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ar and poor alike, is the Indian Ocean with its 
shores, beaches, and coastlines. While this Ocean 
is certainly the common link, it is at the same time 
also separating the Member States, as cross-border 
connectivity is heavily depending on air and sea 
routes, and land transport alternatives even among 
neighboring Member States are almost negligible. 

Connectivity and Transport 
According to statistics compiled by the World 
Resources Institute and the International Energy 
Agency transport accounts for roughly one fifth to 
one fourth of global greenhouse gas emissions1.   
Globally, three quarters of these emissions are 
attributable to road transport, and a negligible 1% 
to rail transport and another 2.2% for the move-
ment of liquids such as water and oil through pipe-
lines. But this picture looks different for the Indian 
Ocean Region, where a significantly higher share 
is stemming from air and sea traffic. 

When looking at the importance of the region, 
IORA prides itself with the fact that two third of 
the world´s container freight and 80% of global oil 
transports are passing through the shipping lanes 
of the Indian Ocean.2 Although sea freight, in 
terms of CO2 emissions per ton/km has by far the 
lowest footprint, container ships in general still use 
the highly polluting heavy fuel oil. 

In terms of CO2, the aviation sector “only” 
accounts for 11.6% of transport emissions and 
2.5% of global emissions. However, due to the 
cloud forming effects of the contrails of aircrafts, 
and the emission of other particles in the higher 
atmosphere, aviation is in fact responsible for 
5.5% of the human-induced warming of the plan-
et.3   And the percentage of people who are actually 
flying at all, and thereby contributing to this, is 
growing, but still remains very small, restricted to 
a minority of wealthy global (and regional) 
citizens and leaders. This uneven distribution is 
certainly due to the prices of air tickets, with the 
cost for the damage this mode of transport causes 
to the global climate not even being included. But 
the unbalanced level of climate justice becomes 
even more apparent if we look at different coun-
tries: while UAE, Oman, and Australia have

an average CO2 footprint of more than 15t of CO2 
per person per year, South Africa is – similarly to 
Dialogue Partners China, Germany, and Italy - at 
around 7, while India is at 1.7, Bangladesh at 0.6, 
and Madagascar at just 0.15t per person per year.4   
While these are just country averages, internation-
al travelers should be aware that a single return 
flight from Mauritius to Singapore in economy 
class has a climate impact of 2.5t CO2 emissions, 
and if this flight is routed via Dubai, even 4.7t 
CO2.5 This contrasts to a climate compatible 
annual emissions budget of just 1.5t per year for 
every global citizen, if we want to see the 1.5° goal 
of the Paris Agreement achieved.

Nevertheless, air connectivity for the Indian 
Ocean Region is and remains of high importance, 
not only for the inter-regional connectivity, but 
also for the transport of international tourists on 
which quite a number of IORA Member States 
depend to a substantial degree. 

Especially in 2020, the Covid-19 pandemic inter-
rupted the steadily rising CO2 emissions from 
aviation and shipping, but only temporarily. 
According to estimates by the International Air 
Transport Association global aviation passenger 
numbers should be back at 2019 figures in 2023, 
but the demand is expected to resume its growth 
path for decades to come, while air cargo volumes 
already exceeded pre-crisis levels by almost 10% 
in 2021.6 Similarly, even global sea freight was 
already again slightly higher in 2021 than it was in 
2019.7 Although energy efficiency gains are 
expected to some degree, the constantly increasing 

volumes are most likely preventing any net reduc-
tion in emissions for aviation and ships. And 
unlike road and rail transport technologies which 
are comparatively easy to de-carbonize through 
battery electric solutions, these solutions are only 
feasible for near shore and coastal maritime trans-
port or short-haul flights. 

Because of this, both, the International Air Trans-
port Association as well as the International Mari-
time Organization which have assumed the 
responsibility of defining net-zero targets for their 
respective industries have been very conservative 
in making any commitments in this respect. But for 
a lack of international agreement, the emissions caused 
by cross-border air and sea traffic is not accounted 
for under the Nationally Determined Commit-
ments (NDCs) of the parties under the 2015 Paris 
Agreement, and remain with these international 
bodies and their industry lobby instead.8   In 2010, 
the 191 members of the specialized UN Agency, 
the International Civil Aviation Organization 
IATA, committed themselves to achieve 2% fuel 
efficiency between 2020 and 2050, accompanied 
by a carbon-neutral growth as from 2020 onwards. 
This is to be achieved through a series of mea-
sures, such as aircraft technology, operational 
improvements, the use of “sustainable aviation 
fuels” (plant oil, including used vegetable oils, and 
a Carbon Offsetting and Reduction Scheme for 
International Aviation CORSIA)9,  but achieve-
ments so far are showing very limited prospects 
for reduction, and in particular when the pre-pan-
demic flight patterns resume. 

Similarly, the International Maritime Organization 
also reported some - modest - progress with 
respect to the regulations they adopted for improv-
ing the energy efficient of ships (energy efficiency 
design for new ships, and an energy management 
plan for the existing fleet). Yet, they do not commit 
to substantial reductions before 2050, by when 
emissions should have come down to 50% of 2008 
levels.10  By adopting a set of measures combining 
alternative fuels (such as biofuels, electro-/syn-
thetic fuels such as hydrogen or ammonia, 
produced from renewable energy), supported by 
wind and electric propulsion add-ons, improved 
energy efficiency of ships through hull design 

improvements, air lubrication and bulbous bows, 
as well as through operational improvements such 
as slower ship speeds, smoother ship-port co-ordi-
nation and use of larger, more efficient ships, more 
than 80% of current emission projections could 
potentially be avoided by 2035.11 But for the time 
being, all such solutions at scale for both, aviation 
as well as shipping, are – in the absence of interna-
tional regulations and effective carbon emission 
pricing - so much more expensive that substantial 
progress is not in sight.

On the basis of the considerations above it is 
concluded that aviation and shipping play a much 
bigger role for the IORA Member States than for 
the rest of the world. But while these modes of 
transport are responsible for a substantial contribu-
tion to global warming, which is difficult to reduce 
within the next two decades, individual countries 
are not made accountable for these emissions, and 
do not take responsibility for working on their 
reduction. On the other hand, the Indian Ocean 
region in general is particularly vulnerable to the 
adverse effects of climate change, with an espe-
cially high and increasing exposure to hazards 
such as sea water rise, ocean acidification, 

cyclones, droughts, and forest fires. This calls for 
joint action under the auspices of a regional body 
like IORA.

The Case for Climate Action under IORA
It is seen that aviation and shipping are particularly 
important means of transport for ensuring the 
connectivity in the Indian Ocean region. But at the 
same time, they are responsible for a significant 
and increasing contribution to the global climate 
crisis. While there is technological progress with 
both, aircraft and ships, becoming constantly more 
energy efficient, this progress is relatively small 
and dwarfed by the expected increasing volumes 
in terms of passengers and freight – at least in the 
short to medium term for which solutions are 
indispensable in order to stay “well below” the 
2°C increase in global warming to which the 
parties to the Paris Agreement committed them-
selves in 2015. 

For the time being, the only option left for climate 
conscious air travelers is to compensate their share 
of the GHG emissions through carbon sequestra-
tion projects of specialized NGOs and companies. 
Some airlines, such as Emirates, Quantas, Virgin 
Australia, and Lufthansa have already started their 
own carbon sequestration programs and ask 
passengers to voluntarily pay a surcharge to 
support their blending of kerosene with sustain-
able aviation fuels.12 However, can we trust 
airlines to truly use these additional funds to 
reduce or off-set their emissions, or is this just 
some sort of “greenwashing”? Are dedicated 
NGOs not the better choice, especially if they chan-
nel these funds to Gold Standard certified sequestra-
tion projects? For example, the German NGO 
Atmosfair offers such compensation services, 
using the funds for carbon sequestration projects in 
various countries.13 At the moment, some of the 
projects in IORA Member States which receive 
funding include the construction of household 
biogas digesters for rural households in Kenya, 
agro-solar farms, or solar-powered rural electrifi-
cation in Madagascar, solar-powered desalination 
in Komodo/Indonesia, electric public transport in 
Kenya, power generation from coconut wood 
residues on Mafia Island, Tanzania, and decentral-
ized solid waste management (compost) in several 

cities in Java, Indonesia. In Assam as well as in 
West Bengal, India, Atmosfair also supports the 
introduction of wood gas stoves. These stoves save 
50% of the firewood that is mainly chopped in the 
mangrove forests in the Bay of Bengal. All these 
projects have received Gold Standard certifica-
tions in accordance with the regulations of the UN 
Framework Convention on Climate Change (UN-
FCCC). In line with UNFCC requirements, these 
projects are regularly monitored for their CO2 
emission reduction impacts, which is very cum-
bersome and costly and still may leave some 
doubts with respect to the actual savings, especial-
ly if the impacts require behavioral change of a 
large number of households, such as for the 
improved cooking stoves. Nevertheless, these 
kinds of projects and their justification show that 
there is quite some scope for carbon sequestration 
solutions, in addition to individual efforts by 
Member States’ governments to reach their 
Nationally Determined Commitments. 

With this contribution to the IORA Silver Jubilee 
Brochure, the author would like to argue that such 
kind of projects in Member States are indeed an 
excellent opportunity to be taken up and champi-
oned by a regional body like IORA. This is for the 
following reasons:

1. The looming climate crisis is the most immi-
nent danger, not only for humanity on Planet 
Earth in general, but even more so in the Indian 
Ocean Region which is particularly vulnerable.

2. While, according to the current international 
climate negotiation, every country is responsi-
ble for reducing its own emissions, the emis-
sions attributable to the transport of goods and 
people between different countries are treated 
like a common good, i.e. largely neglected.

3. Some regional entities, like e.g. the European 
Union, have started to integrate these 

emissions. To start with, voluntary contributions 
may be the way to go, not only from Member 
States and Dialogue Partners, but also from indi-
vidual travelers. For duty trips to and from IORA 
functions and events, such carbon contributions 
should be standard and should be directly intro-
duced, in line with the attributable emissions and 
prevailing carbon prices. Beyond the mobilization 
of funding from Member States and Dialogue 
Partners, voluntary contributions from the bulk of 
individual private travelers can be enhanced 
through public awareness campaigns in the respec-
tive in-flight magazines and by presenting 
show-case projects in the various countries which 
can be visited and explored, by foreign tourists as 
well as by the local population. 

Conclusions
Such practical climate action on the ground would, 
first of all, help to create a substantially enhanced 
visibility of the Association in the region and 
beyond. As a future step, discussions at IORA 
level may even go in the direction of introducing 
and harmonizing mandatory carbon contribution 
payments at the respective entry points in the 
country of arrival, at airports or ports. In this way, 
IORA could also set an example for actively 
advancing the international debate on accepting 
responsibility for carbon emissions from aviation 
and maritime transport.
These ideas and thoughts are meant to stimulate 
the respective discussion within IORA: What is 
the future of this Association, and its role in, and 
for, the Region? Would climate action - linked to 
the challenges of regional connectivity, and with a 
focus on the maritime and coastal space - not be 
particularly suitable as a meaningful and widely 
appreciated contribution of a regional organization 
against a common and global threat?

ABSTRACT
This article presents a methodological approach 
for policy decision makers in science and technology 
looking at their interactions and it offers a model 
for their implementation. This methodology is 
useful both ex-ante for planning and ex-post for 
evaluating investments in science and technology, 
in such a way to optimize the impact of R&D and 
Innovation activities onto the economy of a given 
country. A case study of the application of this 
method is highlighted in the results section by 
presenting an Italian R&D and Innovation project 
named TecBIA (Technologies with low environ-
mental impact for the production of energy on 
ships), specifically dealing with the maritime and 
marine domain. The main outcome of the TecBIA 
project is ZEUS (Zero Emission Ultimate Ship), a 
25 meter ship that integrates cutting edge technologies 
for sustainability, by using green hydrogen as 
propeller for a fuel cell technology engine. The 
ZEUS ship is multi-purpose, and it can therefore 
constitutes a model to beused by individual countries 
according to their priority needs in term of target uses.

Keywords: science and technology model and 
policy, R&D and Innovation, key enabling tech-
nologies, interoperability, standardization, Indian 
ocean, IORA.

1. INTRODUCTION
While increasing the human knowledge, research 
and development (R&D) efforts play a vital role in 
sectors such as financial growth and job creation, 
business competitiveness, national security, 
energy, agriculture, transportation, public health, 
environmental protection. Global spending on 
R&D has reached a record high of almost US $ 1.7 
trillion (UNESCO, How much does your country 
invest in R&D, s.d.). The top fifteen countries for 
R&D spending by billions (US dollar) or by 
percentage of their Gross Domestic Product 
(GDP) include only three IORA current members: 
France, Australia and Singapore (UNESCO, How 
much does your country invest in R$D UNESCO 
UIS., s.d.). Several IORA dialogue partners are 
part of the top fifteen. Recently, innovation has 
been added to the classic R&D efforts, creating 
research and development and innovation 
(R&D&I) efforts where the final products and/or 
services are not only the results of strong research 
background and cutting-edge industrial know-how 
but also have a disruptive nature. Nowadays, the 
R&D&I efforts are highly dependent from the 
interaction between science and technology.

In this paper, the role of science and technology 
for IORA countries will be discussed as a key issue 

to promote their continuous development 
stemmed out from the IORA mission and vision as 
represented in the IORA original documents of 25 
years ago. The analysis of such a role will put into 
evidence how science and technology, thanks to 
their quite fast and disruptive evolution in the two 
last decades, at affordable cost, offers an unexpect-
ed occasion not only for carrying out the original 
IORA vision and mission limited to the interest of 
their participant countries, but also for allowing a 
reinforced place for IORA worldwide. Such an 
analysis will be conducted by looking at the inter-
play between science and technology, offering a 
model to their future structuring and conducting. 
This model can be eventually shared among IORA 
countries, starting from their main demands as 
arising at social, economic and industrial level, 
looking at their geographical condition of facing 
the Indian ocean as a sort of liquid glue to yield a 
proactive union of the large number of the various 
IORA cultural heritages, reach of values to be 
made available not only to IORA dialoguing part-
ners, but worldwide.

2. METHODS
From a methodological point of view, the model to 
be considered as useful for science and technology 
in order to provide a measurable driving force with 
impact on IORA countries is the one currently 
shared at international level (Cristina, Laura, 
Mioara, & Ciprian Ionel, 2018), i.e. the OECD 
circular model versus the linear one. As matter of 
fact, it is quite evident to anyone the limitations 
which are inherent to the old original linear model 
for science and technology. Such linear model 
envisages a series of linear steps starting from the 
inventor idea, through the various phases of proto-
typing at laboratory level, then the testing phase at 
preliminary verification trials level, followed by a 
quite long and costly structured phase defined as 
validation over many different centers with many 
cases in each center, to lead at the difficult technol-
ogy transfer phase to industries, ending with the 
even more risky issue of finding interested inves-
tors. It is quite clear how these steps require a long 
time from the original idea and how the rate of 
failure is unacceptably high.

Since at least the end of the ’80, in the OECD 

context, it became quite clear the advantages as 
offered by the circular model for science and tech-
nology, aimed at shortening time, costs and maxi-
mizing impact of results. Such a model starts from 
the premise of involving since the very beginning 
in the scientific adventure on a given matter the 
entrepreneur, intended in its double face role of 
demand carrier and active idea promoter in a joint-
ly manner with scientific actors. Therefore, the 
first advantage is the jointly presence at the same 
table of demand and offer, which allows the scien-
tific actors to match their offer considering the 
culture of the industrial partner, in order to opti-
mize the impact of the results over the short and 
the long term (Satish, 2017). 

More specifically, given by granted the principle 
of starting the scientific roadmap from demand in 
order to design, developing and verifying the 
correspondent offer in technological terms of 
products and processes and not viceversa, two 
kinds of research activities have to be carried out 
in parallel, i.e. the first one, commonly named 
industrial research devoted to lead impact for the 
industrial entrepreneur in the short-mid term (time 
being determined basically from the quality and 
the disruptive level of the originally conceived 
idea), and the second one, which can be named 
strategic mission oriented basic research on the 
very same issue, aiming at pursuing and maintain-
ing in the long range the impact as achieved in the 
short term by the line of industrial research. Of 
course, industrial research acts as relevant feed-
back onto the strategic mission oriented basic 
research, modulating/re-adjusting the original idea 
according to the measured impact versus time: 
here is where the role of the loop is coming in 
(from which the naming of circular model). Circu-
lar cooperation of industrial research and of strate-
gic mission oriented basic research will hopefully 
ensure impact persistence and, in the end, a com-
petitive advantage for the entrepreneur with 
respect to his market of reference.

A more general view of the aforementioned circu-
lar model can be represented by three words: 

RESEARCH, KNOWLEDGE and VALUE.

This means that an effective scientific research 
policy has to consider that RESEARCH is devoted 
- but not limited to - KNOWLEDGE production, 
since this last one needs to have a VALUE, i.e. of 
being not only curiosity KNOWLEDGE but, 
possibly, performative KNOWLEDGE. Such a 
sentence may be better understood if stated back-
wards: if a need which as a certain VALUE in a 
given area of a society arises, i.e., healthcare, 

transport, etc., that means that something is still 
unknown and therefore it calls for KNOWLEDGE 
production and the professional activity for such a 
purpose is to conduct scientific RESEARCH, not a 
generic one, but as merged and inspired by the 
culture as expressed by that target use calling for that 
societal or economic needs of that VALUE. Again, it is  
quite clear the circularity nature of such an approach, 
eventually leading to effective and efficient impacts.

SCIENCE AND TECHNOLOGY AS KEY FACTORS FOR IORA COUNTRIES 
ROLE AT WORLDWIDE LEVEL
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ar and poor alike, is the Indian Ocean with its 
shores, beaches, and coastlines. While this Ocean 
is certainly the common link, it is at the same time 
also separating the Member States, as cross-border 
connectivity is heavily depending on air and sea 
routes, and land transport alternatives even among 
neighboring Member States are almost negligible. 

Connectivity and Transport 
According to statistics compiled by the World 
Resources Institute and the International Energy 
Agency transport accounts for roughly one fifth to 
one fourth of global greenhouse gas emissions1.   
Globally, three quarters of these emissions are 
attributable to road transport, and a negligible 1% 
to rail transport and another 2.2% for the move-
ment of liquids such as water and oil through pipe-
lines. But this picture looks different for the Indian 
Ocean Region, where a significantly higher share 
is stemming from air and sea traffic. 

When looking at the importance of the region, 
IORA prides itself with the fact that two third of 
the world´s container freight and 80% of global oil 
transports are passing through the shipping lanes 
of the Indian Ocean.2 Although sea freight, in 
terms of CO2 emissions per ton/km has by far the 
lowest footprint, container ships in general still use 
the highly polluting heavy fuel oil. 

In terms of CO2, the aviation sector “only” 
accounts for 11.6% of transport emissions and 
2.5% of global emissions. However, due to the 
cloud forming effects of the contrails of aircrafts, 
and the emission of other particles in the higher 
atmosphere, aviation is in fact responsible for 
5.5% of the human-induced warming of the plan-
et.3   And the percentage of people who are actually 
flying at all, and thereby contributing to this, is 
growing, but still remains very small, restricted to 
a minority of wealthy global (and regional) 
citizens and leaders. This uneven distribution is 
certainly due to the prices of air tickets, with the 
cost for the damage this mode of transport causes 
to the global climate not even being included. But 
the unbalanced level of climate justice becomes 
even more apparent if we look at different coun-
tries: while UAE, Oman, and Australia have

an average CO2 footprint of more than 15t of CO2 
per person per year, South Africa is – similarly to 
Dialogue Partners China, Germany, and Italy - at 
around 7, while India is at 1.7, Bangladesh at 0.6, 
and Madagascar at just 0.15t per person per year.4   
While these are just country averages, internation-
al travelers should be aware that a single return 
flight from Mauritius to Singapore in economy 
class has a climate impact of 2.5t CO2 emissions, 
and if this flight is routed via Dubai, even 4.7t 
CO2.5 This contrasts to a climate compatible 
annual emissions budget of just 1.5t per year for 
every global citizen, if we want to see the 1.5° goal 
of the Paris Agreement achieved.

Nevertheless, air connectivity for the Indian 
Ocean Region is and remains of high importance, 
not only for the inter-regional connectivity, but 
also for the transport of international tourists on 
which quite a number of IORA Member States 
depend to a substantial degree. 

Especially in 2020, the Covid-19 pandemic inter-
rupted the steadily rising CO2 emissions from 
aviation and shipping, but only temporarily. 
According to estimates by the International Air 
Transport Association global aviation passenger 
numbers should be back at 2019 figures in 2023, 
but the demand is expected to resume its growth 
path for decades to come, while air cargo volumes 
already exceeded pre-crisis levels by almost 10% 
in 2021.6 Similarly, even global sea freight was 
already again slightly higher in 2021 than it was in 
2019.7 Although energy efficiency gains are 
expected to some degree, the constantly increasing 

volumes are most likely preventing any net reduc-
tion in emissions for aviation and ships. And 
unlike road and rail transport technologies which 
are comparatively easy to de-carbonize through 
battery electric solutions, these solutions are only 
feasible for near shore and coastal maritime trans-
port or short-haul flights. 

Because of this, both, the International Air Trans-
port Association as well as the International Mari-
time Organization which have assumed the 
responsibility of defining net-zero targets for their 
respective industries have been very conservative 
in making any commitments in this respect. But for 
a lack of international agreement, the emissions caused 
by cross-border air and sea traffic is not accounted 
for under the Nationally Determined Commit-
ments (NDCs) of the parties under the 2015 Paris 
Agreement, and remain with these international 
bodies and their industry lobby instead.8   In 2010, 
the 191 members of the specialized UN Agency, 
the International Civil Aviation Organization 
IATA, committed themselves to achieve 2% fuel 
efficiency between 2020 and 2050, accompanied 
by a carbon-neutral growth as from 2020 onwards. 
This is to be achieved through a series of mea-
sures, such as aircraft technology, operational 
improvements, the use of “sustainable aviation 
fuels” (plant oil, including used vegetable oils, and 
a Carbon Offsetting and Reduction Scheme for 
International Aviation CORSIA)9,  but achieve-
ments so far are showing very limited prospects 
for reduction, and in particular when the pre-pan-
demic flight patterns resume. 

Similarly, the International Maritime Organization 
also reported some - modest - progress with 
respect to the regulations they adopted for improv-
ing the energy efficient of ships (energy efficiency 
design for new ships, and an energy management 
plan for the existing fleet). Yet, they do not commit 
to substantial reductions before 2050, by when 
emissions should have come down to 50% of 2008 
levels.10  By adopting a set of measures combining 
alternative fuels (such as biofuels, electro-/syn-
thetic fuels such as hydrogen or ammonia, 
produced from renewable energy), supported by 
wind and electric propulsion add-ons, improved 
energy efficiency of ships through hull design 

improvements, air lubrication and bulbous bows, 
as well as through operational improvements such 
as slower ship speeds, smoother ship-port co-ordi-
nation and use of larger, more efficient ships, more 
than 80% of current emission projections could 
potentially be avoided by 2035.11 But for the time 
being, all such solutions at scale for both, aviation 
as well as shipping, are – in the absence of interna-
tional regulations and effective carbon emission 
pricing - so much more expensive that substantial 
progress is not in sight.

On the basis of the considerations above it is 
concluded that aviation and shipping play a much 
bigger role for the IORA Member States than for 
the rest of the world. But while these modes of 
transport are responsible for a substantial contribu-
tion to global warming, which is difficult to reduce 
within the next two decades, individual countries 
are not made accountable for these emissions, and 
do not take responsibility for working on their 
reduction. On the other hand, the Indian Ocean 
region in general is particularly vulnerable to the 
adverse effects of climate change, with an espe-
cially high and increasing exposure to hazards 
such as sea water rise, ocean acidification, 

cyclones, droughts, and forest fires. This calls for 
joint action under the auspices of a regional body 
like IORA.

The Case for Climate Action under IORA
It is seen that aviation and shipping are particularly 
important means of transport for ensuring the 
connectivity in the Indian Ocean region. But at the 
same time, they are responsible for a significant 
and increasing contribution to the global climate 
crisis. While there is technological progress with 
both, aircraft and ships, becoming constantly more 
energy efficient, this progress is relatively small 
and dwarfed by the expected increasing volumes 
in terms of passengers and freight – at least in the 
short to medium term for which solutions are 
indispensable in order to stay “well below” the 
2°C increase in global warming to which the 
parties to the Paris Agreement committed them-
selves in 2015. 

For the time being, the only option left for climate 
conscious air travelers is to compensate their share 
of the GHG emissions through carbon sequestra-
tion projects of specialized NGOs and companies. 
Some airlines, such as Emirates, Quantas, Virgin 
Australia, and Lufthansa have already started their 
own carbon sequestration programs and ask 
passengers to voluntarily pay a surcharge to 
support their blending of kerosene with sustain-
able aviation fuels.12 However, can we trust 
airlines to truly use these additional funds to 
reduce or off-set their emissions, or is this just 
some sort of “greenwashing”? Are dedicated 
NGOs not the better choice, especially if they chan-
nel these funds to Gold Standard certified sequestra-
tion projects? For example, the German NGO 
Atmosfair offers such compensation services, 
using the funds for carbon sequestration projects in 
various countries.13 At the moment, some of the 
projects in IORA Member States which receive 
funding include the construction of household 
biogas digesters for rural households in Kenya, 
agro-solar farms, or solar-powered rural electrifi-
cation in Madagascar, solar-powered desalination 
in Komodo/Indonesia, electric public transport in 
Kenya, power generation from coconut wood 
residues on Mafia Island, Tanzania, and decentral-
ized solid waste management (compost) in several 

cities in Java, Indonesia. In Assam as well as in 
West Bengal, India, Atmosfair also supports the 
introduction of wood gas stoves. These stoves save 
50% of the firewood that is mainly chopped in the 
mangrove forests in the Bay of Bengal. All these 
projects have received Gold Standard certifica-
tions in accordance with the regulations of the UN 
Framework Convention on Climate Change (UN-
FCCC). In line with UNFCC requirements, these 
projects are regularly monitored for their CO2 
emission reduction impacts, which is very cum-
bersome and costly and still may leave some 
doubts with respect to the actual savings, especial-
ly if the impacts require behavioral change of a 
large number of households, such as for the 
improved cooking stoves. Nevertheless, these 
kinds of projects and their justification show that 
there is quite some scope for carbon sequestration 
solutions, in addition to individual efforts by 
Member States’ governments to reach their 
Nationally Determined Commitments. 

With this contribution to the IORA Silver Jubilee 
Brochure, the author would like to argue that such 
kind of projects in Member States are indeed an 
excellent opportunity to be taken up and champi-
oned by a regional body like IORA. This is for the 
following reasons:

1. The looming climate crisis is the most immi-
nent danger, not only for humanity on Planet 
Earth in general, but even more so in the Indian 
Ocean Region which is particularly vulnerable.

2. While, according to the current international 
climate negotiation, every country is responsi-
ble for reducing its own emissions, the emis-
sions attributable to the transport of goods and 
people between different countries are treated 
like a common good, i.e. largely neglected.

3. Some regional entities, like e.g. the European 
Union, have started to integrate these 

emissions. To start with, voluntary contributions 
may be the way to go, not only from Member 
States and Dialogue Partners, but also from indi-
vidual travelers. For duty trips to and from IORA 
functions and events, such carbon contributions 
should be standard and should be directly intro-
duced, in line with the attributable emissions and 
prevailing carbon prices. Beyond the mobilization 
of funding from Member States and Dialogue 
Partners, voluntary contributions from the bulk of 
individual private travelers can be enhanced 
through public awareness campaigns in the respec-
tive in-flight magazines and by presenting 
show-case projects in the various countries which 
can be visited and explored, by foreign tourists as 
well as by the local population. 

Conclusions
Such practical climate action on the ground would, 
first of all, help to create a substantially enhanced 
visibility of the Association in the region and 
beyond. As a future step, discussions at IORA 
level may even go in the direction of introducing 
and harmonizing mandatory carbon contribution 
payments at the respective entry points in the 
country of arrival, at airports or ports. In this way, 
IORA could also set an example for actively 
advancing the international debate on accepting 
responsibility for carbon emissions from aviation 
and maritime transport.
These ideas and thoughts are meant to stimulate 
the respective discussion within IORA: What is 
the future of this Association, and its role in, and 
for, the Region? Would climate action - linked to 
the challenges of regional connectivity, and with a 
focus on the maritime and coastal space - not be 
particularly suitable as a meaningful and widely 
appreciated contribution of a regional organization 
against a common and global threat?
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1. INTRODUCTION
While increasing the human knowledge, research 
and development (R&D) efforts play a vital role in 
sectors such as financial growth and job creation, 
business competitiveness, national security, 
energy, agriculture, transportation, public health, 
environmental protection. Global spending on 
R&D has reached a record high of almost US $ 1.7 
trillion (UNESCO, How much does your country 
invest in R&D, s.d.). The top fifteen countries for 
R&D spending by billions (US dollar) or by 
percentage of their Gross Domestic Product 
(GDP) include only three IORA current members: 
France, Australia and Singapore (UNESCO, How 
much does your country invest in R$D UNESCO 
UIS., s.d.). Several IORA dialogue partners are 
part of the top fifteen. Recently, innovation has 
been added to the classic R&D efforts, creating 
research and development and innovation 
(R&D&I) efforts where the final products and/or 
services are not only the results of strong research 
background and cutting-edge industrial know-how 
but also have a disruptive nature. Nowadays, the 
R&D&I efforts are highly dependent from the 
interaction between science and technology.

In this paper, the role of science and technology 
for IORA countries will be discussed as a key issue 

to promote their continuous development 
stemmed out from the IORA mission and vision as 
represented in the IORA original documents of 25 
years ago. The analysis of such a role will put into 
evidence how science and technology, thanks to 
their quite fast and disruptive evolution in the two 
last decades, at affordable cost, offers an unexpect-
ed occasion not only for carrying out the original 
IORA vision and mission limited to the interest of 
their participant countries, but also for allowing a 
reinforced place for IORA worldwide. Such an 
analysis will be conducted by looking at the inter-
play between science and technology, offering a 
model to their future structuring and conducting. 
This model can be eventually shared among IORA 
countries, starting from their main demands as 
arising at social, economic and industrial level, 
looking at their geographical condition of facing 
the Indian ocean as a sort of liquid glue to yield a 
proactive union of the large number of the various 
IORA cultural heritages, reach of values to be 
made available not only to IORA dialoguing part-
ners, but worldwide.

2. METHODS
From a methodological point of view, the model to 
be considered as useful for science and technology 
in order to provide a measurable driving force with 
impact on IORA countries is the one currently 
shared at international level (Cristina, Laura, 
Mioara, & Ciprian Ionel, 2018), i.e. the OECD 
circular model versus the linear one. As matter of 
fact, it is quite evident to anyone the limitations 
which are inherent to the old original linear model 
for science and technology. Such linear model 
envisages a series of linear steps starting from the 
inventor idea, through the various phases of proto-
typing at laboratory level, then the testing phase at 
preliminary verification trials level, followed by a 
quite long and costly structured phase defined as 
validation over many different centers with many 
cases in each center, to lead at the difficult technol-
ogy transfer phase to industries, ending with the 
even more risky issue of finding interested inves-
tors. It is quite clear how these steps require a long 
time from the original idea and how the rate of 
failure is unacceptably high.

Since at least the end of the ’80, in the OECD 

context, it became quite clear the advantages as 
offered by the circular model for science and tech-
nology, aimed at shortening time, costs and maxi-
mizing impact of results. Such a model starts from 
the premise of involving since the very beginning 
in the scientific adventure on a given matter the 
entrepreneur, intended in its double face role of 
demand carrier and active idea promoter in a joint-
ly manner with scientific actors. Therefore, the 
first advantage is the jointly presence at the same 
table of demand and offer, which allows the scien-
tific actors to match their offer considering the 
culture of the industrial partner, in order to opti-
mize the impact of the results over the short and 
the long term (Satish, 2017). 

More specifically, given by granted the principle 
of starting the scientific roadmap from demand in 
order to design, developing and verifying the 
correspondent offer in technological terms of 
products and processes and not viceversa, two 
kinds of research activities have to be carried out 
in parallel, i.e. the first one, commonly named 
industrial research devoted to lead impact for the 
industrial entrepreneur in the short-mid term (time 
being determined basically from the quality and 
the disruptive level of the originally conceived 
idea), and the second one, which can be named 
strategic mission oriented basic research on the 
very same issue, aiming at pursuing and maintain-
ing in the long range the impact as achieved in the 
short term by the line of industrial research. Of 
course, industrial research acts as relevant feed-
back onto the strategic mission oriented basic 
research, modulating/re-adjusting the original idea 
according to the measured impact versus time: 
here is where the role of the loop is coming in 
(from which the naming of circular model). Circu-
lar cooperation of industrial research and of strate-
gic mission oriented basic research will hopefully 
ensure impact persistence and, in the end, a com-
petitive advantage for the entrepreneur with 
respect to his market of reference.

A more general view of the aforementioned circu-
lar model can be represented by three words: 

RESEARCH, KNOWLEDGE and VALUE.

This means that an effective scientific research 
policy has to consider that RESEARCH is devoted 
- but not limited to - KNOWLEDGE production, 
since this last one needs to have a VALUE, i.e. of 
being not only curiosity KNOWLEDGE but, 
possibly, performative KNOWLEDGE. Such a 
sentence may be better understood if stated back-
wards: if a need which as a certain VALUE in a 
given area of a society arises, i.e., healthcare, 

transport, etc., that means that something is still 
unknown and therefore it calls for KNOWLEDGE 
production and the professional activity for such a 
purpose is to conduct scientific RESEARCH, not a 
generic one, but as merged and inspired by the 
culture as expressed by that target use calling for that 
societal or economic needs of that VALUE. Again, it is  
quite clear the circularity nature of such an approach, 
eventually leading to effective and efficient impacts.
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ar and poor alike, is the Indian Ocean with its 
shores, beaches, and coastlines. While this Ocean 
is certainly the common link, it is at the same time 
also separating the Member States, as cross-border 
connectivity is heavily depending on air and sea 
routes, and land transport alternatives even among 
neighboring Member States are almost negligible. 

Connectivity and Transport 
According to statistics compiled by the World 
Resources Institute and the International Energy 
Agency transport accounts for roughly one fifth to 
one fourth of global greenhouse gas emissions1.   
Globally, three quarters of these emissions are 
attributable to road transport, and a negligible 1% 
to rail transport and another 2.2% for the move-
ment of liquids such as water and oil through pipe-
lines. But this picture looks different for the Indian 
Ocean Region, where a significantly higher share 
is stemming from air and sea traffic. 

When looking at the importance of the region, 
IORA prides itself with the fact that two third of 
the world´s container freight and 80% of global oil 
transports are passing through the shipping lanes 
of the Indian Ocean.2 Although sea freight, in 
terms of CO2 emissions per ton/km has by far the 
lowest footprint, container ships in general still use 
the highly polluting heavy fuel oil. 

In terms of CO2, the aviation sector “only” 
accounts for 11.6% of transport emissions and 
2.5% of global emissions. However, due to the 
cloud forming effects of the contrails of aircrafts, 
and the emission of other particles in the higher 
atmosphere, aviation is in fact responsible for 
5.5% of the human-induced warming of the plan-
et.3   And the percentage of people who are actually 
flying at all, and thereby contributing to this, is 
growing, but still remains very small, restricted to 
a minority of wealthy global (and regional) 
citizens and leaders. This uneven distribution is 
certainly due to the prices of air tickets, with the 
cost for the damage this mode of transport causes 
to the global climate not even being included. But 
the unbalanced level of climate justice becomes 
even more apparent if we look at different coun-
tries: while UAE, Oman, and Australia have

an average CO2 footprint of more than 15t of CO2 
per person per year, South Africa is – similarly to 
Dialogue Partners China, Germany, and Italy - at 
around 7, while India is at 1.7, Bangladesh at 0.6, 
and Madagascar at just 0.15t per person per year.4   
While these are just country averages, internation-
al travelers should be aware that a single return 
flight from Mauritius to Singapore in economy 
class has a climate impact of 2.5t CO2 emissions, 
and if this flight is routed via Dubai, even 4.7t 
CO2.5 This contrasts to a climate compatible 
annual emissions budget of just 1.5t per year for 
every global citizen, if we want to see the 1.5° goal 
of the Paris Agreement achieved.

Nevertheless, air connectivity for the Indian 
Ocean Region is and remains of high importance, 
not only for the inter-regional connectivity, but 
also for the transport of international tourists on 
which quite a number of IORA Member States 
depend to a substantial degree. 

Especially in 2020, the Covid-19 pandemic inter-
rupted the steadily rising CO2 emissions from 
aviation and shipping, but only temporarily. 
According to estimates by the International Air 
Transport Association global aviation passenger 
numbers should be back at 2019 figures in 2023, 
but the demand is expected to resume its growth 
path for decades to come, while air cargo volumes 
already exceeded pre-crisis levels by almost 10% 
in 2021.6 Similarly, even global sea freight was 
already again slightly higher in 2021 than it was in 
2019.7 Although energy efficiency gains are 
expected to some degree, the constantly increasing 

volumes are most likely preventing any net reduc-
tion in emissions for aviation and ships. And 
unlike road and rail transport technologies which 
are comparatively easy to de-carbonize through 
battery electric solutions, these solutions are only 
feasible for near shore and coastal maritime trans-
port or short-haul flights. 

Because of this, both, the International Air Trans-
port Association as well as the International Mari-
time Organization which have assumed the 
responsibility of defining net-zero targets for their 
respective industries have been very conservative 
in making any commitments in this respect. But for 
a lack of international agreement, the emissions caused 
by cross-border air and sea traffic is not accounted 
for under the Nationally Determined Commit-
ments (NDCs) of the parties under the 2015 Paris 
Agreement, and remain with these international 
bodies and their industry lobby instead.8   In 2010, 
the 191 members of the specialized UN Agency, 
the International Civil Aviation Organization 
IATA, committed themselves to achieve 2% fuel 
efficiency between 2020 and 2050, accompanied 
by a carbon-neutral growth as from 2020 onwards. 
This is to be achieved through a series of mea-
sures, such as aircraft technology, operational 
improvements, the use of “sustainable aviation 
fuels” (plant oil, including used vegetable oils, and 
a Carbon Offsetting and Reduction Scheme for 
International Aviation CORSIA)9,  but achieve-
ments so far are showing very limited prospects 
for reduction, and in particular when the pre-pan-
demic flight patterns resume. 

Similarly, the International Maritime Organization 
also reported some - modest - progress with 
respect to the regulations they adopted for improv-
ing the energy efficient of ships (energy efficiency 
design for new ships, and an energy management 
plan for the existing fleet). Yet, they do not commit 
to substantial reductions before 2050, by when 
emissions should have come down to 50% of 2008 
levels.10  By adopting a set of measures combining 
alternative fuels (such as biofuels, electro-/syn-
thetic fuels such as hydrogen or ammonia, 
produced from renewable energy), supported by 
wind and electric propulsion add-ons, improved 
energy efficiency of ships through hull design 

improvements, air lubrication and bulbous bows, 
as well as through operational improvements such 
as slower ship speeds, smoother ship-port co-ordi-
nation and use of larger, more efficient ships, more 
than 80% of current emission projections could 
potentially be avoided by 2035.11 But for the time 
being, all such solutions at scale for both, aviation 
as well as shipping, are – in the absence of interna-
tional regulations and effective carbon emission 
pricing - so much more expensive that substantial 
progress is not in sight.

On the basis of the considerations above it is 
concluded that aviation and shipping play a much 
bigger role for the IORA Member States than for 
the rest of the world. But while these modes of 
transport are responsible for a substantial contribu-
tion to global warming, which is difficult to reduce 
within the next two decades, individual countries 
are not made accountable for these emissions, and 
do not take responsibility for working on their 
reduction. On the other hand, the Indian Ocean 
region in general is particularly vulnerable to the 
adverse effects of climate change, with an espe-
cially high and increasing exposure to hazards 
such as sea water rise, ocean acidification, 

cyclones, droughts, and forest fires. This calls for 
joint action under the auspices of a regional body 
like IORA.

The Case for Climate Action under IORA
It is seen that aviation and shipping are particularly 
important means of transport for ensuring the 
connectivity in the Indian Ocean region. But at the 
same time, they are responsible for a significant 
and increasing contribution to the global climate 
crisis. While there is technological progress with 
both, aircraft and ships, becoming constantly more 
energy efficient, this progress is relatively small 
and dwarfed by the expected increasing volumes 
in terms of passengers and freight – at least in the 
short to medium term for which solutions are 
indispensable in order to stay “well below” the 
2°C increase in global warming to which the 
parties to the Paris Agreement committed them-
selves in 2015. 

For the time being, the only option left for climate 
conscious air travelers is to compensate their share 
of the GHG emissions through carbon sequestra-
tion projects of specialized NGOs and companies. 
Some airlines, such as Emirates, Quantas, Virgin 
Australia, and Lufthansa have already started their 
own carbon sequestration programs and ask 
passengers to voluntarily pay a surcharge to 
support their blending of kerosene with sustain-
able aviation fuels.12 However, can we trust 
airlines to truly use these additional funds to 
reduce or off-set their emissions, or is this just 
some sort of “greenwashing”? Are dedicated 
NGOs not the better choice, especially if they chan-
nel these funds to Gold Standard certified sequestra-
tion projects? For example, the German NGO 
Atmosfair offers such compensation services, 
using the funds for carbon sequestration projects in 
various countries.13 At the moment, some of the 
projects in IORA Member States which receive 
funding include the construction of household 
biogas digesters for rural households in Kenya, 
agro-solar farms, or solar-powered rural electrifi-
cation in Madagascar, solar-powered desalination 
in Komodo/Indonesia, electric public transport in 
Kenya, power generation from coconut wood 
residues on Mafia Island, Tanzania, and decentral-
ized solid waste management (compost) in several 

cities in Java, Indonesia. In Assam as well as in 
West Bengal, India, Atmosfair also supports the 
introduction of wood gas stoves. These stoves save 
50% of the firewood that is mainly chopped in the 
mangrove forests in the Bay of Bengal. All these 
projects have received Gold Standard certifica-
tions in accordance with the regulations of the UN 
Framework Convention on Climate Change (UN-
FCCC). In line with UNFCC requirements, these 
projects are regularly monitored for their CO2 
emission reduction impacts, which is very cum-
bersome and costly and still may leave some 
doubts with respect to the actual savings, especial-
ly if the impacts require behavioral change of a 
large number of households, such as for the 
improved cooking stoves. Nevertheless, these 
kinds of projects and their justification show that 
there is quite some scope for carbon sequestration 
solutions, in addition to individual efforts by 
Member States’ governments to reach their 
Nationally Determined Commitments. 

With this contribution to the IORA Silver Jubilee 
Brochure, the author would like to argue that such 
kind of projects in Member States are indeed an 
excellent opportunity to be taken up and champi-
oned by a regional body like IORA. This is for the 
following reasons:

1. The looming climate crisis is the most immi-
nent danger, not only for humanity on Planet 
Earth in general, but even more so in the Indian 
Ocean Region which is particularly vulnerable.

2. While, according to the current international 
climate negotiation, every country is responsi-
ble for reducing its own emissions, the emis-
sions attributable to the transport of goods and 
people between different countries are treated 
like a common good, i.e. largely neglected.

3. Some regional entities, like e.g. the European 
Union, have started to integrate these 

emissions. To start with, voluntary contributions 
may be the way to go, not only from Member 
States and Dialogue Partners, but also from indi-
vidual travelers. For duty trips to and from IORA 
functions and events, such carbon contributions 
should be standard and should be directly intro-
duced, in line with the attributable emissions and 
prevailing carbon prices. Beyond the mobilization 
of funding from Member States and Dialogue 
Partners, voluntary contributions from the bulk of 
individual private travelers can be enhanced 
through public awareness campaigns in the respec-
tive in-flight magazines and by presenting 
show-case projects in the various countries which 
can be visited and explored, by foreign tourists as 
well as by the local population. 

Conclusions
Such practical climate action on the ground would, 
first of all, help to create a substantially enhanced 
visibility of the Association in the region and 
beyond. As a future step, discussions at IORA 
level may even go in the direction of introducing 
and harmonizing mandatory carbon contribution 
payments at the respective entry points in the 
country of arrival, at airports or ports. In this way, 
IORA could also set an example for actively 
advancing the international debate on accepting 
responsibility for carbon emissions from aviation 
and maritime transport.
These ideas and thoughts are meant to stimulate 
the respective discussion within IORA: What is 
the future of this Association, and its role in, and 
for, the Region? Would climate action - linked to 
the challenges of regional connectivity, and with a 
focus on the maritime and coastal space - not be 
particularly suitable as a meaningful and widely 
appreciated contribution of a regional organization 
against a common and global threat?
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1. INTRODUCTION
While increasing the human knowledge, research 
and development (R&D) efforts play a vital role in 
sectors such as financial growth and job creation, 
business competitiveness, national security, 
energy, agriculture, transportation, public health, 
environmental protection. Global spending on 
R&D has reached a record high of almost US $ 1.7 
trillion (UNESCO, How much does your country 
invest in R&D, s.d.). The top fifteen countries for 
R&D spending by billions (US dollar) or by 
percentage of their Gross Domestic Product 
(GDP) include only three IORA current members: 
France, Australia and Singapore (UNESCO, How 
much does your country invest in R$D UNESCO 
UIS., s.d.). Several IORA dialogue partners are 
part of the top fifteen. Recently, innovation has 
been added to the classic R&D efforts, creating 
research and development and innovation 
(R&D&I) efforts where the final products and/or 
services are not only the results of strong research 
background and cutting-edge industrial know-how 
but also have a disruptive nature. Nowadays, the 
R&D&I efforts are highly dependent from the 
interaction between science and technology.

In this paper, the role of science and technology 
for IORA countries will be discussed as a key issue 

to promote their continuous development 
stemmed out from the IORA mission and vision as 
represented in the IORA original documents of 25 
years ago. The analysis of such a role will put into 
evidence how science and technology, thanks to 
their quite fast and disruptive evolution in the two 
last decades, at affordable cost, offers an unexpect-
ed occasion not only for carrying out the original 
IORA vision and mission limited to the interest of 
their participant countries, but also for allowing a 
reinforced place for IORA worldwide. Such an 
analysis will be conducted by looking at the inter-
play between science and technology, offering a 
model to their future structuring and conducting. 
This model can be eventually shared among IORA 
countries, starting from their main demands as 
arising at social, economic and industrial level, 
looking at their geographical condition of facing 
the Indian ocean as a sort of liquid glue to yield a 
proactive union of the large number of the various 
IORA cultural heritages, reach of values to be 
made available not only to IORA dialoguing part-
ners, but worldwide.

2. METHODS
From a methodological point of view, the model to 
be considered as useful for science and technology 
in order to provide a measurable driving force with 
impact on IORA countries is the one currently 
shared at international level (Cristina, Laura, 
Mioara, & Ciprian Ionel, 2018), i.e. the OECD 
circular model versus the linear one. As matter of 
fact, it is quite evident to anyone the limitations 
which are inherent to the old original linear model 
for science and technology. Such linear model 
envisages a series of linear steps starting from the 
inventor idea, through the various phases of proto-
typing at laboratory level, then the testing phase at 
preliminary verification trials level, followed by a 
quite long and costly structured phase defined as 
validation over many different centers with many 
cases in each center, to lead at the difficult technol-
ogy transfer phase to industries, ending with the 
even more risky issue of finding interested inves-
tors. It is quite clear how these steps require a long 
time from the original idea and how the rate of 
failure is unacceptably high.

Since at least the end of the ’80, in the OECD 

context, it became quite clear the advantages as 
offered by the circular model for science and tech-
nology, aimed at shortening time, costs and maxi-
mizing impact of results. Such a model starts from 
the premise of involving since the very beginning 
in the scientific adventure on a given matter the 
entrepreneur, intended in its double face role of 
demand carrier and active idea promoter in a joint-
ly manner with scientific actors. Therefore, the 
first advantage is the jointly presence at the same 
table of demand and offer, which allows the scien-
tific actors to match their offer considering the 
culture of the industrial partner, in order to opti-
mize the impact of the results over the short and 
the long term (Satish, 2017). 

More specifically, given by granted the principle 
of starting the scientific roadmap from demand in 
order to design, developing and verifying the 
correspondent offer in technological terms of 
products and processes and not viceversa, two 
kinds of research activities have to be carried out 
in parallel, i.e. the first one, commonly named 
industrial research devoted to lead impact for the 
industrial entrepreneur in the short-mid term (time 
being determined basically from the quality and 
the disruptive level of the originally conceived 
idea), and the second one, which can be named 
strategic mission oriented basic research on the 
very same issue, aiming at pursuing and maintain-
ing in the long range the impact as achieved in the 
short term by the line of industrial research. Of 
course, industrial research acts as relevant feed-
back onto the strategic mission oriented basic 
research, modulating/re-adjusting the original idea 
according to the measured impact versus time: 
here is where the role of the loop is coming in 
(from which the naming of circular model). Circu-
lar cooperation of industrial research and of strate-
gic mission oriented basic research will hopefully 
ensure impact persistence and, in the end, a com-
petitive advantage for the entrepreneur with 
respect to his market of reference.

A more general view of the aforementioned circu-
lar model can be represented by three words: 

RESEARCH, KNOWLEDGE and VALUE.

This means that an effective scientific research 
policy has to consider that RESEARCH is devoted 
- but not limited to - KNOWLEDGE production, 
since this last one needs to have a VALUE, i.e. of 
being not only curiosity KNOWLEDGE but, 
possibly, performative KNOWLEDGE. Such a 
sentence may be better understood if stated back-
wards: if a need which as a certain VALUE in a 
given area of a society arises, i.e., healthcare, 

transport, etc., that means that something is still 
unknown and therefore it calls for KNOWLEDGE 
production and the professional activity for such a 
purpose is to conduct scientific RESEARCH, not a 
generic one, but as merged and inspired by the 
culture as expressed by that target use calling for that 
societal or economic needs of that VALUE. Again, it is  
quite clear the circularity nature of such an approach, 
eventually leading to effective and efficient impacts.

Figure 1 - R&D circular model.

Furthermore, what above stated should not be read 
as a suggestion to disregard the power of research 
driven by free curiosity as normally conducted in 
academic and research institutions, with specific 
reference to the IORA basin. On the contrary, 
RESEARCH, KNOWLEDGE and VALUE need 
to be properly nurtured and protected, because 
most of the time they act as necessary inspiration 
input for the previously described approach.

The important factor for science and technology 
policy decision makers, in the IORA context, 
would be to propose, define and share an appropri-
ate model for research resources distribution 
weighted according to the different described 
kinds of research activities. The European Union, 
in recent decades, has allocated the funding as 

follows: 15% for curiosity driven research projects 
(i.e. ERC), 15% for human and material infrastruc-
tures and 70% for industrial research. IORA will 
have to consider its own peculiarities to choose the 
appropriate focuses and percentage allocations.

Another important issue to be taken into account is 
the difference between R&D activities, as above 
represented to be conducted (see Figure 1), from 
innovation activity, particularly the difference 
between innovative research and innovation. Inno-
vation per se is a completely separated sphere of 
action, much larger that the sphere of R&D. It 
needs to be associated with specific attributes such 
as technological innovation, economic innovation, 
social innovation and so on. The sphere of innova-
tion is located between the sphere of R&D and the 
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Let’s suppose the Innovative Technological Plat-
form be the ship of the future, in view of a zero 
emission system. In this case, the necessary Infra-
structure for the use of such a ship will be the 
availability of properly equipped ports, for exam-
ple with adequate electrical power lines and also 
able to carry onto the ship the green fuel (i.e. 
hydrogen). Target uses will first be marine and 
maritime research people, progressively evolving 
to the passenger category (i.e. cruise ships), for 
example oriented to green tourism and other 
scenarios.

From a methodological point of view, jointly with 
the graph of Figure 3, is the question of interopera-
bility (for example, among different IORA coun-
tries), which leads to the issue of providing shared 
guidelines and standardization in view of further 
certification which in turns acts as positive factor 
for market competitivity worldwide. The result 
section will present a real example of the afore-

mentioned methodology.

3. RESULTS
Information and Communication Technologies 
(ICT) are a central pillar for the world, as the 
world is now labeled as "digital" and "global 
village". The usefulness of ICT transcends all 
sectors including the marine and maritime sector 
(A.B., 2018). Innovative and sustainable ICT tech-
nological solutions are fundamental for the 
production of clean energy, for an increasingly less 
polluted environment and for an increasingly safer 
sea (Zacharoula, 2012). Paying particular attention 
to the maritime research activity and analyzing 
what is above the sea and what is below the sea, 
we have an integrated circular vision, in which 
what is present on land can also be included.

The experience of the research project TecBIA 
(Technologies with low environmental impact for 
the production of energy on ships), co-financed by 
the Italian Ministry of Economic Development, 

led by FINCANTIERI, intends to verify the 
sustainable technology of fuel cells propelled with 
green hydrogen for naval applications by creating 
of a vessel prototype, named ZEUS (Zero Emis-
sion Ultimate Ship) with hybrid propulsion. The 
project started on 31 October 2018, and is expect-
ed to end on 30 October 2022, with a contribution 
of 5.077.000 euros. (Fincantieri, 2014/2020). The 
hull is 26 meters long and weights approximately 
170 tons. ZEUS is also equipped with a hybrid 
apparatus to be used as a conventional propulsion 
system (2 Diesel generators and 2 electric motors). 
To this apparatus are added a fuel system (130 
kW), powered by about 50 kg of hydrogen 
contained in 8 metal hydride cylinders, and a lithi-
um battery system. The ship will thus have an 
autonomy of approximately 8 hours of zero emission 
navigation at a speed of approximately 7.5 knots.

The common reference scenario of the research 
concerns the improvement of the level of environ-
mental sustainability of merchant and cruise ships, 
through the reduction of emissions of greenhouse 
gases, nitrogen oxides, sulfur oxides and particu-
late matter.

The naval prototype ZEUS was designed and 
developed following a well-defined approach that 
combined innovative technological solutions with 
appropriate and available know-how and industri-
al infrastructures. Since the beginning of the 
TecBIA project, this approach kept under consid-
eration the needs of the target uses of ZEUS. Only 
an integrated approach, like the one used for 
ZEUS, can help IORA countries identifying which 
research efforts should be prioritized and eventual-
ly funded. Figure 3 shows a three-dimensional 
representation of the recommended approach The 
innovative technological solutions and the infra-
structure are the foundations to identify an innova-
tive product or service that, with an appropriate 
funded research effort, can been built or offered in 
a well-defined short time frame (less than 5 years). 
It is important to highlight that only by identifying 
and engaging with the target uses, the results have 
the possibility to positively impact the life of the 
target uses.

The main activity of ENR (The National Institu-
tion of Italy for Standardization Research and 
Promotion), in the TecBIA project, has focused on 
the proposal of a set of regulations for the use of 
hydrogen as a fuel on board ships. In accordance 
with internationally established procedures, on the 
basis of the experience gained and the assessments 
made in the project, guidelines have been drawn 
up for the use of hydrogen as a fuel on board ships. 
The drafting of appropriate safety regulations, 
with the requirements that these types of ships 
must possess to ensure safe navigation for the 
environment and for the crew, will represent a 
fundamental element in promoting the spread of 
hydrogen as a fuel. ENR, will present the TecBIA 
project and the ZEUS naval prototype, technically 
launched on 31 January 2022 in the Castellam-
mare di Stabia FINCANTIERI shipyard, at the 
EXPO 2020 in Dubai. The ZEUS prototype ship 
produced by Italian industrial and research excel-
lence has as its main objective to propose the 
vision of a possible environment for future genera-
tions around the world. This theme recalls the need 
to respect marine ecosystems using internationally 
shared standardization processes that do not yet exist 
or that are in an initial state of conceptualization

5. CONCLUSION
The role of science and technology at international 
level has been discussed in this paper. In order to 
encourage development in these sectors, a meth-
odology has been introduced and it can be used to 
promote investments, in order to optimize impacts 
according to the priorities of various countries, 
obviously of potential interest in the wide interna-
tional context of IORA member states. From a 
methodological point of view, the model to be 
used for science and technology is the circular 
stemming from OECD, that sees the active 
involvement of the entrepreneur during scientific 
activity. In particular, carrying out two research 
activities in parallel: industrial research and strate-
gic mission oriented basic research.

The application of this method made it possible to 
create a quite intelligent real object, i.e, the ZEUS 
(Zero Emission Ultimate Ship).ship. The common 
reference scenario of the research concerns the 
improvement of the level of environmental 
sustainability of merchant and cruise ships, 
through the reduction of emissions of greenhouse 
gases, nitrogen oxides, sulfur oxides and particu-
late matter. Within the research project TecBIA, 
the sustainable technology of fuel cells for naval 
applications was verified through the development 
of the ZEUS naval prototype.

The ZEUS naval prototype was designed and built 
according to the chemical / physical and acoustic 
balance of the environment and is oriented 
towards marine-maritime sustainability, following 
the principles of the circular blue economy. The 
ZEUS ship is multipurpose and can be used by 
individual countries according to the priority 
needs of the target uses (i.e. for fishing, recovery 
and energy reuse of plastic marine litter, research 
in marine protected areas, silent transport of goods 
and people, underwater robotics missions such as 
the sustainable deep sea mining).

An R&D&I project such as ZEUS is not consid-
ered concluded at the end of the product realiza-
tion, but as the product is innovative, it is itself 
subject to a new cycle of R&D&I projects. Innova-
tive ships such as ZEUS will in turn require, for 
example, ports with innovative infrastructures, 

which do not yet exist and are capable of support-
ing them.

The goal is to combine the theme of environmental 
sustainability with the theme of technological 
innovation and the ZEUS ship is a quite important 
real opportunity to foster dialogue between the 
countries belonging to the large IORA basin

LIST OF ACRONYMS
ERC European Research Council
GEO Group on Earth Observations
GEOSS Global Earth Observation System of 
Systems 
ICT Information and Communication Technologies
OECD Organization for Economic Co-operation 
and Development
ZEUS Zero Emission Ultimate Ship.

REFERENCES
A.B., A. (2018). The Use of Information and Commu-
nication Technology (Ict) In Distance Education A 
Comparative Study of Kwame Nkrumah University of 
Science and Technology and University of Education, 
Winneba-Kumasi. UNIVERSITY OF GHANA, 
LEGON.

Cristina, C., Laura, A., Mioara, B., & Ciprian Ionel, T. 
(2018). Quantitative Approach to Circular Economy in 
the OECD Countries. Amfiteatru Economic, 262-277.

DNV-GL. (2019). Research sees long-term expansion 
of hydrogen for energy. Fuel Cells Bulettin, 10-11.

Fincantieri. (2014/2020). Progetti di innovazione. 
Retrieved from Retrieved from MISE PON - Grandi 
ProgettiR&S: https://www.fincantieri.com/it/innovazi-
one/progetti-di-innovazione/

Isabelle, A.-G., Kaitlyn, H., Carson, L., Delica, L.-M., 
Olawoyin, A., Beni, R., & Cuzzocrea, A. (2021). A Big 
Data Science Solution for Analytics on Moving 
Objects. Advanced Information Networking and Appli-
cations, 133-145.

Janusz, N., John, D., Sebastian, F., Turgut, G., Brendan, 
K., Wojciech, M., . . . KazI, R. (2018). Towards global 
sustainability: Education on environmentally clean 
energy technologies. Renewable and Sustainable 
Energy Reviews, 2541-2551.

PJStephenson. (2020). Technological advances in 
biodiversity monitoring: applicability, opportunities 
and challenges. Current Opinion in Environmental 
Sustainability, 36-41.

Satish, N. (2017). Digital Entrepreneurship: Toward a 
Digital Technology Perspective of Entrepreneurship. 

Entrepreneurship Theory and Practice, 1029-1055.

Sergio, S. (2020). Interoperabilità dei sistemi tra 
promesse e realtà: lo stato dell’arte. Retrieved from 

Agendadigitale.eu: https://www.agendadigitale.eu-
/documenti/interoperabilita-dei-sistemi-tra-promesse�
e-realta-lo-stato-dellarte/

SNAM. (2019). The Hydrogen Challenge: The poten-
tial of hydrogen in Italy.

Stabianews. (2022, gennaio 31). Stabianews. Retrieved 
from Fincantieri Castellammare, questa mattina il varo 
di Zeus: https://www.stabianews.it/2022/01/fincant-
ieri-castellammare-questa-mattina-il-varo-di-zeus/

UNESCO. (n.d.). How much does your country invest 
in R$D UNESCO UIS. Retrieved from Institute for 
Statistics (UIS): http://uis.unesco.org/apps/visualisa-
tions/research-and-development-spending/

UNESCO. (n.d.). How much does your country invest 
in R&D. Retrieved from Institute for Statistics (UIS): 
h t tp : / /u is .unesco.org/apps/visual isa t ions/ re-
search-and-development-spending

Zacharoula, A. (2012). Green Informatics: ICT for 
Green and Sustainability. Agrárinformatika/jour-
nal of agricultural informatics, 1-8

ABSTRACT
Based on their long-term experience, Federpesca 
and H.OPES Foundation can provide technical 
assistance for strengthening the fisheries sector in 
the IORA countries. The need to realise or update 
the Fisheries Master Plans could represent an 
action-oriented approach to strategic planning. 
Each Master Plan is based on the current situation 
in the subject area. The document includes an 
overview of the current state of play, knowledge 
and opportunities in the fish stocks and potential 
impacts of climate change on stocks/migration and 
other central topics related to fishing and aquaculture.

Keywords: fisheries, Indian Ocean, IORA Coun-
tries, Master Plan, Strategic planning, standardisation

1. INTRODUCTION
IORA Countries decision-makers are increasingly 
recognising that fisheries have the potential to 
contribute to the development of their countries in 
terms of revenue generation, employment 
creation, food and nutrition sectary and emergency 
preparedness. However, to date, many of the inter-
ventions have been delivered in isolation, with 
States and internal partners responding to situa-
tions rather than planning interventions in a coor-
dinated and complementary manner. 

Although the IORA Countries have made signifi-

cant progress in recent years in the development of 
fisheries, this progress, however, has not affected 
the entire development of the fisheries supply 
chain with gaps remaining in many areas, such as 
the collection and use of data, fisheries application, 
stock assessment and fishery hygiene certification.

2. TECHNICAL ASSISTANCE TO STRENG-
HTEN THE FISHERIES SECTOR
Federpesca and H.OPES Foundation can provide 
technical assistance for strengthening the fisheries 
sector and particularly to the strategic level plan-
ning for interventions in the industry. In several 
countries, the lack of an overarching strategic 
framework for the industry to which all stakehold-
ers can subscribe seriously holds back to the sector 
development. The need to realise or update the 
Fisheries and Aquaculture Master Plans in the 
IORA countries could represent an action-oriented 
approach to strategic planning. 

Using information and inputs from the several 
ministries of fisheries of the IORA Countries and 
othersources, Federpesca and H.OPES Foundation 
can give technical assistance focusing on:

1. Legal and Policy Framework
2. Stock assessment and management
3. Industrial fishing sector
4. Artisanal fishing sector

5. Landing sites, harbours and other shore-based infrastructure 

Each theme will follow the following roadmap
- Current situation in the subject area
- Analysis - Gap analysis or SWOT or similar in 

the subject area
- Action/Future plans/Recommendations
- The Experts of Federpesca will carry out all 

relevant analyses to allow technically sound and 
defensible recommendations and build a way 
forward in their areas of responsibility. 

- In addition to these specific deliverables and 
outputs, the Experts’ team will be involved in the 
technical editing process and exchanging views 
with the other experts working on the master plan.

3. One possible structure of the Master plan for 
sustainable fishing
Each Master Plan is based on the needs of the 
country it focuses on, but based on the experience 
of Federpesca and H.OPES Foundation, the struc-
ture can be resumed in the following chapters/sec-
tions, each of one focusing on a different topic, but 
tightly linked each one to the others.

• Introduction. Objectives of the document. 
Process of consultation with the private sector 
and other key stakeholders in the preparation. 

• The fisheries sector. General overview. The 
resource. Landings trends. Fleet structure. Mar-
kets and fish consumption. Existing infrastruc-
ture and value chains. Management systems. 
Law, regulation and international obligations. 
Likely impacts of climate change. 

• Private sector leadership. Export-led growth to 
be the driving force. Measures to addresscli-
mate change – mainstreamed across all themes 
Fisheries co-management Respect for internation-
al agreements. Transparency and accountability.

• Legal and policy framework. The current state 
of play. Regulatory needs. International obliga-
tions. Compliance with IOTC Management 
Measures. Internal issues, e.g. National Mari-
time Administration. Hygiene Regulation and 
Authority. Import/export regimes, taxation, 
space for fisheries co-management.

• Stock assessment and management. The 
current state of play, knowledge and opportuni-

ties. What we know/don’t know about the fish 
stocks available; how many tonnes can be 
caught; where they are, seasons etc.; historical 
information, what funding is needed to assess 
better and understand the different stocks. 
What ongoing data collection, potential 
impacts of climate change on stocks/migration.

• Industrial fishing sector. The current state of 
play, knowledge and opportunities. Fleets. 
Licenses. Further infrastructure needs. Upskill-
ing and Reskilling needs.

• Artisanal Fishing Sector. The current state of 
play, knowledge and opportunities. How does 
this need to be developed, and where? What 
additional inputs/training/co-management is 
needed to support this? Driven by the private 
sector. 

• Landing sites, harbours and other shore-based 
infrastructure. The current state of play, knowl-
edge and opportunities. Mapping of the loca-
tion of current facilities. Location, Type of 
landing facilities- linked to market needs and 
availability of fish stocks, management, invest-
ment. Map the infrastructures and potential 
investors/donors + feasibility study.

• Fisheries law enforcement - Current state of 
play, knowledge and opportunities. What size? 
How many? What political agreements are 
needed? What is the cost? What is the timeta-
ble? What is extra support needed ashore? We 
can support the Italian/European Navy and 
Coast Guard. Specifically divide to patrol capa-
bility (i.e. the ships on water) and MCS capaci-
ty looking at a host of other areas of work – not 
just patrol vessel. 

• Hygiene standards and certification. The current 
state of play, knowledge and opportunities

4. Additional potential services
Apart from the above-mentioned sectors, each 
Master Plan can be integrated to better match to 
the needs of the target country. Some of the addi-
tional sectors could focus on:
1. Monitoring and enforcement capacity 
2. Artisanal sector development 
3. Infrastructure improvements 
4. Industrial Processing

sphere of industrial policies. It is quite evident its 
role, for example, in transferring from one to 
another target use R&D results which may be quite 
assessed in one area (i.e, automotive sector) into 
another one (i.e. maritime sector). Moreover, 
under the pervasive diffused adoption of Internet 
and ICT in general intended as key enabling tech-

nology (KET), the definition and way of action of 
innovation itself have been changing in time, 
particularly since the first decade of year 2000, at 
international level, as clearly indicated by OECD, 
specifically from the DSTI (Department of 
Science Technology and Innovation), as depicted 
in the following Figure 2:

Such a new definition carries quite important 
consequences onto the interaction between the 
innovation sphere and the industrial policies 
sphere, therefore giving even much more impor-
tance and impact to science and technology 
achievements obtained through R&D activities. 
The most important of them being the possibility 
to offer an integrated and systemic vision from 
outside to the productive system of  a given country, 
empowering its attractively for potential investors.

For evaluating the social and economic impact of 
both R&D and Innovation results as deliverables 
of  resources investment decisions in a given coun-
try, it is important to have available an integrated 
visualization, for example in the form of a 3D 
graph as depicted in Figure 3, of at least the main 
three concurrent instances: Innovative Technology 
Platforms (axis y), Infrastructures (axis x) and, 

overall, Target Uses (axis z). Innovative Technolo-
gy Platforms is mainly related to the novelty and 
disruptive degree of the R&D activities dimen-
sion, Infrastructures is linked to the availability of 
feasible support for them as a necessary condition 
deriving from the Innovation dimension existing 
or easily deployable at a given time in a given 
country, while Target Uses represents the measure-
ments of the features of the potential end users of 
the R&D products and processes and its properly 
conducted estimation as volume and variety: 
perhaps it is the crucial element to decide the iden-
tification of R&D and Innovation investment 
priorities. An example may be of help in better 
understanding the relevance of such a 3D repre-
sentation and corresponding qualitative and quan-
titative evaluation to optimize the return of the 
R&D and Innovation investments, or the benefit to 
cost ratio.

Figure 2 - OECD Innovation Strategy.
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Let’s suppose the Innovative Technological Plat-
form be the ship of the future, in view of a zero 
emission system. In this case, the necessary Infra-
structure for the use of such a ship will be the 
availability of properly equipped ports, for exam-
ple with adequate electrical power lines and also 
able to carry onto the ship the green fuel (i.e. 
hydrogen). Target uses will first be marine and 
maritime research people, progressively evolving 
to the passenger category (i.e. cruise ships), for 
example oriented to green tourism and other 
scenarios.

From a methodological point of view, jointly with 
the graph of Figure 3, is the question of interopera-
bility (for example, among different IORA coun-
tries), which leads to the issue of providing shared 
guidelines and standardization in view of further 
certification which in turns acts as positive factor 
for market competitivity worldwide. The result 
section will present a real example of the afore-

mentioned methodology.

3. RESULTS
Information and Communication Technologies 
(ICT) are a central pillar for the world, as the 
world is now labeled as "digital" and "global 
village". The usefulness of ICT transcends all 
sectors including the marine and maritime sector 
(A.B., 2018). Innovative and sustainable ICT tech-
nological solutions are fundamental for the 
production of clean energy, for an increasingly less 
polluted environment and for an increasingly safer 
sea (Zacharoula, 2012). Paying particular attention 
to the maritime research activity and analyzing 
what is above the sea and what is below the sea, 
we have an integrated circular vision, in which 
what is present on land can also be included.

The experience of the research project TecBIA 
(Technologies with low environmental impact for 
the production of energy on ships), co-financed by 
the Italian Ministry of Economic Development, 

led by FINCANTIERI, intends to verify the 
sustainable technology of fuel cells propelled with 
green hydrogen for naval applications by creating 
of a vessel prototype, named ZEUS (Zero Emis-
sion Ultimate Ship) with hybrid propulsion. The 
project started on 31 October 2018, and is expect-
ed to end on 30 October 2022, with a contribution 
of 5.077.000 euros. (Fincantieri, 2014/2020). The 
hull is 26 meters long and weights approximately 
170 tons. ZEUS is also equipped with a hybrid 
apparatus to be used as a conventional propulsion 
system (2 Diesel generators and 2 electric motors). 
To this apparatus are added a fuel system (130 
kW), powered by about 50 kg of hydrogen 
contained in 8 metal hydride cylinders, and a lithi-
um battery system. The ship will thus have an 
autonomy of approximately 8 hours of zero emission 
navigation at a speed of approximately 7.5 knots.

The common reference scenario of the research 
concerns the improvement of the level of environ-
mental sustainability of merchant and cruise ships, 
through the reduction of emissions of greenhouse 
gases, nitrogen oxides, sulfur oxides and particu-
late matter.

The naval prototype ZEUS was designed and 
developed following a well-defined approach that 
combined innovative technological solutions with 
appropriate and available know-how and industri-
al infrastructures. Since the beginning of the 
TecBIA project, this approach kept under consid-
eration the needs of the target uses of ZEUS. Only 
an integrated approach, like the one used for 
ZEUS, can help IORA countries identifying which 
research efforts should be prioritized and eventual-
ly funded. Figure 3 shows a three-dimensional 
representation of the recommended approach The 
innovative technological solutions and the infra-
structure are the foundations to identify an innova-
tive product or service that, with an appropriate 
funded research effort, can been built or offered in 
a well-defined short time frame (less than 5 years). 
It is important to highlight that only by identifying 
and engaging with the target uses, the results have 
the possibility to positively impact the life of the 
target uses.

The main activity of ENR (The National Institu-
tion of Italy for Standardization Research and 
Promotion), in the TecBIA project, has focused on 
the proposal of a set of regulations for the use of 
hydrogen as a fuel on board ships. In accordance 
with internationally established procedures, on the 
basis of the experience gained and the assessments 
made in the project, guidelines have been drawn 
up for the use of hydrogen as a fuel on board ships. 
The drafting of appropriate safety regulations, 
with the requirements that these types of ships 
must possess to ensure safe navigation for the 
environment and for the crew, will represent a 
fundamental element in promoting the spread of 
hydrogen as a fuel. ENR, will present the TecBIA 
project and the ZEUS naval prototype, technically 
launched on 31 January 2022 in the Castellam-
mare di Stabia FINCANTIERI shipyard, at the 
EXPO 2020 in Dubai. The ZEUS prototype ship 
produced by Italian industrial and research excel-
lence has as its main objective to propose the 
vision of a possible environment for future genera-
tions around the world. This theme recalls the need 
to respect marine ecosystems using internationally 
shared standardization processes that do not yet exist 
or that are in an initial state of conceptualization

5. CONCLUSION
The role of science and technology at international 
level has been discussed in this paper. In order to 
encourage development in these sectors, a meth-
odology has been introduced and it can be used to 
promote investments, in order to optimize impacts 
according to the priorities of various countries, 
obviously of potential interest in the wide interna-
tional context of IORA member states. From a 
methodological point of view, the model to be 
used for science and technology is the circular 
stemming from OECD, that sees the active 
involvement of the entrepreneur during scientific 
activity. In particular, carrying out two research 
activities in parallel: industrial research and strate-
gic mission oriented basic research.

The application of this method made it possible to 
create a quite intelligent real object, i.e, the ZEUS 
(Zero Emission Ultimate Ship).ship. The common 
reference scenario of the research concerns the 
improvement of the level of environmental 
sustainability of merchant and cruise ships, 
through the reduction of emissions of greenhouse 
gases, nitrogen oxides, sulfur oxides and particu-
late matter. Within the research project TecBIA, 
the sustainable technology of fuel cells for naval 
applications was verified through the development 
of the ZEUS naval prototype.

The ZEUS naval prototype was designed and built 
according to the chemical / physical and acoustic 
balance of the environment and is oriented 
towards marine-maritime sustainability, following 
the principles of the circular blue economy. The 
ZEUS ship is multipurpose and can be used by 
individual countries according to the priority 
needs of the target uses (i.e. for fishing, recovery 
and energy reuse of plastic marine litter, research 
in marine protected areas, silent transport of goods 
and people, underwater robotics missions such as 
the sustainable deep sea mining).

An R&D&I project such as ZEUS is not consid-
ered concluded at the end of the product realiza-
tion, but as the product is innovative, it is itself 
subject to a new cycle of R&D&I projects. Innova-
tive ships such as ZEUS will in turn require, for 
example, ports with innovative infrastructures, 

which do not yet exist and are capable of support-
ing them.

The goal is to combine the theme of environmental 
sustainability with the theme of technological 
innovation and the ZEUS ship is a quite important 
real opportunity to foster dialogue between the 
countries belonging to the large IORA basin
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ERC European Research Council
GEO Group on Earth Observations
GEOSS Global Earth Observation System of 
Systems 
ICT Information and Communication Technologies
OECD Organization for Economic Co-operation 
and Development
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ABSTRACT
Based on their long-term experience, Federpesca 
and H.OPES Foundation can provide technical 
assistance for strengthening the fisheries sector in 
the IORA countries. The need to realise or update 
the Fisheries Master Plans could represent an 
action-oriented approach to strategic planning. 
Each Master Plan is based on the current situation 
in the subject area. The document includes an 
overview of the current state of play, knowledge 
and opportunities in the fish stocks and potential 
impacts of climate change on stocks/migration and 
other central topics related to fishing and aquaculture.

Keywords: fisheries, Indian Ocean, IORA Coun-
tries, Master Plan, Strategic planning, standardisation

1. INTRODUCTION
IORA Countries decision-makers are increasingly 
recognising that fisheries have the potential to 
contribute to the development of their countries in 
terms of revenue generation, employment 
creation, food and nutrition sectary and emergency 
preparedness. However, to date, many of the inter-
ventions have been delivered in isolation, with 
States and internal partners responding to situa-
tions rather than planning interventions in a coor-
dinated and complementary manner. 

Although the IORA Countries have made signifi-

cant progress in recent years in the development of 
fisheries, this progress, however, has not affected 
the entire development of the fisheries supply 
chain with gaps remaining in many areas, such as 
the collection and use of data, fisheries application, 
stock assessment and fishery hygiene certification.

2. TECHNICAL ASSISTANCE TO STRENG-
HTEN THE FISHERIES SECTOR
Federpesca and H.OPES Foundation can provide 
technical assistance for strengthening the fisheries 
sector and particularly to the strategic level plan-
ning for interventions in the industry. In several 
countries, the lack of an overarching strategic 
framework for the industry to which all stakehold-
ers can subscribe seriously holds back to the sector 
development. The need to realise or update the 
Fisheries and Aquaculture Master Plans in the 
IORA countries could represent an action-oriented 
approach to strategic planning. 

Using information and inputs from the several 
ministries of fisheries of the IORA Countries and 
othersources, Federpesca and H.OPES Foundation 
can give technical assistance focusing on:

1. Legal and Policy Framework
2. Stock assessment and management
3. Industrial fishing sector
4. Artisanal fishing sector

5. Landing sites, harbours and other shore-based infrastructure 

Each theme will follow the following roadmap
- Current situation in the subject area
- Analysis - Gap analysis or SWOT or similar in 

the subject area
- Action/Future plans/Recommendations
- The Experts of Federpesca will carry out all 

relevant analyses to allow technically sound and 
defensible recommendations and build a way 
forward in their areas of responsibility. 

- In addition to these specific deliverables and 
outputs, the Experts’ team will be involved in the 
technical editing process and exchanging views 
with the other experts working on the master plan.

3. One possible structure of the Master plan for 
sustainable fishing
Each Master Plan is based on the needs of the 
country it focuses on, but based on the experience 
of Federpesca and H.OPES Foundation, the struc-
ture can be resumed in the following chapters/sec-
tions, each of one focusing on a different topic, but 
tightly linked each one to the others.

• Introduction. Objectives of the document. 
Process of consultation with the private sector 
and other key stakeholders in the preparation. 

• The fisheries sector. General overview. The 
resource. Landings trends. Fleet structure. Mar-
kets and fish consumption. Existing infrastruc-
ture and value chains. Management systems. 
Law, regulation and international obligations. 
Likely impacts of climate change. 

• Private sector leadership. Export-led growth to 
be the driving force. Measures to addresscli-
mate change – mainstreamed across all themes 
Fisheries co-management Respect for internation-
al agreements. Transparency and accountability.

• Legal and policy framework. The current state 
of play. Regulatory needs. International obliga-
tions. Compliance with IOTC Management 
Measures. Internal issues, e.g. National Mari-
time Administration. Hygiene Regulation and 
Authority. Import/export regimes, taxation, 
space for fisheries co-management.

• Stock assessment and management. The 
current state of play, knowledge and opportuni-

ties. What we know/don’t know about the fish 
stocks available; how many tonnes can be 
caught; where they are, seasons etc.; historical 
information, what funding is needed to assess 
better and understand the different stocks. 
What ongoing data collection, potential 
impacts of climate change on stocks/migration.

• Industrial fishing sector. The current state of 
play, knowledge and opportunities. Fleets. 
Licenses. Further infrastructure needs. Upskill-
ing and Reskilling needs.

• Artisanal Fishing Sector. The current state of 
play, knowledge and opportunities. How does 
this need to be developed, and where? What 
additional inputs/training/co-management is 
needed to support this? Driven by the private 
sector. 

• Landing sites, harbours and other shore-based 
infrastructure. The current state of play, knowl-
edge and opportunities. Mapping of the loca-
tion of current facilities. Location, Type of 
landing facilities- linked to market needs and 
availability of fish stocks, management, invest-
ment. Map the infrastructures and potential 
investors/donors + feasibility study.

• Fisheries law enforcement - Current state of 
play, knowledge and opportunities. What size? 
How many? What political agreements are 
needed? What is the cost? What is the timeta-
ble? What is extra support needed ashore? We 
can support the Italian/European Navy and 
Coast Guard. Specifically divide to patrol capa-
bility (i.e. the ships on water) and MCS capaci-
ty looking at a host of other areas of work – not 
just patrol vessel. 

• Hygiene standards and certification. The current 
state of play, knowledge and opportunities

4. Additional potential services
Apart from the above-mentioned sectors, each 
Master Plan can be integrated to better match to 
the needs of the target country. Some of the addi-
tional sectors could focus on:
1. Monitoring and enforcement capacity 
2. Artisanal sector development 
3. Infrastructure improvements 
4. Industrial Processing

Figure 1 - 3D graphic representation of the relationships among innovative technological platforms, 
infrastructures and target uses to evaluate R&D and Innovation policies relevance
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Let’s suppose the Innovative Technological Plat-
form be the ship of the future, in view of a zero 
emission system. In this case, the necessary Infra-
structure for the use of such a ship will be the 
availability of properly equipped ports, for exam-
ple with adequate electrical power lines and also 
able to carry onto the ship the green fuel (i.e. 
hydrogen). Target uses will first be marine and 
maritime research people, progressively evolving 
to the passenger category (i.e. cruise ships), for 
example oriented to green tourism and other 
scenarios.

From a methodological point of view, jointly with 
the graph of Figure 3, is the question of interopera-
bility (for example, among different IORA coun-
tries), which leads to the issue of providing shared 
guidelines and standardization in view of further 
certification which in turns acts as positive factor 
for market competitivity worldwide. The result 
section will present a real example of the afore-

mentioned methodology.

3. RESULTS
Information and Communication Technologies 
(ICT) are a central pillar for the world, as the 
world is now labeled as "digital" and "global 
village". The usefulness of ICT transcends all 
sectors including the marine and maritime sector 
(A.B., 2018). Innovative and sustainable ICT tech-
nological solutions are fundamental for the 
production of clean energy, for an increasingly less 
polluted environment and for an increasingly safer 
sea (Zacharoula, 2012). Paying particular attention 
to the maritime research activity and analyzing 
what is above the sea and what is below the sea, 
we have an integrated circular vision, in which 
what is present on land can also be included.

The experience of the research project TecBIA 
(Technologies with low environmental impact for 
the production of energy on ships), co-financed by 
the Italian Ministry of Economic Development, 

led by FINCANTIERI, intends to verify the 
sustainable technology of fuel cells propelled with 
green hydrogen for naval applications by creating 
of a vessel prototype, named ZEUS (Zero Emis-
sion Ultimate Ship) with hybrid propulsion. The 
project started on 31 October 2018, and is expect-
ed to end on 30 October 2022, with a contribution 
of 5.077.000 euros. (Fincantieri, 2014/2020). The 
hull is 26 meters long and weights approximately 
170 tons. ZEUS is also equipped with a hybrid 
apparatus to be used as a conventional propulsion 
system (2 Diesel generators and 2 electric motors). 
To this apparatus are added a fuel system (130 
kW), powered by about 50 kg of hydrogen 
contained in 8 metal hydride cylinders, and a lithi-
um battery system. The ship will thus have an 
autonomy of approximately 8 hours of zero emission 
navigation at a speed of approximately 7.5 knots.

The common reference scenario of the research 
concerns the improvement of the level of environ-
mental sustainability of merchant and cruise ships, 
through the reduction of emissions of greenhouse 
gases, nitrogen oxides, sulfur oxides and particu-
late matter.

The naval prototype ZEUS was designed and 
developed following a well-defined approach that 
combined innovative technological solutions with 
appropriate and available know-how and industri-
al infrastructures. Since the beginning of the 
TecBIA project, this approach kept under consid-
eration the needs of the target uses of ZEUS. Only 
an integrated approach, like the one used for 
ZEUS, can help IORA countries identifying which 
research efforts should be prioritized and eventual-
ly funded. Figure 3 shows a three-dimensional 
representation of the recommended approach The 
innovative technological solutions and the infra-
structure are the foundations to identify an innova-
tive product or service that, with an appropriate 
funded research effort, can been built or offered in 
a well-defined short time frame (less than 5 years). 
It is important to highlight that only by identifying 
and engaging with the target uses, the results have 
the possibility to positively impact the life of the 
target uses.

The main activity of ENR (The National Institu-
tion of Italy for Standardization Research and 
Promotion), in the TecBIA project, has focused on 
the proposal of a set of regulations for the use of 
hydrogen as a fuel on board ships. In accordance 
with internationally established procedures, on the 
basis of the experience gained and the assessments 
made in the project, guidelines have been drawn 
up for the use of hydrogen as a fuel on board ships. 
The drafting of appropriate safety regulations, 
with the requirements that these types of ships 
must possess to ensure safe navigation for the 
environment and for the crew, will represent a 
fundamental element in promoting the spread of 
hydrogen as a fuel. ENR, will present the TecBIA 
project and the ZEUS naval prototype, technically 
launched on 31 January 2022 in the Castellam-
mare di Stabia FINCANTIERI shipyard, at the 
EXPO 2020 in Dubai. The ZEUS prototype ship 
produced by Italian industrial and research excel-
lence has as its main objective to propose the 
vision of a possible environment for future genera-
tions around the world. This theme recalls the need 
to respect marine ecosystems using internationally 
shared standardization processes that do not yet exist 
or that are in an initial state of conceptualization

5. CONCLUSION
The role of science and technology at international 
level has been discussed in this paper. In order to 
encourage development in these sectors, a meth-
odology has been introduced and it can be used to 
promote investments, in order to optimize impacts 
according to the priorities of various countries, 
obviously of potential interest in the wide interna-
tional context of IORA member states. From a 
methodological point of view, the model to be 
used for science and technology is the circular 
stemming from OECD, that sees the active 
involvement of the entrepreneur during scientific 
activity. In particular, carrying out two research 
activities in parallel: industrial research and strate-
gic mission oriented basic research.

The application of this method made it possible to 
create a quite intelligent real object, i.e, the ZEUS 
(Zero Emission Ultimate Ship).ship. The common 
reference scenario of the research concerns the 
improvement of the level of environmental 
sustainability of merchant and cruise ships, 
through the reduction of emissions of greenhouse 
gases, nitrogen oxides, sulfur oxides and particu-
late matter. Within the research project TecBIA, 
the sustainable technology of fuel cells for naval 
applications was verified through the development 
of the ZEUS naval prototype.

The ZEUS naval prototype was designed and built 
according to the chemical / physical and acoustic 
balance of the environment and is oriented 
towards marine-maritime sustainability, following 
the principles of the circular blue economy. The 
ZEUS ship is multipurpose and can be used by 
individual countries according to the priority 
needs of the target uses (i.e. for fishing, recovery 
and energy reuse of plastic marine litter, research 
in marine protected areas, silent transport of goods 
and people, underwater robotics missions such as 
the sustainable deep sea mining).

An R&D&I project such as ZEUS is not consid-
ered concluded at the end of the product realiza-
tion, but as the product is innovative, it is itself 
subject to a new cycle of R&D&I projects. Innova-
tive ships such as ZEUS will in turn require, for 
example, ports with innovative infrastructures, 

which do not yet exist and are capable of support-
ing them.

The goal is to combine the theme of environmental 
sustainability with the theme of technological 
innovation and the ZEUS ship is a quite important 
real opportunity to foster dialogue between the 
countries belonging to the large IORA basin

LIST OF ACRONYMS
ERC European Research Council
GEO Group on Earth Observations
GEOSS Global Earth Observation System of 
Systems 
ICT Information and Communication Technologies
OECD Organization for Economic Co-operation 
and Development
ZEUS Zero Emission Ultimate Ship.
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ABSTRACT
Based on their long-term experience, Federpesca 
and H.OPES Foundation can provide technical 
assistance for strengthening the fisheries sector in 
the IORA countries. The need to realise or update 
the Fisheries Master Plans could represent an 
action-oriented approach to strategic planning. 
Each Master Plan is based on the current situation 
in the subject area. The document includes an 
overview of the current state of play, knowledge 
and opportunities in the fish stocks and potential 
impacts of climate change on stocks/migration and 
other central topics related to fishing and aquaculture.

Keywords: fisheries, Indian Ocean, IORA Coun-
tries, Master Plan, Strategic planning, standardisation

1. INTRODUCTION
IORA Countries decision-makers are increasingly 
recognising that fisheries have the potential to 
contribute to the development of their countries in 
terms of revenue generation, employment 
creation, food and nutrition sectary and emergency 
preparedness. However, to date, many of the inter-
ventions have been delivered in isolation, with 
States and internal partners responding to situa-
tions rather than planning interventions in a coor-
dinated and complementary manner. 

Although the IORA Countries have made signifi-

cant progress in recent years in the development of 
fisheries, this progress, however, has not affected 
the entire development of the fisheries supply 
chain with gaps remaining in many areas, such as 
the collection and use of data, fisheries application, 
stock assessment and fishery hygiene certification.

2. TECHNICAL ASSISTANCE TO STRENG-
HTEN THE FISHERIES SECTOR
Federpesca and H.OPES Foundation can provide 
technical assistance for strengthening the fisheries 
sector and particularly to the strategic level plan-
ning for interventions in the industry. In several 
countries, the lack of an overarching strategic 
framework for the industry to which all stakehold-
ers can subscribe seriously holds back to the sector 
development. The need to realise or update the 
Fisheries and Aquaculture Master Plans in the 
IORA countries could represent an action-oriented 
approach to strategic planning. 

Using information and inputs from the several 
ministries of fisheries of the IORA Countries and 
othersources, Federpesca and H.OPES Foundation 
can give technical assistance focusing on:

1. Legal and Policy Framework
2. Stock assessment and management
3. Industrial fishing sector
4. Artisanal fishing sector

5. Landing sites, harbours and other shore-based infrastructure 

Each theme will follow the following roadmap
- Current situation in the subject area
- Analysis - Gap analysis or SWOT or similar in 

the subject area
- Action/Future plans/Recommendations
- The Experts of Federpesca will carry out all 

relevant analyses to allow technically sound and 
defensible recommendations and build a way 
forward in their areas of responsibility. 

- In addition to these specific deliverables and 
outputs, the Experts’ team will be involved in the 
technical editing process and exchanging views 
with the other experts working on the master plan.

3. One possible structure of the Master plan for 
sustainable fishing
Each Master Plan is based on the needs of the 
country it focuses on, but based on the experience 
of Federpesca and H.OPES Foundation, the struc-
ture can be resumed in the following chapters/sec-
tions, each of one focusing on a different topic, but 
tightly linked each one to the others.

• Introduction. Objectives of the document. 
Process of consultation with the private sector 
and other key stakeholders in the preparation. 

• The fisheries sector. General overview. The 
resource. Landings trends. Fleet structure. Mar-
kets and fish consumption. Existing infrastruc-
ture and value chains. Management systems. 
Law, regulation and international obligations. 
Likely impacts of climate change. 

• Private sector leadership. Export-led growth to 
be the driving force. Measures to addresscli-
mate change – mainstreamed across all themes 
Fisheries co-management Respect for internation-
al agreements. Transparency and accountability.

• Legal and policy framework. The current state 
of play. Regulatory needs. International obliga-
tions. Compliance with IOTC Management 
Measures. Internal issues, e.g. National Mari-
time Administration. Hygiene Regulation and 
Authority. Import/export regimes, taxation, 
space for fisheries co-management.

• Stock assessment and management. The 
current state of play, knowledge and opportuni-

ties. What we know/don’t know about the fish 
stocks available; how many tonnes can be 
caught; where they are, seasons etc.; historical 
information, what funding is needed to assess 
better and understand the different stocks. 
What ongoing data collection, potential 
impacts of climate change on stocks/migration.

• Industrial fishing sector. The current state of 
play, knowledge and opportunities. Fleets. 
Licenses. Further infrastructure needs. Upskill-
ing and Reskilling needs.

• Artisanal Fishing Sector. The current state of 
play, knowledge and opportunities. How does 
this need to be developed, and where? What 
additional inputs/training/co-management is 
needed to support this? Driven by the private 
sector. 

• Landing sites, harbours and other shore-based 
infrastructure. The current state of play, knowl-
edge and opportunities. Mapping of the loca-
tion of current facilities. Location, Type of 
landing facilities- linked to market needs and 
availability of fish stocks, management, invest-
ment. Map the infrastructures and potential 
investors/donors + feasibility study.

• Fisheries law enforcement - Current state of 
play, knowledge and opportunities. What size? 
How many? What political agreements are 
needed? What is the cost? What is the timeta-
ble? What is extra support needed ashore? We 
can support the Italian/European Navy and 
Coast Guard. Specifically divide to patrol capa-
bility (i.e. the ships on water) and MCS capaci-
ty looking at a host of other areas of work – not 
just patrol vessel. 

• Hygiene standards and certification. The current 
state of play, knowledge and opportunities

4. Additional potential services
Apart from the above-mentioned sectors, each 
Master Plan can be integrated to better match to 
the needs of the target country. Some of the addi-
tional sectors could focus on:
1. Monitoring and enforcement capacity 
2. Artisanal sector development 
3. Infrastructure improvements 
4. Industrial Processing

Figure 4 - ZEUS technical launch in Castellammare 
di Stabia on January 31, 2022 (Stabianews, 2022).
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Let’s suppose the Innovative Technological Plat-
form be the ship of the future, in view of a zero 
emission system. In this case, the necessary Infra-
structure for the use of such a ship will be the 
availability of properly equipped ports, for exam-
ple with adequate electrical power lines and also 
able to carry onto the ship the green fuel (i.e. 
hydrogen). Target uses will first be marine and 
maritime research people, progressively evolving 
to the passenger category (i.e. cruise ships), for 
example oriented to green tourism and other 
scenarios.

From a methodological point of view, jointly with 
the graph of Figure 3, is the question of interopera-
bility (for example, among different IORA coun-
tries), which leads to the issue of providing shared 
guidelines and standardization in view of further 
certification which in turns acts as positive factor 
for market competitivity worldwide. The result 
section will present a real example of the afore-

mentioned methodology.

3. RESULTS
Information and Communication Technologies 
(ICT) are a central pillar for the world, as the 
world is now labeled as "digital" and "global 
village". The usefulness of ICT transcends all 
sectors including the marine and maritime sector 
(A.B., 2018). Innovative and sustainable ICT tech-
nological solutions are fundamental for the 
production of clean energy, for an increasingly less 
polluted environment and for an increasingly safer 
sea (Zacharoula, 2012). Paying particular attention 
to the maritime research activity and analyzing 
what is above the sea and what is below the sea, 
we have an integrated circular vision, in which 
what is present on land can also be included.

The experience of the research project TecBIA 
(Technologies with low environmental impact for 
the production of energy on ships), co-financed by 
the Italian Ministry of Economic Development, 

led by FINCANTIERI, intends to verify the 
sustainable technology of fuel cells propelled with 
green hydrogen for naval applications by creating 
of a vessel prototype, named ZEUS (Zero Emis-
sion Ultimate Ship) with hybrid propulsion. The 
project started on 31 October 2018, and is expect-
ed to end on 30 October 2022, with a contribution 
of 5.077.000 euros. (Fincantieri, 2014/2020). The 
hull is 26 meters long and weights approximately 
170 tons. ZEUS is also equipped with a hybrid 
apparatus to be used as a conventional propulsion 
system (2 Diesel generators and 2 electric motors). 
To this apparatus are added a fuel system (130 
kW), powered by about 50 kg of hydrogen 
contained in 8 metal hydride cylinders, and a lithi-
um battery system. The ship will thus have an 
autonomy of approximately 8 hours of zero emission 
navigation at a speed of approximately 7.5 knots.

The common reference scenario of the research 
concerns the improvement of the level of environ-
mental sustainability of merchant and cruise ships, 
through the reduction of emissions of greenhouse 
gases, nitrogen oxides, sulfur oxides and particu-
late matter.

The naval prototype ZEUS was designed and 
developed following a well-defined approach that 
combined innovative technological solutions with 
appropriate and available know-how and industri-
al infrastructures. Since the beginning of the 
TecBIA project, this approach kept under consid-
eration the needs of the target uses of ZEUS. Only 
an integrated approach, like the one used for 
ZEUS, can help IORA countries identifying which 
research efforts should be prioritized and eventual-
ly funded. Figure 3 shows a three-dimensional 
representation of the recommended approach The 
innovative technological solutions and the infra-
structure are the foundations to identify an innova-
tive product or service that, with an appropriate 
funded research effort, can been built or offered in 
a well-defined short time frame (less than 5 years). 
It is important to highlight that only by identifying 
and engaging with the target uses, the results have 
the possibility to positively impact the life of the 
target uses.

The main activity of ENR (The National Institu-
tion of Italy for Standardization Research and 
Promotion), in the TecBIA project, has focused on 
the proposal of a set of regulations for the use of 
hydrogen as a fuel on board ships. In accordance 
with internationally established procedures, on the 
basis of the experience gained and the assessments 
made in the project, guidelines have been drawn 
up for the use of hydrogen as a fuel on board ships. 
The drafting of appropriate safety regulations, 
with the requirements that these types of ships 
must possess to ensure safe navigation for the 
environment and for the crew, will represent a 
fundamental element in promoting the spread of 
hydrogen as a fuel. ENR, will present the TecBIA 
project and the ZEUS naval prototype, technically 
launched on 31 January 2022 in the Castellam-
mare di Stabia FINCANTIERI shipyard, at the 
EXPO 2020 in Dubai. The ZEUS prototype ship 
produced by Italian industrial and research excel-
lence has as its main objective to propose the 
vision of a possible environment for future genera-
tions around the world. This theme recalls the need 
to respect marine ecosystems using internationally 
shared standardization processes that do not yet exist 
or that are in an initial state of conceptualization

The concept of the prototype follows the chemical 
/ physical and acoustic balance of the environment 
and it is oriented towards marine-maritime 
sustainability, according to the principles of the 
circular blue economy. Green hydrogen and fuel 
cells generate 100% clean energy (DNV-GL, 
2019) and the ZEUS ship is multipurpose for 
fishing, recovery and energy reuse of plastic 
marine litter, research in marine protected areas, 
silent transport of goods and people, underwater 
robotics missions such as sustainable deep sea 
mining.

The ZEUS ship is an opportunity for dialogue 
between countries belonging to geographic basins 
of ancient and rich different cultures that share, for 
their activities, communicating seas. In particular, 
the above described circular model can be applied 
within the large IORA basin where very different 
cultures are facing but all sharing a common 
purpose. The cultural difference of the various 
IORA countries must be intended as a value to 
focus on and not as a barrier. For each country, for 
example, a matrix of priority needs that could be 
met by other countries could be created, represent-
ing real needs that must be highlighted. This 
approach can be shared in a scientific and techno-
logical context, through the Suez Canal for the 
Mediterranean basin and the IORA basin. The 
Mediterranean basin, in turn, has an opening onto 
the Atlantic ocean through the Strait of Gibraltar 
and onto the Pacific ocean through the Panama 
canal.

The goal is to combine the issue of environmental 
sustainability and the issue of technological inno-
vation (Janusz, et al., 2018). The latter has as a 
fundamental requirement the increase of the safety 
of those 

who work a sea, of those who live at sea and of the 
entire supply chain connected to this sector. In 
particular green hydrogen is the potential proac-
tive technological witness of this dialogue, due to 
its nature as a sustainable fuel produced from elec-
trolysis powered by electricity from renewable 
sources available in large quantities, as in the case 
of photovoltaic, in countries overlooking the 
southern shores of the Mediterranean and the 

Indian ocean, benefiting from better solar radia-
tion (SNAM, 2019).

4. DISCUSSION
An interesting aspect to consider is the role of 
technology in facilitating international co-gover-
nance of a complex matter as the exploitation and 
preservation of a shared resource, the sea, is. 

Observation and mapping of coastal and marine 
biodiversity are key tools to manage and share the 
“ocean commons” in a fair and responsible way 
under the present global challenges and rapid envi-
ronmental changes. They also help ensure that the 
benefits derived from the exploitation of ocean 
resources can be sustainably managed and equita-
bly shared. The distribution of these “ocean com-
mons” is changing. The melting polar ice caps, 
stagnation in wild seafood provisioning opportuni-
ties, emergence of harmful pathogens and para-
sites, and previously inaccessible ocean spaces 
(i.e. the deep sea) now increasingly within human 
reach, are challenges that need to be addressed by 
responsible ocean governance to reduce the poten-
tial for conflicts at all levels and ensure human 
well-being. Current knowledge on how to relate 
and govern marine natural resources and associat-
ed societal changes is fragmented, and observa-
tions of resource distribution, use, state and 
dynamics are scant and insufficiently accessible. 
We need to advance observations to support mod-
elling of the complex links between marine 
ecosystems and societal developments to forecast, 
manage and mitigate these changes.

Examples of modern technologies and their possi-
ble applications for monitoring biodiversity in 
view of better governance are (PJStephenson, 
2020):

- use of satellite and drone images (earth observa-
tion) to assess pressures on freshwater, coastal and 
marine ecosystems (fragmentation, hydromorpho-
logical changes, etc.); - innovative bioinformatic 
protocols complementing established biological 
indicators to monitor ecological status i.e. of sea 
waters; - ICT platforms for storage and integration 
of a variety of sensors in situ, autonomous 
unmanned vehicles, acoustic monitoring, satellite 
applications, holistic approaches (i.e.., systems 

5. CONCLUSION
The role of science and technology at international 
level has been discussed in this paper. In order to 
encourage development in these sectors, a meth-
odology has been introduced and it can be used to 
promote investments, in order to optimize impacts 
according to the priorities of various countries, 
obviously of potential interest in the wide interna-
tional context of IORA member states. From a 
methodological point of view, the model to be 
used for science and technology is the circular 
stemming from OECD, that sees the active 
involvement of the entrepreneur during scientific 
activity. In particular, carrying out two research 
activities in parallel: industrial research and strate-
gic mission oriented basic research.

The application of this method made it possible to 
create a quite intelligent real object, i.e, the ZEUS 
(Zero Emission Ultimate Ship).ship. The common 
reference scenario of the research concerns the 
improvement of the level of environmental 
sustainability of merchant and cruise ships, 
through the reduction of emissions of greenhouse 
gases, nitrogen oxides, sulfur oxides and particu-
late matter. Within the research project TecBIA, 
the sustainable technology of fuel cells for naval 
applications was verified through the development 
of the ZEUS naval prototype.

The ZEUS naval prototype was designed and built 
according to the chemical / physical and acoustic 
balance of the environment and is oriented 
towards marine-maritime sustainability, following 
the principles of the circular blue economy. The 
ZEUS ship is multipurpose and can be used by 
individual countries according to the priority 
needs of the target uses (i.e. for fishing, recovery 
and energy reuse of plastic marine litter, research 
in marine protected areas, silent transport of goods 
and people, underwater robotics missions such as 
the sustainable deep sea mining).

An R&D&I project such as ZEUS is not consid-
ered concluded at the end of the product realiza-
tion, but as the product is innovative, it is itself 
subject to a new cycle of R&D&I projects. Innova-
tive ships such as ZEUS will in turn require, for 
example, ports with innovative infrastructures, 

which do not yet exist and are capable of support-
ing them.

The goal is to combine the theme of environmental 
sustainability with the theme of technological 
innovation and the ZEUS ship is a quite important 
real opportunity to foster dialogue between the 
countries belonging to the large IORA basin

LIST OF ACRONYMS
ERC European Research Council
GEO Group on Earth Observations
GEOSS Global Earth Observation System of 
Systems 
ICT Information and Communication Technologies
OECD Organization for Economic Co-operation 
and Development
ZEUS Zero Emission Ultimate Ship.
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ABSTRACT
Based on their long-term experience, Federpesca 
and H.OPES Foundation can provide technical 
assistance for strengthening the fisheries sector in 
the IORA countries. The need to realise or update 
the Fisheries Master Plans could represent an 
action-oriented approach to strategic planning. 
Each Master Plan is based on the current situation 
in the subject area. The document includes an 
overview of the current state of play, knowledge 
and opportunities in the fish stocks and potential 
impacts of climate change on stocks/migration and 
other central topics related to fishing and aquaculture.

Keywords: fisheries, Indian Ocean, IORA Coun-
tries, Master Plan, Strategic planning, standardisation

1. INTRODUCTION
IORA Countries decision-makers are increasingly 
recognising that fisheries have the potential to 
contribute to the development of their countries in 
terms of revenue generation, employment 
creation, food and nutrition sectary and emergency 
preparedness. However, to date, many of the inter-
ventions have been delivered in isolation, with 
States and internal partners responding to situa-
tions rather than planning interventions in a coor-
dinated and complementary manner. 

Although the IORA Countries have made signifi-

cant progress in recent years in the development of 
fisheries, this progress, however, has not affected 
the entire development of the fisheries supply 
chain with gaps remaining in many areas, such as 
the collection and use of data, fisheries application, 
stock assessment and fishery hygiene certification.

2. TECHNICAL ASSISTANCE TO STRENG-
HTEN THE FISHERIES SECTOR
Federpesca and H.OPES Foundation can provide 
technical assistance for strengthening the fisheries 
sector and particularly to the strategic level plan-
ning for interventions in the industry. In several 
countries, the lack of an overarching strategic 
framework for the industry to which all stakehold-
ers can subscribe seriously holds back to the sector 
development. The need to realise or update the 
Fisheries and Aquaculture Master Plans in the 
IORA countries could represent an action-oriented 
approach to strategic planning. 

Using information and inputs from the several 
ministries of fisheries of the IORA Countries and 
othersources, Federpesca and H.OPES Foundation 
can give technical assistance focusing on:

1. Legal and Policy Framework
2. Stock assessment and management
3. Industrial fishing sector
4. Artisanal fishing sector

5. Landing sites, harbours and other shore-based infrastructure 

Each theme will follow the following roadmap
- Current situation in the subject area
- Analysis - Gap analysis or SWOT or similar in 

the subject area
- Action/Future plans/Recommendations
- The Experts of Federpesca will carry out all 

relevant analyses to allow technically sound and 
defensible recommendations and build a way 
forward in their areas of responsibility. 

- In addition to these specific deliverables and 
outputs, the Experts’ team will be involved in the 
technical editing process and exchanging views 
with the other experts working on the master plan.

3. One possible structure of the Master plan for 
sustainable fishing
Each Master Plan is based on the needs of the 
country it focuses on, but based on the experience 
of Federpesca and H.OPES Foundation, the struc-
ture can be resumed in the following chapters/sec-
tions, each of one focusing on a different topic, but 
tightly linked each one to the others.

• Introduction. Objectives of the document. 
Process of consultation with the private sector 
and other key stakeholders in the preparation. 

• The fisheries sector. General overview. The 
resource. Landings trends. Fleet structure. Mar-
kets and fish consumption. Existing infrastruc-
ture and value chains. Management systems. 
Law, regulation and international obligations. 
Likely impacts of climate change. 

• Private sector leadership. Export-led growth to 
be the driving force. Measures to addresscli-
mate change – mainstreamed across all themes 
Fisheries co-management Respect for internation-
al agreements. Transparency and accountability.

• Legal and policy framework. The current state 
of play. Regulatory needs. International obliga-
tions. Compliance with IOTC Management 
Measures. Internal issues, e.g. National Mari-
time Administration. Hygiene Regulation and 
Authority. Import/export regimes, taxation, 
space for fisheries co-management.

• Stock assessment and management. The 
current state of play, knowledge and opportuni-

ties. What we know/don’t know about the fish 
stocks available; how many tonnes can be 
caught; where they are, seasons etc.; historical 
information, what funding is needed to assess 
better and understand the different stocks. 
What ongoing data collection, potential 
impacts of climate change on stocks/migration.

• Industrial fishing sector. The current state of 
play, knowledge and opportunities. Fleets. 
Licenses. Further infrastructure needs. Upskill-
ing and Reskilling needs.

• Artisanal Fishing Sector. The current state of 
play, knowledge and opportunities. How does 
this need to be developed, and where? What 
additional inputs/training/co-management is 
needed to support this? Driven by the private 
sector. 

• Landing sites, harbours and other shore-based 
infrastructure. The current state of play, knowl-
edge and opportunities. Mapping of the loca-
tion of current facilities. Location, Type of 
landing facilities- linked to market needs and 
availability of fish stocks, management, invest-
ment. Map the infrastructures and potential 
investors/donors + feasibility study.

• Fisheries law enforcement - Current state of 
play, knowledge and opportunities. What size? 
How many? What political agreements are 
needed? What is the cost? What is the timeta-
ble? What is extra support needed ashore? We 
can support the Italian/European Navy and 
Coast Guard. Specifically divide to patrol capa-
bility (i.e. the ships on water) and MCS capaci-
ty looking at a host of other areas of work – not 
just patrol vessel. 

• Hygiene standards and certification. The current 
state of play, knowledge and opportunities

4. Additional potential services
Apart from the above-mentioned sectors, each 
Master Plan can be integrated to better match to 
the needs of the target country. Some of the addi-
tional sectors could focus on:
1. Monitoring and enforcement capacity 
2. Artisanal sector development 
3. Infrastructure improvements 
4. Industrial Processing
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Let’s suppose the Innovative Technological Plat-
form be the ship of the future, in view of a zero 
emission system. In this case, the necessary Infra-
structure for the use of such a ship will be the 
availability of properly equipped ports, for exam-
ple with adequate electrical power lines and also 
able to carry onto the ship the green fuel (i.e. 
hydrogen). Target uses will first be marine and 
maritime research people, progressively evolving 
to the passenger category (i.e. cruise ships), for 
example oriented to green tourism and other 
scenarios.

From a methodological point of view, jointly with 
the graph of Figure 3, is the question of interopera-
bility (for example, among different IORA coun-
tries), which leads to the issue of providing shared 
guidelines and standardization in view of further 
certification which in turns acts as positive factor 
for market competitivity worldwide. The result 
section will present a real example of the afore-

mentioned methodology.

3. RESULTS
Information and Communication Technologies 
(ICT) are a central pillar for the world, as the 
world is now labeled as "digital" and "global 
village". The usefulness of ICT transcends all 
sectors including the marine and maritime sector 
(A.B., 2018). Innovative and sustainable ICT tech-
nological solutions are fundamental for the 
production of clean energy, for an increasingly less 
polluted environment and for an increasingly safer 
sea (Zacharoula, 2012). Paying particular attention 
to the maritime research activity and analyzing 
what is above the sea and what is below the sea, 
we have an integrated circular vision, in which 
what is present on land can also be included.

The experience of the research project TecBIA 
(Technologies with low environmental impact for 
the production of energy on ships), co-financed by 
the Italian Ministry of Economic Development, 

led by FINCANTIERI, intends to verify the 
sustainable technology of fuel cells propelled with 
green hydrogen for naval applications by creating 
of a vessel prototype, named ZEUS (Zero Emis-
sion Ultimate Ship) with hybrid propulsion. The 
project started on 31 October 2018, and is expect-
ed to end on 30 October 2022, with a contribution 
of 5.077.000 euros. (Fincantieri, 2014/2020). The 
hull is 26 meters long and weights approximately 
170 tons. ZEUS is also equipped with a hybrid 
apparatus to be used as a conventional propulsion 
system (2 Diesel generators and 2 electric motors). 
To this apparatus are added a fuel system (130 
kW), powered by about 50 kg of hydrogen 
contained in 8 metal hydride cylinders, and a lithi-
um battery system. The ship will thus have an 
autonomy of approximately 8 hours of zero emission 
navigation at a speed of approximately 7.5 knots.

The common reference scenario of the research 
concerns the improvement of the level of environ-
mental sustainability of merchant and cruise ships, 
through the reduction of emissions of greenhouse 
gases, nitrogen oxides, sulfur oxides and particu-
late matter.

The naval prototype ZEUS was designed and 
developed following a well-defined approach that 
combined innovative technological solutions with 
appropriate and available know-how and industri-
al infrastructures. Since the beginning of the 
TecBIA project, this approach kept under consid-
eration the needs of the target uses of ZEUS. Only 
an integrated approach, like the one used for 
ZEUS, can help IORA countries identifying which 
research efforts should be prioritized and eventual-
ly funded. Figure 3 shows a three-dimensional 
representation of the recommended approach The 
innovative technological solutions and the infra-
structure are the foundations to identify an innova-
tive product or service that, with an appropriate 
funded research effort, can been built or offered in 
a well-defined short time frame (less than 5 years). 
It is important to highlight that only by identifying 
and engaging with the target uses, the results have 
the possibility to positively impact the life of the 
target uses.

The main activity of ENR (The National Institu-
tion of Italy for Standardization Research and 
Promotion), in the TecBIA project, has focused on 
the proposal of a set of regulations for the use of 
hydrogen as a fuel on board ships. In accordance 
with internationally established procedures, on the 
basis of the experience gained and the assessments 
made in the project, guidelines have been drawn 
up for the use of hydrogen as a fuel on board ships. 
The drafting of appropriate safety regulations, 
with the requirements that these types of ships 
must possess to ensure safe navigation for the 
environment and for the crew, will represent a 
fundamental element in promoting the spread of 
hydrogen as a fuel. ENR, will present the TecBIA 
project and the ZEUS naval prototype, technically 
launched on 31 January 2022 in the Castellam-
mare di Stabia FINCANTIERI shipyard, at the 
EXPO 2020 in Dubai. The ZEUS prototype ship 
produced by Italian industrial and research excel-
lence has as its main objective to propose the 
vision of a possible environment for future genera-
tions around the world. This theme recalls the need 
to respect marine ecosystems using internationally 
shared standardization processes that do not yet exist 
or that are in an initial state of conceptualization

biology, meta-omics, and ecosystem approaches) 
in an integrated framework to inform decision 
making, particularly in inherently dynamic coastal 
ecosystems.

The related amount of data is enormous and grow-
ing constantly: without doubt the “big data” para-
digm applies to marine biodiversity (Isabelle, et 
al., 2021). This means that, even more than in the 
past, it is necessary to create links with existing 
relevant information and data storage systems 
such as, for example, the ones of the Group on 
Earth Observations (GEO) and the Global Earth 
Observation System of Systems (GEOSS) and, in 
an EU perspective, the ones of the EC-ESA Joint 
Earth system science initiative.

Creating links and enabling immediate, safe and 
controlled upload, download and use of data and 
information distributed on a variety of different 
data spaces and platforms: this is all what interop-
erability of ICT system is about. Without entering 
into technical details, it requires the use common 
data exchange protocols and agreed semantics, in 
other words, a good deal of collaboration which, at 
the end of the day, is one of the scopes of IORA: 
establish a permanent collaboration among its 
members to enable a shared and sustainable 
exploitation of the Indian ocean. 

Apparently, there is nothing new: technology (in 
this case ICT) changes the way to operate it but not 
the final aim and result. However, in this case, 
there is something new and really important: pres-
ervation of marine biodiversity and sustainable 
exploitation of oceans is a global issue and it also 
should be dealt with at global level by establishing 
synergies and focused inter-ocean cooperation i.e. 
Indian ocean and Mediterranean. Interoperability 
between ICT systems would enable it, already today.

In the definition of interoperability there is an 
implicit concept that needs to be made explicit: 
standardization (Sergio, 2020). In fact, by making 
the various ICT systems interoperable (i.e. ships, 
ports, electrification of ports, transport, goods) 
they can be standardized and consequently are 
able to offer the best margins of competitiveness 
for product manufacturers, processes and services 
themselves.

5. CONCLUSION
The role of science and technology at international 
level has been discussed in this paper. In order to 
encourage development in these sectors, a meth-
odology has been introduced and it can be used to 
promote investments, in order to optimize impacts 
according to the priorities of various countries, 
obviously of potential interest in the wide interna-
tional context of IORA member states. From a 
methodological point of view, the model to be 
used for science and technology is the circular 
stemming from OECD, that sees the active 
involvement of the entrepreneur during scientific 
activity. In particular, carrying out two research 
activities in parallel: industrial research and strate-
gic mission oriented basic research.

The application of this method made it possible to 
create a quite intelligent real object, i.e, the ZEUS 
(Zero Emission Ultimate Ship).ship. The common 
reference scenario of the research concerns the 
improvement of the level of environmental 
sustainability of merchant and cruise ships, 
through the reduction of emissions of greenhouse 
gases, nitrogen oxides, sulfur oxides and particu-
late matter. Within the research project TecBIA, 
the sustainable technology of fuel cells for naval 
applications was verified through the development 
of the ZEUS naval prototype.

The ZEUS naval prototype was designed and built 
according to the chemical / physical and acoustic 
balance of the environment and is oriented 
towards marine-maritime sustainability, following 
the principles of the circular blue economy. The 
ZEUS ship is multipurpose and can be used by 
individual countries according to the priority 
needs of the target uses (i.e. for fishing, recovery 
and energy reuse of plastic marine litter, research 
in marine protected areas, silent transport of goods 
and people, underwater robotics missions such as 
the sustainable deep sea mining).

An R&D&I project such as ZEUS is not consid-
ered concluded at the end of the product realiza-
tion, but as the product is innovative, it is itself 
subject to a new cycle of R&D&I projects. Innova-
tive ships such as ZEUS will in turn require, for 
example, ports with innovative infrastructures, 

which do not yet exist and are capable of support-
ing them.

The goal is to combine the theme of environmental 
sustainability with the theme of technological 
innovation and the ZEUS ship is a quite important 
real opportunity to foster dialogue between the 
countries belonging to the large IORA basin

LIST OF ACRONYMS
ERC European Research Council
GEO Group on Earth Observations
GEOSS Global Earth Observation System of 
Systems 
ICT Information and Communication Technologies
OECD Organization for Economic Co-operation 
and Development
ZEUS Zero Emission Ultimate Ship.
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ABSTRACT
Based on their long-term experience, Federpesca 
and H.OPES Foundation can provide technical 
assistance for strengthening the fisheries sector in 
the IORA countries. The need to realise or update 
the Fisheries Master Plans could represent an 
action-oriented approach to strategic planning. 
Each Master Plan is based on the current situation 
in the subject area. The document includes an 
overview of the current state of play, knowledge 
and opportunities in the fish stocks and potential 
impacts of climate change on stocks/migration and 
other central topics related to fishing and aquaculture.

Keywords: fisheries, Indian Ocean, IORA Coun-
tries, Master Plan, Strategic planning, standardisation

1. INTRODUCTION
IORA Countries decision-makers are increasingly 
recognising that fisheries have the potential to 
contribute to the development of their countries in 
terms of revenue generation, employment 
creation, food and nutrition sectary and emergency 
preparedness. However, to date, many of the inter-
ventions have been delivered in isolation, with 
States and internal partners responding to situa-
tions rather than planning interventions in a coor-
dinated and complementary manner. 

Although the IORA Countries have made signifi-

cant progress in recent years in the development of 
fisheries, this progress, however, has not affected 
the entire development of the fisheries supply 
chain with gaps remaining in many areas, such as 
the collection and use of data, fisheries application, 
stock assessment and fishery hygiene certification.

2. TECHNICAL ASSISTANCE TO STRENG-
HTEN THE FISHERIES SECTOR
Federpesca and H.OPES Foundation can provide 
technical assistance for strengthening the fisheries 
sector and particularly to the strategic level plan-
ning for interventions in the industry. In several 
countries, the lack of an overarching strategic 
framework for the industry to which all stakehold-
ers can subscribe seriously holds back to the sector 
development. The need to realise or update the 
Fisheries and Aquaculture Master Plans in the 
IORA countries could represent an action-oriented 
approach to strategic planning. 

Using information and inputs from the several 
ministries of fisheries of the IORA Countries and 
othersources, Federpesca and H.OPES Foundation 
can give technical assistance focusing on:

1. Legal and Policy Framework
2. Stock assessment and management
3. Industrial fishing sector
4. Artisanal fishing sector

5. Landing sites, harbours and other shore-based infrastructure 

Each theme will follow the following roadmap
- Current situation in the subject area
- Analysis - Gap analysis or SWOT or similar in 

the subject area
- Action/Future plans/Recommendations
- The Experts of Federpesca will carry out all 

relevant analyses to allow technically sound and 
defensible recommendations and build a way 
forward in their areas of responsibility. 

- In addition to these specific deliverables and 
outputs, the Experts’ team will be involved in the 
technical editing process and exchanging views 
with the other experts working on the master plan.

3. One possible structure of the Master plan for 
sustainable fishing
Each Master Plan is based on the needs of the 
country it focuses on, but based on the experience 
of Federpesca and H.OPES Foundation, the struc-
ture can be resumed in the following chapters/sec-
tions, each of one focusing on a different topic, but 
tightly linked each one to the others.

• Introduction. Objectives of the document. 
Process of consultation with the private sector 
and other key stakeholders in the preparation. 

• The fisheries sector. General overview. The 
resource. Landings trends. Fleet structure. Mar-
kets and fish consumption. Existing infrastruc-
ture and value chains. Management systems. 
Law, regulation and international obligations. 
Likely impacts of climate change. 

• Private sector leadership. Export-led growth to 
be the driving force. Measures to addresscli-
mate change – mainstreamed across all themes 
Fisheries co-management Respect for internation-
al agreements. Transparency and accountability.

• Legal and policy framework. The current state 
of play. Regulatory needs. International obliga-
tions. Compliance with IOTC Management 
Measures. Internal issues, e.g. National Mari-
time Administration. Hygiene Regulation and 
Authority. Import/export regimes, taxation, 
space for fisheries co-management.

• Stock assessment and management. The 
current state of play, knowledge and opportuni-

ties. What we know/don’t know about the fish 
stocks available; how many tonnes can be 
caught; where they are, seasons etc.; historical 
information, what funding is needed to assess 
better and understand the different stocks. 
What ongoing data collection, potential 
impacts of climate change on stocks/migration.

• Industrial fishing sector. The current state of 
play, knowledge and opportunities. Fleets. 
Licenses. Further infrastructure needs. Upskill-
ing and Reskilling needs.

• Artisanal Fishing Sector. The current state of 
play, knowledge and opportunities. How does 
this need to be developed, and where? What 
additional inputs/training/co-management is 
needed to support this? Driven by the private 
sector. 

• Landing sites, harbours and other shore-based 
infrastructure. The current state of play, knowl-
edge and opportunities. Mapping of the loca-
tion of current facilities. Location, Type of 
landing facilities- linked to market needs and 
availability of fish stocks, management, invest-
ment. Map the infrastructures and potential 
investors/donors + feasibility study.

• Fisheries law enforcement - Current state of 
play, knowledge and opportunities. What size? 
How many? What political agreements are 
needed? What is the cost? What is the timeta-
ble? What is extra support needed ashore? We 
can support the Italian/European Navy and 
Coast Guard. Specifically divide to patrol capa-
bility (i.e. the ships on water) and MCS capaci-
ty looking at a host of other areas of work – not 
just patrol vessel. 

• Hygiene standards and certification. The current 
state of play, knowledge and opportunities

4. Additional potential services
Apart from the above-mentioned sectors, each 
Master Plan can be integrated to better match to 
the needs of the target country. Some of the addi-
tional sectors could focus on:
1. Monitoring and enforcement capacity 
2. Artisanal sector development 
3. Infrastructure improvements 
4. Industrial Processing
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Let’s suppose the Innovative Technological Plat-
form be the ship of the future, in view of a zero 
emission system. In this case, the necessary Infra-
structure for the use of such a ship will be the 
availability of properly equipped ports, for exam-
ple with adequate electrical power lines and also 
able to carry onto the ship the green fuel (i.e. 
hydrogen). Target uses will first be marine and 
maritime research people, progressively evolving 
to the passenger category (i.e. cruise ships), for 
example oriented to green tourism and other 
scenarios.

From a methodological point of view, jointly with 
the graph of Figure 3, is the question of interopera-
bility (for example, among different IORA coun-
tries), which leads to the issue of providing shared 
guidelines and standardization in view of further 
certification which in turns acts as positive factor 
for market competitivity worldwide. The result 
section will present a real example of the afore-

mentioned methodology.

3. RESULTS
Information and Communication Technologies 
(ICT) are a central pillar for the world, as the 
world is now labeled as "digital" and "global 
village". The usefulness of ICT transcends all 
sectors including the marine and maritime sector 
(A.B., 2018). Innovative and sustainable ICT tech-
nological solutions are fundamental for the 
production of clean energy, for an increasingly less 
polluted environment and for an increasingly safer 
sea (Zacharoula, 2012). Paying particular attention 
to the maritime research activity and analyzing 
what is above the sea and what is below the sea, 
we have an integrated circular vision, in which 
what is present on land can also be included.

The experience of the research project TecBIA 
(Technologies with low environmental impact for 
the production of energy on ships), co-financed by 
the Italian Ministry of Economic Development, 

led by FINCANTIERI, intends to verify the 
sustainable technology of fuel cells propelled with 
green hydrogen for naval applications by creating 
of a vessel prototype, named ZEUS (Zero Emis-
sion Ultimate Ship) with hybrid propulsion. The 
project started on 31 October 2018, and is expect-
ed to end on 30 October 2022, with a contribution 
of 5.077.000 euros. (Fincantieri, 2014/2020). The 
hull is 26 meters long and weights approximately 
170 tons. ZEUS is also equipped with a hybrid 
apparatus to be used as a conventional propulsion 
system (2 Diesel generators and 2 electric motors). 
To this apparatus are added a fuel system (130 
kW), powered by about 50 kg of hydrogen 
contained in 8 metal hydride cylinders, and a lithi-
um battery system. The ship will thus have an 
autonomy of approximately 8 hours of zero emission 
navigation at a speed of approximately 7.5 knots.

The common reference scenario of the research 
concerns the improvement of the level of environ-
mental sustainability of merchant and cruise ships, 
through the reduction of emissions of greenhouse 
gases, nitrogen oxides, sulfur oxides and particu-
late matter.

The naval prototype ZEUS was designed and 
developed following a well-defined approach that 
combined innovative technological solutions with 
appropriate and available know-how and industri-
al infrastructures. Since the beginning of the 
TecBIA project, this approach kept under consid-
eration the needs of the target uses of ZEUS. Only 
an integrated approach, like the one used for 
ZEUS, can help IORA countries identifying which 
research efforts should be prioritized and eventual-
ly funded. Figure 3 shows a three-dimensional 
representation of the recommended approach The 
innovative technological solutions and the infra-
structure are the foundations to identify an innova-
tive product or service that, with an appropriate 
funded research effort, can been built or offered in 
a well-defined short time frame (less than 5 years). 
It is important to highlight that only by identifying 
and engaging with the target uses, the results have 
the possibility to positively impact the life of the 
target uses.

The main activity of ENR (The National Institu-
tion of Italy for Standardization Research and 
Promotion), in the TecBIA project, has focused on 
the proposal of a set of regulations for the use of 
hydrogen as a fuel on board ships. In accordance 
with internationally established procedures, on the 
basis of the experience gained and the assessments 
made in the project, guidelines have been drawn 
up for the use of hydrogen as a fuel on board ships. 
The drafting of appropriate safety regulations, 
with the requirements that these types of ships 
must possess to ensure safe navigation for the 
environment and for the crew, will represent a 
fundamental element in promoting the spread of 
hydrogen as a fuel. ENR, will present the TecBIA 
project and the ZEUS naval prototype, technically 
launched on 31 January 2022 in the Castellam-
mare di Stabia FINCANTIERI shipyard, at the 
EXPO 2020 in Dubai. The ZEUS prototype ship 
produced by Italian industrial and research excel-
lence has as its main objective to propose the 
vision of a possible environment for future genera-
tions around the world. This theme recalls the need 
to respect marine ecosystems using internationally 
shared standardization processes that do not yet exist 
or that are in an initial state of conceptualization

5. CONCLUSION
The role of science and technology at international 
level has been discussed in this paper. In order to 
encourage development in these sectors, a meth-
odology has been introduced and it can be used to 
promote investments, in order to optimize impacts 
according to the priorities of various countries, 
obviously of potential interest in the wide interna-
tional context of IORA member states. From a 
methodological point of view, the model to be 
used for science and technology is the circular 
stemming from OECD, that sees the active 
involvement of the entrepreneur during scientific 
activity. In particular, carrying out two research 
activities in parallel: industrial research and strate-
gic mission oriented basic research.

The application of this method made it possible to 
create a quite intelligent real object, i.e, the ZEUS 
(Zero Emission Ultimate Ship).ship. The common 
reference scenario of the research concerns the 
improvement of the level of environmental 
sustainability of merchant and cruise ships, 
through the reduction of emissions of greenhouse 
gases, nitrogen oxides, sulfur oxides and particu-
late matter. Within the research project TecBIA, 
the sustainable technology of fuel cells for naval 
applications was verified through the development 
of the ZEUS naval prototype.

The ZEUS naval prototype was designed and built 
according to the chemical / physical and acoustic 
balance of the environment and is oriented 
towards marine-maritime sustainability, following 
the principles of the circular blue economy. The 
ZEUS ship is multipurpose and can be used by 
individual countries according to the priority 
needs of the target uses (i.e. for fishing, recovery 
and energy reuse of plastic marine litter, research 
in marine protected areas, silent transport of goods 
and people, underwater robotics missions such as 
the sustainable deep sea mining).

An R&D&I project such as ZEUS is not consid-
ered concluded at the end of the product realiza-
tion, but as the product is innovative, it is itself 
subject to a new cycle of R&D&I projects. Innova-
tive ships such as ZEUS will in turn require, for 
example, ports with innovative infrastructures, 

which do not yet exist and are capable of support-
ing them.

The goal is to combine the theme of environmental 
sustainability with the theme of technological 
innovation and the ZEUS ship is a quite important 
real opportunity to foster dialogue between the 
countries belonging to the large IORA basin

LIST OF ACRONYMS
ERC European Research Council
GEO Group on Earth Observations
GEOSS Global Earth Observation System of 
Systems 
ICT Information and Communication Technologies
OECD Organization for Economic Co-operation 
and Development
ZEUS Zero Emission Ultimate Ship.

REFERENCES
A.B., A. (2018). The Use of Information and Commu-
nication Technology (Ict) In Distance Education A 
Comparative Study of Kwame Nkrumah University of 
Science and Technology and University of Education, 
Winneba-Kumasi. UNIVERSITY OF GHANA, 
LEGON.

Cristina, C., Laura, A., Mioara, B., & Ciprian Ionel, T. 
(2018). Quantitative Approach to Circular Economy in 
the OECD Countries. Amfiteatru Economic, 262-277.

DNV-GL. (2019). Research sees long-term expansion 
of hydrogen for energy. Fuel Cells Bulettin, 10-11.

Fincantieri. (2014/2020). Progetti di innovazione. 
Retrieved from Retrieved from MISE PON - Grandi 
ProgettiR&S: https://www.fincantieri.com/it/innovazi-
one/progetti-di-innovazione/

Isabelle, A.-G., Kaitlyn, H., Carson, L., Delica, L.-M., 
Olawoyin, A., Beni, R., & Cuzzocrea, A. (2021). A Big 
Data Science Solution for Analytics on Moving 
Objects. Advanced Information Networking and Appli-
cations, 133-145.

Janusz, N., John, D., Sebastian, F., Turgut, G., Brendan, 
K., Wojciech, M., . . . KazI, R. (2018). Towards global 
sustainability: Education on environmentally clean 
energy technologies. Renewable and Sustainable 
Energy Reviews, 2541-2551.

PJStephenson. (2020). Technological advances in 
biodiversity monitoring: applicability, opportunities 
and challenges. Current Opinion in Environmental 
Sustainability, 36-41.

Satish, N. (2017). Digital Entrepreneurship: Toward a 
Digital Technology Perspective of Entrepreneurship. 

Entrepreneurship Theory and Practice, 1029-1055.

Sergio, S. (2020). Interoperabilità dei sistemi tra 
promesse e realtà: lo stato dell’arte. Retrieved from 

Agendadigitale.eu: https://www.agendadigitale.eu-
/documenti/interoperabilita-dei-sistemi-tra-promesse�
e-realta-lo-stato-dellarte/

SNAM. (2019). The Hydrogen Challenge: The poten-
tial of hydrogen in Italy.

Stabianews. (2022, gennaio 31). Stabianews. Retrieved 
from Fincantieri Castellammare, questa mattina il varo 
di Zeus: https://www.stabianews.it/2022/01/fincant-
ieri-castellammare-questa-mattina-il-varo-di-zeus/

UNESCO. (n.d.). How much does your country invest 
in R$D UNESCO UIS. Retrieved from Institute for 
Statistics (UIS): http://uis.unesco.org/apps/visualisa-
tions/research-and-development-spending/

UNESCO. (n.d.). How much does your country invest 
in R&D. Retrieved from Institute for Statistics (UIS): 
h t tp : / /u is .unesco.org/apps/visual isa t ions/ re-
search-and-development-spending

Zacharoula, A. (2012). Green Informatics: ICT for 
Green and Sustainability. Agrárinformatika/jour-
nal of agricultural informatics, 1-8

ABSTRACT
Based on their long-term experience, Federpesca 
and H.OPES Foundation can provide technical 
assistance for strengthening the fisheries sector in 
the IORA countries. The need to realise or update 
the Fisheries Master Plans could represent an 
action-oriented approach to strategic planning. 
Each Master Plan is based on the current situation 
in the subject area. The document includes an 
overview of the current state of play, knowledge 
and opportunities in the fish stocks and potential 
impacts of climate change on stocks/migration and 
other central topics related to fishing and aquaculture.

Keywords: fisheries, Indian Ocean, IORA Coun-
tries, Master Plan, Strategic planning, standardisation

1. INTRODUCTION
IORA Countries decision-makers are increasingly 
recognising that fisheries have the potential to 
contribute to the development of their countries in 
terms of revenue generation, employment 
creation, food and nutrition sectary and emergency 
preparedness. However, to date, many of the inter-
ventions have been delivered in isolation, with 
States and internal partners responding to situa-
tions rather than planning interventions in a coor-
dinated and complementary manner. 

Although the IORA Countries have made signifi-

cant progress in recent years in the development of 
fisheries, this progress, however, has not affected 
the entire development of the fisheries supply 
chain with gaps remaining in many areas, such as 
the collection and use of data, fisheries application, 
stock assessment and fishery hygiene certification.

2. TECHNICAL ASSISTANCE TO STRENG-
HTEN THE FISHERIES SECTOR
Federpesca and H.OPES Foundation can provide 
technical assistance for strengthening the fisheries 
sector and particularly to the strategic level plan-
ning for interventions in the industry. In several 
countries, the lack of an overarching strategic 
framework for the industry to which all stakehold-
ers can subscribe seriously holds back to the sector 
development. The need to realise or update the 
Fisheries and Aquaculture Master Plans in the 
IORA countries could represent an action-oriented 
approach to strategic planning. 

Using information and inputs from the several 
ministries of fisheries of the IORA Countries and 
othersources, Federpesca and H.OPES Foundation 
can give technical assistance focusing on:

1. Legal and Policy Framework
2. Stock assessment and management
3. Industrial fishing sector
4. Artisanal fishing sector

5. Landing sites, harbours and other shore-based infrastructure 

Each theme will follow the following roadmap
- Current situation in the subject area
- Analysis - Gap analysis or SWOT or similar in 

the subject area
- Action/Future plans/Recommendations
- The Experts of Federpesca will carry out all 

relevant analyses to allow technically sound and 
defensible recommendations and build a way 
forward in their areas of responsibility. 

- In addition to these specific deliverables and 
outputs, the Experts’ team will be involved in the 
technical editing process and exchanging views 
with the other experts working on the master plan.

3. One possible structure of the Master plan for 
sustainable fishing
Each Master Plan is based on the needs of the 
country it focuses on, but based on the experience 
of Federpesca and H.OPES Foundation, the struc-
ture can be resumed in the following chapters/sec-
tions, each of one focusing on a different topic, but 
tightly linked each one to the others.

• Introduction. Objectives of the document. 
Process of consultation with the private sector 
and other key stakeholders in the preparation. 

• The fisheries sector. General overview. The 
resource. Landings trends. Fleet structure. Mar-
kets and fish consumption. Existing infrastruc-
ture and value chains. Management systems. 
Law, regulation and international obligations. 
Likely impacts of climate change. 

• Private sector leadership. Export-led growth to 
be the driving force. Measures to addresscli-
mate change – mainstreamed across all themes 
Fisheries co-management Respect for internation-
al agreements. Transparency and accountability.

• Legal and policy framework. The current state 
of play. Regulatory needs. International obliga-
tions. Compliance with IOTC Management 
Measures. Internal issues, e.g. National Mari-
time Administration. Hygiene Regulation and 
Authority. Import/export regimes, taxation, 
space for fisheries co-management.

• Stock assessment and management. The 
current state of play, knowledge and opportuni-

ties. What we know/don’t know about the fish 
stocks available; how many tonnes can be 
caught; where they are, seasons etc.; historical 
information, what funding is needed to assess 
better and understand the different stocks. 
What ongoing data collection, potential 
impacts of climate change on stocks/migration.

• Industrial fishing sector. The current state of 
play, knowledge and opportunities. Fleets. 
Licenses. Further infrastructure needs. Upskill-
ing and Reskilling needs.

• Artisanal Fishing Sector. The current state of 
play, knowledge and opportunities. How does 
this need to be developed, and where? What 
additional inputs/training/co-management is 
needed to support this? Driven by the private 
sector. 

• Landing sites, harbours and other shore-based 
infrastructure. The current state of play, knowl-
edge and opportunities. Mapping of the loca-
tion of current facilities. Location, Type of 
landing facilities- linked to market needs and 
availability of fish stocks, management, invest-
ment. Map the infrastructures and potential 
investors/donors + feasibility study.

• Fisheries law enforcement - Current state of 
play, knowledge and opportunities. What size? 
How many? What political agreements are 
needed? What is the cost? What is the timeta-
ble? What is extra support needed ashore? We 
can support the Italian/European Navy and 
Coast Guard. Specifically divide to patrol capa-
bility (i.e. the ships on water) and MCS capaci-
ty looking at a host of other areas of work – not 
just patrol vessel. 

• Hygiene standards and certification. The current 
state of play, knowledge and opportunities

4. Additional potential services
Apart from the above-mentioned sectors, each 
Master Plan can be integrated to better match to 
the needs of the target country. Some of the addi-
tional sectors could focus on:
1. Monitoring and enforcement capacity 
2. Artisanal sector development 
3. Infrastructure improvements 
4. Industrial Processing


