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1. Scientific results 2015 
The programme is now close to being halfway, all personnel has been hired except for one postdoc 
position. The research in general is progressing steadily, most of the experiments and computa-
tional efforts are producing their results. It is expected that in the next two years key results will be 
produced. 
Two tenure track positions at DIFFER are part of the FOM programme 147. Both tenure trackers 
have established their experimental infrastructure at the new building of DIFFER. The PhD stu-
dents and postdoc are on schedule and results are being obtained. In the group of Bieberle hema-
tite films are being synthesized and thouroughly characterized with the emphasis on morphologi-
cal and structural properties. Films were further characterized using impedance spectroscopy 
which in combination with the modelling and simulation studies as an input to the state space 
modelling approach to simulate photo-electrochemical data. Also the group of Tsampas is obtain-
ing the first results after a year of constructing the experimental facilities. A novel designed PEC 
cell has been developed and it is successfully utilized for H2 production. The core of the cell is a 
membrane electrode assembly, utilizing a polymeric proton conductor, which serves both as a 
compact reactor for water splitting and as gas separator. The design was inspired by PEM electrol-
ysis technology and was modified appropriately for allowing illumination. The proposed design is 
also equipped with a third compartment which enables, for the first time, the use of a hydrogen 
reference electrode. A highlight from this research is discussed below. The results will be submit-
ted for publication in the first quarter of 2016.  

 
Figure 1: Fabrication process of titania nanotube 
arrays on a Ti-web of microfibers, by potentio-static 
electrochemical anodization. 

UV-light sensitive photoanodes: TiO2 pho-
toanodes were fabricated by anodization of 
Ti-web of microfibers for the development of 
TiO2 nanotube arrays (Figure 1). The per-
formance of the PEC cell was evaluated for 
water splitting with two different carrier 
gases He and Air, by supplying the pho-
toanode with a gaseous stream made by 
bubbling He or Air through a H2O-contain-
ing saturator. Even though the performance 
is lower (10%) with Air, this operation is of 
great interest since it mimics conditions 
where water molecules can be captured from 
ambient air. Furthermore, it was found that 
this systems can develop an electromotive 
force across the cell which is sufficiently 
high enough to enable bias-free PEC opera-
tion. 

 

 

In the Leiden collaborative project Towards efficient low-temperature CO2 electrolysis, a combination 
of an experimental (electrochemical) and computational approach of molecular and heterogeneous 
reduction of CO2, progress was made towards the understanding of the reduction of CO2 on using 
NiII(cyclam) complexes attached to the graphitic electrode, and Cobalt and Iron porphyrins. The 
latter has an unexpected high reduction rate of CO2. A paper on Cobalt porphyrin has been 
published. 
The collaborative UT project Photocatalytic silicon microwire membranes efficient tools for water splitting 
devices, the focus is on integration several materials solutions into a single device, which brings 
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many challenges of compatibility of materials and synthesis techniques, electrical connection and 
stability. Good progress is made in 'mastering' the materials that can be used, but a lot of work 
remains to be done on integrating them.  
DIFFER, TU/e and FELIX groups work together in the project Plasma chemistry at work: efficient 
plasma-assisted fuel conversion through control of vibrational excitation. Progress has been made on the 
(i) characterization of the microwave CO2 plasma discharges at the DIFFER facilities, extension of 
the work to pulsed operation, interpretation of performance in terms of thermodynamic equilib-
rium conversion; (ii) commissioning of Two photon atomic laser induced fluorescence (TALIF) for 
spatially and temporally resolved CO detection at the TU/e facilities as well as (iii) experimental 
campaign at the FELIX facilities. A important conclusion from the FELIX campaigns sofar is that 
no significant responses were recorded. Given the sensitivity of the experiment as well as the still 
relatively high gas temperatures in the plasma, it is presently concluded that vibrational ladder 
excitation is not the dominant path to dissociation under the conditions that were probed. 
In the collaboration between Leiden, DIFFER and Twente university in the projects Direct produc-
tion of fuels from captured CO2 and Surface reactivity of activated CO2, first comparative measurements 
on thermal decomposition of CaCO3 in a different environments were performed. Comparison 
was made between decomposition in vacuum, under water atmosphere, and under water-plasma 
exposure. Initial results are promising. A clear plasma-induced effect was observable with acceler-
ated decomposition and partial conversion of the CO2 released. Work in 2016 will focus on vali-
dating these preliminary results and producing a manuscript for publication. In parallel with the 
re-establishment of the laboratory in Eindhoven, a new ultra-high vacuum experimental setup has 
been built up. Commissioning and first experimental measurements on this setup have been per-
formed. During 2016 it will be used for the in-situ preparation of Ca-based adlayers and for stu-
dying they response to plasma exposure. In Twente a fixed bed setup has been designed and real-
ized .Absorption/desorption of CO2 on CaO has been tested on this setup. Two different phases of 
CO2 absorption have been observed with mass spectrometry: 1) fast absorption driven by chemical 
reaction and 2) slow absorption controlled by diffusion in the CaCO3 layer. Progress in Leiden has 
centered on amendment of an ultra-high vacuum (UHV) set-up and development of a diagnostic 
technique for implementation in the set-up. The set-up is designed for to study the interaction 
between ground and activated CO2 with tailored single crystal surfaces. The main challenges for 
the set-up included; difficulty to lock the mid-IR source on to a single rovibrational transition and 
volatilities due to atmospheric CO2. The long term goal is to work with curved single crystals, 
rather than flat crystal surfaces which contain a single uniform surface. In contrast, curved surfaces 
can contain a variety of surface structures, with different step types, step densities and terrace 
structures of atoms.  
The UU-TU/e collaboration Computer-aided design of iron-sulfide nanocatalysts for the solar-driver con-
version of CO2 to fuels the emphasis was on band gap engineering of pyrite via substitutional 
doping in the bulk and surfaces has been achieved. The electronic structures of pyrite and its 
polymorph marcasite have been characterised and the band alignment of the mixed phase has 
been resolved. Experimentally major steps towards phase pure synthesis of pyrite (FeS2, cubic, Pa-
3) films have been made by Chemical Vapor Deposition. For this purpose, a home-built CVD/PVD 
system has been designed and commissioned, which allows temperature and gas composition 
control. Sulfurization of Fe layers by S8 vapor in Ar(/H2) flow has proven to be the most appropri-
ate method to obtain phase pure pyrite. Sulfurization at lower T and sulfur chemical potential led 
to the formation of the polymorph phase of pyrite, marcasite .The enhancement of carrier concen-
tration in the pyrite phase may be the primary reason leading to the higher photo-current of the 
mixed phased FeS2 thin films as observed 3 manuscripts are currently being prepared.  
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2. Added value of the programme 
This programme was the result of an open call for projects with the requirement that at least two 
different groups would collaborate with different background/discipline. All group and project-
leaders indicate an added value in the collaboration, e.g. the Leiden collaboration (Prof. M.T.M. 
Koper, Prof. E. Bouwman, Dr. S. Bonnet and Dr. D.G.H. Hetterscheid) specifically mentions the 
increased interaction between the groups on molecular and heterogeneous catalysis. 
 
3. Personnel 
All personnel has been hired except for one postdoc position at UU. It is expected that this position 
will be filled by the end of this year. 
 
4. Publications 
- Elbersen, R., Vijselaar, W., Tiggelaar, R.M., Gardeniers, H. & Huskens, J. Fabrication and 

Doping Methods for Silicon Nano- and Micropillar Arrays for Solar-Cell Applications: A Review. 
Advanced Materials, n/a-n/a, doi:10.1002/adma.201502632 (2015).  

- van Rooij G., van den Bekerom D., den Harder N., Minea T., Berden G., Bongers W., Engeln R., 
Graswinckel M., Zoethout E., van de Sanden MCM. 2015. Taming microwave plasma to beat 
thermodynamics in CO2 dissociation,. Faraday Discussions. 178, 233-248. 

- Dzade N.Y., Roldan A., and de Leeuw N.H. , Activation and dissociation of CO2 on the (001), 
(011), and (111) surfaces of mackinawite (FeS): A dispersion-corrected DFT study, Journal of 
Chemical Physics 143, 094703 (2015); http://dx.doi.org/10.1063/1.4929470. 

- I.A. Digdaya, L. Han, T.W.F. Buijs, M. Zeman, B. Dam, Bernard, A.H.M. Smets, W.A. Smith, 
Wilson Extracting large photovoltages from a-SiC photocathodes with an amorphous TIO2 front surface 
field layer for solar hydrogen evolution, Energy & Environmental Science 8, pp. 1585-1593, 2015.  

- L. Han, I.A. Digdaya, T.W.F. Buijs, F.F. Abdi, Z. Huang, R. Liu, B. Dam, M. Zeman, 
W.A. Smith, A.H.M. Smets, Gradient dopant profiling and spectral utilization of monolithic thin-film 
silicon photoelectrochemical tandem devices for solar water splitting, Journal of Materials Chemistry 
A 3, 4155-4162, 2015.  

 
5. Valorisation and outreach 
Several industries have shown interest in the results of the programme. This was exemplified by 
the presence of several industries on the workshop held at DIFFER on 4September (Shell, Aliander, 
Covalenergy, NXP, Syngaschem were represented). Also the recently opened call, which can be 
considered a follow-up of both this CO2 Neutral fuels programme as well as the Toward BioSolar 
cells programme a 10% private contribution was required. Apart from this several groups have 
direct contacts with industries such as Shell, Alliander, Ampleon (former NXP), Gasunie, Stedin, 
Syngaschem, Evonik, BASF etc.  
 
6. Vacancies 
One vacancy: postdoc position at UU. 
 
  

http://www.differ.nl/publications/biblio/author/6417
http://www.differ.nl/publications/biblio/author/6689
http://www.differ.nl/publications/biblio/author/4925
http://www.differ.nl/publications/biblio/author/6434
http://www.differ.nl/publications/biblio/author/87
http://www.differ.nl/publications/biblio/author/820
http://www.differ.nl/publications/biblio/author/564
http://www.differ.nl/publications/biblio/author/977
http://www.differ.nl/publications/biblio/author/2140
http://www.differ.nl/publications/biblio/author/3765
http://www.differ.nl/node/5595
http://www.differ.nl/node/5595
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Fact sheet as of 1 January 2016 

 FOM - 14.0008/2 
 datum: 01-01-2016 
 
APPROVED FOM/NWO-CW PROGRAMME 
 
Number 147. 
  
Title (code) CO2-neutral fuels (CO2NF) 
  
Executive organisational unit DIFFER & BUW 
  
Programme management Prof.dr.ir. M.C.M. van de Sanden 
  
Duration 2012-2021 
  
Cost estimate M€ 7.0 (part via FOM) 
  
Partner(s) Shell, NWO-AB, NWO-CW 
  
Concise programme description 
a. Objectives 
The aim of the programme is to address key aspects of the production of CO2-neutral fuels from 
carbon dioxide and water within a framework of four multidisciplinary research themes, leading 
to use-inspired research with great valorisation potential. These four research themes are: 
1. photocatalytic approaches for CO2-neutral fuels: functional inorganic semiconductor materials; 
2. responsive matrices for CO2-neutral production of solar fuels; 
3. out-of-equilibrium processing of solar fuels; 
4. process and reactor development for the downstream synthesis of fuels or chemicals. 
The programme contributes to the Dutch Top Sectors Energy and Chemistry. 
 
b. Background, relevance and implementation 
There is a strong need to produce, with minimal kinetic losses, CO2 neutral fuels from renewable 
energy sources such as solar and wind, to alleviate the intermittent character of these sustainable 
energy sources by storing the energy in fuels and to mitigate the detrimental climate effect of the 
globally increasing CO2 levels. 
The 'CO2-neutral fuels' programme consists of three parts:  
1. an open call 'CO2-neutral fuels' with a budget of M€ 5.0 issued by FOM; 
2. two tenure track positions for new research lines at FOM Institute DIFFER (M€ 2.0); 
3. an open call 'Plasma conversion of CO2' with a budget of M€ 2.0 issued by STW. 
The 'CO2-neutral fuels' programme committee, chaired by Prof.dr.ir. M.C.M. van de Sanden, is 
responsible for the publication of the calls and, consulting international reviewers, for the selection 
of the projects to be funded.  
The steering committee with representatives of Shell, FOM, and NWO-CW is the ultimate decision 
body of the programme and acts in accordance with the steering committee of the overall CSER 
initiative. 
 
Funding 
salarispeil cao per 01-01-2016  
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a. Via BUW 

bedragen in k€ ≤ 2015 2016 2017 2018 2019 2020 ≥ 2021 Totaal 

FOM-basisexploitatie 400 200 200 200 - - - 1.000 

FOM-basisinvesteringen - - - - - - - - 
Doelsubsidies NWO 
- NWO-AB 1) 

- NWO-CW 

 
1.000 
1.000 

 
- 
- 

 
- 
- 

 
- 
- 

 
- 
- 

 
- 
- 

 
- 
- 

 
1.000 
1.000 

Doelsubsidies derden 
- Shell 

 
500 

 
500 

 
500 

 
- 

 
- 

 
- 

 
- 

 
2.000 

Totaal 2) 3.400 700 700 200 - - - 5.000 
 
b. Via DIFFER 

bedragen in k€ ≤ 2015 2016 2017 2018 2019 2020 ≥ 2021 Totaal 

FOM-basisexploitatie 400 200 200 200 - - - 1.000 

FOM-basisinvesteringen - - - - - - - - 
Doelsubsidies NWO 
- NWO-AB 

- NWO-CW 

 
- 

1.000 

 
- 
- 

 
- 
- 

 
- 
- 

 
- 
- 

 
- 
- 

 
- 
- 

 
- 

1.000 
Doelsubsidies derden 
- Shell 

 
- 

 
- 

 
- 

 
- 

 
- 

 
- 

 
- 

 
- 

Totaal 2) 1.400 200 200 200 - - - 2.000 
1) besides the contribution of M€ 1.0 to FOM, NWO-AB also contributes M€ 0.5 to STW 
2) besides the M€ 7.0 that runs through FOM, the programme has an additional component of M€ 2.0 with 

the following contributions: STW: M€ 1.0, Alliander: M€ 0.5, NWO-AB: M€ 0.5. 
 
Source documents and progress control 
a) Original programme proposal: FOM-11.1052/2, FOM-11.1288/D, FOM-13.0452 
b) Ex ante evaluation: - 
c) Decision Executive Board: FOM-12.1852, FOM-13.0288, FOM-13.1714 
d) Shell-FOM collaboration agreement: FOM-12.1843/D 
 
Remarks 
This FOM programme is part of the overarching initiative 'Computational sciences for energy 
research'. For administrative reasons and transparency the CSER initiative has been split in four 
programmes that have the following main objectives: 
- The education of 75 PhD students who are willing to work at the Shell 'Computational Centre of 

Excellence' in Bangalore, India, after finishing their PhD (FOM IPP i32, CSER-PhD); 
- contribute to the NWO theme 'Duurzame Energie' through the programmes 'Uncertainty reduc-

tion in smart energy systems' (FOM/NWO-MaGW programme 146, URSES) and 'CO2-neutral 
fuels' (FOM/NWO-CW programme 147, CO2NF); 

- investments in the Dutch computational sciences infrastructure at universities and para-univer-
sity research institutes, mostly through tenure track positions (FOM programme 145, CSER-
KIF). 

 
 JM par. HOZB 
Subgebied: 100% COMOP 
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Historical overview of input and output 

 

Input personnel (in fte)  finances* (in k€ ) 
WP/V WP/T PhD NWP 

2014 - 2.4 5.7 . 689 

2015 - 5.4 11.3 - 1,575 

 

Output PhD theses refereed publications other publications & pre-
sentations 

patents 

2014 - 4 2 - 

2015 - 5 25 - 

* After closing the financial year. 
 
 
PhD defences 
2014 
None. 

2015 
None. 

 
 
Patents (new/changes) 
2014 
None. 

2015 
None. 
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Overview of projects and personnel 

 
Workgroup FOM-D-52 

Leader Prof.dr. B. Dam 
Organisation Delft University of Technology 
Project leader  

Project (title + number) 
Earth abundant materials based monolithic photovoltauc-
photoelectrochemical device toward 15% solar-to-hydrogen 
cenversion efficiencies (13CO19-2) 

 
FOM employees on this project 
Name  Position Start date End date 
N.J. Firet PhD 16 March 2015 15 March 2019 
 
 
Workgroup FOM-D-58 

Leader Prof.dr. M. Zeman 
Organisation Delft University of Technology 
Project leader Dr.ir. A.H.M. Smets 

Project (title + number) 
Earth abundant materials based monolithic photovoltauc-
photoelectrochemical device toward 15% solar-to-hydrogen 
cenversion efficiencies (13CO19-1) 

 
FOM employees on this project 
Name  Position Start date End date 
P. Perez Rodriguez PhD 26 May 2014 25 May 2018 
 
 
Workgroup FOM-E-32 

Leader Prof.dr.ir. W.M.M. Kessels 
Organisation Eindhoven University of Technology 
Project leader  

Project (title + number) Plasma chemistry at work: efficient plasma-assisted fuel conversion 
through control of vibrational excitation-TU/e deel (13CO16-1) 

 
FOM employees on this project 
Name  Position Start date End date 
M.A. Damen PhD 1 November 2015 31 October 2019 
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Workgroup FOM-E-33 

Leader Dr. J.P. Hofmann 
Organisation Eindhoven University of Technology 
Project leader Dr. J.P. Hofmann 

Project (title + number) Computer-aided design of iron-sulfide nanocatalytysts for the solar-
driver conversion of CO2 to fuels (13CO26-3) 

 
FOM employees on this project 
Name  Position Start date End date 
L. Wu PhD 1 September 2014 31 August 2018 
 
 
Workgroup FOM-L-40 

Leader Prof.dr. M.T.M. Koper 
Organisation Leiden University 
Project leader Prof.dr. M.T.M. Koper 
Project (title + number) Towards efficient low-temperature CO2 electrolysis (13CO09) 
 
FOM employees on this project 
Name  Position Start date End date 
A.J. Gotte WP/T 15 September 2014 14 March 2017 
R. van Lent PhD 1 May 2014 30 April 2018 
 
 
Leader Prof.dr. M.T.M. Koper 
Organisation Leiden University 
Project leader Dr. L. Juurlink 
Project (title + number) Surface reactivity of activated CO2 (13CO24-1) 
 
FOM employees on this project 
Name  Position Start date End date 
M. van der Plas PhD 22 April 2014 21 April 2018 
 
 
Workgroup FOM-T-34 

Leader Prof.dr.ir. J. Huskens  
Organisation Twente University 

Project (title + number) Photocatalytic silicon microwire membranes efficient tools for water 
splitting devices (13CO12-2) 
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FOM employees on this project 
Name  Position Start date End date 
W.J.C. Vijselaar PhD 1 February 2014 31 January 2018 
 
 
Workgroup FOM-T-35 

Leader Prof.dr. J.G.E. Gardeniers 
Organisation Twente University 

Project (title + number) Photocatalytic silicon microwire membranes efficient tools for water 
splitting devices (13CO12-1)  

 
FOM employees on this project 
Name  Position Start date End date 
P.J. Westerik PhD 1 March 2014 28 February 2018 
 
 
Workgroup FOM-T-45 

Leader Prof.dr.ir. L. Lefferts 
Organisation Twente University 
Project (title + number) Direct production of fuels from captured CO2 (13CO23-2)  
 
FOM employees on this project 
Name  Position Start date End date 
G. Giammaria PhD 15 August 2014 14 August 2018 
 
 
Workgroup FOM-U-44 

Leader Prof.dr. N.H. de Leeuw 
Organisation Utrecht University 

Project (title + number) Computer-aided design of iron-sulfide nanocatalytysts for the solar-
driver conversion of CO2 to fuels (13CO26-2) 

 
FOM employees on this project 
Name  Position Start date End date 
N.Y. Dzade WP/T 1 October 2014 30 September 2017 
 
 
Group Van de Sanden 

Leader Prof.dr.ir. M.C.M. van de Sanden 
Organisation FOM Institute DIFFER 
Project (title + number) Tenure track posities DIFFER CO2NF (13CO-TT) 
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FOM employees on this project 
Name  Position Start date End date 
A. Bieberle WP/T 1 April 2014 31 March 2017 
M. Tsampas WP/T 1 July 2014 30 June 2016 
R. Sinha PhD 3 November 2014 2 November 2018 
G. Zafeiropoulos PhD 15 September 2015 14 September 2019 
 
 
Group Van Rooij 

Leader Prof.dr.ir. M.C.M. van de Sanden 
Organisation FOM Institute DIFFER 
Project leader Prof.dr.ir. G.J. van Rooij 

Project (title + number) Plasma chemistry at work: efficient plasma-assisted fuel conversion 
through control of vibrational excitation (13CO16)  

 
FOM employees on this project 
Name  Position Start date End date 
D.C.M. van den Bekerom PhD 15 January 2014 14 January 2018 
J.M. Palomares Linares WP/T 1 June 2015 30 April 2017 
 
 
Group Gleeson I 

Organisation FOM Institute DIFFER 
Project leader Dr. M.A. Gleeson 
Project (title + number) Direct production of fuels from captured CO2 (13CO23-1) 
 
FOM employees on this project 
Name  Position Start date End date 
T.T. Belete PhD 27 October 2014 26 October 2018 
 
 
Group Gleeson II 

Organisation FOM Institute DIFFER 
Project leader Dr. M.A. Gleeson 
Project (title + number) Surface reactivity of activated CO2 (13CO24-2) 
 
FOM employees on this project 
Name  Position Start date End date 
A.J. Walsh WP/T 17 February 2014 16 February 2016 
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