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 A B S T R A C T

This study presents for the first time the results of a test bench evaluation of a 78 kW𝑒𝑙 Honda fuel cell module, 
originally designed for mobile applications, in a stationary combined heat and power (CHP) configuration. The 
module’s performance was assessed at various return temperatures (40, 50, and, 60 ◦C) and power setpoints. 
Notably, the results show very efficient operation across the temperatures and power setpoints. The module 
achieved thermal and electrical efficiencies of over 54% and 50%, respectively, with a total efficiency of up to 
97.1% with respect to the high heating value (HHV) of hydrogen. Furthermore, the hydrogen content in the 
exhaust gas was analyzed and the results show almost no hydrogen in the stream. These findings suggest that 
the Honda fuel cell module has significant potential as a highly efficient stationary power source, offering 
improved performance compared to commercially available hydrogen engine CHP systems, e.g. hydrogen 
internal combustion engines.
1. Introduction

In a future decarbonized energy system, hydrogen electrolyzed from 
renewable energies and its derivatives are key components as an energy 
carrier and raw material for the chemical industry [1]. Together with 
its capacity as a flexibility to mitigate grid imbalances, these are highly 
useful and necessary qualities for such a future energy system [2].

In theory, direct use of electrical energy is always preferable to 
conversion and storage due to the additional infrastructure necessary 
and the energy losses from conversion and storage. Therefore, when 
reconverting hydrogen into electricity, technical solutions with high 
efficiency should be used. In addition to increasing efficiency, coupling 
energy sectors such as consumers, producers, converters, storage facil-
ities and necessary infrastructure can offer flexibility and resilience for 
the energy system [3]. Decentralized approaches enable the required 
spatial proximity for successful sector coupling, such as the energetic 
connection of residential and commercial areas. Furthermore, decen-
tralized approaches also show potential in reducing distribution losses 
and conversion losses, further increasing efficiency [4].

Fuel Cells (FC) generating electricity from hydrogen while recover-
ing the generated waste heat as part of a Combined Heat and Power 
(CHP) system provide high efficiency and potential for stationary, 
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decentralized operation [5]. Most studies investigating residential FC 
CHP systems are covering micro-CHP systems in a power range of 
0.5–5 kW [6]. Micro-CHP systems play a large role in Japan, where 
more than 400,000 units have been installed in households since 2009 
within the scope of the ENE-FARM project [5]. Although these sys-
tems do experience economic success, the initial capital costs remain 
high [7]. While the micro-CHP power range has been thoroughly 
investigated reaching efficiencies of up to 92% [6,8–12], systems in 
higher power ranges have been analyzed much less. CHP systems in 
higher power classes supplying a larger number of recipients at once 
might result in a more economic operation due to increased capacity 
utilization [6]. A possibility of addressing the high initial capital costs 
can be economies of scale [6,13]. Technically mature FC modules that 
are thoroughly tested and optimized and that leverage economies of 
scale can be found in the automotive sector, where serial production 
infrastructure is already in place. Such modules are technically avail-
able from Honda [14]. These FC systems with 78 kW𝑒𝑙 power output 
have a high electrical efficiency with respect to the high heating value 
(HHV) of > 50 % and a long lifetime in automotive applications. In 
stationary applications, the thermal power can be utilized in addition 
to the electrical power, greatly increasing the overall efficiency of the 
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Table 1
An overview of similar studies. Most available experimental studies offer limited comparability due to different scopes and/or 
investigated power classes.
 Methodology Scope Power range (electric) Key outcome Comment on comparability  
 Experimental Tailpipe emissions FCEV N/A H2-emissions up to 

14 vol.% [23]
Unknown power class; Whole 
vehicle on testbench; Different 
measurement techniques; 
Non-comparable load profile

 

 Experimental FCEV on testbench 130 kW H2-emissions 
>1 vol.%, 87-93% 
efficiency [17]

Whole vehicle on testbench; 
Different system boundaries 
and measurement techniques 
(e.g. electrical efficiency 
calculation focusses mainly on 
stack and not on system level)

 

 Experimental Multistack 180 kW 92% total efficiency 
[24]

Not system, but stack level 
investigation; Different 
powerclass

 

 Experimental PEMFC CHP with ORC 65 kW 75.5% total 
efficiency [25]

Different method of heat 
recovery

 

 Experimental PEMFC without heat recovery 130 kW 51% electrical 
efficiency [26]

No heat recovery; Stack level 
investigation

 

 Experimental PEMFC CHP 1-2 kW 89-92% total 
efficiency [9,27]

Different power class  

 Simulation Simulations of different scopes N/A N/A [28–32]  
system and making it suitable for stationary residential application, 
where the simultaneous supply of heat and power is desired and neces-
sary [8]. While it has been simulated that fuel cell powered electric 
vehicles (FCEVs) are able to provide heat and power to residential 
areas, a transition from mobility application to a complete stationary 
application has not yet been experimentally explored [15,16]. Compre-
hensive efficiency analyses of FCs in stationary CHP application and in 
comparable power classes are scarce, with existing studies limited to 
the electrical side and to stack-level investigations and often relying 
on simplified modeling and investigation rather than experimental 
validation [17–21]. An overview of selected studies can be seen in 
Table  1. In residential application, operation with reduced dynamics 
compared to mobile applications can be expected, increasing the FC 
module’s lifetime and therefore its economic viability. Furthermore, 
these systems also offer options for auxiliary support in fast EV charging 
and local decentralized electrical grid stabilization [22].

This study explores the possibility of transferring mature FC mod-
ules designed for automotive application to a stationary CHP applica-
tion without further adjustment of the module or its internal control 
mechanisms. After a short description of the test setup and the data 
basis, we present the results of the efficiency tests for the first stationary 
operation of this FC module in CHP configuration including hydrogen 
measurements in the exhaust flow.

2. Methodology

2.1. Description of the test setup

Operating the FC module on a stationary test bench requires vari-
ous control mechanisms and an extensive hydraulic setup comprising 
valves, heat exchangers, pumps and sensors. A schematic and simplified 
flowchart with all essential elements, flows and sensors can be seen in 
Fig.  1. In Table  A.2 the sensors including uncertainties and types are 
listed. All sensors have been calibrated with a standardized procedure 
before the tests and the measurements have been verified. The FC 
module, which is new and has not been operated before our tests, is 
supplied with hydrogen in quality 5.0 (> 99.999% purity) at 10 bar 
relative pressure and ambient air, which is compressed within the 
module before being fed into the stack. All tests are conducted in a 
controlled testing environment. Before being supplied to the stack, the 
air is heated and humidified [14].

Two cooling circuits dissipate the heat of the system to be recovered 
as part of the CHP application. In addition to the stack cooling, the 
2 
Balance of Plant (BOP) cooling circuit dissipates the heat from the com-
pressed ambient air, the air compressor itself and the power electronics 
within the module. An external heat exchanger is built into both circuits 
to recover the heat, which is subsequently fed into different sinks. All 
external pipes are insulated and the temperatures are measured directly 
within the pipes using the PT100 temperature sensors A.2. The return 
temperature of both circuits can be set and controlled. The control of 
the return temperature is carried out by controlling the temperature of 
the heat sinks of the respective cooling circuits.

2.2. Data basis

The data used for the evaluation is logged with a frequency of 1 Hz. 
Tests were executed in net electrical output power steps of 10 kW 
from 10 kW to 70 kW. This corresponds to the power measured after 
the power for the system operation (e.g. the air compressor) is fed 
back to the module. At each power level two measurements with an 
evaluation time span of 30 min were executed, in order to obtain 
a robust mean value and minimize errors. In a first measurement 
the power level was approached from a lower power level and in a 
second measurement from a higher power level, in order to account 
for potentially different behavior of the module in the two cases and 
obtain a robust and representative data basis. The methodology was 
kept although no difference in behavior was observed. In both cases 
the evaluation period only started when the system had fully stabilized. 
The steady-state was identified based on visual inspection of the live 
data. The data from the two evaluation periods are then merged to 
obtain 3600 data points for each power level. These measurements 
were conducted in three cycles, each for a different return temperature 
of the FC coolant circuit, specifically 40, 50, and, 60 ◦C.

2.3. Efficiency calculation

The system borders are defined at the external heat exchangers of 
the BOP and FC circuits for the outputs, as well as at the H2 valve 
for the input. In Fig.  1 the system borders forming the basis for the 
efficiency calculation are depicted as a dashed line. The thermal power 
extracted from the BOP and FC cooling circuits is calculated between 
the respective sink and heat exchanger (Fig.  1) via 
𝑄̇ = 𝑉̇ ⋅ 𝜌𝑤𝑎𝑡𝑒𝑟 ⋅ 𝑐𝑝,𝑤𝑎𝑡𝑒𝑟 ⋅ (𝑇2 − 𝑇1). (1)

Due to short distances to the module and strong insulation, this can be 
determined as a meaningful measuring point.
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Fig. 1. Schematic flowchart of the hydraulic test bench setup. The flowchart is divided into two cooling circuits: the Balance of Plant (BOP) circuit dissipates 
the heat from auxiliary subsystems such as the air compressor while the FC cooling circuit dissipates the heat from the FC-stack. All relevant temperature and 
flow sensors for the calculation of the efficiency are depicted. The corresponding sensor types are presented in Table  A.2. The colors of the arrows represent the 
relative fluid temperatures.
The input power at the H2 valve is defined as the theoretical 
chemical power of the hydrogen fed into the module, while the output 
power is the sum of the electrical and thermal powers (2). It should be 
noted that for the efficiency calculation the HHV of hydrogen was used 
rather than the lower heating value (LHV). This is due to the efficiencies 
reaching above 100% when using the LHV to calculate the chemical 
energy in the hydrogen. 

𝜂̄𝑡𝑜𝑡𝑎𝑙 =
𝑃𝑜𝑢𝑡

𝑃𝑖𝑛
= 𝜂̄𝑡ℎ𝑒𝑟𝑚 + 𝜂̄𝑒𝑙 (2)

With the thermal efficiency being calculated via 

𝜂̄𝑡ℎ𝑒𝑟𝑚 =
𝑄̄𝐵𝑂𝑃 + 𝑄̄𝐹𝐶

𝑃𝑐ℎ𝑒𝑚
(3)

and the electrical efficiency via 

𝜂̄𝑒𝑙 =
𝑃𝑒𝑙

𝑃𝑐ℎ𝑒𝑚
. (4)

For the calculation of the efficiencies the mean values for the thermal 
powers (1) across the one-hour evaluation period are used.
3 
3. Results and discussion

In this section, selected results obtained from the conducted analysis 
are presented. The markers represent the mean values calculated over 
a one-hour evaluation period at each power level. The errors of the 
sensors can be found in A.2, while the location of the sensors on the 
testbench is depicted in Fig.  1. In the two plots, that do not show 
directly measured, but rather calculated values (Fig.  4 and Fig.  5), the 
error bars show the calculated error according to error propagation 
theory [33]. To visualize the general trends and the differences between 
the test configurations, the values are connected by dashed lines. These 
lines are solely for visualization purposes and do not represent known 
values.

To assess the needed infrastructure for the stationary application 
of this module, the concentration of hydrogen in the exhaust gas is 
an important characteristic. In 2.1 it is depicted as a function of the 
electrical power setpoint. During the evaluation period we observed 
nearly no hydrogen ejected via the exhaust gas. Apart from two very 
short ejections (about 2 s) of hydrogen, we did not detect any hydrogen 
in the exhaust gas. These ejections have a very small magnitude close 
to the detection limit of the sensor (0.2 vol.%H2

). The exact reason for 
these two events is unknown, but as they are both very short and just 
barely detectable, they are not further considered. As generally only 
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Fig. 2.1. H2 Concentration in the exhaust. Very little hydrogen is ejected 
via the exhaust (CH2

, see Fig.  1). The high standard deviation at 50 kW and 
70 kW for 60 ◦C and 40 ◦C respectively is due to very short times, where up 
to 0.1 vol.% hydrogen were ejected in the corresponding evaluation period.

Fig. 2.2. Hydrogen Flow. The hydrogen consumption (FH2
, see Fig.  1) does 

not change significantly with different FC return temperatures. For higher 
power setpoints, more hydrogen is supplied.

minuscule amounts of hydrogen are ejected, almost all hydrogen sup-
plied is converted into electrical and thermal energy. This result marks 
a significant improvement compared to previous studies studying the 
exhaust emissions of FCEVs. Alves et al. (2025) [17] measured signifi-
cant hydrogen emissions at the tailpipe of a FCEV on a testbench under 
steady driving conditions. Pearman et al. (2023) [23] also measured 
significant hydrogen emissions, but under variable standardized driving 
conditions. It should be noted that both studies operated the whole car 
on a testbench instead of only the FC module, which could impact the 
comparability of these results with our own. The absence of hydrogen 
in the exhaust is a benefit for residential application, as no further 
infrastructure (e.g. hydrogen afterburner) has to be implemented in 
order to prevent the formation of explosive atmospheres at the outlet 
of the exhaust gas.

The hydrogen demand in kg/h is depicted in 2.2. It rises nearly 
linearly with increasing power demand. Due to the decreasing electrical 
efficiency of PEMFCs (see Fig.  5 in this section) at higher loads, 
more hydrogen is needed to reach the power setpoint. No significant 
differences can be observed for the different return temperatures (40, 
50, and, 60 ◦C).
4 
Fig. 3.1. FC Flow Temperature. The flow temperature of the FC circuit 
(TFlow, see Fig.  1) generally rises with higher power setpoint. For 40 ◦C and 
50 ◦C return temperature, the flow temperature is similar, while it becomes 
higher at 60 ◦C.

In order to assess the usability in residential applications, the flow 
temperature is an important characteristic as it represents the high-
est temperature that can be extracted to a heating circuit. The flow 
temperature of the FC coolant circuit depicted in 3.1 generally rises 
with higher power setpoints from 20 kW onwards. For 40 ◦C and 50 ◦C 
return temperature, the flow temperature declines between 10 kW 
and 20 kW. Furthermore, at these temperatures very similar flow 
temperatures are observed, while for the operation at 60 ◦C higher 
flow temperatures are measured. In order to achieve optimal membrane 
humidity, and thus optimal efficiency, the stack temperature is actively 
controlled by an electric temperature control valve and a humidifier 
based on a model-based estimation of the water in the ambient air [14]. 
By controlling the stack temperature, the flow temperature is directly 
influenced as a result. Consequently, at 40 ◦C and 50 ◦C the operation 
is controlled by the module towards the same thermal operating point, 
resulting in similar characteristics for the two return temperatures. 
At 60 ◦C return temperature, a different thermal operating point is 
reached resulting in higher flow temperatures. In general flow temper-
atures of 60 ◦C and above are well suited to meet residential heating 
and hot water demands. The same operation pattern between the 
different return temperatures can be observed for the flue temperature 
in 3.2. Again at 40 ◦C and 50 ◦C controlling towards the same thermal 
operating point results in very similar temperatures, while at 60 ◦C a 
different operating point is reached due to the high return temperature. 
At these return temperatures, the heat cannot be dissipated with the 
same efficiency resulting in more waste heat being ejected.

Fig.  4 shows the combined extracted thermal power of the BOP and 
FC circuit at different electrical power setpoints and return tempera-
tures. For lower return temperatures more thermal power is extracted at 
the heat exchangers, as the heat can be dissipated with higher efficiency 
compared to the operating point at higher return temperatures of 
60 ◦C. As the electrical efficiency falls at higher loads and the thermal 
efficiency rises (see Fig.  5 in the next part of this section), the thermal 
power does not rise linearly, but exhibits a steeper slope at higher 
power setpoints, similar to the hydrogen consumption of the module 
seen in 2.2.

Fig.  5 shows the electrical, thermal and total efficiency with respect 
to the HHV as a function of the power setpoint. It should be noted, 
that the potential energy within the hydrogen due to the compression 
would reduce the stated efficiencies by about 1.95%, however this 
reduction is not included in the figure. This approach was chosen 
to maintain comparability with other CHP systems and fuel cells, for 
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Fig. 3.2. Flue Temperature. Similar to the flow temperatures, the flue 
temperature (TFlue, see Fig.  1) at 40 ◦C and 50 ◦C return temperature is very 
similar while it becomes higher for 60 ◦C return temperature.

Fig. 4. Thermal Power. Comprehensively the thermal power extracted rises 
with the electrical power. Again for 40 ◦C and 50 ◦C return temperatures 
the thermal power is very similar, while it becomes smaller at 60 ◦C return 
temperature.

which it is common practice to define the system boundaries such that 
the pressure-related potential energy of the supplied fuel is excluded.

In our tests we reached a maximum total efficiency of 97.1% at 
40 kW and 40 ◦C FC return temperature. At 40 ◦C and 50 ◦C the module 
operates at very similar efficiencies. At 60 ◦C more heat is lost through 
the exhaust gas 2.1, as the heat is dissipated with less efficiency in 
the cooling circuit at this temperature. This results in significantly 
lower thermal efficiency. The electrical efficiency is not affected by 
the FC return temperature and declines at higher power setpoints. 
This general behavior is expected for PEMFCs. In order to achieve 
a higher power output, the current of the FC stack increases, which 
causes the voltage to decline due to higher activation, ohmic and mass-
transport losses. As these losses ultimately result in more waste heat, 
more heat can be dissipated by the cooling circuits causing an increase 
in thermal power (see Fig.  4) [34]. This shift results in relatively 
constant total efficiencies between 20 kW and 60 kW for 40 ◦C and 
50 ◦C. These very high efficiencies align with computed values of 
simulation studies investigating the potential of PEMFC systems in CHP 
configuration [28,32]. Existing experimental studies offer limited com-
parability, due to different system borders [17,24,26], different heat 
recovery methods [25] or different power classes [27]. Nonetheless, 
the highest found experimentally measured efficiencies of a PEMFC in 
CHP configuration are 93% [17] and 92% [24].
5 
In a modern low-energy building household, equipped with an EV 
charging station, electricity accounts for approximately 42% of the total 
energy demand, while space heating represents the remaining 58% [35,
36]. In particular, the high electrical efficiencies compared to classical 
CHP systems [37–39] offer significant advantages when combined with 
a heat pump: during winter, when heat demand dominates, a heat 
pump effectively amplifies the useful thermal energy delivered from the 
generated electricity. Conversely, during summer, when heat demand 
is low or absent, higher electrical efficiencies reduce the required fuel 
consumption.

4. Summary and conclusions

In this work, we present for the first time the results of operating 
a mobile Honda fuel cell module on a stationary test bench in CHP 
configuration. During our tests on the test bench, we have analyzed 
multiple characteristics for three different FC return temperatures (40, 
50, and, 60 ◦C). Among these characteristics is the hydrogen concen-
tration in the exhaust gas during steady state operation. Our results 
show that nearly no hydrogen is lost via the exhaust gas, marking an 
improvement regarding exhaust purity when compared with previous 
studies [17,23]. Furthermore, it was observed that the very low hy-
drogen concentration in the exhaust gas occurs normally only during 
start-up and shut-down procedures of the system. From a technical 
point of view, setups might be possible to capture the exhaust gas dur-
ing these procedures instead of releasing it directly into the atmosphere. 
With this consideration, no hydrogen would be released, which would 
avoid the secondary greenhouse gas effect associated with hydrogen 
emissions. The fact of the almost negligible hydrogen in the exhaust 
contributes to the high efficiencies of up to 97.1%. In addition to the 
hydrogen concentration in the exhaust gas, we measured the hydrogen 
flow at the inlet during operation, which does not vary significantly for 
the different return temperatures.

The flow temperature offers insights into possible real world CHP 
applications of this FC module in residential areas. With a flow tem-
perature of 60 ◦C and higher, this module is well suited to gener-
ate heat for residential heating circuits, which require a temperature 
above 60 ◦C. Additionally, higher return temperatures result in higher 
flow temperatures facilitating utility in a wide range of residential 
applications.

The most important result is likely represented by the efficiency. 
Although this module was initially optimized for mobile applications, 
very high thermal and electrical efficiencies of over 54% and 50% 
respectively and a total efficiency of up to 97.1% (HHV) have been 
achieved in stationary application. The energy production at the opti-
mal operating point according to our measurements at 40 kW electrical 
power setpoint and 40 ◦C return temperature, amounts to
39.8 kWh/kgH2

. These results highlight the potential of this system 
to serve as a highly efficient stationary power and heat source for 
residential applications and critical infrastructure, such as hospitals, 
and represent a significant improvement over commercially available 
hydrogen combustion engine CHP systems [40,41]. Other experimental 
studies often come with a different scope, limiting the comparability 
(see Table  1). Nonetheless, the efficiency measurements of the studied 
module significantly exceed previously studied PEMFC-based CHP sys-
tems, which reached efficiencies of up to 93% [6,8] (see also Table  1). 
These results strongly support the use of serially produced FC modules 
for mobile applications as flexible, decentralized and highly efficient 
stationary combined heat and power generation units, which have the 
potential of increasing the energy system’s independence and resilience.

The focus of the study is the system level investigation of serially 
produced FC modules, that leverage economies of scale. Thus, the 
interpretations and analyses of the results are limited to the system 
level and do not include stack level investigations. Furthermore, only 
steady state operation is examined. Characteristics of highly dynamic 
operations have not been studied. The components such as the stack, 
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Fig. 5. Efficiencies of the FC Module. The electrical efficiency falls with rising power setpoint while the thermal efficiency increases. In general at 60 ◦C FC 
return temperature the efficiency is lower compared to 40 ◦C and 50 ◦C. The efficiency is calculated with respect to the HHV.
the air compressor, the cooling circuits and the control mechanisms 
of the investigated FC system are already completely designed and 
thoroughly tested and optimized. Directly transferring such a FC system 
into stationary application has practical advantages as the design and 
optimization process of the stack and the various subsystems have 
already been done. Consequently, the focus can lie on technical chal-
lenges such as the design of the heat recovery, the efficient utilization 
of the module, the efficient design and sizing of necessary connections 
and of auxiliary and safety systems and its embedding into an existing 
energy system as a resilient, decentral and flexible energy source. This 
approach can offer synergies between different sectors of the economy 
leading to reduced capital costs and thus more widespread adoption. 
The investigated power class is well suited to supply decentral residen-
tial quarters, aiding the transition to a renewable and resilient energy 
system.

5. Outlook

With the provided test procedure, the description of the test bench 
setup and the sensor list, the results should be reproducible. Particular 
attention should be paid to the insulation of the module and especially 
the pipes, as the losses in the cooling circuits and consequently in the 
thermal efficiency depend on the insulation.

The results show that the analyzed FC module operates highly 
efficient in stationary CHP configuration and holds great promise for 
decentralized applications. Based on the energy demand profiles of 
modern low-energy buildings equipped with EV charging infrastruc-
ture, a single fuel cell of the type investigated in this study could supply 
approximately ten single-family households [35,36]. This number could 
be increased substantially through the integration of complementary 
technologies such as heat pumps, electrical battery storage, and ther-
mal energy storage systems. To further underline its usage in such a 
context, more research will be conducted in the future. This future 
research comprises multiple use-cases, including the application as a 
thermal and electrical power source in residential areas as well as 
an auxiliary power source for electric vehicle charging stations. These 
application cases will be outlined in more detail and simulated using 
the characteristics from the present study.
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Table A.2
Overview of relevant sensors together with their respective systematic errors as depicted in the schematic 
flowchart (Fig.  1).
 Name Description Type of sensor System error 
 𝑇𝐹𝐶,ℎ𝑜𝑡 Temperature sensor PT100 DIN EN 60751, Kl. A ±0.15 ◦C  
 𝑇𝐹𝐶,𝑐𝑜𝑙𝑑 Temperature sensor PT100 DIN EN 60751, Kl. A ±0.15 ◦C  
 𝑇𝐵𝑂𝑃 ,ℎ𝑜𝑡 Temperature sensor PT100 DIN EN 60751, Kl. A ±0.15 ◦C  
 𝑇𝐵𝑂𝑃 ,𝑐𝑜𝑙𝑑 Temperature sensor PT100 DIN EN 60751, Kl. A ±0.15 ◦C  
 𝑇𝐹 𝑙𝑢𝑒 Temperature sensor PT100 DIN EN 60751, Kl. A ±0.15 ◦C  
 𝑇𝐹 𝑙𝑜𝑤 Temperature sensor PT100 DIN EN 60751, Kl. A ±0.15 ◦C  
 𝐹𝐹𝐶 Magnetic-inductive flow sensor IFM_SM7020 ±0.8%  
 𝐹𝐵𝑂𝑃 Magnetic-inductive flow sensor IFM_SM6020 ±0.8%  
 𝐹𝐻2

Thermal mass flow sensor Bronkhorst EL-FLOW Select F-113AC-1M0 ±0.5%  
 𝐶𝐻2

Thermal mass flow sensor Neoxid NEO974HT ±0.3 𝑣𝑜𝑙.%𝐻2
 

Additionally, the authors thank the Federal Ministry for Economic 
Affairs and Energy for financial support within the project HyNRGCube 
(reference number 03EN5045D) on the basis of a decision by the 
German Bundestag.

Appendix. List of sensors

See Table  A.2.
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