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1. Introduction

More than 80% of the world energy is still produced

from fossil fuels. Two of the strategies approached for low-

ering the use of fossil fuels and contributing to protect the 

environment are: adopting more efficient technologies for 

energy production, and replacing fossil fuels by biofuels. 

Solid oxide fuel cells (SOFCs) are an interesting alternative 

since they are able to work with different fuels (natural 

gas, bioethanol, biodiesel, LPG, hydrogen, etc.) by internal 

reforming and they can reach more than 90% efficiency for 

producing electrical energy and heat combined. In addi-

tion, SOFCs are modular and scalable which make them 

suitable for a wide variety of applications from cell phone 

chargers to several MW power plants. 

Argentina is able to produce several of the fuels used 

by SOFCs since it is the fifth world producer of biodiesel 

and the ninth world producer of bioethanol. In addition, it 

has the second world’s largest reserve of shale gas and it 

has plenty of natural resources for producing green hydro-

gen. Nevertheless, the performance and lifetime of a SOFC 

stack depends on the reformatted fuel which feed them 

which, in turn, depends on the origin of the fuel. Therefore, 

for the development of SOFC stacks which can work with 

Argentinean fuels, it is required to have a setup for moni-

toring and evaluating the stack response and its stability 

under different realistic operation conditions and capable 

of simulating reformates of different locally available fuels.  

Testing SOFC stacks imply very challenging conditions: 

SOFC stacks operates at high temperatures (within 500-

900°C range) and they need to operate a fuel gas on the 

anode side and a oxidant gas on the cathode side separat-

ed by a dense ceramic membrane of between some tenths 

to few hundredths of microns. There are some commercial-

ly available platforms for testing SOFC stacks from 100 V to 

several kW but their price is > 100k USD. The aim of this 

work is the present the recent efforts of the Material Char-

acterization Department at Centro Atómico Bariloche 

(CNEA) for designing, building, commissioning and valid-

taing a low-cost (< USD 30 k) setup for testing SOFC stacks 

fed by fuels available in our country. The setup to be built 

will serve for future development SOFC stacks able of 

working with Argentinean for export fuels. 

2. Methodology

2.1 Technical requirements and testing capabilities 

Technical requirements of the setup were defined tak-

ing into account the goals for the prototype to be devel-

oped within PICT Start-Up 2018-03690 project, the specifi-

cations of electronic loads and furnaces available in the 

local market, and the gas flows typically used for SOFC 

stack testing in industry and academia [1,2].  

Table 1. Technical requirements for the SOFC stack testing setup. 

Parameter Value 

Maximum operating temperature 900 °C (continuous) 

Maximum gas flows 

Air: 60 L/min 

H2: 10 L/min 

CH4: 2.5 L/min 

CO2: 7.5 L/min 

CO: 5 L/min 

N2: 17 L/min 

O2: 15 L/min 

5% H2/N2: 10 

L/min 

Maximum measurement power 600 W (electrical) 

Maximum measurement current 120 A 

Maximum measurement voltage 150 V 

Maximum stack dimmensions 25 cm x 25 cm x 25 cm 

Several testing protocols reported in literature [2] were 

reviewed prior to defining the desirable testing capabilities 

of the setup, as reported elsewhere [3]. Based on that re-

view, it was defined that the setup must be able of per-

forming at least the tests summarized in Table 2. Corre-

spondingly, the variables to be monitored and/or con-

trolled were selected.  

Table 2. Minimum tests that the setup must be able to perform. 

Test Description 

Start-up and 

conditioning 

Stack mounting, heating, and sealing, anode reduc-

tion, and checking of gas tightness and good elec-

trical contact. 

Stack 

perfor-

mance 

i-V and power curves measurement as a function of

gas flow and composition and/or stack tempera-

ture.

Dynamic 

operation 

i-V and power curves measurement operating with 

variable load for simulating typical demands for

practical applications.

Static 

operation 

i-V and power curves measurement under constant

load for evaluating degradation as a function of

operation time.
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2.2 Selection of control unit 

In order to select the most appropiate solution for con-

trolling the setup, four different options were analyzed: 

PLCs from traditional brands (i.e. Siemmens and Allen-

Bradley), a low-cost PLC (from AutomationDirect), a PC-

based system (from National Instruments), and an open-

source platform (from Arduino). These four solutions were 

qualitatively compared according to the following parame-

ters: enviroment requirements (capability of tolerating 

electromagnetive noise, humidity, vibrations), ease of in-

put/output configuration, possibility of extention, software 

licensing, and cost (including software license). 
 

2.3 Measurement software programming and design crite-

ria 

The measurement software was written in Python. This 

programming language was selected due to its versatility, 

ease of use, and because is freely usable and distributable 

(even for commercial use) [4]. The Graphical User Interface 

(GUI) was developed by using pyQt5 module [5]. 

In addition, the GUI of the measurement software was 

designed applying the following criteria defined by ISA 101 

standard [6]: 

1. Allow users to quickly understand current status 

2. Avoid unnecessary graphs and draws 

3. Use reduced color pallet 

4. Allow users easy navigation between different sections 

5. Offer intuitive functions for the user 

6. Show only the necessary information for the task 

7. Backup information must be easily accessible for users 

3. Results 

3.1 Piping and instrumentation diagram  

Fig. 1 shows the Piping and Instrumentation diagram 

(P&ID) of the SOFC stack testing setup, where the main 

components and the monitored and controlled variables 

are indicated. 

 

 

  Fig. 1. P&ID of the setup and screenshot of the “Plant” tab. 

 

In order the setup can comply with the requirements 

described in section 2.1, the following variables must be 

controlled: furnace temperature, inlet gas flows, inlet gas 

temperature, inlet anode gas humidity, output pressure, 

stack current. In addition, the following variables must be 

monitored: stack top and end plates temperatures, inlet 

gas pressure, output gas flows, cells and stacks voltages. 

Fig. 2 shows a render of the designed SOFC stack testing 

setup displaying the top hat furnace for heating the stack 

within the measurement cabinet, the PC for running the 

measurement software, and the gas flow controllers. 

 

 

  Fig. 2. Render of the setup. 

3.2 Selection of control unit 

Table 3 compares the different hardware solutions an-

alysed for controlling the testing setup. PC-based systems 

are the easiest to use since their technology is “plug and 

play”, but the cost is very high compared with the other 

solutions. On the orther hand, open source platforms (such 

as Arduino) are the cheapiest but they are much more dif-

ficult of programing and configurate. PLC’s represent an 

intermediate solution regarding both price and ease of 

programing but they require the use of proprietary soft-

ware (paid or free) for programing and configuration. 

 

Table 3. Comparison of different hardware solutions analysed 

for controlling the SOFC stack testing setup. 

Parameter PLC 
Low-cost 

PLC 
PC-based 

Open 

source 

Enviroment Industrial Industrial Laboratory Laboratory 

I/O configura-

tion 

Relatively 

easy 

Relatively 

easy 
Very easy Difficult 

Extention Yes Yes Yes Limited 

Software 

license 
Paid Free Paid 

Open 

source 

Cost High Low Very high Very low 
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3.3 Software design and programming 

Fig. 3 is a screenshot of the measurement program. In 

order to assure an easy navigation between the different 

sections of the program as well as allowing fast location of 

the relevant information, the software contains a Menu 

bar, a Navigation bar and Tabs. Current status of the setup 

can be quickly observed in the “Plant” tab (see Fig. 1), 

where the main monitored variables are displayed over the 

P&I diagram. A more detailed view of the variables is dis-

played in the tabs “Gases”, and “Stack”, while the tab 

“Graphs” (Fig. 3) allows the graphical representation of the 

controlled and monitored variables as a function of time. 

Customized measurement routines can be easily pro-

grammed in tab “Routines” (see Fig. 4). 

 

 
Fig. 3. Screenshot displaying the “Graphs” tab of the measuring 

software written in Python. 

 

 

  Fig. 4. Screenshot displaying the “Routines” tab of the measuring 

software written in Python. 

 

4. Discussion 

Low-cost PLC Productivity 1000 from AutomationDirect 

was selected for controlling the testing setup for its opti-

mum combination of relatively ease for programming and 

configuration, versatility, robustness and cost. This PLC can 

be programmed by using the Productivity Suite software 

[7] that is guaranteed by the supplier to be free for life. In 

addition, the use of pymodbusTCP allowed the communi-

cation between the PLC and the measurement software 

written in Python by using Modbus protocol. Evenmore, 

some sensors for air flow, humidity and temperature moni-

toring were sucessfully tested by connecting them to the 

PLC and reading the measured values with the measure-

ment software as shown in Fig. 3.  

  

5. Conclusions 

A setup for testing SOFC stacks up to 600 W was de-

signed at conceptual level.  A low-cost PLC from Automa-

tionDirect was selected for controlling the setup due to its 

versatility, robustness and cost, and programmed using 

ProductivitySuite software in Ladder language. A user-

friendly and versatible software complying good practices 

for interface design was implemented in Python by using 

Qt for GUI development. Communication tests between 

the measurement software, air flow, humidity and temper-

ature sensors, and PLC were successful. 
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