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Industry green transition: a catalyst
for hydrogen economy

The use of hydrogen is one of the possible ways to decarbonise industry, and such a process may act
as catalyst for the development of a “hydrogen economy”, exploiting the economic leverage of alre-
ady existing industrial clusters. Potentially, hydrogen can be used for industrial heating, especially in
hard-to-abate sectors that require high temperatures (such as the industry of steel, concrete, glass,
ceramic, paper), and where direct electrification may not be the most effective or feasible alternative, as
well as in the production of chemicals, petroleum refining and in the primary steel industry. In ENEA, re-
search and development activities are mainly focussed on the process of Sorption Enhanced Reforming,
while other numerous projects on hydrogen production technologies, such as biomass gasification, are
being implemented.

L’utilizzo dell’idrogeno € una delle possibili vie per decarbonizzare il settore industriale e puo agire da catalizzatore
per lo sviluppo di un’ “economia dell’idrogeno”, sfruttando la leva economica di cluster gia presenti. Oltre che per
la produzione di prodotti chimici, la raffinazione del petrolio e I'industria siderurgica primaria, I'idrogeno puo essere
potenzialmente utilizzato anche per il riscaldamento industriale, soprattutto nei comparti “difficili da abbattere” che
richiedono di fornire alte temperature (ad esempio i settori della siderurgia, del cemento, del vetro, della ceramica
e della carta) e dove l'elettrificazione diretta potrebbe non essere I'alternativa piu efficace o fattibile. Le attivita
di ricerca e sviluppo in ENEA si concentrano sul processo di Sorption Enhanced Reforming e sono in corso altri
numerosi progetti sulle tecnologie di produzione di idrogeno come ad esempio la gassificazione della biomassa.
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mplementation of hydrogen offers
a solution to decarbonise industrial
processes where reducing carbon
emissions is both urgent and hard to
achieve. A large share of the CO: emis-
sions in Italy comes from the industry
[1]. At 2017 45 % of the Italian green-
house gas emission was allocated in
hard to abate sector. Switching to alter-
native energy and feedstock entails a
high GHG abatement potential. Many
of the industrial processes where natu-
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ral gas or other fossil sources are used
as feedstock would be replaced with
renewable (green hydrogen), low-car-
bon hydrogen (blue hydrogen) and
other green process.

An immediate application in indus-
try is to reduce and replace the use of
carbon-intensive hydrogen in refin-
eries, in the production of ammonia,
of other chemical products and new
forms of methanol, or to partially
replace fossil fuels in iron and steel

making processes. Currently in most
industrial applications, hydrogen is
provided by grey hydrogen produc-
tion from conventional energy source
that takes place on-site using natural
gas reformers or coal/biomass gasifi-
ers and feeds directly into chemical
and industrial processes.

An immediate application in industry
is to reduce and replace the use of car-
bon-intensive hydrogen in refineries,
in the production of ammonia, of oth-
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Fig.1 simplified scheme of hydrogen implementation in different industry sector

er chemical products and new forms
of methanol, or to partially replace
fossil fuels in iron and steel making
processes. Currently in most industri-
al applications, hydrogen is provided
by grey hydrogen production from
conventional energy source that takes
place on-site using natural gas reform-
ers or coal/biomass gasifiers and feeds
directly into chemical and industrial
processes.

In industrial sector, in addition to the
production of chemicals, petroleum
refining and to the primary steel in-
dustry, hydrogen can potentially also
be used for the industrial heating, es-
pecially for processes “hard to abate”
that require to provide high temper-
ature (for example industry of steel,
concrete, glass, ceramic, paper) and
where direct electrification may not
be the most effective or feasible alter-
native, as reported in the European
SPIRE 2050 Roadmap.

Development of hydrogen produc-
tion and use in industry includes
R&D projects, research infrastruc-
tures, pilot plants, first industrial
deployment and integration of new
technologies in existing industrial

processes. Industrially relevant exam-
ples for the use of hydrogen replacing
fossil feedstock are the production of
low carbon steel by replacing coke coal
with hydrogen and the use of renewable
hydrogen or blue hydrogen in refineries.

Key technical challenges and R&D

Key technical challenges and R&D

can be summarized as follow [2] :

+ Integrating variable electrolyser
operation with continuous indus-
trial processes, testing large scale
electrolyzers.

o implementation of carbon cap-
ture and storage processes into
steam methane reforming pro-
cess.

o R&D of direct reduction iron pro-
cess.

o H:burner components integrated
into gas turbines

o Development of fuel flexible and
100 % H: burners and combus-
tion chamber with low or zero
NOx emission.

o Production of synthetic hydro-
carbon and ammonia.

o Research in using hydrogen as en-

ergy carrier and feedstock within
the industry

In the short term in the transition
phase, blue hydrogen, using CCS to
make SMR-based hydrogen process-
es carbon neutral, could help signifi-
cantly reduce industrial emissions in a
timely and cost-efficient way and can
prepare the ground for a wider hydro-
gen economy.

A revision of ETS market could cre-
ate positive business cases. Cost de-
velopment and competitiveness in
case of use hydrogen to provide heat
and power for industry and the grid is
driven mainly from the CO: cost (e.g.
ETS market) and by low hydrogen
production costs.

Growing hydrogen demand in major
industries offers the opportunity to
create hubs that bring down the cost
of low-carbon hydrogen pathways and
kick-start new sources of demand.
Consequently, it's essential make in-
dustrial clusters the nerve centres for
scaling up the use of hydrogen. It will
be therefore necessary to fund large
scale demonstration projects.

Research and development
activities in ENEA

In industrial hydrogen production
processes such as coal gasification,
methane steam reforming, water gas
shift (WGS) reaction and biomass
gasification, the emissions of CO: can
be reduced by CO: capture. The goal
of our research activity is to develop
combined sorbent-catalyst materi-
als (CSCM) for Sorption Enhanced
Reforming (SE-SR) process. By com-
bining processes (1)-(3) it is seen
that the strongly endothermic steam
reforming is thermally neutralized by
carbonation reaction obtaining Eq.(4),
therefore SE-SMR will be considered
an energy efficient process. The CO:
produced in SR(steam reforming) and
WGS (water gas shift) is chemically
fixed on site upon a high tempera-
ture sorbent, so that CO: emission
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is suppressed and thermodynamic
equilibrium reactions are potentially
brought to completion according to
the Le Chatelier's principle producing
high-purity Ho.

Steam reforming of methane
CH4++H.O =3H. + CO
AH®9s = +206 k] mol™* (1)

Water gas shift
CO+HO =H: + CO:
AH%9s =—-41.1 k] mol™! (2)

CO:z sorption
CaO + CO: = CaCOs
AH%9s =-178 kf mol™ (3)

Global reaction
CHa4 + 2H>0O + CaO = CaCOs + 4H:
AH®9s =-13.1 k] mol! (4)

The best-known sorbent suitable for
SE-SR process is CaO coming from
naturally occurring minerals (lime-
stone, dolomite) due to its low-cost,
abundance, and non-toxicity. Howev-
er, when the sorbent is subjected to re-
peated thermal cycles a sharply decline
of reactivity of CaO lime versus CO:
arises as a result of sintering of CaO
particles that engenders severe dam-
aging of pore structure. For this rea-
son, in the last decade intense research
activities have been devoted on to
development of synthetic CaO-based
sorbents owing to their high reactivity
versus CO», fast carbonation/decar-
bonation kinetics, good cyclic stability,
and relatively low cost of production
[4]. Currently, the CaO-Cai2Ali4Os3
system is the most studied among dif-
ferent synthetic sorbent materials that
can be applied in various CO: sorption
capture technologies.

The integration of both sorbent and
catalyst in a single particle offers some
advantages such as the lowering of the
mass transfer resistance, the reduction
of reactor volume, and the simplifica-
tion of the system. In this context, the
development of bifunctional materi-
als with core/shell structure where a
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hollow shell is made of catalyst with
sorbent nanoparticles in the interior
is becoming a central topic in the field
of reforming intensification process.
In our work a combined CaO-CaizA-
14O3-Ni  sorbent-catalyst material
with improved CO: capture stabili-
ty and catalytic activity to be used in
SE-SR of methane process has been
successfully prepared by a novel syn-
thesis method based on a multi-step
approach. According to this method
a mixed calcium-aluminium oxide ce-
ramic was at first prepared by wet mix-
ing/sintering method and subsequent-
ly used both as spacer for CaO sorbent
and as support for Ni catalyst. Finally,
the synthesized CaO-Cai2AlL4O3-Ni
has been tested over ten consecu-
tive reforming (600°C)/regeneration
(750°C) cycles. The good performance
of SE-SR of methane over ten consec-
utive reforming (600°C)/regeneration
(750°C) cycles at H:O:CHs=3:1M ra-
tio using CSCM pellet has allowed to
produce a Ho-rich (> 90%) gaseous
stream with low concentrations of CO:
and CO.

This work has been supported by
the European Union within the 7th
Framework Program under AS-
CENT(Advanced Solid Cycles for
Efficient Novel Technologies www.
ascentproject.eu)grant  agreement
n0.608512 coordinated by ENEA.
The ASCENT Work Package 4 (WP4)
included ENEA, IFE(Institut for En-
ergy, Norway), CSIC (Consejo Supe-
rior de Investigaciones Cientificas,
Spain), Marion Technologies(indus-
trial partner, France),INERIS (Insti-
tut national de lenvironnement et
des risques, France),and University
of CAquila (Italy) in cooperation with
University of Strasbourg (France).

Projects and perspectives

Presently in ENEA there is a multi-
disciplinary technological know-how
with skills that cover aspect of R&D
on hydrogen utilization in industry.
ENEA is in charge of a 0.5 MWth pi-

lot plant ZECOMIX (Zero Emissions
of Carbon with MIXed technologies)
whose key objective is the production
of H2 water-gas shift or steam meth-
ane reforming process with simul-
taneous CO: capture. A syngas can
be produced in the ZECOMIX plant
which is similar in composition to the
off-gas leaving a blast furnace for iron
and steel making process. This feature
of ZECOMIX permits to demon-
strate at TRL 7 the decarbonisation of
off-gases produced in iron and steel
mill via an environmental-friendly
calcium based solid sorbent.

From 2018, this plant has been se-
lected as a European Carbon Dioxide
Capture and Storage Laboratory Infra-
structure (ECCSEL). Being a member
of ECCSEL consortium is a label of
quality: it has been evaluated through a
European process based on commonly
agreed criteria and recognised as being
of the highest standards and relevance
to research and industry in Europe. By
means of the ECCSEL consortium,
ZECOMIX is connected to a wider
user group composed of the research
and industrial communities as well as
public services.

ENEA is a member of the H2020
GICO (Gasification Integrated with
Carbon capture and cOnversion)
project coordinating by the Universi-
ty Gugliemo Marconi. In this project
ENEA is the work-package leader of
an innovative process for Hz produc-
tion from biomass gasification with si-
multaneous CO: uptake by CaO sorb-
ent. The exhausted solid sorbents can
be reused in several industrial process-
es (e.g. cement and bricks production,
agglomerates) reducing the industrial
wastes and making the H> production
from biomass a more profitable op-
tion.

ENEA is coordinating also project on
Systems for Flexible Energy via reuse
of carbon (SFERO) within the Re-
search Line “1.6 Efficienza energetica
dei prodotti e dei processi industria-
Ii” of the Italian research programme



2019-2021: “Ricerca di Sistema” fund-
ed by the Italian Ministry of Sustain-
able Economic Development. The
main objective of SFERO is the devel-
opment of an efficient process for H,
production from reforming of meth-
ane integrated with CO:z chemisorp-
tion. The captured CO: will be reused
in plasma reactor for renewable fuels
production.

ENEA is participating as facility
owner in the H2020 ECCSELRATE
project coordinating by NTNU. The
main target of this project is to de-
velop marketing, access and servic-
es models for industry and SMEs in
the field of carbon ca pture. ENEA
will share the ZECOMIX plant for
the demonstration of Ha production
from methane and syngas via carbon
capture processes.

Future development projects may in-
volve activities on laboratory scale and
on prototype and pilot plant scale cov-
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ering different TRL value (i.e. synthe-
sis and test catalyst for SMR process,
test on burners operated in hydrogen
rich environments, improvements in
catalytic reactions and chemical pro-
cesses, use of renewable carbon feed-
stock, use of oxygen from electrolysis,
dynamic operation capability etc.). In
this contest, process and predictive
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Conclusions

Industry implementation of hydro-
gen is one of the ways to decarbonise
the industry sector especially “hard to
abate” sector and can acts as catalyst
for hydrogen economy deployment.
Approximately 16 TWh/year of hy-
drogen is currently (2020) used in Italy
in a wide range of industrial process-
es (mainly refining and chemical use)
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[3]. Moreover, hydrogen can replace
fossil fuels as a feedstock in other in-
dustrial process (as a reducing agent in
the steel manufacturing process) and
can be used to produce liquid fuels,
synthetic natural gas and important
petrochemicals and also as an energy
source for heat and power generation.
In order to achieve this transforma-
tion, large quantities of hydrogen
at competitive conditions as well as
appropriate conversion technologies
and process adaptions are needed.
R&D actions can foresee demonstra-
tion projects proving hydrogen inte-
gration across key industrial processes
and heat and power generation.
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