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) We examine
the state-of-the-art throughout the world and
briefly outline the European (and particularly the
Italian) R&D programs in this field. The applica-
tion prospects of this technology are also briefly
reviewed, ‘



SHORT AND MEDIUM-TERM PROSPECTS

The development of new SOFC geometries and new
SPEFC polymeric membranes are followed with consid-
erable attention. Possible changes in the relative
rate of development of the different technologies
may determine aim corrections in R&D programming.

The analysis of the integrated energy distribu-
tion in the territory should take into considera-
tion the advantages offered by these devices for
the direct conversion of energy distributed by a
fluid fossile vector (natural gas) or recovery
energy (agricultural or catabolic biogas).

The Japanese NEDC has recently organized a
Symposium in which over 350 specialists from all
over the world have compared the fuel cell R&D
state of the art in their respective countries.
Shortly afterwards IEA (International Energy Agen-
cy) has held a restricted Workshop (which, by the
way, was chaired by the speaker)

whose object was the establishment of inter-
national collaboration channels on MCFC, SOFC and
SPFC R&D. These initiatives clearly show the wil-
lingness of Japan to share the world leadership in
this field with the United States as well as the
efforts made by IEA to spread this new technology
beyond the Japanese and American borders.

A recent financing granted by the American
Department of Energy (DOE) to an important American
industry for the development of cheaper PAFC
manufacturing techniques and the ECC Cost Reduction
program also referring to PACFs show a general
tendency to revalue this '"tried and tested”
techneology with respect* to other more suggestive

but "futurable* systems which still require further
MCFC




theoretical and experimental investigation of the |
elementary mechanisms which control material degra-
dation. This does not seem to apply to the less
developed SOFCs, seeing that Westinghouse has
announced5 that a SOFC pilot factory started
production in August 1988. It Italy, the opportune-!
ness of R&D support measures in this field is under
consideration. '

As can be seen, the competition between the
different fuel cell concepts is still very fluid.
There is no doubt however that we are confronted
with a new means of achieving a substantial energy
saving and a considerable decrease in the environ-
mental impact.

ITALIAN FUEL CELL R&D PROGRAMS ‘
Research on fuel cells in Italy started in the |
seventies within +the framework of the first
national energy project (PFE I) of the National
Council for Scientific Research (CNR). This preli--
minary attempt gave no results because it was im-
paired by a major underestimate of the size of the
necessary efforts and resources.

The National Board for Electric Power (ENEL)
set up the first Italian fuel cell know-how nucleus
and entrusted CISE Tecnologie Innovative S.p.A. (a
research and technological transfer company of
Segrate, near Milan) with the task of implementing
(from 1973 to 1981) a critical survey program with
yearly updating on the world-wide state of the art
of fuel «cell technologies. ENEL subs .equently
commissioned an experimental program extending over
the 1981-1983 period which enabled CISE to set wp a
laboratory for tests and inspections and mainte-
nance of FC stacks and the training of skilled
personnel. This laboratory was equipped with a 2.5
kW PAFC stack complete with a methyl alcohol
reformer and dc-to-ac inverter.
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At about the same time Ansaldo set up with an
ENEA grant two small laboratories for the study of
PAFC and MCFC components. In 1983 the CNR/TAE
Institute of Messina, founded for the purpose of
studying energy conversion and storage techniques
and chemical processes, worked out with CISE's
assistance an experimental program on fuel cells.
In only a few years it obtained substantial results
on the lineup and analysis of PAFC catalysts and
components and on MCFC materials.

This initial stock of know-how was the founda-
tion of the work carried out by the "Volta Project"
Research Group consisting of a score of different

organizations (industries, research centres, poten-
tial wusers, universities, etc.). This Research
Group was chaired and c¢oordinated by ENEA (the
Italian National Nuclear and Alternative Energy
Authority). The project proposed by the Research
Group to ENEA in March 1984 consisted of three
different activities: a demonstration program for
PAFC generators, a development program of small
portable PAFC generator units based on techniques
specially devised for this purpose and an agreement
with a foreign partner for the acquisition of the
MCFC technology. The projezct contained proposals
for the activities and role distribution in the
first five-year period and a development forecast
for the next two five-year periods. Agreements for
the financing of the project and the distribution
of financial charges connected with the first
five-year period activities were drawn up in 1987.
ENEA accepted liability for most of the financial
charges involved, ' :

In the meantime CISE, Ansaldo and CNR/TAE car-
ried on other R&D activities with small grants
provided by CNR and ENEA within the framework of
the second national energy project PFE II and with
their own financial resources. ENEA entrusted TESI
s.r.l. with the task of carrying out a market re-
search for the purpose of assessing the prospects
of fuel cells entering the Italian market. The
results of this market research were used for pro-
viding a guideline for the "Volta Project" options.




The main results of above activities were the
production of PAFC components and laboratory

monaocells (Ansaldo and CNR/TAE), the design and

construction of a methyl alcohol reformer (OTB

Partecipazioni, now Tecnars of the Marelli-Acqua

Holding Group), a feasibility study (ENEA and An—
saldo) for a 1 MW PAFC power station to be instal-
led in the Milan Municipal Electric Power Corpora-a-
tion (AEM) Bovisa works. Fig. 6 shows the diagram
of this natural gas-fuelled water-cooled cogenera-—
ting unit scheduled to produce up to 1350 kW(e) and
over 130 Mcal/h, with a net conversion efficiency
of 41,1%.

AEM is :responsible for the civil engineer-
ing, the connections to the natural gas network and
the mains and the testing, management and electri-
cal characterization of the station. Ansaldo, as

chief contractor, is + responsible for design
and system engineering. IFC (International Fuel
Cell Corporation) supplied two PAFC stacks of
675 kW each. ENEA is " in charge of coordina-

tion, and provideg most of the financing as well as
the laboratory tests backing up the testing of .the
electrochemical section.

Photoelectron spectroscopy analysis tech-
niques were set up’ by CISE Tecnologie Innovative
S.p.A. and used for the characterization of new
PAFC catalysts produced partly by CNR/TAE and
partly by CISE.

Ansaldo and CISE have carried ocut a joint pro-
gram for the survey of the operating features of
CISE's 2.5 kW PAFC unit for the purpose of
automating the control of small (1-5 kW) field
generaters which Ansaldo is making for the Ministry
of Defence. .

The same 2.5 kW PAFC urut belonging to CISE was
fed with a gas mixture simulatlng the reformed

biogas composition in order to show that PAFC

stacks may be used as stand-alone generators for
the supply of electric power to remote villages.

The fact alone that 220,000 Indian villages are tco.

far away from the national supply mains for a
connect:.on at a reasonable cost gives a rough idea
of the enormous market potential of this product,
even if in Italy it cannot as yet compete with such

traditional means as the gas turbine generator .

(which however produces much Nox).
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Satisfactory results were also obtained in the
study on MCFC materials and components. CISE
researchers investigated the dissolution processes
which shorten the life of nickel oxide cathodes in
contact with molten carbonates {usually a lithium
and potassium carbonate eutectic). Vapor-phase
deposition processes were studied with the view pf
devising new materials able to obviate this
drawback and a half-cell was set up for the compar-
ison of these materials under actual operating
conditions. CNR/TAE performed endurance tests on an
MCFC laboratory prototype and analyzed the gradual
impairment of its performance under different
fuelling and utilization conditions. An accurate
(and very instructive) postmortem analysis was then
performed on the MCFC materials and components.,

Manufacturing and evaluation techniques of the
different MCFC components (electrolyte, electrodes,
separators, distributors and collectors) were also
studied by Ansaldo, where a prototype fuel cell for
testing components was set wup. Ansaldo also
investigated the operating conditions of an inte-
grated coal gasifier-MCFC system. The purpose of
the studies carried out by Ansaldo and ENEA was to
build up a suitable stock of know=how in view of
the intended acquisition of a consolidated MCFC
technology.

Solid polymeric electrolyte fuel cells (SPEFC)
have recently had a significant develbpment chiefly
due to the advance of membrane technology. In
addition, the Italian electrochemical group DE NORA
is in possession of advanced membrane cell tech-
niques and know-how. This set of circumstances
favoured the launching of a project whose medium-
term objective is the development, in Italy, of a
competitive SPEFC technology in terms of both
performance and costs.

This project, which started off at the begin-
ning of 1988, brought up the construction and test-
ing of a 10 kW de-
mons§ration module with a power density of about 10 _
kW/m~ and an estimated production cost of about
150,000 1lire/kW. It also provides for a market
research with a view of assessing the market poten-
tial of this technology, particularly as regards
electric traction.




Main objectives are the procurement of high
ionic-conductance membranes, the optimization of
the noble-metal (now platinum, later its cheaper
alloys) catalyst loading, improvement of the
application technique of catalytic powders onto the
membrane and tests on pilot fuel cells snd stacks.

The results of the studies on catalysts and
fuel cell engineering may have a favourable effect
on the future development of phosphoric acid and
molten carbonate fuel cells. ’

EUROPEAN FUEL CELL R&D PROGRAMS

The above Italian activities certainly had a
share in arising the interest of the European
Community Commission (ECC). First the ECC General
Management for Research (DG XII) then the General
Management for Energy (DG XVII) started to.
organize conferences, meetings and technical vigits.
and launched a European fuel cell research.{
development and demonstration program within the‘
framework of the ECC nonnuclear power R&D projects. l

The main participants in this project which
includes the development of a European MCFC techno-
logy, the European back-up of the Italian 1 MW'
demonstrative PAFC plant and the means of reducing
PAFC manufacturing costs, are GISE, Ansaldo, .
CNR/TAE and AEM in Italy, ECN, Hogovens/ESTS and |
TNCO in Holland, Johnson Matthey in the U.K. The[
European and Italian programs partly overlap eachi
other: in many cases financing is provided Jointly'’
by ECC and ENEA (e.g. CISE's research on dissolu-
tion processes of MCFC cathodes). Sometimes ECC
succeeded in preceding ENEA in providing financing
thereby ensuring the survival of the know-how and
the advantage of sharing options. The main benefit
of this collaboration is the fact that decision
making moves from a domestic to a European level.
This may help to bridge the technological gap be-
tween European industries on one side and American
and Japanege industries, on the other.
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Figure 2-1. Schematic of Fuel Cell Power Plant System
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@ A.Ascoli-G.Redaslli - Esperienze di collaud

o bt wrim
tig. L-"Vista esplosa” della pils di celle:

RG = gas di riforma, SRG = gas di riforma
simulato.
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40kW Fuel Cell Installatiom at Vernon, Connecticut
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CH, t HO == + uzw (endothermic) , - (4-1)

8 + Hy0 n , + :m (exothermic) . (4-2)
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