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Introduction
The aim of INN-BALANCE Project is to develop a novel and integrated development platform for
developing advanced Balance of Plant (BoP) components in current fuel cell-based vehicles, in
order to improve their efficiency and reliability, reducing costs and presenting a stable supply
chain to the European car manufacturers and system integrators.
The main objective of this work package 6 is to develop an optimization framework to provide
the redesign specifications of the BoP components and modules assembly to reduce the
manufacturing costs and enhance the mass production. For this purpose, the supply chains and
manufacturing processes of the main industrial partners that participate in the project will be
modelled. Moreover, new manufacturing processes and their automation will be considered.
Along with supply chains and manufacturing processes, materials, part numbers and assemblies
will be reviewed in the analysis of product specifications and quality. The objective of this
deliverable is to present the public results obtained throughout work package 6.
The deliverable is organized as follow: Firstly, it will be presented the structure of the
optimization framework, which has been developed in order to optimize at the same time all
the important parts of the value chain in a concurrent design strategy. Secondly, some results
will be provided. Finally, the cost evaluation of the BoP components at different levels are
presented in order to highlight the benefits of the manufacturing-oriented design and mass
production.

1. Optimization framework
A global optimization framework has been developed in order to achieve a substantial cost
reduction considering manufacturing, supply chain and the performance of the system. Based
on the literature, few works exist which include 2 of these 3 aspects, and no study has been
found that considers the whole scenario. The objective of this tool is to apply the DFMA (Design
for Manufacturing and Assembly) methodology by jointly considering the supply chains, the
manufacturing, and the performance of the system.
The optimization framework is divided into three parts: manufacturing, supply chain and
performance modules. In this section is presented a summary of each of them:
1- The manufacturing module
This part is in charge of selecting the best materials and manufacturing processes for
each manufactured part.
2- The supply chain module
Selects materials and equipment to satisfy demand for finished products considering
raw material and equipment stocks; discounts based on quantity of materials
purchased, etc.
3- The performance module
For this purpose, it is modelled some devices of the system based on their most
significative properties.
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The inputs are information about the system. The optimized result would consist of the best
values for the design variables to maximize some defined key performance indicators (KPIs), to
minimize the supply chain costs while accomplishing the required quantities and meeting the
restrictions of the problem and to minimize the manufacturing cost, providing design
specifications in terms of materials and manufacturing processes, while also meeting the
constraints. The program has been designed in Matlab. A scheme of this global optimization
framework can be seen in the Figure1.

Figure 1 Schematic view of the global optimization framework

The inputs are introduced through a questionnaire that the user should answer. This information
is used by the three green modules (see Figure 1). A mixed-integer linear programming is used
to solve the optimization problem. It takes all the restrictions and build the needed matrices and
optimization function to find the best solution among all the candidates.

1.1

Manufacturing and supply chain modules

In the proposed optimization framework is defined a model for the manufacturing costs to
evaluate the cost of a certain fuel cell system configuration and a model for the supply chains
and their associated costs. Both are based on a set of assumptions which are explained in this
section.
1. Manufacturing process modelling assumptions
A set of assumption were considered for the modelling of the manufacturing processes. The
proposed manufacturing process modelling has considered the following functionalities:
•

Setting all the constraints related to the manufacturing processes, for instance, the
incompatibility between some manufacturing processes and materials, so that if one is
selected, the other cannot be chosen. With the specifications introduced in the input
module, it also eliminates some materials or manufacturing processes that do not meet
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•
•

the necessary requirements, so that the final variables introduced in the optimization
are those which can finally be used.
Assigning the costs to each variable in the objective function of the global optimization
framework.
Deciding which manufacturing processes and materials are the best option for each
manufactured part. Using an estimated capability of the manufacturing machines, it also
calculates the number of machines of each type needed to be able to cope with all the
production in the required time.

2. Supply chain modelling assumptions
A set of assumption were considered for the modelling of the supply chain. A depth study of the
literature in terms of cost optimization have been carried out. Based on this literature study, the
proposed supply chain cost optimization has considered three different aspects:
•
•
•

The modelling of the shipment of raw materials and equipment from the supplier to the
receipt centre to satisfy the demand of finished goods.
The modelling of the stock management for the raw materials, equipment and finished
goods and the setting of all needed restrictions.
Assigning the corresponding costs in the objective function.

3. Results
This subsection shows how the optimization framework works and some obtained results, in
terms of screenshots.
When the program starts, it asks the number of subsystems and a set of questions about them
(see Figure 2).

Figure 2 Initial questionnaire

After that, it asks about the origin of the components (bought or manufactured) or even if the
cost, of a specific component, is fixed (because it is not desired to include this part in the
optimization). In the next figure is shown an example of the information that is asked by the tool
for the bought components.
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Figure 3 Bought part selected.

In case of the equipment is not found and require again the introduction of a new equipment.
For the manufactured parts, a set of questions is asked by the tool to determine if the required
component could be manufactured. In the next Figure 4 is shown a screenshot of the tool about
the manufactured questionnaire.

Figure 4 Manufactured part selected

After collecting and checking all the provided data in the optimization framework, it builds the
matrices of restrictions and the objective function vector for the optimization, and solve the
problem. The results are showed in a simplified way. In the next figure is shown an example of
these results.
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Figure 5 Results for supply chain and manufacturing

The next flowchart summarizes the workflow of the proposed optimization framework to
facilitate the understanding of the program.
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Figure 6 Simplified flowchart of the workflow

1.2

Performance module

There are devices on the system that could be optimized, in terms of cost, but it is necessary to
ensure that the behaviour of the completed system does not change, or at least there are not
important differences, if a proposed device by a partner is changed by another one which
feature are similar but not the same. These alternatives could be provided by supply chain, and
manufacturing modules.
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In the performance module was proposed and developed a methodology to test different
alternatives for the same device to study the behaviour of the system before replacing it.
To study the performance of the system it was proposed to use the net energy. Besides, it was
fixed a set of conditions to ensure the life of the system. For this methodology was used the
provided Matlab-Simulink model by one of the partners.
In the next table is listed each step of the methodology:
1

Modelling the devices in terms of equations and Simulink

2

Studying device alternatives

3

Simulating the completed system for each alternative and for the
proposed device by the partners
Studying the effects on the controlled magnitudes by the device (proposed
option and the alternatives taken from the market) and compare the
obtained results
Studying the differences in terms of performance between the devices
(the proposed by the partner and the alternatives)

4

5

Table 1 Device performance methodology steps

1. Evaluation of the proposed methodology
In order to show the results of the proposed methodology. This section includes the results
obtained after applying the proposed methodology to one of the system components, the
cathode module valve.
Valves are modelled based on the opening/closing time and the discharge coefficient.
The aim is to show that the proposed methodology leads to obtain similar simulation results in
terms of system performance and controlled magnitudes choosing other valves with similar
properties but cheaper than the one proposed by the partner.
Two different analyses will be carried out in this methodology. On the one hand, evaluate the
effects of testing alternatives in the controlled magnitudes by the studied valve. On the other
hand, studying the performance of the system for each of the alternative and compare with the
one proposed by the partner.
The same load current cycle will be used as input (see Figure 7) for each simulation. It means
that different valve alternatives will be simulated under the same input signal in order to
establish a reliable comparison.
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Figure 7 Current load cycle – Input

The current load cycle models the effect of changes in the speed of a vehicle versus time. Based
on these values, the supervisory controller will give value to the references of the subsystem.
Related to the cathode module, this controller fixes the references for mass flow, humidity ratio
and pressure.
To test the proposed methodology, it is used the proposed valve by a partner and three different
alternatives.
After studying the influence of the opening and closing time in the behaviour of the completed
system, the other property (discharge coefficient), which is considered in the modelling of the
valve, will be evaluated in terms of influence in the controlled magnitudes and the performance
of the system.
Opening and closing time – Simulating results
The two magnitudes, which are controlled by the valve under study, are: pressure and mass flow
at the stack inlet. The first study is to observe the influence of the valve alternatives in the
controlled magnitudes. For that, it will be compared the obtained results for mass flow and
pressure related to their references for each of the valve alternatives, including the proposed
one. These references, mass flow and pressure, are fixed by the supervisory controller which are
based on the load current.
To quantify the differences between the reference signal and the controlled one it is used the
“Root Mean Square Error (RMSE)” which measures how close the controlled data points are to
the model's reference values. This error is obtained for each of the alternative valves, and they
are represented in the next figure:
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Figure 8 RMSE (Pressure and mass flow) - Opening and closing time

Apart of studying the effect of the alternative valves in the controlled magnitudes, the other
objective of this methodology is to evaluate the performance of the system to study the
consequences of replacing the partner (BV) proposed valve by other alternatives.
In the next Table 2 is listed the values of the obtained energy by the stack from each simulation,
which corresponds to each of the simulated valves.
Valve
BV
V2
V3

Stack energy (kWh)
4.2962e+03
4.2969e+03
4.2958e+03

Table 2 Stack energy per valve - Opening and closing time

A faster valve, in terms of response time, will produce lesser amount of energy.
In the next Table 3 is showed the generated energy by the net, this metric measures the
generated energy by the stack minus the energy consumed by the compressor.
Valve
BV
V2
V3

Net energy (kWh)
4.2404e+03
4.2398e+03
4.2406e+03

Table 3 Net energy per valve - Opening and closing time

Despite the lowest generated energy by the stack corresponds to V3 valve, the highest
generated net energy corresponds to this valve. It means that the energy consumed by the
compressor is lesser for this valve. It is due to the compressor works lesser for a faster valve. To
highlight this issue the next Table 4 shows the consumption, in terms of energy, by the
compressor for each of the valves.
© INN-BALANCE consortium
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Valve
BV
V2
V3

Energy consumed by
compressor (kWh)
55.6960
57.1032
55.1904

Table 4 Consumed energy by the compressor per valve - Opening and closing time

The lowest consumed energy by the compressor corresponds to the fast valve (V3) and the
highest to the slowest one (V2).
As conclusion, the system in which is integrated the valve V3 generates more energy than the
rest of the options despite generating lesser energy by the stack. It is due to the compressor
energy consumption is lesser than in the rest of the alternative valves. The differences between
the proposed alternatives and the proposed valve by Brose are very small. In consequence, both
alternatives can be used because the performance of the system is not going to change a lot.
The difference of pressure between inlet anode and cathode must be considered because the
status of the stack membrane depends on that pressure difference. For this purpose, before
selecting a valve as an alternative for the Brose option, this difference must be study in order to
not reduce the life of the membrane. In the next Figure is shown the pressure difference for
each of the alternative (V2 and V3) and BV.

Figure 9 Pressure difference (Anode - Cathode) per valve - Opening and closing time

Based on the opening and closing time, all the alternatives can be selected. It means that the
cheapest alternative valve can be chosen because the system is going to work properly.
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Discharge coefficient – Simulating results
The other property which has been modelled in the modelling of the valves is the coefficient of
discharge. The objective of this subsection is to study the effects of this property in the
controlled magnitudes by the valve and in the performance of the system. As in the closing and
opening time study, the valve under study that is in the cathode module will be used to test this
part of the methodology.
The goal of this analysis is to study the effects of the discharge coefficient in the controlled
magnitudes and in the performance of the completed system.
In this analysis will be compared the effects of the three valves in the controlled magnitudes
(pressure and mass flow). For that end, this analysis will be divided into two parts. On the one
hand, comparing the effects of varying the discharge coefficient, for the three different
approaches, in the controlled pressure. On the other hand, varying the discharge coefficient in
order to compare the mass flows for the three alternatives.
Pressure comparison
In the next Figure 10 is represented the differences between the three controlled pressures by
BV, V1 and V2 valves. The differences are not very important however they can affect the
performance of the system. It means that the discharge coefficient does not affect the
controlled pressure too much, but these small differences could change the behaviour of the
completed system in terms of performance. In next subsection this point will be studied, and
the influence of these variations will be analysed in order to determine the effect of the
discharge coefficient in the performance of the system. Besides, in the next Table 5 is presented
the RMSE values between each of the alternatives and the reference pressure in order to
quantify made error. A Higher discharge coefficient means a higher RMSE.

Figure 10 Controlled pressure differences BV-V1-V2 - Discharge coefficient
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Valves
BV
V1
V2

RMSE
0.0322
0.0720
0.0277

Table 5 RMSE (Pressure BV-V1-V2) - Discharge coefficient

Mass flow comparison
Regarding the mass flow happens like in the pressure analysis, the differences are not very
significant however their effects could change the behaviour of the system. For that reason,
these comparisons, pressure and mass flow analysis, are not enough to determine the effect of
changing valves with different coefficient of discharge in order to optimize the costs. If only both
studies would be used to select the cheaper valve, this study would conclude that any valve in
terms of discharge coefficient can be used instead of the Brose valve because the controlled
signals (pressure and mass flow) are more or less the same. However, if we see the next section
where is analysed the performance of the system, this is not true. Also, it is studied the RMSE
values for each of the alternative regarding the mass flow reference.

Figure 11 Controlled Mass flow differences VB-V1-V2 - Discharge coefficient

Valves
BV
V1
V2

RMSE
0.0207
0.0411
0.0208

Table 6 RMSE (Mass flow BV-V1-V2) - Discharge coefficient

In the next Figure 12 is represented the comparison between the RMSE for each of the
alternatives, for mass flow and pressure.
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Figure 12 RMSE (Mass flow BV-V1-V2) - Discharge coefficient

In the previous subsection was analysed the effect of replacing the proposed valve under study,
in terms of discharge coefficient, by other alternatives. This analysis concluded that the
controlled magnitudes were similar but to ensure that these small differences affect to the
behaviour of the system, in this subsection will be analysed the consumed energy by the system.
The definition of this energy is the same that was used in the previous section in which was
analysed the effect of the opening and closing time in the performance of the system.
Firstly, in the next Table 7 is listed the generated energy by the stack using each of the valves. It
can be observed that the highest generated energy corresponds to the V1 valve and the lowest
generated energy corresponds to V2. In consequence, a higher coefficient of discharge means
lesser generated energy by the stack. But this conclusion is not enough because the generated
energy by the system considers the consumed energy by the compressor and the produced
energy by the stack.
Valve
BV
V1
V2

Stack energy (Kwh)
4.1944e+03
4.1956e+03
4.1938e+03

Table 7 Stack energy per valve - Discharge coefficient

In next Table 8 is listed the values of the generated energy by the system using each of the
options. Based on these values the best option will be the V2 despite generating lesser energy
by the stack, it is due to that the consumption by the compressor is lower.
Valve
BV
V1
V2

Net energy (kWh)
4.1404e+03
4.1387e+03
4.1412e+03

Table 8 Net energy per valve- Discharge coefficient
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The next Table 9 summarizes the consumptions of the compressors for each of the simulation,
in which the valves are used. Between both alternative, V1 and V2, there is an important
difference: around 8%.
Valve
BV
V1
V2

Energy consumed by
compressor (kWh)
53.9561
56.9008
52.5899

Table 9 Energy consumed by the compressor per valve - Discharge coefficient

The last step is to study the differences between the cathode and anode inlet pressure. In the
next Figure 13 is represented these differences for each of the analysed valves. The difference
of pressure is maintained, consequently the membrane will not be damaged for this reason. The
three alternatives are useful.

Figure 13 Pressure difference (Anode - Cathode) per valve - Discharge coefficient

In conclusion, using a valve with a higher coefficient of discharge, the system will generate more
energy, around, 3240kWh. It means that the valve under study could be replaced by a valve with
higher coefficient of discharge and lower cost. Besides the made error, using the pressure and
mass flow RMSE values, are similar to the valve under study (BV).
This methodology could be applied for other components.
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2. Cost evaluation
The cost evaluation of the developed BoP components has been carried out based on the data
provided by each partner of the consortium. The information has been collected in two different
ways. On one hand, the deliverables provided by the partners have been reviewed in order to
get basic information of the system modules and, specially, the information regarding the costs
after manufacturing-oriented redesign. On the other hand, a form about costs of the used
components in each module, was sent to the partners of the consortium to be filled in.
The components or devices that compose each module, i.e., the anode, cathode, and thermal
modules, have been classified in two main categories. On one hand, manufactured
parts/devices, which need to be built by the corresponding partner before being integrated in
the module. On the other hand, bought parts/devices, which is equipment bought directly from
suppliers. This classification will be used throughout this deliverable in order to evaluate the
costs of the system at different levels.
Based on the previous classification, manufactured and bought BoP components, in the next
figure is represented the proportion of each of them in the system.

Figure 14 The proportion of manufactured and bought BoP components

As we can see in Figure 14, most of the components are bought, which means that the costs
depend on the agreement reached between the suppliers and the consumers. The amount of
bought components reduces the unitary cost of each of them.

2.1

Cost evaluation of the BoP components

In this section, a general cost evaluation of the BoP components is presented. The objective is
to evaluate the overall production costs of each module and analyse their impact in the final
system cost. To that end, the unitary costs of each component and device of each module have
been estimated at a variety of annual manufacturing production rates. Some of these
estimations have been provided by the corresponding partners in charge of developing the BoP
components. However, in some cases that information was not available. In those cases, an
approximation of the mass-production costs has been computed following the directives
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provided by the Department of Energy (DOE) of the USA regarding the mass-production cost
estimation in PEM fuel cell systems [1].
The following figures show the influence on the total system cost of each module, before and
after the Manufacturing Oriented Design (MOD). The cost of each module is obtained as the
sum of bought and manufactured components, as well as additional costs such as commodities,
assembly and tests costs, and overheads. The results are shown for the initial prototype (one
unit) and for different amounts of units produced (100, 1K, 10K, and 50K).

Figure 15 Influence of each module before/after MOD - 1 unit – in the total system cost

Figure 16 Influence of each module before/after MOD - 100 units – in the total system cost
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Figure 17 Influence of each module before/after MOD - 1000 units – in the total system cost

Figure 18 Influence of each module before/after MOD - 10000 units – in the total system cost
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Figure 19 Influence of each module before/after MOD - 50000 units – in the total system cost

For small mass production rates, the cathode module cost is the highest due to the complexity
of some of the components that compose it. Note that the most expensive components are
manufactured.
As the mass production rate increases, the importance of the cathode module decreases;
nevertheless, the importance of the thermal module increases due to this module being made
by bought components. Even though the anode is made up of bought and manufactured
components, it is the less expensive module of the system. The increase in the proportional cost
of the anode and thermal module after MOD is due to the cost reduction of the cathode module.

2.2

Cost evaluation per module

One of the objectives of the project is to reduce the mass production cost applying the
manufacturing-oriented design of the BoP components and to achieve industrialized-ready BoP
components. For this reason, in order to highlight the benefits of the manufacturing-oriented
design, the effects of this technique in the cost of each system module will be analysed in this
section. Besides, in this section will be analysed the impact of mass production in the cost of
each module.
This section is divided into three sub-sections, which correspond to the number of modules of
the system: anode, cathode and thermal module.
a) Anode module
The anode module is in charge of supplying the fuel (hydrogen) into the fuel cell stack.
When the number of produced components per year increases, the costs are reduced due to
mass production effects, and it also happens for the manufactured components. Furthermore,
the cost reduction is higher for the manufactured components as the production is increased.
In general, the costs for bought components are higher than for manufactured ones. This is
because these bought devices are sophisticated components that must comply with hard
restrictions imposed in this project, so only a limited number of possibilities are found in the
market. In addition, suppliers are not kind to make mass-production deals with research projects
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prototypes, as they are not certain on whether that device will be finally implemented and that
supposed high demand will occur.
In order to study the effects of applying MOD in the manufactured devices, in the next Table 10
is represented the cost improvements (cost-down potential). It can be seen that, for high
production levels, which is the objective in this project (50.000 units), the cost reduction with
respect to the original design is 5.5% per unit.
Units

Cost reduction (%)

Prototype

9.5

100

9.5

1000

6.4

10000

5.8

50000

5.5

Table 10 Percentages of cost improvement in the manufactured components after the manufacturing-oriented design

The manufacturing-oriented design not only consists in reducing the manufacturing costs, but
also could suppose the removal of some bought components that are no longer necessary, or
the substitution of a device for another of a lower price, which translates in a cost reduction. In
Table 11, is represented the cost reduction obtained in the overall anode system taking into
account the bought components are presented.
Units

Cost reduction (%)

Prototype

7

100

8.3

1000

7.7

10000

7.2

50000

7.5

Table 11 Percentages of cost improvement in the overall anode module after the manufacturing-oriented design

Until now, the effects of the manufacturing-oriented design processes and the mass-production
at different rates in the unitary costs have been analysed. However, it is important to highlight
the relative contribution of the bought and manufactured components costs into the overall
anode module cost in order to identify the components that could be further optimized. For that
end, the invested money for each of the component categories, bought and manufactured, is
depicted in Figure 20 and Figure 21, respectively. In Figure 20, the manufacturing-oriented
design is not applied, while in Figure 21, the system redesign is considered. In both cases it is
observed that most of the cost goes to the bought components. Consequently, to reduce the
cost of the anode module, future improvements should be focused on the acquisition of
components at lower cost, because they are the elements that increase the total cost even
under mass production. However, as this is an incipient industry, not many options are available
for each component. As this industry matures, more devices and less expensive ones will surely
be available.
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Figure 20 Cost distribution of the anode components by categories at different mass-production levels before the
manufacturing-oriented design

Figure 21 Cost distribution of the anode components at different mass-production levels after the manufacturingoriented design

b) Cathode module
The cathode module is in charge of supplying the air into the fuel cell stack.
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As for the anode module, the cathode module cost is decreased because of mass production
and the manufacturing-oriented design. It must be highlighted the important decrease in the
compressor cost with the increase of the production level and the manufacturing-oriented
design. This is the most expensive component of the system, due to the sophistication and
novelty of its design.
In order to study the effects of applying the MOD in the manufactured devices, in the next Table
12 is represented the cost improvements (cost-down potential). It can be seen that, for high
production levels, which is the objective in this project (50.000 units), the cost reduction with
respect to the original design is 2% per unit.
Units

Cost reduction (%)

Prototype

2.5

100

2.2

1000

1.8

10000

2.1

50000

2

Table 12 Percentages of cost improvement in the manufactured components after the manufacturing-oriented design

The manufacturing-oriented design not only consists in reducing the manufacturing costs, but
also could bring the removal of some bought components that are no longer necessary, or the
substitution of a device for another with a lower price, which finally translates into a cost
reduction. Table 13 shows the cost reduction obtained in the overall cathode system considering
the bought components.
Units

Cost reduction (%)

Prototype

3.3

100

3.6

1000

3.2

10000

3.7

50000

4

Table 13 Percentages of cost improvement in the overall cathode module after the manufacturing-oriented design.

The contribution of the bought and manufactured components costs to the overall cathode
module cost is depicted, as percentages, in the sector graphs in Figure 22 and Figure 23. Figure
22 stands for the cathode components before the manufacturing-oriented design, while in
Figure 23 the cost distribution after redesign is shown. It can be stated that, before the redesign,
most of the cost comes from the manufactured components, i.e., the ones belonging to the
compressor.
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Figure 22 Cost distribution of the cathode components by categories at different mass-production levels before MOD

Figure 23 Cost distribution of the cathode components at different mass-production levels after MOD.

c) Thermal module
The thermal module is in charge of keeping all the components of the fuel cell system at a
desired temperature level.
In this module all the components are bought. Besides, it is important to highlight that the mass
production costs used were obtained by estimation. The estimation process is based on the
methodology proposed in the DOE [1].
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In order to quantify the cost reduction due to the application of the manufacturing-oriented
design, Table 14 shows the economic differences achieved by MOD.
Units

Cost reduction (%)

Prototype

13.3

100

13

1000

10.7

10000

9

50000

7.5

Table 14 Percentages of cost improvement in the overall thermal module after manufacturing-oriented design.

As it was mentioned, all the thermal module components are bought. Consequently, the analysis
carried out for the anode and cathode module, in which is analysed the effects of bought and
manufactured components cost, does not apply.

2.3

Friendly user interface

A web-based user interface has been created in order to easily make available to the rest of the
consortium’s partners the cost analysis presented above, as well as to assist them in the
estimation of costs for mass production. Besides, this application can be used by the general
public in order to be able to analysis the cost of the system. The public only will have access to
a limited number of functionalities to maintain the confidentiality of the results.
To that end, two different versions have been created, one public and another private. Due to
the confidentiality of the cost information, the public view will show the system costs in
percentages with respect to the system’s total cost. In this way, the general public will have
access to the main results of the cost analysis, being able to visualize the impact of each
component and the manufactured-oriented design in the system cost. Only the consortium
members will have full access to the monetary costs through personalized credentials.
a)

Accessing the user interface

As mentioned above, the application presents two different views, a private one and a public
one. Consequently, the access to each view is different depending on the user. In the next Table
15 is detailed the URL for each profile, public and private.
User interface URL
Public

https://cost-evaluation.innbalance-fch-project.eu/public

Private https://cost-evaluation.innbalance-fch-project.eu/log-in
Table 15 Private and public URL

To facilitate the access to this application, it has been added a direct, and visible, link in the InnBalance webpage (see Figure 24).
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Figure 24 Cost evaluation app access through InnBalance official webpage

Though this link, the users could look up a brief summary (see Figure 25) about the application,
then they could access it, through the correspond link (red box in Figure 25).

Figure 25 Cost evaluation app summary and access

b)

Using the user interface

From the homepage of both views, the user can navigate to the different costs analysis
performed for each subsystem. However, the functionalities of the application and the
representation of the cost information vary depending on the view. These functionalities are
separately described below.
Private view
The features implemented in the private view are the followings:
-

Visualization of the system costs at module level.

-

Visualization of the system costs at component level.

-

Cost reduction analysis after manufactured-oriented design.

-

Cost estimation at different production rates.
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Figure 26 Homepage of the private view

It is not possible to show any screenshot of the private view.
Public view
The general public have access to a reduced set of the private view features. Specifically, the
public interface provides:
-

Visualization of the costs at module and system levels

-

Visualization of the component costs at module level

The economic data is not provided in euros. This one is provided in percentage in order to
maintain the privacy of the information.

Figure 27 Homepage of the public view

1- Visualization of the costs at module and system levels
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In Figure 28 and Figure 29 are shown the appearance of the system view and the module
view (namely, the anode module), respectively, for the general public. Regarding system
view, it is represented the cost distribution based on:
• Bought and manufactured components – System cost in the Figure 28.
• Modules (anode, cathode, and thermal) – “Total” in the Figure 28.
• System bought components. It means the bought components for each of the
modules of the system. – “System bought” in the Figure 28.
• System manufactured components. It means the manufactured components for
each of the system modules -- “System manufactured” in the Figure 28.

Figure 28 Public view - System cost

Regarding module view, it is represented a comparison between manufactured and bought
components for each of the modules.
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Figure 29 Public view - Module cost

In both cases, module and system, the user can select the mass production rate to visualize the
impact of the bought and manufactured components in the costs. Besides, clicking on the
“manufactured oriented design” checkbox, the user can observe the benefits, in terms of cost
reduction, of the manufacturing-oriented design.

Figure 30 Mass production rate options and manufactured oriented design checkbox

2-Visualization of the component costs at module level
The objective of this view is to present the importance, in terms of cost percentage, of each
category regarding the total cost of the correspond module. To illustrate this option, Figure 31
shows the anode components.
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Figure 31 Public view - Category costs

Furthermore, it is possible to study the effects of the mass production and the manufacturingoriented design clicking on the corresponding checkboxes (see Figure 30).
The cost information is presented in percentage due to confidential issues, as explained before.
It can be seen that the public user will not have access to the cost estimation tool, which is
available only for the consortium members.
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