
of Cloud-based 
engineering 
services using 
semantic 
technologies 

Christian Stahl Proceedings 
of ICIT 
(International 
Conference of 
Industrial 
Technology) 

2015 IEEE Seville, 
Spain 

2015   Yes 

6 How to 
compensate for 
shortfalls in 
empirical usability 
evaluation with 
heuristics and 
cognitive 
evaluation 

Setia 
Hermawati, 
Glyn Lawson 

Applied 
Ergonomics 

In 
preparation, 
to be 
submitted 

Taylor and 
Francis 

London, UK     

7 Rixels: towards 
Secure Interactive 
3D Graphics in 
Engineering Clouds 

Christian 
Altenhofen, 
Andreas 
Dietrich, Andre 
Stork 

Transactions 
on Internet 
Research 

12/2016 IPSI BgD 
Transaction
s on 
Internet 
Research 12 
(2016), 
Nr.1, S.31-

Belgrade, 
Serbia 

2016  ISSN: 1820-
4503 

 

https://doi.org/10.1016/j.apergo.2015.11.016
https://doi.org/10.1016/j.apergo.2015.11.016
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8 A user-centred 
framework to 
design and develop 
open cloud-based 
platform for 
engineering 
applications 

Setia 
Hermawati, 
Glyn Lawson 

Requirements 
Engineering 

In 
preparation, 
to be 
submitted 
2017 

Springer 
Link 

Berlin, 
Germany 

  yes  

9 Service and 
Workflow 
Engineering based 
on Semantic Web 
Technologies 

Volkan Gezer, 
Simon 
Bergweiler 

The Tenth 
International 
Conference 
on Mobile 
Ubiquitous 
Computing, 
Systems, 
Services and 
Technologies 

2016 IARIA XPS 
Press 

Venice, Italy 10/13/20
16 

152 to 
157 ISSN: 2308-

4278 
ISBN: 978-1-
61208-505-
0 

Yes 

 

10 CloudFlow - An 
Infrastructure for 
Engineering 
Workflows in the 
Cloud 

Håvard Heitlo 
Holm, Jon M. 
Hjelmervik, 
Volkan Gezer 

UBICOMM 
2016: The 
Tenth 
International 
Conference 
on Mobile 
Ubiquitous 
Computing, 
Systems, 
Services and 
Technologies 

2016 IARIA Venice, Italy 10/13/20
16 

Pages: 
158-165 

ISSN: 2308-
4278 
ISBN: 978-1-
61208-505-
0 
Open 
access: 
http://www
.thinkmind.
org/index.p
hp?view=art
icle&articlei
d=ubicomm
_2016_8_20
_10106 

yes 
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11 Multi-Vendor 
Engineering 
Workflows through 
the CloudFlow 
Infrastructure 

Håvard Heitlo 
Holm, Volkan 
Gezer, Setia 
Hermawati, 
Christian 
Altenhofen, Jon 
M. Hjelmervik 

 

SINTEF, 
Fraunhofer, 
DFKI,UNott 

In Progress   30 June 
2017 

  yes 

12 Parametric and 
Adaptive 
Encryption of 
Feature-based 
Computer-Aided 
Design Models for 
Cloud-based 
Collaboration 

X.T. Cai, S. 
Wang, X. Lu, 
W.D. Li, Y.W. 
Liang 

Journal: 
Integrated 
Computer-
Aided 
Engineering 

In press Elsevier     Yes 

13 Customized 
Encryption of CAD 
Models for Cloud-
enabled 
Collaborative 
Product 
Development 

X.T. Cai, S. 
Wang, X. Lu, 
W.D. Li 

Book chapter 
(Book title: 
Cybersecurity 
for Industry 
4.0) 

 Springer In press    No 

14 Sustainable Process 
Planning for 
Customized 
Production 
Optimization 

Sheng WANG, 
Xin LU and 
Weidong LI 

Proceedings 
of the 14th 
International 
Conference 
on 
Manufacturin
g Research 

6 
September 
2016 - 8 
September 
2016 

 UK 9/9/2016    

15 Cloud-based Volkan Gezer, Accepted, In  IARIA  6/30/   Yes 
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Approach for 
Workflow 
Engineering Using 
Semantic Web 
Technologies 

Simon 
Bergweiler 

publishing 
process 

Internation
al Journal 
on 
Advances in 
Internet 
Technology, 
2017 no 
1&2 

2017  

 

 

 

16 How to 
compensate for 
shortfalls in 
empirical usability 
evaluation with 
heuristics and 
cognitive 
evaluation 

Setia 
Hermawati, 
Glyn Lawson 

Applied 
Ergonomics 

In 
preparation, 
to be 
submitted 
2017 

Taylor and 
Francis 

London, UK     

17 Fremtiden fabrikke 
skal få farten på 
Europa 

Odd R. Valmot 
intervjue with 
Tor Dokken at 
SINTEF 

Teknisk 
Ukeblad, Issue 
15, 
September 4, 
2014. (295 
000 readers in 
Norway, 
distributed to 
all members 
of norwegain 
Engineering 
Societies, all 
sectors) 

Issue 15, 
September 
4, 2014. 

Teknisk 
Ukeblad 

Oslo, 
Norway 

9/4/2014 Page 14  yes 

89 Boge optimiert 
Kompressoren über 
die Cloud 

U. Dämgen  Article 
(February 
2016)  

Article in 
Journal  
"b & i – 
Beriebs-

 Article 
(February 
2016)  
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tech- 
nik und 
Instandhalt
ung" (b-
und-i.de) 

19 R. Paßmann 
(SynOpt): 
Partitionierte FSI-
Kopplung 

U. Heck, M. 
Becker, P. Daga 
(DHCAE Tools) 

 April, 25–27 
2016 

3rd 
NAFEMS 
Regional 
Conference 

Bamberg, 
Germany 

    

20 Partitioned FSI-
Coupling with 
Open-source 
technology 

P. Daga, U. 
Heck, M. Becker 
(DHCAE Tools) 

 October 11–
13 

4th ESI-
OpenFOAM 
User 
Conference 

Cologne, 
Germany 

    

21 A new CFD tool to 
design heat 
exchangers in the 
Cloud 

A. Gómez, C. 
Montañés, M. 
Cámara, A. 
Cubero, N. 
Fueyo, J.M. 
Muñoz 

Applied 
Thermal 
Engineering 

In 
preparation 

Elsevier      
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