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Abstract: The European Parliament Resolution of 2012 on the Resource Efficient Europe 2020
Programmed has stimulated the analysis proposed in this document. In particular, the paper takes its
cue from the planned initiatives regarding the circular transition of the economy, i.e. the
minimization of waste and environmental impacts generated by the use of materials and resources.
The analysis takes as a reference the algae for human consumption that the EU includes among the
first products recognized as “Novel food” within the food or ingredients of non-EU origin consumed
in a non-significant way before 1997 (Regulation (EC) 258/1997) [1]. Assuming the sustainability of
human consumption of algae, our paper aims to identify elements of physical and economic
measurement of circularity in the supply phase of the initial production cycle. The prevalent extra-
European origin of the algal virgin matter suggested to determine such as indicator the “balance of
the resource” from the trade quotas extra EU of algae (Primary raw materials) and of the relative first
food derivatives, i.e. agar agar and carrageenan (Secondary raw materials). This is in view of the fact
that the European Commission considers the trade quotas as information of the measurability of the
circularity of resources at the macro level (country system). The results obtained in our analysis,
through the indices of sectoral specialization, show-interesting levels of sustainability of algae by
member country. While by positive results of recent years of the material trade balance and the
economic trade balance, emerge appropriate elements of the measurability of the circularity of the
food sector under examination. These results confirm that business around the algae sector in the
European Union shows virtuous processes regarding economic, social and environmental
sustainability. These data are also preparatory to the launch of further analyses of different structural
levels of the sector itself. In fact, the measurability of the circularity that the document proposes
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consists of an approach that combine with other tools for assessing the country system. Tools whit,
as a whole, however must have a point of convergence with the evaluation of the economic and
environmental sustainability of the micro reference systems (algae chains systems), with their own
balance of circularity and from the perspective of governance processes of circularity of resources.

Keywords: novel food; algae fit for human consumption; circular economy; trade

1. Introduction

The affirmation and consolidation of international relations in the world has favored the use of
new natural products in the EU food sector, encouraging industrial policies aimed at activating
business models for innovative food products. Indeed, production initiatives are not always in line
with the operating rules and physical and climatic limits that the EU itself promotes towards the
circular transition of the economy, i.e. in the direction of minimizing waste and environmental
impacts. For this reason, in recent years, initiatives are underway in the EU (European Parliament
Resolution of 2012 on “Resource Efficient Europe” 2020 Program) [2] to acquire information on the
use of “resources”. This with the aim of developing a set of indicators to measure the performance of
“circularity”, both at the micro level as a tool to be applied to the business system and other public
and private activities and at macro level as a tool to be applied to the country system.

The opening up of the traditional economy to the international economy has brought about an
improvement in the living standards of millions of people in those countries that have benefited
above all from the evolution of the World Trade Organization (WTQ) Agreements. The reduction of
regulatory barriers (tariff and fiscal) has influenced the growth of innovative consumption models (public
opinion) and the accentuation of speculative flows of medium-short time (agri-food companies and
stakeholders). The free movement of goods has stimulated transactions from and to the European
Union of raw materials transferable to food processing [3].

In order to regulate the placing on the internal market of novel foods and food ingredients
(novelfoods), even if not used to an ‘appreciable’ extent, the Community legislator established
Regulation (EC) No 258/97 [1,4]. In particular, since 15 May 1997, this Regulation considers food
traditionally used in the EU to be safe, while foods that do not have a tradition in the EU become
novel foods following a specific authorization of the unilateral member states. Subsequently, this
authorization is instructed by Regulation (EU) 2015/2283, which provides for the centrality of
technical, scientific and administrative assessment procedures, so as to overcome market disputes
between member countries and to ensure consumers” health food in the use of Novel foods [1,5,6].

In this evolutionary context, Seaweed for fit for human consumption (hereinafter, FHC) have
found space to assert their presence on the European Union market, also through premonitory of a set
of traceable new food products (Regulation (EC) 258/1997 and Regulation (EU) 2015/2283) for
which market demand is growing strongly in the EU. This is happening in a context where the EU is
poor in algae cultivation, so the relative traceability from the point of origin is an evidence that
demonstrates the effectiveness of the resource in terms of economic and environmental sustainability [1].

This sustainable framework also applies to the semi-finished products (agar agar agar and
carrageenan) of the first industrial processing of FIIC, since as a second raw material they participate
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as integrators of a large number of foods included in the list of Novel Food (Regulation (EU)
2017/2470 establishing the Union list of novel food).

These are a number of food products for which the traceability of the original raw material is
also important in the context of the circular transition of the economy.

In this regard, a certain importance is given to the initial supply flow as the primary productive
dimension of the production cycle, for this aspect, intended as a functional tool through which it is
possible to identify indicators of initial circular measurability [7].

In this respect, international trade can provide the basis for an initial determination of the
circular measurability of the economy with regard to raw materials of non-EU origin, as it is difficult
to identify other indicators that are valid for the assessment under consideration. However, trade
quotasare the measurability tools adopted by the European Commission in the Roadmap of the “Resource
Efficient Europe” 2020 Program in the case of references at macro level, i.e. at country system level.

This circumstance is considered effective since the related international trade, like any other
macro-economic activity expressing a balance sheet, provides precise elements of measurable
circularity of the economy of the individual EU member country [8,9].

In essence, physical and economic flows of “Primary raw materials” (algae) and “Secondary raw
materials” (agar agare carrageenan), represent basic information elements for the period 2012-2018.

FHC: A short overview

The Eastern countries were the first to recognize the peculiarities of FHC, while the Western
countries have a relatively new legacyof these superfoods, mainly of change from the initial
condition of use of FHCs: i.e., dried, flaked, compressed or powdered [9].

In fact, algae are among the renewable natural resources that can also be used by transforming
them into final or intermediate goods and services (bio economy), elements that effectively represent
the food of the future because they are sustainable and nutritious (Figure 1).

Saltwater or freshwater algae are real super food (Figure 2), in fact, they contain all the essential
amino acids and their protein content is considerable, with percentages reaching 60% [10]. The
properties that many algae possess make them not only an excellent food (a2 mix of vitamins and
minerals, proteins, fats, carbohydrates and fibres) and dietary supplements, but also the raw material
for the nutraceutical and pharmaceutical industries [11].

In response to rising global demand, new cultivation initiatives are taking place in the European
Union, contributing to the increase in the global production of seaweed.

In nature there are many types of algae, divided into more than 25 thousand species that differ
according to their greater or lesser structure [12]. In fact, there are many multi-cellular (giant or
macroscopic algae) and unicellular (phytoplankton or microscopic algae) [13]. Algae live in different
aquatic habitats in the world (Figure 3) and grow in different depths, which determines the color of
plant pigments (percentage of chlorophyll). Therefore, there are macroscopic species that live on the
surface (green algae), in depth (red algae) and at an intermediate depth (brown or brown algae). On
the other hand, in almost all aquatic habitats there are unicellular prokaryotes blue-green algae, or
green-blue algae, for their virtue of being essential for living organisms as nitrogen fixers. The
European Union recognizes Chlorella (blue-green algae) and Spirulina (green-blue algae) for the use
of the latter types of algae in food.

AIMS Agriculture and Food Volume 5, Issue 1, 54-75.



57

Algae have numerous uses [14] in food directly in their original state (the well-known brown
alga Nori for sushi, etc.) or subjected to extraction (red and brown algae); stabilizing phyco colloids-
thickeners and gelling-food, among the best-known agar agar, carrageenan and alginates [15]. Algae
are used in cattle feed to help reduce carbon dioxide emissions [16].

Bewt

Carrageenan

Source FAO, 261

Figure 1. Qur elaboration to describe “Primary raw materials” (Seaweed fit for human
consuption) and “Secondary raw materials” (agar agar agar agar, carrageenan and
alginates). Source: Information and data from FAO’s 2003 document (Guide to the
Seaweed Industry) [17].
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Figure 2. Distribution of the main uses of Seaweed fit for human consuption, such:
Ingredients (such as hydrocolloids extracted or whole ingredients), nutritions (minerals,
vitamins, antioxidants) and lavour. Scheme taken from: Typical use in food (Ulster
University: Marine bio actives and health: Functional Foods) [18].
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Figure 3. Global seaweed production. Distribution of the main forms of cultivation and
average harvested quantities of algae in the world, such: Aquaculture and Fisheries.
Scheme taken from: Typical use in food (Ulster University: Marine bio actives and
health: Functional Foods) [18].

2. Materials and methods

The analysis took as a reference the imports and exports of EU member countries, for the period
from 2012 to 2018, from the Yearbook database of trade statistics (UN Comtrade). In particular, the
database refers to the codes of the Harmonized System (HS), i.e. the international standardized six-
digit system of names and numbers. In particular, the coding system [1,19,20]:

-HS 121221 Seaweeds and other algae; fit for human consumption, fresh, chilled, frozen or dried,
whether or not ground”);

-HS 130231 Agar-agar;

-HS 130239 Carrageenan Mucilages and thickeners nes.

As for alginates, we believe that they are included in HS 130239, i.e. within the scope of
Mucilages and thickeners nes. However, we believe that the lack of distinction between the two
semi-finished products does not affect the examination of the data on carrageenan.

A first important element of knowledge of the territorial context in which the reference
production process is located is the determination of the sectoral specialization [21] of a country in
relation (EU Member States) to the total of countries that make up the corresponding aggregate
economic system (see European Union).

In this respect, the Lafay index (French economist Gerard Lafay) consists of comparing a country’s
normalized net export balance with the European Union’s normalized aggregate net export balance.

In particular, in the expression shown below, the index i indicates a specific country; the
variables x and m represent-respectively-the monetary value of exports e of imports of products from
sector j, while %j is la total sum, of import and export, for a group of countries (i = 1, 2, n). That is
for the countries for which we intend to study the degree of specialization [20,21]:
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The Lafay index takes “—, 0, +” values. The result of the index if it is included in the contribution:
-positive, indicates that the country is relatively specialized;

-negative, indicates that the country is de-specialized;

-zero, indicates that the country equals exports to imports.

The production specialisation index, highlighting the importance of the resources considered in
the reference territorial context, provides different degrees of validity to the indicators of
measurability of circularity through the determination of the commercial balance sheet on physical
values and economic values [22], in particular:

-Physical trade balance-PTB, is obtained by subtracting from the actual weight of imports that of
exports: Import > Export = positive value of physical surplus of resource; Import < Export =
negative value of physical deficit of resource;

-Economic trade balance: is obtained by subtracting the value of exports from the economic value of
imports: Import > Export = positive balance; Import < Export = negative balance.

In addition, in order to measure and monitor the circular economy [23,24] in the reference
production system, the Circularity Index and the Pricing Index [7] can provide useful indications.

In particular, the Circularity Index (CI) is the ratio of imported (purchased) (V mps) second hand
raw materials to total second hand raw materials and original raw materials, expressed in physical
terms (volumes) (Vmpt ):

The second raw materials is represented by the aggregate of semi-finished agar agar and
carrageenan products; an interpretation in relation to the impossibility of being able to distinguish the
types of virgin algae from which these semi-finished products derive.

The CI index can vary between 0 and 100%. The closer the index is to the highest value, the
higher the level of circularity of the production system under examination.

As for Pricing Incidence (PI), within the virgin raw material, although not distinguishing in Un
Comtrade the different types of algae, it was chosen to determine the PI index for the semi-finished
agar agar and carrageenan products. So that the index thus determined, albeit with limited precision,
can provide useful indications on the use of possible structural interventions by type of semi-finished
product. In fact, the economic convenience of purchasing finished semi-finished products on
international markets would favour fewer techno-economic strategies based on cycles of "reuse-
repair-restoration” of products and resources. In essence, to guarantee to the economic systems of the
Member States, levels of circularity in the use of the type of algal product used.

The prices of algae, of agar agar and of carrageenan were calculate by the ratio of their
monetary values to the quantities extrapolated from the UN Comtrade source.

Pricing Incidence (PI): The ratio of the price difference of the second raw material and the
initial raw material to the price of the second raw material. In particular:

PI = [(Pmps — Pmpi)/Pmpi] x 100 (3)
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The index PI can have a positive or negative value; the purchase of the second raw material is
convenient compared to the virgin raw material when the index is negative.

Interesting is the fact that the indices under analysis allow comparisons between the member
countries of the European Union, through the use of a graphic approach that has in the immediacy
one of its main positive characteristics [25].

In addition, the average annual growth rate applied import and export trade of the algae at the
level of the EU member country provides information on the prospects for development of the algae
sector in the period under review; in particular:

[(b/a)(1/n) — 1] X100 4)

In particular, b is the value of the last year, a is the value of the first year, » is the number of years.

Finally, other indicators should supplement the results achieved by the sustainability and
circularity indicators indicated above. In order to measure the full circularity of products and
resources, in fact, it is necessary to combine the previous indicators with other indicators, among all
the health and safety indicators that the products themselves must be able to guarantee.

3. Results and discussion

A first important point of reference to highlight is the world production of algae. The data, to
2016 [25] indicate a volume of seaweed equal to 30 million tons, for a value of 11.6 billion dollars.
Asia is the main producer, led by China (14 million tons for a value of 8.6 billion dollars) and
Indonesia (11 million tons for a value of 1.3 million dollars), and followed by the Philippines and the
Republic of Korea. For the evolutionary aspects of the sector, the size of the aquaculture of marine
algae is growing, while the volume of marine algae in the last decade has remained almost
unchanged (in fresh weight, from 1.06 million tons in 2006 to 1.09 million tons in 2015).

In Europe, the collection of algae in 2016 is equal to 293324 tons; among the 28 member
countries are interesting the initiatives underway in France for the aquaculture of seaweed and the
volume of wild seaweed, equal to 18.7% of the total European Union.

The European Union’s FHC trade with third countries declares flows in a dynamic trend.

The decrease in the volume of imports into the EU, around 17% in the period 2012-2018 (Table 1).
The low interest of the first processing industry in the production of semi-finished products, agar
agar and carrageenan corresponds to the decrease in the volume of imports into the EU, around 17%
in the period 2012-2018 (Table 1). One of the reasons for the drop in imports is the increase in FHC
supply within the European Union due to the new FHC crops recently cultivated in some Member States.

On the other hand, exports of FHC increased by just over 5% in the seven-year period examined.
In this area of trade, a number of factors contribute to the upward trend. Re-exports within the EU,
transfers to third countries of FHC of the EU offer with local quality characteristics and, not least,
food preparations with FHC in its natural state. Even the world’s leading algae producers appreciate
food preparations with algae from the Old Continent.

The recent EU legislative measures on Novel Food may have influenced the highlighted trade
trends of the member countries [26] which, driven to activate new food initiatives, i.e. to increase the
levels of business already underway, are moving from traditional production technologies to
innovative improvement measures.

AIMS Agriculture and Food Volume 3, Issue 1, 54-75.



61

The economic values (Table 2), denounce annual rates of change mainly positive financial, both
for import and export. Whatever the entity of the movements, the composition effect triggered by
globalization is relevant. In fact, FHC transactions of different qualities would affect the level of
average prices. Moving on to the positioning of the production specialization of the individual 28
member countries within the European Union, the results of the Lafay index, for FHC, are shown in
Figure 4.The dynamics of the 2012-2018 period, of the Lafay index, develops along the axis of the
abscissa; in fact, the member countries oscillate between positive and negative values not far from
each other. The Netherlands and France differ from these trends; that is, in the first years of the
seven-year period under examination, the Netherlands shows clear signs of sectoral production
specialization, France strong specialization. Subsequently, for both these latter countries, there is a
progressive tendency to conform to the other EU member countries. The result is a profile of the
production system that expresses an evolving structural technological condition that affects the
member countries of the European Union to varying degrees. However, the member countries
located to the north of the EU represent the positive condition of the Lafay index; moreover, some of
the latter countries would be interested in local seaweed farming businesses [27].

Turning to semi-finished products, the Lafay index, referring to agar agar, takes on particular
significance starting from half of the seven-year period under examination (Figure 5), i.e. when most
of the Member States (twenty in number) report conditions favourable to sectoral production
specialization. This condition highlights the existence of a strengthening of technological innovation
in this sector. Italy is the only country in the European Union, which, according to the statistics used.
is not interested in importing agar agar. For carrageenan, in the period 2012-2018, the Lafay index
shows only positive levels of sectoral production specialization in 5 countries compared to the total
for the Furopean Union; in fact, Figure 6 shows a widespread evolution of production de-
specialization in the case of countries with lower technological intensity in the use of semi-finished
products as integrators in food production.

The different levels of business highlighted by Lafay’s indices, both by products and by
countries, can be useful for the introduction of sustainable management tools for production
processes, products and territories that is that take into account the challenge of the circular economy.
In this direction, the measurement of circularity provides useful elements of evaluation of
management tools starting from the procurement phase of production processes. In this direction of
common environmental sustainability, the identification of management tools supports the
measurement of product circularity, which in our case refers to the procurement phase of production
processes. Thus, the annual growth rate of the Physical trade balance indicator, referred to FHC
(Table 3), in the period 2012-2018, the resource deficit would reveal favourable circumstances for
the manufacture of semi-finished products, albeit with different intensity within member countries.
This result is in line with the corresponding FHC sectoral production specialization index, which
covered the largest number of EU member countries.
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For agar agar, Table 3 itself indicates annual growth rates based on virtuous business
circumstances in the largest number of EU countries. For carrageenan, on the other hand, the annual
growth rates for carrageenan are less lively. This is not a favourable condition for production
processes that optimist the use of this semi-finished product.

The trends in the annual growth rates of the Economic trade balance index show the same trend
as the previous index on the quantities of trade. However, the different economic situations play a
certain role in the changes that have occurred, due to the different geographical origins of the
products examined. The world market trend also influences the price levels of semi—finished
products produced in the European Union.

With regard to the measurement of the circular economy, Circularity Index referring to the
European Union, in the time horizon 2012-2018, shows a lively production sector, the production of
agar agar and carrageenan enters the circuit in the quality of second raw material in the production of
food for increasing rates (Figure 7). Instead, the Circularity Index indicator shows different levels of
utilization of these algal semi—finished products by observing individual EU member countries (Figure 8).

The Pricing incidence for agar agar (Figure 9) shows cheaper annual growth rates if the
semi—finished product is purchased on the international market for use as a second raw material,
rather than being product realized in the European Union from the use of FHC. For carrageenan, in
most EU Member States, most of the Pricing incidences are negative (Figure 10). Therefore, the
economic convenience is from the market.

Finally, Figure 11 allows formulating hypotheses of growth of algae imports, and less active
hypotheses in correspondence of the export of algae of the European Union's crops origin. This
would highlight food uses of algae FHC in their natural state on the EU. At the same time, it testifies
to the industrial transformation of the natural origin algae FHC, which is quite dynamic. This
increasingly pushes, on the one hand, towards climate security respect, on the other hand, to
accelerate the so-called circularity rate of the economy of the countries of the European Union.
Moreover, it cannot escape careful observation that most algae are subjected to journeys of hundreds,
or rather thousands, of kilometers.

%

2012 2013 2014 2015 2016 2017 2018
Source: UN Comtrade.

Figure 7. Increasing evolutionary trend of the percentage values of the Circularity index
due to the virtuous industrial use of “second raw material” in the EU.

AIMS Agriculture and Food Volume 5, Issue 1, 54-75.
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4. Conclusions

In essence, as can be seen from the comparison of indicators to measure the circularity of algal
products, the food industry in the European Union is lively. This encourages innovations in food
processes aimed at the production of new products that periodically update the list of Novel foods.
The list novel food compiles all the authorized novel food in the European Union to date
Commission Regulation (EU) 2019/1272 of 29 July 2019 correcting implementing Regulation (EU)
2017/2470 establishing the Union list of novel food.

The more production processes are able to develop technological innovations in resource
efficiency; the more the transition to a circular economy is facilitated. The new food products
examined in our study contribute to creating innovative and more efficient business opportunities
and production methods as well as creating new opportunities for employment, integration and social
cohesion that save energy.

Although further research is needed in the future, our study has highlighted the progressive
cultural and structural change needed in the transition to a circular economy that respects food
security and health consumers [27].

The support of an effective regulatory apparatus in terms of circular economy, lean and
stimulating for economic operators, could liven up the current trend towards the aforementioned
change. In fact, common measurability criteria of the circular economic make expectations more
effective eco sustainable.

Faced with the sustainable economic, social and environmental effects that the algal sector has
developed in the economic systems analysed in our study, it seems essential that the measurability of
macro circularity should be complementary to the micro circularity. The measurability of circularity
at the micro level is required in a context where natural algal resources are use in a range of
industrial alternatives and not only for food production. Consequently, it is necessary to strengthen
the analysis of enterprises in order to have a point of convergence on the commercial strategies
adopted and to encourage a reciprocal exchange of results. The microanalysis is important for the
final circularity of resources, thus minimizing waste and the possibility of recycling waste that can be
generate by algal processing activities. Instead, the measurability at the macro level of international
trade can provide elements able to quantify the level of physical and economic movements and give
the measure of the business that can develop in the EU with the possible environmental
consequences that may result.

Finally, the support of an effective regulatory framework on the circular economy could
streamline procedures and stimulate economic operators in the virtuous direction of economic
production activities, reviving the current trend of change. Common criteria for measuring the
circular economy would make eco-sustainable expectations more effective.
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