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Abstract 

An innovative steam reformer for hydrogen production at temperatures lower than 550°C has been developed in the 
project CoMETHy co-funded by the European Fuel Cells and Hydrogen Joint Undertaking (FCH JU, Grant 
Agreement N° 279075). The reduction of process temperatures is achieved applying advanced catalysts and 
hydrogen selective membranes. Process heat is supplied by a low-cost and environmentally friendly liquid heat 
transfer fluid like the molten “solar salt” mixture NaNO3/KNO3 (60/40 w/w). Hence, the process can be directly 
powered by Concentrating Solar Power (CSP) plants using the solar salt as thermal storage medium at temperatures 
up to 550°C. Recent achievements are reported here, specifically dealing with the testing of demonstration units up 
to the pilot scale. 
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Hydrogen production by solar steam reforming is a 
representative route using solar energy that result in 
reduction of fuel consumption and greenhouse gas (GHG) 
emissions, being in the order of 40% to more than 50% 
compared to the conventional route [1, 2]. 

An innovative solar steam reformer to convert 
reformable fuels (methane, ethanol, etc.) to pure hydrogen 
is developed in the framework of the EU project 
CoMETHy (Compact Multifuel-Energy to Hydrogen 
converter) co-funded by the European Fuel Cells and 
Hydrogen Joint Undertaking (FCH JU, Grant Agreement 
N° 279075).  

In general, the following reaction is carried out in the 
solar aided reactor: 

 
CnH2n+2 + 2nH2O  nCO2 + (3n+1)H2  (1) 

 
where CnH2n+2 is the hydrocarbon feedstock that can be 
even replaced by an oxygenated chemical like ethanol or 
glycerol. 

In case of unavailability of the solar radiation, the 
reformer should be adaptable to other back up fuels (e.g. 
natural gas, biomass), depending on the locally available 
energy mix, in order to keep the desired hydrogen 
production rate. 

Here, more recent achievements are introduced, 
specifically dealing with the testing of demonstration units 
up to the pilot scale and experimental results evaluation. 



  
 

Process description 

A general concept scheme is shown in Fig. 1. The 
process involves main heat collection from the CSP plant 
and other available heat sources and heat transfer to the 
thermochemical plant. The heat transfer fluid is 
represented by the so-called “solar salt”, i.e. the molten salt 
(MS) mixture NaNO3/KNO3 (60/40 w/w).  

Inspite of the relatively low reforming temperatures, 
high conversion rates and process efficiency can be 
obtained by the use of membrane reactors.  

If compared to a typical steam reforming process, this 

technology operates at lower temperatures, from 850-

950°C to 400-550°C: the furnace is replaced by a flameless 

heat exchanger heated by a liquid MS stream. 

Additionally, by operating at lower temperatures, it is 

possible to combine steam reforming and water-gas-shift 

(WGS) reactions into a single stage, resulting into a low 

outlet CO content (<2 %vol) and a reduction of the 

reformer heat 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.   CoMETHy process concept scheme.  

The development of the solar steam reforming 
technology requires the design and optimization of a 
membrane reformer heated by MS. This involves a number 
of R&D challenges to be faced. First, suitable catalysts and 
membranes for this application have been identified. 
Second, the selected catalysts and membranes have been 
integrated in the design of a molten salts heated steam 
reformer. 

Open foam ceramic silicon carbide foams have been 
successfully developed and characterized as catalyst 
supports to enhance the heat transfer and to minimize 
pressure drops. In parallel, relevant effort has been 
addressed to the development of low-cost and suitable 
hydrogen selective membranes, basically composite 
membranes consisting of a thin Pd (alloy) layer (2-5 µm) 
coated on a porous ceramic or stainless steel support.  

Different reactor configurations have been conceived 
and the performances evaluated experimentally. More in 
detail, two basic membrane reformer designs have been 
designed, developed, constructed and installed in a pilot 
plant: 

1) A non-integrated membrane reformer, where the 
metallic membrane unit is separated from the 
catalytic bed. 

2) An integrated membrane reformer, where the 
ceramic membrane is integrated with the catalyst 
bed and the MS heat exchanger. 

The pilot plant, with nominal pure hydrogen capacity 
of 4 Nm

3
/h (see Fig. 2), has been installed in a MS loop 

(MoSE plant) at ENEA research center in Rome. 

Testing: duration and operating conditions 

The solar membrane steam reformer has been tested for 
about 150 hours, at fixed retentate and permeate sides 
pressure, respectively 8.5 and 0.4 barg, and under the 
following ranges of further operating conditions: MS inlet 
temperature 460÷545°C, methane feed flow rate 0.3÷1.2 
kg/h, steam to carbon ratio 4÷16 (kg/kg) and sweeping 
steam flow rate 0÷2 kg/h. 

 

 

Figure 2.   Pilot plant  

Summary and conclusions 

An innovative solar reformer has been developed in the 
CoMETHy project.  
A pilot scale MS reformer, with nominal capacity of 4 
Nm

3
/h has been designed, constructed and tested.  

Experimental results obtained from testing of pilot 
integrate membrane reformer will be presented and 
discussed at the ISCRE 24 Conference in Minneapolis 
(USA).  
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