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Preface

One of the overarching objectives of the functioning of food supply chains, both
nationally and globally, is to achieve sustainability. This is done by guaranteeing
food security in terms of quantity and quality at national level while reducing
adverse environmental impacts. In conditions of uncertainty caused by a number
of factors (including random events such as the coronavirus pandemic or armed
conflict), it becomes difficult, if not impossible, to meet the above assumptions. In
addition to random factors, the future functioning of food supply chains will be
affected in the coming years by increased environmental volatility resulting from
growing social (migrations), economic (global shifts in economic power) and cli-
matic (global warming) problems.

Recent events related to the COVID-19 pandemic, and the war in Ukraine,
are leaving a lasting mark on supply chains, changing previous logistical para-
digms. As a threat from outside the economic system, COVID-19 instantly trans-
formed global supply chains: in addition to other issues, it became more difficult
to transport, monitor and control products between different locations around
the world. In turn, the war in Ukraine, one of the world’s largest cereal producers,
has dramatically reduced the supply of cereals in global markets. As a result, cere-
al supply chains (especially those destined to Africa) have been disrupted, causing
significant shortages of these products. Also, from an economic perspective, this
resulted in skyrocketing prices of raw cereals on global commodity exchanges.

Faced with temporary food shortages, consumers are beginning to appreciate
what is local: accessible, safer, proven and tested. They are also changing their
shopping habits, especially in terms of how they shop and what type of products
they put in their basket. These changes are manifested by an increase in online
sales and by the consumers buying more but less frequently. However, irrational
shopping and increased food wastage are becoming a negative effect of these de-
velopments.

In view of these issues, and having in mind that policymakers can influence
the regulatory environment, the first Chapter presents the link between the EU
Green Deal policies and innovation in agribusiness. Innovation activities have
implications all along the agricultural food supply chain. Environmental safety
and food safety regulations are important for innovation in agribusiness; while
adjusting these policies will be challenging, it is an important enabler of Green
Deal objectives.



The next Chapter is about the Fair Trade movement which emphasizes the
importance of responsible consumption because of the consequences it has for
producers, the environment and the society. The Chapter identifies grounds for
changes and checks the way they are determined by consumer attitudes and in-
formed decisions to buy Fair Trade products.

The third Chapter presents a case study of the local production chain of ‘Ana-
dara tuberculosa’ shellfish, involving three links: shellfish gatherers, wholesalers
and retailers, as well as restaurants, cevicherias, cocktail bars and the like. The
Chapter concludes with recommendations that can improve sustainability, com-
petitiveness and potential for production and commercialization in the interna-
tional market.

The fourth Chapter presents the particularities of maritime transport of agri-
cultural machinery and equipment as a link in the whole logistics supply chain of
food. It presents the most widespread and most important principles for trans-
porting machinery as containerized cargo.

Another key aspect for the sustainable development of supply chains is the
proper education of human resources for the transport, forwarding and logistics
(TFL) sector. The Chapter presents how human resources training evolves in re-
sponse to advances in technology, IT and robotics and to environmental require-
ments.

The last Chapter indicates the role and place of logistics in the implementation
of strategic sustainable development goals of an agricultural enterprise. Further-
more, it presents the author’s methodological proposals for measuring the sus-
tainability of logistics in agricultural businesses. As the next step, it evaluates the
efficiency of transport processes in agricultural enterprises from the perspective
of CO, emissions. A definition of agri-food logistics is also put forward based on
LSR concept and on a new approach which proposes that the classical model of
logistics be extended with one more aspect, the right environmental responsibility
(7R > 8R).

Karol Wajszczuk
Magdalena Kozera-Kowalska
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Innovation in agribusiness: the European Green Deal
and agriculture food supply chains

Justus Wesseler
Agricultural Economics and Rural Policy Group, Wageningen University, The Netherlands
ORCID: 0000-0002-6009-8543

e-mail: justus.wesseler@wur.nl

Abstract

Innovation in the agribusiness sector depends on the irreversibility effect. The irreversibility effect de-
pends strongly on the regulatory environment. Innovation in agribusiness will be important for achieving
the objectives of the European Green Deal. Policy makers can influence the regulatory environment. This
contribution shows the link between the EU Green Deal policies and innovation in agribusiness. The inno-
vation activity has implications along the whole agriculture food supply chain. Thus, regulatory polices
affect the whole supply chain as well. For innovation in agribusiness important regulatory policies are en-
vironmental safety and food safety regulations. Adjusting these policies will be a challenge, but important
for achieving the Green Deal objectives.

Keywords: agribusiness, EU policy, innovation, irreversibility, supply chains, uncertainty

JEL: K, 0,0

Introduction

OECD countries have experienced substantial growth in the agribusiness sector
since the Second World War. Similar developments were observed in China and
other Eastern Asian countries when they started to open up their economies in
the 1980s and 1990s, as well as in Africa and Latin America (Barrett et al., 2019).
The development of the agribusiness sector was more successful in some countries
than in others. This success was mainly driven by political factors that determined
the extent to which the adoption of innovations was supported. Innovation is un-
derstood here as a new idea that can but does not necessarily result in something
new, such as a new production method, a new product, a new business strategy,
or a new way of organizing production.

The historical perspective tells us that political or institutional factors, in gen-
eral, are important for the adoption of innovations, an important driver of eco-
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nomic growth. This importance is underlined by the quest for sustainable de-
velopment, where development (and not growth) has become important, while
sustainable development does not exclude growth but includes a wider perspec-
tive that considers opportunity costs (Arrow et al., 2004).

The adoption of innovations assumes the availability of innovations. Innova-
tions need to be generated to become available. The generation of innovations in
the agribusiness sector is the focus of this chapter. This sector is understood as
a sector that converts biological resources into products that serve human needs.
This includes the whole supply chain, from primary production to final consump-
tion, including forward and backward links with other sectors of the economy.
There are no sharp boundaries within the sector. Depending on the question be-
ing asked, the focus can be on one part of the sector, such as farms in general or
dairy farms in particular, food processors, food retailers, food consumers, organ-
izational structures, business models, and more.

In this contribution, I do not present new empirical evidence or new descrip-
tive statistics, but I do refer to them where they help illustrate my argument.
Therefore, the aim of the chapter is to show the links between innovation in ag-
ribusiness and the European Union (EU) policies under the Green Deal. These
policies have a strong impact on the agriculture and food sectors. As I will argue,
achieving the objectives of the Green Deal requires innovation in agribusiness.
The chapter is organized as follows. In the next section, I discuss the importance
of uncertainty and irreversibility in innovation. In the third section, I link in-
novation in agribusiness with Green Deal policies. I conclude by discussing the
research agenda emerging from the Green Deal for innovation in agribusiness.

Importance of uncertainty and irreversibility
for innovation in agribusiness

An innovation is something that is new. Something that did not exist before. An in-
novation not only has to be new; it also has to be successful. It has to be better than
what was there before. It not only has to be better; it has to be better for many. This
“better for many” brings in the element of uncertainty. I might consider an idea to
improve on what is already there, but others might or might not share this view. This
is not a problem if all the costs I face in developing my new idea are completely re-
versible (i.e., I do not lose anything). A case in which all investments made are com-
pletely reversible is difficult to imagine. If time has opportunity costs, it is difficult
to imagine how the time I spent developing an idea into an innovation can be re-
versible. This may apply to other resources. Arrow and Fisher (1974) introduced the



concept of quasi-option value into the literature. The example they used to illustrate
quasi-option value was the conversion of a nature reserve into an area for develop-
ment. Before the area is developed, there is uncertainty as to what extent the devel-
opment will be successful. Another uncertainty is related to the preservation value
of nature preserves. This uncertainty might change over time. If the nature preserve
is converted into a development area, and it later turns out, for example, that not
enough people are willing to buy houses, it would have been better to further pre-
serve the nature preserve; converting the area back to its initial state is impossible.
The area can be renatured, but not at zero cost, and not to its exact original state.
Thus, developing the area has costs that can be considered irreversible. These costs
weigh more than reversible costs if new information about the opportunity costs of
development is expected to become available over time, uncertainty resolves, and
decision makers can be flexible about the timing of the decision. This is basically
always the case. Or, to put it differently, it is difficult to imagine a situation in which
new information does not become available, and all costs are reversible. The higher
weight of irreversible costs in comparison to reversible costs has been called the
irreversibility effect in the literature.

The approach presented by Arrow and Fisher is similar to the one derived from
the evaluation of financial options, the real option approach (see e.g. Dixit and Pin-
dyck, 1994 or Trigeorgis, 1996). Linking this approach to innovations in agribusi-
ness, the decision is not to innovate now or never but to innovate now or at a later
point when more information becomes available. The trade-off is that while waiting
for more information, benefits might be foregone (Wesseler and Zhao, 2019).

The irreversibility effect can explain a number of behaviors toward innovation
in agribusiness. Commodity price uncertainty can be reduced by using forward
contracts. Vertical integration in the supply chain has a similar effect. In particu-
lar, where the prices for new products are difficult to secure via forward contracts
in the stock market, vertical integration via contracts with buyers can reduce un-
certainty and increase incentives to innovate. Other examples include horizontal
and vertical licensing agreements and leasing contracts. The irreversibility effect
also gives rise to the hold-up problem. If contracts with buyers have been signed,
and engaging in the contract requires substantial irreversible investments, the
buyer may at a later stage reduce the price knowing that the supplier has almost
no choice other than to comply to at least cover the fixed costs. Cases have been
reported for contracts with retailers. For retailers, such behavior comes at repu-
tational costs, with potential damage in the longer run (Karantininis et al., 2010).

Policies can also have a strong effect on incentives to innovate. Many of the
innovations in the agribusiness sector are regulated for food and environmental
safety. They often include costs for receiving approval for introducing new prod-

11



12

ucts. These approval costs can be considered irreversible (Wesseler et al., 2022).
They include not only the direct costs for generating the information approval but
also the time length of the approval process. Each additional month or year delay
in approval time delays market entry. Approval policies can also differ by juris-
diction and either increase or decrease the size of the market. Studies have shown
that the irreversibility effect of approval polices can be substantial (Wesseler et al.,
2022). Approval must not only be seen as a cost. Approval of new products also
provides a positive signal. The product complies with requirements, and in the
case of safety assessments, it can be considered safe. This often reduces the costs
of ex-post liability in case safety issues arise. The regulator and the agribusiness
sector both face the problem of the right balance between ex-ante safety regula-
tion and ex-post liability. Depending on the agribusiness company position in the
market, some prefer more stringent regulations for innovation to keep competi-
tion out, while others might prefer less stringent regulations to keep the costs of
innovation low. Wesseler et al. (2019) reported on the results of a survey of the
Dutch seed industry in response to the judgment of the Court of Justice of the EU,
in which the differences in assessment of the ruling depended on the position of
the seed company in the market.

In general, one can think of modeling incentives to innovate by considering four
stages: 1) research and development, 2) approval, 3) market, and 4) ex-post liability.
All of these stages are characterized by uncertainty in costs and benefits and differ-
ences in time length, where the length of the different stages and related costs may
overlap. A large share of the research and development costs and of the approval
costs can also be considered irreversible. The research and development or improve-
ment of a food product may take some time. Although this phase has not been com-
pleted, a company may start the approval process. While the approval process has
not been completed under certain conditions, companies may have the right to sell
their products under certain conditions, such as emergency authorization for plant
protection products in the EU (European Commission [EC], 2021).

As several authors have pointed out (Boehlje et al., 2011), the agribusiness sec-
tor is characterized by complex supply chains, where the upstream sector includes
many small and medium-sized actors (many small and medium-sized farms),
while further down the supply chain, the number of actors decreases substantial-
ly to a few retailers dominating the market. This structure causes difficulties for
innovations that rely on tracking and tracing products along supply chains from
the retailer back to the producer, such as for organic-labeled products (ibid.). This
increases the difficulties for innovations requiring such mechanisms.

In the historical context, one might be tempted to conclude that competition
in the agribusiness sector has decreased over time as the number of food proces-



sors and retailers has declined. One might also conclude that this has increased
downstream market power. A study by Acemoglu and Azar (2020) showed how
innovation via network effects supports sustained economic growth. Their empir-
ical evidence for the United States shows that the number of suppliers for inputs
has increased over time. Supply chains have become more complex. Companies
can choose from a wider range of input materials and input suppliers than they
could in the 1960s. This suggests that competition has increased. This is also re-
flected in the sharp decline in the farm share of consumer expenditures on food in
the United States (Barrett et al., 2019). The vertical organization of agriculture and
food production has increased with economic growth, and agriculture and food
supply chains have become longer measured by the number of agents involved.
Moreover, the value added has moved along the supply chain and has to be shared
by more than one agent. Relatively less value added remains on the farm and more
with downstream agribusiness that operates beyond the farm.

Innovation in agribusiness and the EU Green Deal

The European Green Deal is a major policy objective of the van der Leyen Com-
mission of the EU. The Green Deal includes a number of strategies for achieving
its objectives. For the agribusiness sector, the farm-to-fork strategy and the bi-
odiversity strategy are the most important, as they directly impact agricultural
production. Nevertheless, other strategies also directly or indirectly impact the
agribusiness sector. Table 1 lists some of the strategies and the specific objectives/
interventions and implications for innovation.

Table 1. EU Green Deal policies and their opportunities and threads for agribusiness

Agribusiness

Interventions/Objectives :
opportunity

Policy/Strategy Agribusiness thread

EU Green Deal Policy

No net emissions of green-
house gases by 2050

EU's climate, energy, trans-
portation, and taxation
policies fit for reducing net
greenhouse gas emissions
by at least 55% by 2030,
compared to 1990 levels.

Innovations reducing
greenhouse gas
emissions receive
additional support.
The Green Deal sup-
ports agribusiness

in the bioeconomy.
Alternatives to ani-
mal-derived products
increase in compara-
tive advantage.

Agribusiness emitting
greenhouse gases
face higher costs for
compensating emis-
sions. Comparative
advantage of foreign
competitors might
increase, depending
on the effectiveness of
carbon border adjust-
ment mechanisms.

13
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Table 1. Condt

Farm-to-fork Strategy

At least 25% of agricultural
land is under organic farm-

ing management, and the
uptake of agro-ecological
practices is significantly
increased.

Supports policies at
the member state
level for organic
agriculture. Supports
organic agriculture in
general.

Decline in the prices
for organic products
via an increase in
quantity.

The risk and use of chemi-
cal pesticides are reduced
by 50%.

The use of more hazardous

pesticides is reduced by
50%.

Supports agribusi-
ness developing
non-chemical plant
protection products
such as biological
control mechanisms.
Supports organic
agriculture.

Fewer opportunities
for agribusiness in-
volved in developing,
producing, and trading
chemical pesticides.

The loss of nutrients from
fertilizers is reduced by

50%, resulting in reduction

in the use of fertilizers by
at least 20%.

Supports agribusi-
ness developing
organic fertilizing
compounds. Supports
organic agriculture.

Fewer opportunities for
agribusiness involved
in the development of
inorganic fertilizer.

The overall EU sales of
antimicrobials for farmed

animals and in aquaculture

are reduced by 50% by
2030.

Support agribusiness
developing dis-
ease-resistant ani-
mals, animal health
improving animal
husbandry methods,
and raising farm ani-
mals according to the
organic standards.

Feed companies us-
ing antimicrobials in
their supplies have to
change their feed com-
pounds. Agribusiness
trading antimicrobials
lose market share.

Per-capita food waste at
retail and consumer levels
is halved by 2030.

Supports agribusiness
developing waste
reducing solutions.
Supports just-in-time
delivery models and
food packaging com-
panies.

Fresh food sector have
to adjust their business
models to reduce
waste.




Farm-to-fork Strategy

At least 10% of agricultural
area is under high-diversity
landscape features.

Biodiversity Strategy

By 2030, significant

areas of degraded and
carbon-rich ecosystems
are restored; habitats and
species show no deteriora-
tion in conservation trends
and status.

At least 30% of degraded
and carbon-rich ecosys-
tems reach favorable con-
servation status or at least
show a positive trend.

Agribusiness devel-
oping eco-friendly

solutions. Supports
organic agriculture.

Agribusiness involved
in maize production
may face a decrease
for their markets.
Decline in areas for
the use of chemical
pesticides.

Green Deal related:
Rules for companies to
respect human rights
and environment in
global value chains

AII'EU limited liability com-
panies of substantial size
and economic power (with
500+ employees and EUR
150 million+ in net turnover
worldwide) must have

a plan to ensure that their
business strategy is com-
patible with limiting global
warming to 1.5 °C, in line
with the Paris Agreement.

Small companies are
exempted, and their
relative competitive-
ness can increase.

Large companies may
have to change their
mode of production,
resulting in a cost
increase. Foreign
companies’ compar-
ative advantage may
increase depending on
the effectiveness of
carbon border adjust-
ment mechanisms.

Source: European Commission (2019a; 2013b; 2022).

These strategies affect the entire agriculture and food supply chain. This, for exam-
ple, is illustrated by the requirements for reducing pesticide and fertilizer use as
part of the farm-to-fork strategy, as well as the objective of reaching at least 25% of
agricultural land under organic farming management. Important questions that
arise out of the farm-to-fork and biodiversity strategies are to what extent this will
affect the agriculture and food supply chains and related innovations.

All four models mentioned in Box 1 are affected by the Green Deal. The im-
portant question is to what extent the Green Deal policies contribute to the overall
objective of reducing greenhouse gas emissions to 25% of the 1990 levels by 2030
and carbon neutrality by 2050. From the listed objectives and interventions, it is
evident that changes in agribusiness will be necessary to achieve the Green Deal
objectives. These changes not only require new ideas. New ideas must be translat-
ed into innovations that reach the market and are widely implemented.

15
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Box 1. Agriculture and food supply chains

One view is that these chains start from agricultural production by processing agricultural products
into food products sold to consumers via retailers. Another view of agriculture and food supply chains
includes upstream sectors, such as those that produce inputs for the agricultural sector. Examples are
the seed, pesticide, and fertilizer industry, the plant and animal breeding sector, and similar industries.
A third view also includes the research and development sector and its contributions to agriculture
and food production. A fourth view includes considering circularity in the agriculture and food supply
chains, where some of the byproducts that originate from agricultural production and food processing
are fed back into the production process. An example is the use of straw to generate biofuels or bioen-
ergy. Other examples include the use of manure for bioenergy production and/or conversion into ferti-
lizing products. A big difference is that the first three are linked to what has been called linear models,
while the last example relates to circular models.

One possibility is to use innovations that have been implemented in one place
and transfer them to other places. In the EU, substantial productivity differences
exist in agriculture between member states. Reducing the difficulties of technolo-
gy transfer has the potential to substantially increase food production. In organic
agriculture, the standard output per unit of agricultural area in the Netherlands
is three to four times above the EU average (Eurostat, 2016). There seems to be
a large potential to increase output using existing technologies. Although other
EU member states might not be able to achieve the same standard output as in
the Netherlands, the huge differences illustrate the potential for innovation in the
organic sector. Similar differences have been observed for other forms of agricul-
ture. Often, institutional factors, such as access to land, regulations, or local in-
frastructure, are limiting factors (Ciaian and Swinnen, 2006; Larsson et al., 2013).
While there is the potential to increase the output of organic agriculture, this of-
ten comes at the cost of the quantity produced per unit of land in comparison to
other forms of agriculture. New developments in biotechnology are seen as one
possibility for increasing the productivity of organic agriculture. Innovations by
the agribusiness sector in this direction can contribute to increasing the share of
land allocated to organic agriculture and reducing the potential decline in output
(Purnhagen et al.,, 2021).

Innovation is not only needed in organic agriculture. In addition, other forms
of agriculture must innovate to reach the objectives of the farm-to-fork strategy
(see Table 1). Reducing pesticide and fertilizer use is expected to reduce agricul-
tural output in the EU, as several studies have shown, if innovations are not made
(Wesseler, 2022). Again, translating new developments in modern biotechnolo-
gy into innovations by the agribusiness sector that reach the market can provide
necessary adjustments. In general, enabling the agribusiness sector to develop the
innovations needed can be stimulated by reducing the irreversible costs related



to developing innovations and increasing potential markets. In particular pub-
lic-private-partnerships have increased in importance for reducing investment
costs and stimulating investments for applications using modern biotechnology
(Rausser et al., 2021). One of the major difficulties in the EU is adjusting regula-
tory policies to enable the application of modern biotechnology via public-pri-
vate-partnerships (Purnhagen, 2019).

Proposals for innovative and regulatory action in agribusiness

Many of the new solutions that can contribute to achieving the objectives of the
Green Deal rely on the use of modern biotechnologies. Many of these solutions
are regulated by the EU. The level of regulation substantially increases develop-
ment costs. In particular, the costs that are related to market approval. In the EU,
they are relatively high compared to other jurisdictions (Jin et al., 2019). The ap-
proval costs not only include the direct costs by the agribusiness sector for gener-
ating the data required by the agencies assessing a new technology. Approval costs
also include the time length related to approval. The shorter the time length, the
earlier the product will enter the market, and the earlier agribusinesses offering
the product will be able to generate income. The approval procedures also have an
impact on the size of the market that can be reached. Depending on the approval
process, agribusinesses might get approval for an individual member state, for
some member states, or for the whole of the EU (Purnhagen and Wesseler, 2021).
Therefore, the approval process has implications for incentives to invest in the de-
velopment of new technologies. Unfortunately, as stated, the approval costs in the
EU are much higher than the approval costs in other jurisdictions. This generates
a disadvantage for the EU in attracting agribusiness investments for solutions that
are important to the region.

If we look at the supply chains, including the aspects of circularity, we can
observe that the farm-to-fork strategy as well as other European Green Deal strat-
egies strongly support the development of the circular bioeconomy or circularity
within agriculture and food supply chains (Kardung et al., 2021). The recycling
and processing of byproducts have received substantial policy attention, as well
as support for developing markets and solutions. There is also a strong interest
in developing business models that support circularity in supply chains. This in-
cludes, for example, leasing equipment as well as support for developing organic
fertilizing products. Nevertheless, the development of solutions will take many
years. However, this provides new opportunities for agribusiness (ibid.).

17



18

An important trend in technological innovation is related to the development
of alternatives to animal products, such as meat and milk. Alternatives include
plant-based products, such as burgers from peas, oat milk, almond milk, and
more. An increase in this market, particularly if it is related to substituting meat
consumption and thus supporting dietary changes, can have a strong positive
impact on sustainable development. The market for these products is strongly
increasing, but in absolute numbers, the market share of these food products is
still relatively small. The market share for plant based meat was below 1% of the
total meat market for Germany measured by turn over in 2020 (Statista, 2022).
On the positive side, there seem to be opportunities for the agribusiness sector to
substantially increase the market for these products. The market also goes hand in
hand with the demand for higher animal welfare standards. This trend is support-
ed by innovative marketing tools directly linking consumers and producers, as
well as the rise of home delivery. While this market is increasing, the agribusiness
sector faces the challenge of translating the higher costs of complying with tough-
er environmental standards into higher prices (Venus et al., 2018). The design of
the regulations for complying with higher standards and the organization of the
supply chain are important driving factors for innovations (Castellari et al., 2018;
Ghozzi et al., 2018; Smith et al., 2021).

Discussion and conclusion

Innovation in the agribusiness sector is important for achieving societal objec-
tives. The EU Green Deal is one of the most important examples at the EU lev-
el. At the global level, the sustainable development goals and objectives of the
United Nations (US) Food System Summit are significant examples (Singh et al.,
2021). The innovations generated and the speed with which these innovations
reach the market depend on the irreversible costs and uncertainties related to
a specific innovation. The irreversible costs and uncertainties depend on the tech-
nical specificities of the innovation as well as the institutional environment, in-
cluding policies. Policies can have a substantial impact on incentives to innovate.
The approval costs for innovations to reach the market are an important driver.
Policymakers can largely influence these costs via the policy choices made. In the
agribusiness sector, food and environmental safety policies are perhaps the most
important. Innovations that are very promising include information and com-
munication technologies, such as artificial intelligence, precision agriculture, and
block chains. Property rights, such as data ownership and security, deserve atten-
tion for securing accessibility and protection. Another very promising innovation



is the progress observed in modern biotechnology. Here, environmental safety
and food safety are important. The views on the right level of property rights pro-
tection and environmental safety and food safety differ among policymakers, civil
society, and the agribusiness sector, and between those groups. Although views
also differ among scientists, there is wide consensus that innovations are neces-
sary for achieving different societal objectives and, in particular, those related to
food systems transformation. Policies that reduce the irreversible costs of innova-
tion in the agribusiness sector can have a strong stimulus. Policies can also direct
innovation. Legal requirements, such as those related to complying with sustaina-
bility objectives, can stimulate the agribusiness sector to direct innovations in this
direction. Innovation in the agribusiness sector is related not only to technical
change, as shown in the two examples above. New business models, including
organizational design, are also important innovations. They include increasing
the level of circularity in resource use. Examples include licensing and leasing
agreements for the use of technologies, such as machinery or biotechnologies.
New business models play an important role in renewable energy production and
the use of modern biotechnology. Recent events, namely, the COVID-19 pandem-
ic and the war in Ukraine, have highlighted the importance of the agribusiness
sector for food and energy security. Long supply chains developed over time are
vulnerable to external shocks. Increasing the resilience of the agribusiness sector
to these shocks deserves attention. Innovations that increase the flexibility of the
agribusiness sector in responding to these shocks deserve attention. Although the
sector has its own incentives for developing solutions, the policy sector can also be
supported by, for example, simplifying shifting trade via international trade agree-
ments and ensuring diversity among suppliers. Policymakers can also stimulate
innovations in agribusiness that shorten supply chains.

This will be a challenge for the European Union. The Green Deal has very
ambitious objectives. The reduction in pesticide and fertilizer use without addi-
tional innovations in agribusiness is expected to reduce the food supply in the
EU. Not only the quantity of food produced but also the variety is expected to
decline. Several authors (e.g. Noleppa and Cartsbug, 2021; Smyth and Wesseler,
2021) have pointed out that recent developments in modern biotechnology are
important for innovation needed in the agriculture and food sector to attain the
objectives of the Green Deal without increasing food and bioenergy prices. Re-
ducing the regulatory hurdles for innovations in animal and plant breeding and
the use of microorganisms has high potential for developing solutions that allow
us to achieve the Green Deal objectives. There are valid concerns related to the
implications this may have for environmental and food safety. These concerns
need to be considered. Several authors (Smith et al., 2021) have suggested that
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regulatory hurdles can be reduced without reducing the level of safety. Examples
include harmonizing safety assessments that increase the market for innovation
and reducing time delays that do not contribute to increased safety.

Although I have stressed the importance of regulatory policies for agribusi-
ness incentives to innovate driven by their strong impacts on the irreversibility
effect, there are still a number of open questions. Acemoglu and Azar’s (2020)
contribution to endogenous production networks predicts endogenous growth
via horizontal and vertical spread of technical change. They assessed endogenous
production networks for the United States at a relatively high level of aggrega-
tion. Investigating this for different sectors, and, in particular, for the agribusiness
sector across countries, can provide important insights into how fast and wide
innovations spread within an economy. The authors included distortions caused
by regulations, taxes, and more. A more detailed treatment of regulations, such
as those facing the agribusiness sector, might provide more detailed insights into
their impact on endogenous growth, as well as if the agribusiness sector is impact-
ed differently from other sectors and if within the agribusiness sector differences
exist and what might cause these differences. This requires a more detailed data
set than the one Acemoglu and Azar used for their study. The improvement in
data availability should allow us to conduct more differentiated assessments. More
detailed empirical studies on the impact of the irreversibility effect on incentives
to innovate in the agribusiness sector are rare. In particular, studies that allow
comparison of the effects are lacking. The methodology for conducting such stud-
ies from the theoretical as well as empirical perspective is only starting to emerge.
More research in this direction will be promising, as this will allow us to get better
insights into the effects of agriculture policies and Green Deal - related policies
in particular on sustainable development. The transformation of the food system
toward a higher level of sustainability has been emphasized not only by the Euro-
pean Commission but also by the UN at the Food System Summit. Thus, research
on stimulating innovation in the agribusiness sector will not only deepen our sci-
entific knowledge but may also provide important insights for policy.
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Abstract

The Fair Trade movement emerged in contradiction to a traditional approach to economic considerations
dominated by classical and neoclassical schools. Fair Trade places emphasis on responsible consumption
because of the consequences it has for the producers, the environment and the society. The purpose of
this chapter is to identify grounds for changes and see how they are determined by attitudes of con-
sumers who make informed decisions to buy Fair Trade. The values meets the postulates of sustainable
development concept, which call for thinking of global consequences of local actions (act locally, think
globally). The market analyses carried out in this paper suggests that demand for Fair Trade products
can be expected to continue to rapidly grow in the next years as an accompanying process to economic
growth. Moreover, contrary to the initial meaning of the movement to the countries of the South, contin-
ued growth in global demand can be generated by new players of the worldwide market in both the North
and the South. This is accompanied by economic growth of the South being much faster than in developed
countries and by sustainable development goals being strongly promoted in political programs of the
global society. The new responsible consumption patterns are also seeping faster into the consciousness
of those consumers who emulate the consumption patterns and lifestyles of developed countries.
Keywords: Fair Trade movement, sustainable development, Fair Trade market, Fair Trade consumers
JEL: F13, F63, 001

Introduction

The Fair Trade movement emerged in contradiction to a traditional approach
to economic considerations dominated by theoretical assumptions of classical
and neoclassical schools. Seemingly, their underpinning ideas did not consider
morality to be part of economic analyses because the assumption was made that
the market makes an optimum allocation of resources when the consumers and
the producers maximize their own selfish interests. However, the foundations of
these assumptions are laid down by a common acceptance of individualist ethical
systems and utilitarianism—the prevailing concepts of the British culture at the
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time of consecutive industrial revolutions (Pieikowski, 2013). It can therefore be
only concluded that when it comes to economic activity, Fair Trade breaks with
those generally accepted criteria for assessing market behaviors and with insti-
tutions supporting individualist ethical systems. Instead, it places emphasis on
responsible consumption because of the consequences it has for the producers,
the environment and the society. As another key aspect, Fair Trade does not re-
ject free-market trade mechanisms but only identifies other grounds for decision
making both at consumer and producer levels. Hence, Fair Trade is consistent
with sustainable development principles as it shows the global impact of day-to-
day local actions and the role of responsible consumption in sustainable develop-
ment from a “global village” perspective.

The liberalization of economic activity (including trade), an idea advocated
by classical economists, was accompanied by a general belief that free trade is
the most efficient and fair mechanism of resource distribution based on mutual
benefits to all parties. However, in practice, it faces two kinds of restrictions used
in this scenario. On the one hand, without directly challenging the classical con-
cepts, free trade involves a number of imperfections that neoclassical economists
converted into formal assumptions or conditions for trade efficiency. As a con-
sequence, in order for trade to be efficient, a number of difficult conditions must
be met, such as the infinite number of producers and consumers which prevents
single market players from having an impact on prices; the freedom of entry to
and exit from the market; complete information; and homogeneity of products
offered (Pientkowski, 2013). Nicholls and Opal (2005) extend the above list with
a few political and economic instruments which in practice supported trade im-
balance to the advantage of developed countries. This includes access to loans; the
inability to freely transform one’s production business to seek other, more bene-
ficial market activities; and legal systems which poorly protect the employees and
local communities. On the other hand, the fact itself (which lays the foundations
for these theoretical considerations) that trade is based on mutual benefits to all
parties does not make it a fair activity. In other words, from the perspective of
both fairness and efficiency, a situation where one party earns several times more
than the other one can give rise to doubts. These are the very problems taken into
account when considering trade between developing and developed countries.

The purpose of this chapter is to identify grounds for changes and see how they
are determined by attitudes of consumers who make informed decisions to buy
Fair Trade. There is sharp growth in demand for Fair Trade products; in countries
such as Switzerland, the market for these goods represents a large share in the to-
tal product range of all producers. According a to a number of analyses, this is the
consequence of growing household incomes. However, what also matters is the



considerable increase in consumer awareness and new trends which break with
a classical approach to consumer behavior based on individualist ethics.

As an important factor in shaping new trends for responsible consumption
(which are consistent with the Fair Trend movement), the sustainable develop-
ment concept — based on adopting a global perspective in assessing local behav-
iors — has become a generally accepted part of political considerations (Kefalas,
1998). The values accompanying the development of the Fair Trade movement
are a good illustration for the now-widespread motto which calls for thinking of
global consequences of local actions (act locally, think globally). Daily consumer
choices are believed to carry axiomatic attributes which are not pleasure and pain
(in accordance with utilitarian moral criteria) but good and evil acts towards oth-
er communities living thousands miles away or towards the natural environment
and climate change which are the common responsibility of humans. That concept
also involves new management forms where producers’ and consumers’ interests
are longer viewed solely from an antagonistic and individual perspective (Belk et
al. eds., 2019) and calls for changing consumption and production patterns due
to social and environmental consequences of today’s lifestyle for a modern global
society (Fairtrade International, n.d.-c; Pienkowski et al., 2018).

Therefore, the following section will present the grounds for the emergence of
the Fair Trade movement and the basic assumptions that underpin it from a per-
spective of sustainable development requirements. Next it will be presented the
institutionalized forms of trade regulations in light of values that accompany the
Fair Trade movement. Finally, there is indicated the market for Fair Trade prod-
ucts and the trends followed by consumer purchases. The chapter concludes with
a summary of key topics addressed in it, and shows the potential vectors of change
in developing responsible consumption.

Genesis of the Fair Trade concept from a perspective
of sustainable development requirements

Fair Trade results from a bottom-up social movement believed to be inspired by
the activity of Christian charitable organizations, by the emergence of cooperatives
and by the formation of consumer movements. These considerations are based on
economic morality and consumers’ responsibility for their decisions from the per-
spective of how they affect producer behaviors (Nicholls and Opal, 2005).
Anderson (2015) sees the foundation of the Fair Trade movement in works by
Thompson (1971) on the politicization of consumption and of consumer obliga-
tions from the perspective of England in the 1700s, and in Ruskin’s papers (1862)
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criticizing the industrial transformation and market trade. Ruskin claimed that
the then-existing conditions for production and market trade failed to reflect the
true value of goods offered and of the labor involved in their manufacturing, and
therefore were breaking the relationship between the consumer and the producer.
Supplementing the above considerations, the concepts of the cooperative move-
ment were initially developed in England by Owen. In early 1800s, they provided
an answer to these problems and an attempt to cut through these antagonistic,
separated interests of consumers and producers (Anderson, 2015). Although seen
as idealistic and utopian, Owen’ views are in practice a foundation for and a good
example of how to develop the cooperative movement and corporate responsibility.

The first activities which directly refer to modern Fair Trade principles can
be found in the suggestions and actions of Christian movements witnessed in
late 1700s / early 1800s. They called the consumers to boycott products made
in developed countries with the use of slave labor. Market practices promoted
by NGOs after the end of World War II became key in forming the modern Fair
Trade movement. A particular role in this respect was played by Oxfam, a British
charity organization which imported artisanal products from Eastern European
countries to support the recovery of their economies. Similar practices could be
observed in the activity of SelfHelp Crafts of the World (currently called Ten Thou-
sand Villages), a U.S.-based organization which imported goods from Puerto Rico
(Anderson, 2015).

Later on, the first British (Tradecraft) and German (Gepa) enterprises became
interested in trading directly with producers with no intermediaries who had
a considerable downward impact on prices obtained by producers in internation-
al trade arrangements. Note that their intent was not only to shorten the supply
chain and get lower retail prices but also to support and develop the local com-
munities. In a similar vein, a large number of cooperatives emerged in developed
countries (U.S. and UK) to reinforce trade with developing countries, whereas
the Fair Trade movement itself started to attract interest not only from such al-
ternative trade organizations but also from politicians and scientists. The social
debate on fair trade and economic relationships between developing and devel-
oped countries became a topic of theoretical considerations that accompany the
consumption paradigm shift away from classical and neoclassical schools. Also,
these changes were consistent with the sustainable development concept as they
extended the initial charity framework with an environmental dimension and
a global perspective for the development of a modern society (Anderson, 2015,
2018; Fairtrade Foundation, 2020; WFTO and FI, 2018).

The problem behind the imperfection of liberalized international trade con-
sists in an uneven distribution of information on and control over the trade pro-



cess. From a market perspective, this is referred to as the bottleneck (Slob, 2006;
WFTO and FI, 2018). On the one side, there is a large number of small raw mate-
rial producers based in developed countries; on the other, there is an even greater
number of consumers in developing countries. Between them, there are sever-
al global corporations that control most trade flows and the production based
on raw materials offered in developed countries. These uneven trade conditions
are underpinned by specific development conditions of local communities who
undertake production activities in developing countries which deliver goods
manufactured by numerous small farms and factories. As a consequence, prices
obtained in such trade flows often fail to satisty the basic needs of producers in de-
veloping countries while allowing international corporations to generate incom-
mensurable profits derived from products sourced from these very producers.

Hence, having regained their independence after long years of colonization,
many developing countries continue to be economically dependent. This leads to
aggravated poverty, political destabilization and environmental degradation. In
such cases, trade liberalization is not accompanied by development processes as
defined by sustainable development requirements.

List (1909), a representative of the German national historical school who
largely contributed to the development economics, placed strong emphasis on is-
sues related to trade liberalization from a perspective of fair and efficient interna-
tional trade (Pieikowski, 2009). The key issue addressed by List was the economic
development gap between trade partners and the liberalization of trade called for
by British representatives of classical schools. According to List, less economically
developed and politically unstable countries are not an equal trade partner. Thus,
trade liberalization will only be beneficial to countries at highest development lev-
els, pushing less developed countries further into poverty. Trading with developed
countries is a perfect example that corroborates List’s analyses from a perspec-
tive of today’s conditions for the relationships between developed and developing
countries. As a matter of fact, List himself never denied the benefits derived from
trade liberalization. Instead, he only indicated that such trade flows boost the eco-
nomic efficiency and development of both parties provided that each of them is at
a similar level of economic development.

From a global perspective, the sustainable development concept provides
a modern theoretical and political framework for the formation of fair and effi-
cient trade patterns. Already in the Preamble, the International Fair Trade Charter
(WFTO and FI, 2018) states that focus needs to be placed at fairness, equality and
sustainable development. The definition of sustainable development is embedded
in that of Fair Trade, as proposed in 2001, which views it as a trade partnership
“based on dialog, transparency and respect, that seeks greater equity in international
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trade. It contributes to sustainable development by offering better trading conditions
to, and securing the rights of, marginalized producers and workers—especially in
the South. Fair Trade Organizations, backed by consumers, are engaged actively in
supporting producers, awareness raising and in campaigning for changes in the rules
and practice of conventional international trade” (Milczarek, 2016, p. 129).

The Fair Trade and Ethical Fashion report (Fairtrade Foundation, 2020) pre-
sented at the completion of a project implemented from 2017 to 2020 indicates the
relationships between the Fair Trade movement and the Sustainable Development
Goals (United Nations, 2017). Specifically, this includes fighting poverty and tak-
ing measures to ensure gender equality, decent work and sustainable consump-
tion. These actions are directly called for in 8 out of the total of 17 sustainable
development goals (Fairtrade International, n.d.-d). The objectives identified in
the project refer, respectively, to: fighting poverty (1) and famine (2), good health
and life quality (3), gender equality (5), clean water and sanitation (6), economic
growth and decent work (10), less inequalities (11) and responsible consumption
and production (12). However, a direct reference to these selected goals in that
project does not mean the Fair Trade movement does not contribute to meeting
a number of other objectives such as climate action (13), clean and available ener-
gy (7) and terrestrial and aquatic life (15 and 14).

The abovementioned Charter points out to several essential goals related to the
activity of the Fair Trade organization (WFTO and FI, 2018):

— inclusive economic growth,

— decent work and increase in wages and incomes,

— strengthening the rights of women,

— food security,

— protecting children’s rights and investing in future generations,

— development of local communities,

— support for biodiversity and environment,

— involvement of citizens in the creation of a fair world,

— impacting the business and government policy to make Fair Trade values

widespread.

In practice, these measures are implemented in two essential areas of the sup-
ply chain (consumers and producers), enabling the achievement of the following
(Auroi, 2003):

1. Producers:

— ensuring higher prices for goods and services offered,

— avoiding intermediaries,

— financial support for production activities,

— establishment of diverse forms of producer collaboration based on demo-



cratic principles,
— involvement of women in decision-making processes,
— responsible management,
— creation of social and investment funds,
— support for environmentally-friendly and qualitative production standards.
2. Consumers:
— greater transparency of transformation procedures,
— awareness of socioeconomic differences between the poor South and the
rich North!,
— mechanisms that increase solidarity from a global perspective,
— production of certified high-quality products,
— awareness of labeling and inspection processes.
The Fair Trade concept is a middle path between economic interventionism and
full economic liberalization. On the one hand, non-government organizations
have an impact on prices and play a guardian-like role in controlling the fairness
of trade agreements; while this is indisputably a kind of economic intervention-
ism, it does not involve the government. On the other hand, emphasis is placed on
the consumers’ ability to make choices and decide of the extent of support which
lays the foundations for Fair Trade certification.

Fair Trade certification:
institutionalized action taken to promote Fair Trade

Today, the Fair Trade movement has been institutionalized and is based on cer-
tificates granted by different organizations which specify the principles for pro-
duction, trade and ways of spending profits derived from certification. Also, they
provide a form of support for certified producers and promote the concept of fair
trade. Certification, as directly related to today’s Fair Trade movement, emerged in
late 1980s when the Max Havelaar coffee certificate was issued in the Netherlands.

! That delineation was initially proposed in works by Brandt, the former chancellor who split the
globe into two parts (for the sake of convenience), taking the differences in development pace and
socioeconomic problems as a criterion. The context for this was the geopolitical situation in the
1970s. The (rich) North is mostly represented by European and North American countries and Aus-
tralia while the (poor) South means Africa, Latin America and a number of Asian countries (Brandt,
1980). These terms continue to be used to this day in the public debate showing the differences be-
tween developing and developed countries, even though the situation in some of them is no longer
consistent with the Brandts initial delineation from the 1970s. In the considerations regarding sus-
tainable development, the North is viewed as having improper consumption and production pat-
terns and a misalignment between technology and environmental requirements. In turn, the South
is characterized by rapid population growth and poverty.
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It was named after a famous eponymous book that criticized the Dutch colonial-
ism, and was followed in early 1990s by similar certificates developed in France,
Germany, Switzerland, UK, Italy, Denmark and Sweden. The European certifica-
tion was soon emulated by American, Canadian and Japanese organizations and,
in early 2000s, by their Australian and New Zealand peers (Anderson, 2015). In-
ternational Federation for Alternative Trade (IFAT), an international organization
of producers and other parties related to fair trade with the South, was established
in 1989 and is currently known as the Word Fair Trade Organization (WFTO)
with 429 members from 76 countries (including 377 enterprises, 27 fair trade net-
works and 25 supporting organizations) (Milczarek, 2016; WFTO, n.d., 2020). In
turn, Fairtrade International (FI) was set up in 1997 with 3 producer networks and
19 national organizations (Fairtrade International, n.d.-b). Established in 2003,
Fair Trade Labeling Organizations International (FLOCERT) represents one of
the key activity areas related to FI and plays an important role in certifying Fair
Trade products. In 2004, FI together with WFTO and WFTO-Europe launched
the Fair Trade Advocacy Office (FTAO) to promote Fair Trade values, coordinate
international cooperation and collaborate with the European Union (Fair Trade
Advocacy Office, n.d.; Sinigaglia and Corbalan, 2019). Although TransFair USA
exited FI in 2011 having indicated certain discrepancies in certification strategies,
they did not renounce the organization’s key values. The core of the dispute was
that TransFair USA wanted to certify small producers and large plantations in the
same way whereas FI placed emphasis on the former. Other issues included the
intent to keep an independent certification logo for the U.S. and some more ten-
sions which ultimately led TransFair USA to exit FI (Raynolds and Murray, n.d.).
Fair Trade certification is related to a clearly defined producer support scheme
which is based on 3 dimensions (Fairtrade International, n.d.-a):

1. Economic:

— minimum price: a fixed guaranteed price that enables long-term produc-
tion planning, covers costs of production and ensures profits irrespective of
market price fluctuations,

— premium: additional money allocated to developing the community of lo-
cal producers and businesses,

— placing emphasis on long-term trade partnerships and ensuring pre-fi-
nancing by buyers in order to guarantee capital availability and stabilize
production operations.

2. Environmental:

— production practices compliant with environmental requirements and
environmental resource efficiency (e.g. less pesticides, appropriate waste
management, preserving biodiversity, ban on production operations based



on genetically modified organisms or on particularly dangerous substances
as defined in the certification process),

— setting higher minimum prices to promote fully organic production.

3. Social:

— democratic self-organization of production, transparency and non-dis-
crimination (including with respect to gender): producers and farmers are
expected to have a share of at least 50% in enterprise ownership and man-
agement (usually, this means cooperative forms of ownership and manage-
ment of organizations),

— where hired labor is used, non-discrimination with respect to employment
or wages, ensuring the freedom of association for the employees and com-
plying with occupational health and safety standards,

— various forms of democratic producer organizations are promoted that
might boost their bargaining power in the market,

— ban on child and forced labor.

Certification is subject to a fee which also has an additional impact on pro-
duction costs related to production requirements, the minimum price and the
premium. At the same time, the certification process involves inspections and
monitoring of adopted production standards, and includes measures taken to
support production efforts and access investment funds or finance the education
on and knowledge of growing or production techniques which meet the defined
socioeconomic and environmental goals.

Market for Fair Trade products

According to Anderson (2015), only one year after the Max Havelaar certificate
was introduced in the Netherlands in 1998, certified products had a 3% share in
the domestic coffee market. Early 2000s saw an important increase in interest in
Fair Trade Products; today, many trends suggest that their share will continue to
grow as the standards of living in the North improve. As shown in a 1997-2002
market survey by FLOCER, the share of selected certified products grew at an av-
erage rate of 18% whereas some products, such as orange juice, reached a growth
rate of nearly 40% over that period (Nicholls and Opal, 2005, p. 143).

According to FI, in 2020, the production of certified products provided jobs to
nearly 2 million employees in over 70 countries which sold their produce to more
than 130 countries. The premium earned on the sale of over 37,000 certified prod-
ucts accounted for EUR 180 million in 2020 (Fairtrade International, 2021). The
market for certified products was worth EUR 9.0 billion in 2017 (Fairtrade Inter-
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Global sales value of Fair Trade products in 2003-2018 [EUR million] and rate of
growth in sales and GDP per capita (100% = previous year)
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Fig. 1. Retail sales value (EUR) in 2003-2018 as estimated by Fairtrade International; growth rates for the
sales value and global GDP per capita at 2015 constant prices in USD (100% = previous year). No data for
2013 and 2016 is available

Source: own study based on: Fairtrade International (2015, 2018); Faitrade America (n.d.); FLO International (2005,
2006, 2009, 2010, 2011, 2013); The World Bank Data (n.d).

national, 2018), with some products reaching a share of as much as 15% in their
respective global markets (Fiedoruk, 2021). As shown in analyses by Willer and
Lernoud (2017), certified products held a share of 1-2% in the largest consumers’
markets in 2015. The biggest market shares were recorded in Switzerland (1.7%)
and Sweden (1.5%), followed by Finland (1.3%) and UK and Ireland (1.2% each).
In Europe, the region of the world’s most active shoppers, Fair Trade products had
a share of 1.1%. At the same time, the shares reported in the U.S. and Canadian
markets were barely 0.1% and 0.3%, respectively.

Figure 1 illustrates growth in demand for Fair Trade products between 2003
and 2018. Characteristically, there was an abrupt deceleration of growth in de-
mand for Fair Trade products during the 2007-2008 financial crisis. Nevertheless,
the consumption of Fair Trade products keeps growing. Over the study period,
it grew at an average annual rate of 25% whereas the average GDP growth rate
was over 2% globally and below 1.5% in developed (high-income) countries (The
World Bank Data, n.d.).
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Fig. 2. Average worth of Fair Trade purchases per capita (ball diameter: purchase value per capita, EUR)
and GDP per capita (at 2015 constant prices in USD) in 2017

Source: own study based on: Fairtrade International (2018); Fairtrade Polska (2021); Faitrade America (n.d.); The World
Bank Data (n.d.).

Ironically, Fair Trade leaders are those countries which do not have a record of co-
lonial conquest and are historically less related to specific geographies of Fair Trade
producers. In 2017, Fair Trade spending of Swiss and Irish residents was ca. EUR 70
per capita (EUR 74 and EUR 70, respectively). Significant shares are also recorded
in the Nordics, with EUR 20 to EUR 40 per capita, compared to less than EUR 20
spent by average French, Dutch and German nationals. Only the Britons consume
relatively more, and have the world’s largest Fair Trade market with a sales volume
in excess of EUR 2 billion in 2017. Ranked second, the German market was worth
only over EUR 1.3 billion. In the U.S., one of the world’s largest markets and the third
largest Fair Trade market, the sales volume did not exceed EUR 1 billion in 2017,
and per capita spending was at a level of EUR 3. Figure 2 shows the average per cap-
ita spending on Fair Trade products and GDP per capita in 2017. As it can be seen,
the level of economic development is not the sole determinant of demand for Fair
Trade products. Although countries such as Finland or Sweden are less economical-
ly developed than Australia and New Zealand (or even than neighboring Norway),
their population spends much more on Fair Trade products.
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Also, there is accelerated growth in demand for Fair Trade products in coun-
tries where producers are the main target of the Fair Trade movement (so far,
these have been the representatives of the poor South). As a consequence of their
rapid economic development, South Africa, Kenya, Brazil, India and many oth-
er southern hemisphere countries witnessed increased consumer interest in new
trends related to responsible consumption and production. Furthermore, even if
the share that new consumer group holds in the Fair Trade market is relatively
small compared to total consumption in their respective countries, it represents
a considerable part of the world population, which translates into rapid growth of
demand for Fair Trade products. This is accompanied by economic growth being
much faster than in developed countries and by sustainable development goals
being strongly promoted in political programs of the global society. As a conse-
quence, new consumption patterns are also seeping faster into the consciousness
of those consumers who emulate the consumption patterns and lifestyles of de-
veloped countries but as they form their consumption behaviors, they realize the
mistakes these countries made in their development process.

Today, these markets demonstrate huge potential for production growth, even
though their shares in the domestic sales volume continue to be marginal. For
instance, the sales of Fair Trade products in Brazil in 2017 are estimated to be
worth over EUR 10 million and are getting closer to what is recorded in less pop-
ulated countries such as Luxembourg (EUR 14 million) (Fairtrade International,
2018). At the same time, on an annual per capita basis, the above translates into
an average of EUR 0.5 for Brazil vs. EUR 22 for Luxembourg. Similarly, in South
Africa, Fair Trade sales grew at an average annual rate of over 160% between 2009
and 2015, from nearly EUR 0.5 million to almost EUR 19 million, with EUR 0.3 of
per capita spending in 2015 (Fairtrade International, 2015, 2018; Fairtrade Polska,
2021; Faitrade America, n.d.; FLO International, 2005, 2006, 2009, 2010, 2011,
2011, 2013; The World Bank, n.d.). The most successful products in 2017 were
bananas (641,727 metric tonnes), cocoa (216,662 metric tonnes), coffee (214,106
metric tonnes), Cane sugar (207,222 metric tonnes), as well as cotton (8,311 met-
ric tonnes), tea (10,724 metric tonnes), and flowers and plants 834,750 items). The
sales of the products account for 90% of producers in the Fairtrade system. The
sale of some products such as coffee rose even by 57% on the previous year. The
sale of the rest products rose by 1-30%, while only the sale of tea dropped by 12%
(Fairtrade International, 2018).

Things look similar in many new markets of post-socialist countries which,
after completing their political transformation and joining the European Un-
ion’s common market, quickly shifted to production and consumption patterns
of other member states. These actions are accompanied by the Union’s common



policy which lays down the development priorities and defines the frameworks
for socioeconomic development at member state level. For instance, according
to Fairtrade Polska data (Fairtrade Polska, 2021), retail sales in Poland grew at an
average annual rate of nearly 150% in 2015-2020, reaching ca. EUR 120 million
in 2020, which means a more than fivefold increase in the per capita purchasing
volume. As can be seen in Figure 2, only 3 years earlier (in 2017) the per capita
amount was EUR 0.6 but went above EUR 3 in 2020. Over that period (from 2015
to 2020), growth in Polish GDP per capita was only 16% at 2015 constant prices
in USD (The World Bank Data, n.d.). Czech Republic, Lithuania, Latvia and Es-
tonia experienced similar rapid developments in their markets. Already in 2015,
Estonian and Czech residents spent an average of nearly EUR 2.5 on certified
products (Fairtrade International, 2015, 2018; Fairtrade Polska, 2021; Faitrade
America, n.d.; FLO International, 2005, 2006, 2009, 2010, 2011, 2011, 2013; The
World Bank, n.d.).

According to an analysis of retail sales of certified products based on Fairtrade
International data and on global GDP per capita at 2015 constant prices in USD
(Fairtrade International, 2015, 2018; Fairtrade Polska, 2021; Faitrade America,
n.d.; FLO International, 2005, 2006, 2009, 2010,2011, 2011, 2013; The World Bank,
n.d.), there is strong income elasticity of demand for Fair Trade products (with an
income elasticity ratio of 6). Hence, as corroborated by a number of studies, inter-
est in ethical consumption becomes disproportionately greater as incomes grow
(which is characteristic of luxury products) (Balineau, 2019). The analysis of the
relationship between retail sales and economic development at country level sug-
gests that incomes are not the sole determinant of interest in buying Fair Trade.
Countries with the highest incomes are not the largest consumers of Fair Trade
products at the same time. Actually, a number of consumer surveys carried out
in different countries (Andorfer and Liebe, 2012; Schenk et al., 2021) indicates
a variety of non-economic grounds for decision-making.

Conclusions

The Fair Trade movement is largely consistent with modern trends related to chang-
es in how consumer and producer roles are viewed in the economic processes. First,
this is a bottom-up initiative that generally relies on active citizenship and attempts
to redefine the relationships between producers and consumers which are based
on antagonistic motivations for action and on individualist ethics. Second, it also
goes hand in hand with the liberal narration which views the market as an efficient
mechanism for resource allocation. Fair Trade is not a form of state interventionism;
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from the perspective of its goals, it places key emphasis on how to shape consumer
behaviors so they may contribute to establishing fair relationships between all peo-
ple around the world. Thus, it is a way to go beyond nationalist and egoistic views
on the development of one’s own community, and to adopt a global perspective that
takes solidarity criteria and long-term benefits to everyone into account. Finally, the
Fair Trade movement is in keeping with the assumptions of the sustainable develop-
ment concept as regards meeting a number of development goals for a global soci-
ety. From the perspective of developed societies, this mostly means changing their
consumption and production patterns as called for under goal 12. The consumers’
responsibility for their own development, the environment and other humans is the
key requirement and mission of developed countries. These measures are manifest-
ed in a number of ways, including by ethical requirements becoming part of the
decision-making process of consumers who adopt a broad perspective on the global
consequences of what they do.

Greater interest of consumers from the North is an obvious finding in the light
of how the Fair Trade movement emerged. The interviewees also suggest that in-
terest in these products is viewed from a perspective of how higher-order needs
are addressed in accordance with patterns characteristic of buying luxury prod-
ucts. However, the increase in incomes should only be considered a precondition
for a stable functioning of households, and the same is true for producers’ profits.
In their decision-making and economic processes, the consumers and the pro-
ducers face different objectives which are postulated to be met through corporate
social responsibility and the consumers’ global responsibility for their market de-
cisions. Irrespective of many potential motivations behind such actions (e.g. the
companies building their image to reap certain benefits; or individuals feeling
responsible for their local actions from the perspective of global consequences),
the Fair Trade movement established attractive ethical grounds and market sup-
port mechanisms to reinforce fair and sustainable production and consumption.
As a consequence of analyses carried out in this chapter, demand for Fair Trade
products can be expected to continue to rapidly grow in the next years as an ac-
companying process to economic growth in both developed and developing coun-
tries. As regards the latter, it seems crucial that their governments support the
promotion of Fair Trade products while taking market mechanisms into account.
Moreover, contrary to the initial meaning of the movement to the countries of the
South, continued growth in global demand can be generated by new players of
the worldwide market in both the rich North and the poor South. Indeed, as their
incomes grow and their socioeconomic situation improves, southern countries
tend to emulate the consumption patterns of the North and are more willing to
accept Fair Trade products.
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Abstract

This research aims to describe the production chain of the bivalve mollusk “Anadara tuberculosa.” In this
sense, a bibliographic research methodology was applied. This production chain comprises three links:
the shellfish collectors; wholesalers, and retailers; finally, restaurants, cevicherias, cocktail bars, and
the like. This specimen or fruit of the sea is highly desired for fresh and raw consumption but is mainly
consumed cooked in coastal areas in tourist and recreation sites and homes. Extending the investigation
into those key factors that can improve sustainability, competitiveness, and production and commercial-
ization potential for the international market is recommended.

Keywords: shellfish collectors, traders, restaurants, mangraves, competitiveness

JEL codes: D24, 022, 056

41



42

Introduction

The concept of production chains arises from the perspective of the producer of
the raw materials, in this case, the shellfish collector, to respond to the problem
related to the fact that the producer understands that to reach the final consumer
the product must be processed previously. It also has to go through several links,
which generally obtain better returns or profit margins, with less risk in their op-
erations.

The concept of the production chain has been evolving and adapting to the
new realities of the local, national and global markets, integrating the categories
of final customer satisfaction, process efficiency, and harmonization of interests.
Another definition points to the production chain as a system made up of the
harmonious interaction between various participants, who intervene directly or
indirectly in producing and consuming products and services (Lopez, 2003).

Other authors mention that production chains are groups of social actors, such
as agricultural production systems, fisheries, and aquaculture agroforestry, ser-
vice and input providers, processing and transformation industries, distribution
and marketing, as well as final consumers of the product and by-products (Gomes
de Castro et al., 2002).

In the food sector, for the Institute of Cooperation for Agriculture, the agri-
food chain is a concept that involves the set of economic activities and actors
that intervene from the primary activity to the final consumer, incorporating pro-
cesses of industrialization of products, their packaging, and distribution (Herrera,
2004). For its part, the Undersecretary of Rural Development of Mexico (2010)
defines production chains as the itinerary or process followed by an agricultural,
livestock, forestry, or fishery product, through production, transformation, and
exchange activities, until it reaches the final consumer.

Likewise, for the Ministry of Production of Peru (2007), the production chain
is defined as a fishing, aquaculture, or mixed system that brings together the eco-
nomic actors interrelated by the market with articulated participation in activ-
ities that generate value around a good or service. It includes the provision of
inputs, production, conservation, transformation, distribution, marketing, and
consumption in both internal and external markets. The production chain starts
from the production or extraction phase (Fig. 1).

The concepts presented above focus on the long and complex continuum of
production processes and transactions, from the agricultural establishment or
primary production to the consumer, identified by scholars from the Institut Na-
tionale de Recherche Agronomique (INRA) of France back in the 1960s as an
object of study. At that time, the analysis center ceased to be the isolated agricul-
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Fig. 1. Components of a fishing-aquaculture production chain
Source: Ministerio de la Produccion del Per( (2007).

tural production unit (Fishing or Aquaculture), and the systemic approach was
privileged (Castro and Gutman, 2002).

The studies influenced this French approach to filiére, or agrifood chain car-
ried out on agriculture in the United States in the 1950s, which went beyond the
agricultural production unit (Aquaculture or Fisheries) due to the importance
of the stages earlier and later in value creation Raikes et al. (2000), Zylberszta-
jn (1996), Bencharif and Rastoin (2007). Among the pioneering works are those
of Goldberg and Davis at the Harvard Business School, based on the conceptual
framework developed for the Agribusiness course of the MBA program. All the
concepts presented above account for the itinerary approach that goes from the
primary producer to the final consumer.

This research focuses on the production chain of the bivalve mollusk Anadara
tuberculosa, an endemic species of the eastern Pacific coast and distributed from
southern Mexico to northern Peru, associated with the mangrove ecosystem. A.
tuberculosa receives different common names in the different countries where it
is produced. In the Republic of Ecuador with the common name ,,concha Prieta”
It is also known as ,,arca negra” (from the translation from English to Spanish), in
French as ,,arche noire” and in English as ,,pustulose ark or black ark” Prado-Car-
pio et al., (2018a, 2018b), Prado-Carpio (2020).

The importance of studying the production chain lies in the social, environ-
mental, and economic aspects. Socially, it is a source of food, culinary culture, and
work for thousands of families in the extensive areas where it is extracted. Envi-
ronmentally, it represents one of the activities that allow the sustainable use of the
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mangrove ecosystem, whose surface has been drastically reduced in the last 20
years, reducing its capacity to produce blue carbon due to deforestation and urban
tourist aquaculture activities. Finally, economically, A. tuberculosa is an aquatic
resource marketed and in great demand in the producing countries. Therefore,
it has great export potential to the United States, Europe, and China, once its
production increases. Production and compliance with the safety regulations re-
quired by them. Taking the above into account, and based on a case study of the
bivalve mollusk Anadara tuberculosa production chain, the aim of this chapter is
to provide recommendations that can improve the sustainability, competitiveness,
commercialisation and production potential of such a supply chain in the interna-
tional market (Prado-Carpio, 2018b).

To this end, Gdmez-Vargas et al. (2015) point out that a qualitative-documentary
bibliographic research methodology of a critical-interpretative nature has been ap-
plied to review the studies produced by people in their bibliographic representation.

Development of legislation concerning the production chain
of the bivalve mollusc Anadara tuberculosa

In Peru, according to article 3 of Ministerial Resolution No. 209-2001-PE,
of the Ministerio de Pesqueria de Peru (2001), the links in the fishery production
chain are the following: extraction, reception, transport, processing, and market-
ing. This resolution includes A. tuberculosa.

In Nicaragua, the Ministry of the Environment and Natural Resources, MARE-
NA, published the technical standard to regulate the extraction, cultivation, and
sustainable use of the A. tuberculosa and other bivalves within protected areas.
According to Lazarich Gene and Gabriel Argtiello (2009), it is important to note
that this standard introduces the category of cultivation for the production of A.
tuberculosa and the traditional extraction of this hydrobiological resource.

In the Republic of Ecuador, the Ministerial Agreement No. 005, issued by the
Ministry of Foreign Trade, Industrialization and Fisheries (2005), Undersecretary
of Fisheries Resources, indicates that the links in the production chain of the A.
tuberculosa are the extraction and commercialization.

Based on the Ecuadorian legal norm that regulates the shellfish activity and the
productive reality of A. tuberculosa in the Jambeli archipelago, in the Province of
El Oro, Republic of Ecuador, the locality where this study has been carried out,
three links for the production chain have been established. They comprise the
extraction, harvesting, commercialization tasks, and the preparation and sale of
dishes in restaurants and cevicherias (Fig. 2).



co® °. Second

. . [ ]
,.F|rst L|nk. Link
L0
Shellfish Wholesale Restaurants
Collectors, and Retail and
and fishermen traders cevicherias

Fig. 2. The bivalve mollusk Anadara tuberculosa production chain
Source: own study.

Characteristics of the mollusc harvesting stage
Collection task: operational aspects

Extraction of A. tuberculosa is carried out through fishing trips (tasks) that fluc-
tuate between 3 to 4 hours, depending on the tide levels and the inclines of the
banks. In banks with slight slopes, the tide fills more quickly than others with
steep slopes, reducing work time. For Marin Abanto (2013), the shellfish collec-
tors move to the banks in canoes in a number of two or more. Some spend the
night in the mangrove for several days to take advantage of the low tide. The ex-
traction of the shell is carried out by introducing the hands in the mud and ex-
tracting the shell on contact.

The working conditions in the extraction of the A. tuberculosa are very de-
manding since it is collected among the mangroves, digging with the hands in the
mud. The collectors are usually trapped in the mud, which slows down their ac-
tivity and makes it more difficult. In some cases, the extractors use jackets, pants,
gloves, and cloth shoes made by themselves, to not injure themselves in the ex-
traction process. It is usually collected for about 4 hours a day, and the start time
is adapted each day to the tidal cycle. The shells are collected at low tide, when
the muddy surfaces of the marshes are exposed and can be walked on. After the
harvest, the fishermen separate 1 or 2 dozen shells for personal consumption, and
the rest are sold to intermediaries (Mackenzie, 2001). The only processing given to
the product is its packaging in twine bags. They are kept in mud to lengthen their
conservation (Lazarich, 2009).

According to OSPESCA (Organization of the Fishing and Aquaculture Sector
of the Central American Isthmus, 2018), this activity is carried out by people with
limited economic resources as a source of employment and subsistence purposes.
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In Colombia, fishing for Anadara tuberculosa and Anadara similis is an artisanal
activity carried out mainly by women and children. Borda and Cruz (2004a) in-
dicate that the increase in demand for this hydrobiological resource, mainly due
to its commercialization to Ecuador, has caused the incorporation of men to this
work, especially when other activities such as fishing are not profitable. According
to Espinosa (2010), the average extraction of one person per day is approximately
162 specimens.

Sustainable management improvements

In some coastal sectors where A. tuberculosa is extracted, some strategies have
been established to conserve them. Such measures include the designation of pe-
riods in which they are not collected, the rotation of extraction sites, the capture
of shells with sizes above the minimum size established, and the mangrove re-
forestation (Borda and Cruz, 2004b). Still, it is considered that these efforts have
not given the expected results. In addition, no strategies have been established to
preserve the product’s safety.

In Central America, A. tuberculosa is a mollusk collected in large quantities,
which is why some of its populations have drastically decreased. Currently, there
are closed seasons in several Central American countries, and crops are being
developed in controlled farms to repopulate or stop the pressure on natural popu-
lations. In addition, for OSPESCA Organization of the Fisheries and Aquaculture
Sector of the Central American Isthmus (2018), the research carried out in the
region to cultivate A. tuberculosa through spawning and fattening induction tech-
niques in coastal communities is essential.

The A. tuberculosa production is carried out almost entirely through artisanal
extraction fishing. However, technological processes of aquaculture production
are being developed that offer an innovative and sustainable alternative that is
technically viable. These initiatives may represent an option to sustain and in-
crease the production of this crucial marine resource, preserving the natural re-
source, favoring the shellfish collectors socially, and generating economic and
food resources.

According to the Food and Agriculture Organization of the United Nations
(FAO, 2012) since the 1980s, aquaculture projects have been proposed for A. tu-
berculosa, such is the case of the project for its production in the Pacific estuaries
in Costa Rica.

In El Salvador, the Chavez Fisheries and Aquaculture Development Center
(2007) published a guide on cultivating mollusks of the Anadara genus. It indi-



cates that the cultivation of mollusks on a productive scale implements a structure
that facilitates their management and does not significantly alter the mangrove
ecosystem since the nurseries are considered ,natural protected areas” directly
in the mangrove area or in the nearby beaches. The culture of A. tuberculosa does
not need a food supply since these are developed in these species’ natural growth
areas.

In Ecuador, with the sponsorship of the Ministry of Agriculture, Livestock,
Aquaculture, and Fisheries (2015), projects have been developed that, based on
biotechnology, offer alternatives for seed production projects in artificial labora-
tory conditions for the following purposes:

— repopulation by massive sowing of seeds in the natural environment,

— as an alternative aquaculture species that families could cultivate due to its

low production cost.

The experiences mentioned above represent an indication of how there is an
interest in the scientific, business, and government sectors to manage the produc-
tion of A. tuberculosa in a sustainable and innovative way, whether at the level of
traditional fishing, improved fishing from an extractive activity to the breeding of
A. tuberculosa in the same mangrove or the aquaculture activity per se.

For Lazarich Gene and Gabriel Argiiello (2009), some important aspects that
can influence the favorable evolution of the production and therefore of the sup-
ply of A. tuberculosa are the following:

— Greater sanitary and closed season control. Extraction under legal and en-
vironmental regulations could increase the volume offered in the medium
term.

— Expansion of installed capacity by current producers through reproduc-
tion and cultivation techniques. Improving reproduction and growth in
semi-natural enclosures or non-extraction areas, where the ideal popula-
tion density is guaranteed, could sustainably increase the supply.

— Restore habitats through reforestation of mangrove forests. The habitat im-
provement will suppose the conservation of the existing resources and its
possible expansion to new recovered areas. Reforestation could mitigate
the impact that extraction activity causes on plant communities, main-
ly the Rhizophora mangle species, closely linked to the development of
A. tuberculosa species.

— Diversification and improvement of economic opportunities through the
search for sustainable economic alternatives for the populations of coastal
areas, which complement the controlled extraction of bivalves.
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Sanitary controls

Concerning sanitary control, it should be noted that A. tuberculosa, once extract-
ed, is sold to traders, without any treatment, beyond cleaning the mud with water
from the beach in some cases. Therefore, A. tuberculosa with a safety guarantee
requires safe handling processes from its extraction to its sale to the final consum-
er. The adequate selection of the mollusk cultivation or extraction site reduces the
risk of product contamination.

Subsequently, the shell extracted from the mangrove should be submerged in
purification tanks that eliminate the contaminating substances that it could retain.
The actors present in the commercialization process must ensure that the product
is not exposed to new contaminants and that adequate measures are taken for its
conservation. In the same way, Lazarich Gene and Gabriel Argiiello (2009) points
out that these measures will allow obtaining a safer, higher quality, value-added,
more competitive product that can offer higher profits to producers and traders and
their incursion into the international markets of North America, Europe, and Asia.

Some problems in the production chain

Most of the domestic supply of A. tuberculosa in Nicaragua comes from artisanal
fishing. Most of the people dedicated to the extraction on the coast of the Pacific
Ocean do not have the permit for the extraction, commercialization, and export.
In some cases, the first sale of the product can take place on the beaches, at the
moment the boat leaves the sea, and it is usually directly to consumers or inter-
mediaries. In this first sale, products with lower commercial value are market-
ed. For Lazarich Gene and Gabriel Argiiello (2009), sometimes a member of the
collecting family (generally women) travels to the communities surrounding the
extraction areas to directly market the product not sold to intermediaries, even
bartering for food or necessary items for their homes.

Finally, the market structure from the suppliers” side presents a high level of
competition since the entry into the market is free and generally only depends on
physical access to the extraction zones. The relationship between shellfish collec-
tors and their buyers, mostly intermediaries, is characterized by informality. La-
zarich Gene and Gabriel Argiiello (2009) indicates that extractors are usually sub-
jected to a dominant position, sometimes even monopsonistic, by intermediaries.
However, there are some initiatives to organize and improve working conditions,
income sustainability, and bargaining position in the collectors’ market through
the formation of cooperatives or community marketing networks.



Marketing of A. tuberculosa

In the Republic of Ecuador, the main ports of landing and commercialization of
A. tuberculosa (Table 1) are San Lorenzo and Muisne (Province of Esmeraldas),
El Morro (Province of Guayas), Puerto Jeli, Puerto Bolivar and Puerto Hualtaco
(Province of de El Oro), in addition to other ports in Colombia such as La Tola,
Imbiti, Tumaco, Mosquera and San Francisco, from which the resource enters the
Ecuadorian market (Cabanilla, 2010).

The primary forms of marketing are in bulk (counted in units of 100 spec-
imens), in bags (3,000 to 3,500 shells per bag), and packed in bags or vacuum
containers of 50 shellfish per bag. These are generally marketed mixed at the level
of shellfish collectors, without classifying between large, medium, and small shell-
fish. The function or task of classification is under the responsibility of the traders.

In Ecuador, the largest number of shellfish collectors is found in El Oro prov-
ince and then in the Esmeraldas province. The purchase price at the shellfish col-
lector level ranges from $0.092/shell in the Esmeraldas province to $0.165/shell in
the Guayas and El Oro provinces.

The price trend for A. tuberculosa at landing ports between 2004 and 2010 was
upward, going from $4 to $10 per hundred shells in 2004 (0.04 to $0.10/shell ),
at 15 to 18 $ per hundred shells in 2010 (0.15 to 0.18 $/shell), which represents
a 135% increase in prices at the level of shellfish collectors, during the study peri-
od. Likewise, it occurred at the level of the Guayaquil and Duran markets, whose
prices registered an increase of 42.86% for purchase and 52.17% for sale in the pe-
riod between 2004 and 2010. Likewise, it should be noted that Fridays, Saturdays,
and holidays are when there is greater demand and commercialization, and prices
also tend to increase.

Much of the A. tuberculosa produced in Ecuador is consumed locally in the
main cities, such as Guayaquil, Quito, Cuenca, Loja, Machala, Tulcan, and Huaq-
uilla (Table 1).

However, the entry of A. tuberculosa from Colombia to Ecuador, and the exit
from Ecuador to Peru, some of which may be of Colombian origin, have been
reported (Cabanilla, 2010 ). Traders in these ports of the province of Esmeraldas,
once or twice a week, go to the shellfish collectors in their homes to remove the
shell, while some merchants additionally buy Colombian shellfish.

Likewise, it was estimated that in the department of Narifio (border with Ec-
uador), there is the extraction of around 300 million shells per year with a value
between 0.04 and 0.05 USD per unit, which represents a potential annual income
of more than USD $7 million (Borda et al., 1998). In this area of Colombia, the
production sold in Colombia represents only between 15 and 20% of the total
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Table 1. Main landing ports of A. tuberculosa and commercialization indicators

Collectors / Type of Commercialization /
Location Traders Average Price Paid to Collector in Final Destination
2021[S$/shell]
San Lorenzo (Prov. 1878 1 21 in 3000 to 3500 shells sacks / | Guayaquil, Quito and Tulcan
Esmeraldas) 0.10 $ per shell
Muisne (Prov. 1526 /12 in 3000 to 3500 shells sacks / | Guayaquil, Quito and Tulcan
Esmeraldas) 0.10 S per shell
Puerto El Morro 30to40/10 retail in 100 shells units / Guayagquil (Mercado General
(Prov. Guayas) 0.165 $ por concha Villamil Playas)
Puerto Bolivar 133/10to 15 retail in 100 shells units / Huaquilla, Pert and Machala
(Prov. El Oro) 0.165 $ por concha
Puerto Jeli bh 2 retail in 100 shells units / Loja and Cuenca
(Prov. El Oro) 0.165 $ por concha
Hualtaco 177/10t0 13 100 shells units / Hualtaco (Restaurants) and
(Prov. EI Oro) 0.165 $ por concha Peru (Sorted)

Source: own study.

production, while the rest, 80 to 85% of the captures, is sold in Ecuador (Borda
and Cruz, 2004b).

No records of this commercial flow of shells between Colombia, Ecuador, and
Peru have been found. In this same sense, in Nicaragua, Lazarich (2009) indicates
that some producers and intermediaries might not be interested in a more regu-
lated (or transparent) market, since it would limit illegal commercialization, espe-
cially exports, mostly directed to El Salvador and, to a lesser extent, to Honduras,
and which, according to government officials, can account for up to 50% of the
product extracted in some areas of the northwest of the country.

In Ecuador, in Puerto El Morro, in the province of Guayaquil, the price of
A. tuberculosa varies from the merchant to the final consumer according to its size
and quantity. Similarly, in Puerto Bolivar, in the Province of El Oro, the largest
amount of shellfish is taken to Huaquilla (border with Peru) and Peru, while oth-
ers sell the product in restaurants and food markets, in the Oro Province.

In Puerto Jeli, El Oro Province, Ecuador, the shellfish is distributed mainly
to the mountains, specifically to the cities of Loja and Cuenca. Finally, in Puerto
Hualtaco, due to the importance of trading shellfish in the neighboring country
of Peru, merchants classify them according to their size into large, médium, and
small shellfish. The Port of Hualtaco is the place that is perceived as having the
best quality and price of the product. The A. tuberculosa that does not go to Peru
is distributed among the restaurants of this port in El Oro province.



From all the information outlined above, based on the study by Cabanilla
(2010), it can be inferred that the majority of the shellfish collectors sell to whole-
salers. These in turn to retailers and the latter to restaurants, cevicherias and final
consumers. However, this marketing chain can have variants, when some shellfish
collectors at the landing ports sell directly to restaurants and cevicherias or some
wholesalers sell to restaurants, ceviche shops, and final consumers.

Regarding the marketing margin of A. tuberculosa in the main markets of the
Guayaquil province (Table 2), based on authors’ calculations, it was estimated that
it has a range between 51.67% and 94.44%, which will depend on the place in
which the traders buy the shellfish if it is directly from the collectors.

Table 2. A. tuberculosa commercialization margins in the main markets of the Guayaquil Province, Ecuador

Type of Type of T
A e Commercialization
Commercialization/ | Commercialization . .
Market . . margin Observations
Average purchasing | / Average sale price (%]
price 2021[$/shell] 2021[$/shell] °
Duran hundred units / hundred units / 66.66 purchases directly in
0.12 § per shell 0.20 $ per shell stores in Esmeralda
Portete hundred units / hundred units / 66.66 purchases directly in
0.12 $ per shell 0.20 $ per shell stores in Esmeralda
Caragu- hundred units / hundred units / 50.00 purchases in Esme-
ay 0.12 S per shell 0.18 S per shell ralda (20 %) and Co-
lombia (80%) directly
from collectors

Source: own study.

Finally, it should be noted that in this study by Cabanilla (2010), it is reported
that in Ecuador there are initiatives to sell the processed A. tuberculosa pulp in
vacuum-packed bags, the amount of which is not specified. In this sense, it should
be noted that the reported price of A. tuberculosa pulp in the casings ($0.09/shell-
fish) was lower than that of live and raw shellfish ($0.14/shell) in the same market.
This may be explained by the market’s preference for consuming live and raw
shellfish over fresh processed pulp.

Many producers sell the harvested shellfish to large traders who do not have
authorization and are located in urban centers near the coast. In some cases, be-
fore being packed in sacks, A. similis and A. tuberculosa are separated since the
latter is larger and is sold at a higher price. The distribution from the product
collection is controlled by intermediaries who geographically divide the buying
and selling areas. The product does not receive any processing during most of the
marketing chain.
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Intermediaries supply the product to retailers located in popular markets,
street vendors, restaurants, and seafood restaurants. This form of commercializa-
tion is conditioned mainly by the actors’ opportunities at the time of sale and not
by established regulations or formalized markets. On some occasions, the product
is delivered to retailers in the morning through a credit system, to be canceled
after the day’s sales.

The market sale is carried out in stalls specializing in fish and shellfish. In the
markets, the shell is offered closed or open and clean of mud, which in many cases
involves the first handling of the product (Table 3). It is not sold in supermarkets,
which have a limited tradition of selling this type of product generally demanded
fresh. In the last phases of the commercialization chain, the most significant ma-
nipulation of the product is carried out.

Table 3. A. tuberculosa presentation forms for its commercialization

Outlets Presentation forms
Collection centers unwashed closed
Markets open and closed / washed and unwashed
Cocktail bars open and semi-prepared in ceviches and cocktails
Restaurants open and semi-prepared in ceviches and cocktails

Source: Lazarich Gene and Gabriel Argiiello (2009).

The distribution of the national production is carried out through interme-
diaries or by some companies that have collection centers that supply the rest of
the traders: popular markets, street vendors, restaurants, and seafood restaurants.
Finally, the commercialization of A. tuberculosa with a guarantee of innocuous-
ness is an essential condition for expanding markets and incorporating new seg-
ments of the population to shellfish consumption of, targeting markets in coun-
tries of the European Union, North America, and Asia.

Restaurants and cevicherias

In restaurants and cevicherias, the A. tuberculosa is cleaned, the product and the
shell is opened to later sell raw in one of the shells or processed in cocktails and
ceviches to final consumers. The most significant percentage of the income gener-
ated by the A. tuberculosa production chain remains in the hands of the collectors
and some final sellers (restaurants).



A. tuberculosa is one of the most used mollusks for food purposes on the South
American Pacific Ocean coasts. The muscle used to make more elaborate dish-
es such as cocktails, stuffed shells (well-washed empty shells full of muscle with
rice, potato and wrapped in egg), cakes (muscle with potato and egg), rice with
shellfish, and black soup with beer or wine. According to Lazarich Gene and Ga-
briel Argiello (2009), calcium carbonate (CaCO,) is extracted and used in mi-
cro-painting or to make crafts and ornaments by grinding the shells.

The limitations in the processing and the widespread culture of consumption
of the raw product mean that the demand is poorly segmented. The majority of
consumers belong to the lower-middle-income segment. Among regular con-
sumers of the product, 88% perceive it as a product of good or excellent quality.
More than 50% consider that the relationship between quality and price is good
or excellent. There are opportunities to expand demand to segments of the pop-
ulation with high incomes, traditional consumers of other more valued seafood.
To achieve greater segmentation and expansion of the market, improvements in
terms of quality and presentation are necessary.

The consumption of A. tuberculosa occurs mainly in restaurants, cevicherias,
cocktail bars, or on the beaches near the extraction sites and is only rarely con-
sumed in homes. Generally, its consumption is linked to leisure and, on many
occasions, to alcohol intake. It is usually served as a typical dish of the country
in some of the most visited restaurants by tourists. Its consumption is marked
by seasonality, with Easter and December being the times of greatest demand,
coinciding with festive dates with a long tradition of consuming fishery products.
These data show the important sociocultural aspect that characterizes the demand
and preferences in the forms of consumption of A. tuberculosa.

A large part of specialized fish restaurants and shellfish shops sell A. tuberculo-
sa. They tend to be demanding regarding the quality of the product purchased and
offered. They generally respect the conditions for the conservation and hygiene
of the product, which is stored in refrigerators at a controlled temperature. It is
a product frequently demanded in these establishments, although its profit mar-
gin is low, so it is not usually crucial to the financial stability of these businesses.
In most restaurants, A. tuberculosa is oftered as an aperitif, raw or in cocktails, de-
pending on its seasonal availability and the activities of the establishment. Restau-
rants and cevicherias are the link in the production chain of A. tuberculosa, which
add higher value to the product (processing, quality, and service) and, therefore,
those that sell it at a higher price.

For their part, cevicherias tend to satisty the demand for the product in seg-
ments of the population with fewer resources that have difficult access to other
restaurants due to their high prices. By having lower prices, they tend to reduce
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the costs of handling, preserving, and presenting the product, offering fewer safety
guarantees. The consumption routine of A. tuberculosa in cocktail bars intensifies
on weekends. The location of these establishments is usually strategic for the sale
of these products since most of them are located near companies, markets, and
leisure centers. In cocktail bars or cevicherias the culture of consumption of this
shellfish is linked to leisure and combined with the intake of alcoholic beverages,
and influenced by the aphrodisiac properties attributed to the shellfish.

In Ecuador, in El Oro Province, a ceviche dish that is prepared with approx-
imately 15 shells, has a price of 10 to 12 USD in a restaurant or cevicheria of the
upper range (in commercial premises and residential areas) and from 3 to 5 USD
in a low-end restaurant or cevicheria (popular and street markets). This price var-
iation depends on the shellfish size, the accompanying appetizers, the type of ser-
vice, and the commercial establishment, reaching a marketing margin in a range
of 50 to 350% for the restaurant.

Conclusions and recommendations

Based on the objective of this research, which is to describe the production chain
of the bivalve mollusk “Anadara tuberculosa,” the following conclusions and rec-
ommendations have been reached:

1. The production chain of the bivalve mollusk “Anadara tuberculosa” comprises
multiple social and economic actors, mainly integrated into the links of the
collection, marketing, and preparation of dishes at the level of restaurants, ce-
vicherias, and cocktail bars. It begins on the mangrove coasts of the eastern Pa-
cific of the American continent between southern Mexico and northern Peru.
Its activity is predominantly artisanal and economically informal. However, it
is the basis of food, economic, and labor support for thousands of families in
its geographical area of development.

2. The first link or primary production, collection, or extraction of the shellfish
consists fundamentally in transferring the shellfish collectors in boats to the
mangrove forest areas and estuaries when the tides go down and leave the soil
of the mangroves uncovered. Next, go through them and insert their hands
into the mud to extract the live shellfish, store them in bags or sacks, and move
them to the trading areas primarily found in the shipping ports. Among the
primary production practices of the shellfish collectors are selecting shells
larger than 4.5 cm and cleaning them of the mud at the time of collection.

3. The second link is commercialization, which consists of the reception and pur-
chase of live shellfish at the collection centers for physical cleaning and classi-



fication into large, small and medium-sized. The next step is the separation of
the shellfish of the species Anadara tuberculosa (of greater demand and com-
mercial value) from the shells of the species Anadara similis. This process also
usually occurs on the islands or in the mangroves themselves, especially with
that shellfish product that will be sold in neighboring countries. After pur-
chasing, cleaning, selecting, and grading, the shellfish are sold live and fresh to
retailers, restaurants, or end consumers who prepare them at home.

4. The third link is restaurants, ceviche bars, cocktail bars, and the like, commer-
cial establishments that buy live shellfish and offer them fresh to their custom-
ers. These establishments open the shells at preparation and deliver them in
single or mixed dishes to their customers. This link is where greater value is
added to the product, offered alone or mixed with other seafood and accom-
panied by rice, popcorn, salad, and other side dishes depending on its prepa-
ration, which is very diverse.

5. It should be noted that in the production chain, the product, in most cases, is
offered live and fresh and is only slaughtered at the time of preparation. Hence,
its sanitary management and handling are vital to preserving its quality. For
freshness, the aim is to maintain the captured shellfish alive as long as possible.

6. It is recommended to expand the study on the subject related to the factors that
can influence making this production chain more competitive and sustainable
and transforming it into a value chain with export possibilities.
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Abstract

Inrecent years in Poland it has been recorded a large share of agricultural machinery exports to overseas
countries, therefore this chapter presents the issues of the transport of agricultural machinery, both
new and already in operation, from the sender to the recipient, with particular emphasis on maritime
transport. The chapter includes conclusions, that are mainly addressed to agricultural machinery carriers
using maritime transport services and for producers of agricultural machineries.

The main aim of the research included in the chapter is to present possibilities and limitations in carriage
of the agricultural machineries and equipment, as containerized cargoes by maritime transport. The pos-
sibilities and limitations were taken into account on the basis of international requlations and from the
technological point of view resulting from the specifications of the containers. The paper also addressed
the issues related to the preparation of the machine by the manufacturer and shipper for containerization
and transport, resulting from maritime regulations in order to ensure the safety of transport and delivery
of the device undamaged to the recipient.

Keywords: agricultural machinery supply chain, maritime transport, agrotechnology, containerization,
CTu

JEL: R320, R410, 0160

Introduction

Observing the long-term trends on the agricultural machinery market in Poland,
it can be noticed that producers of agricultural machinery in Poland, mainly pro-
vide the demand for the domestic market, strive to ensure that their devices are
designed in such a way as to meet the expectations of users, are safe, functional,
economical in operation and cheap to buy. On the other hand, those producers
of agricultural machinery, whose devices reach foreign markets, try to design the
device in such way to increase their resistance to factors during transport, propos-
ing additional security solutions to enable road, rail and maritime carriage to the
recipient. According to the producers of agricultural machinery in Poland, these
devices are exported to such countries, as Romania, Lithuania, Latvia, Estonia,
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Greece, Ireland, Hungary, Slovenia, Belgium, the USA, Portugal, Bulgaria, and
also to the countries of North Africa. As can be seen, machines can be delivered to
most countries by road or rail means of transport, but knowledge of the possibility
of transporting machines by sea transport may in the future extend their sales to
new export markets, especially outside Europe.

Therefore, this chapter indicates the factors that may affect the agricultural
machines transported by sea, with particular emphasis on container transport.
These factors are sometimes quite specific due to the specific conditions of the
sea transport, and therefore knowing them may contribute to strengthening the
resistance of machines to these factors and to protect transported equipment for
destruction during transport and handling processes.

Research methodology

Research on the issue discussed in this chapter was carried out taking into ac-
count the following stages:

— Stage 1: Overview of legal regulations regarding the carriage of machinery
by sea transport - in this stage, has been carried the overview of main reg-
ulations regarding the carriage of cargo by sea and established by the In-
ternational Maritime Organization (IMO), the provisions of Classification
Societies and the ISO standards, especially regarding cargo transportation
in containers,

— Stage 2: The specificity of sea transport of cargoes— in this stage has been
identified hazards that may affect cargo during sea transport,

— Stage 3: Overview of agricultural machineries produced in Poland - in this
stage, the type and models of agricultural machinery produced in Poland
were reviewed, with particular emphasis on their dimensions and the man-
ner of their preparation for transport by the producer. The directions of
exports of these machines to European and non-European countries were
also analyzed. During this stage, agricultural machinery was also selected
for further detailed analysis,

— Stage 4: Determining the susceptibility of agricultural machinery to con-
tainerization - in this stage, the selection of agricultural machinery was
carried out due to their dimensions, enabling them to be placed in a con-
tainer.

— Stage 5: in this stage has been selected the types of containers in which ag-
ricultural machinery can be transported for safety reasons and analyzed the
methods of securing loads in the container were indicated.



The overview of legal regulations and technical standards
concerning maritime transport and covering agricultural machineries

Safety regulations for maritime transport are established by one of the United
Nations Agencies, International Maritime Organization (IMO) with headquar-
ters in London, by established Resolutions, Conventions, Codes and Circulars.
This chapter covers the IMO legal acts that deal with the carriage of cargo in con-
tainers.

One of the most important legal instrument of IMO legislation is The Interna-
tional Convention for the Safety of Life at Sea (SOLAS, 1974). It is the Convention
on the wide broad approach to the safety of maritime shipping, with particular
reference to Chapter VI - “Cargo Carriage”. According to Rule 5 in Chapter VI
- Stowage and securing of cargo — cargoes, cargo units and cargo transport units
carried on or below deck should be loaded, stowed and secured in such a way as
to prevent damage to or endanger the ship and people during the voyage. on it, as
well as loss of cargo.

Next very important legal act is The International Convention For Safe Contain-
ers (CSC, 1972). It is the Convention relating to the safe carriage of containers by
sea. The Convention defines the requirements that must be met in order a con-
tainer to be considered as a sea container and allowed to carry by sea transport. It
can be concluded that the provisions in this Convention apply to persons design-
ing and operating sea containers.

Moreover, he legal act relating to the safe stowage and securing of loads inside
the container is the CTU Code (IMO / ILO / UNECE Code of Practice for Packing
of Cargo Transport Units). As its name suggests, it was developed with the partic-
ipation of the International Maritime Organization (IMO), International Labor
Organization (ILO) and The United Nations Economic Commission for Europe
(UNECE). The CCC Sub-committee of IMO, consisting of experts from around
the world and other UN Agencies, e.g. ILO, FAO and NGOs involved in the de-
velopment of safety standards, e.g. ISO, ITF, ICHCA, WSC, BIMCO, etc., works
on the development of the CTU Code (ICHCA International, n.d.). On the base
of The CTU Code containers are classified as Cargo transport unit (CTU), and
CTU is definied as: “A freight container, swap body, vehicle, railway wagon or any
other similar unit in particular when used in intermodal transport”. This means
that agricultural machinery transported inside a sea container or swap body or
inside a truck trailer or inside a rail car - is treated as a multimodal or bimodal
unit, goes to the sea-going vessel and is covered by the rules and guidelines for
cargo securing in these units. Additional information material on the CTU Code
is Informative material related to The IMO / ILO / UNECE CODE of Practice for
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Packing of Cargo Transport Unit published by IMO in MSC.1 / Circ.1498 Circular
16 December 2014.

In addition to the IMO regulations, which relate directly to sea transport, it is
also worth taking into account the recommendations and guidelines for transport
safety contained in ISO standards. It is worth quoting here the most important
standards that directly relate to containerization, such as: PN-ISO 830: 2001 Car-
go containers — Vocabulary, PN-ISO 668: 2018-05 — EN - Series 1 cargo con-
tainers — Classification, dimensions and maximum gross masses, PN - ISO 3874:
2000 - PL - 1 Series Loading Containers — Handling and securing.

Another very important and useful document is the set of rules contained in
INCOTERMS*2020 developed by the International Chamber of Commerce (ICC,
n.d.). Knowledge of the INCOTERMS®2020 rules makes it possible to ensure the
continuity of the supply chain of agricultural machinery from the manufacturer
to the recipient and to facilitate the contracting of transport contracts in interna-
tional trade. Rules mainly define responsibilities between buyers and sellers with
regards to costs, risks, responsibilities for cargo insurance and regulatory compli-
ance (DHL, n.d.).

The legal acts presented above are important for many participants of the sea-
land supply chain of agricultural machinery, such as shippers of machinery for
containers, forwarders, land carriers, combined transport carriers, sea carriers,
sea ports, and machine manufacturers.

General specification of container transport by sea

During carriage by sea the ships can perform such movements on wave (Grzy-
bowski et al., 1997): rolling (Fig. 1a), pitching (Fig. 1b), yawing (Fig. 1c).

Fig. 1. Movements of ship during carriage by sea
Source: Grzybowski et al. (1997).



These movements cause the acceleration acting on the hull, containers and
cargoes located inside the containers and located on a ro-ro or a ferry ship. Dur-
ing the carriage by sea cargoes may have the following three types of acceleration
(Grzybowski et al., 1997; LRS, 2021; PRS, 2012; CTU Code, n.d.):

a) vertical accelerations — generated during the pitching — most rocking oc-

curs at the bow, amidships and the smallest,

b) longitudinal accelerations — generated during the rolling,

c) lateral accelerations — generated during - the highest value reach in middle

ships and the smallest at the fore and aft.

The size of this accelerations, and thus the degree and type of wear is affected
by many factors, such as: the number of layers of containers on board to the right
of metacentric height, hull shape, weather conditions, frequency, and direction
of the waves, and above all, the ability of operations the vessel on waves and the
region of shipping (CSS Code, 2021). Another disadvantageous phenomenon that
can occur during shipping is hitting the wave portion of the bow of the vessel,
which also affects the impact of cargoes and the angular acceleration resulting
from the movement of the vessel, depending on the angular velocity and the dis-
tance from the center of rotation of the container ship.

One of the solutions to limit the intensity of results of climatic and mechani-
cal conditions is certainly the ability of the crew to drive the ship, especially the
bow section with respect to wavelength, which can eliminate a sleming (i.e. hits
by a wave) and eliminate flooding a deck with salt seawater. In addition, the in-
creased speed of the vessel and to map out the wrong kata exchange rate may
trigger a wave hitting the hull of the deck and flooded with seawater. (Grzybowski
et al.,, 1997) The second important solution is proper arrangement and lashing of
cargoes, containers and vehicles on ships and proper forming of cargoes inside
containers.

These solutions can be made by the sea carrier and the container shipper, but
can the designer of the device design the device in such a way as to increase the
resistance of the device to the factors described above?

The safety of sea transport of containers begins not only in the port itself, but
much earlier, in the place where the container is formed. This site could be, for ex-
ample, a factory that produces agricultural machinery or a distributor. The ship-
per of the container is most often a company providing land transport services
(road or rail), the main task of which is to choose the right type of container to
which the machine will go, as well as its proper arrangement and lashing in the
container. In order to perform the above activities, it is worth knowing the spec-
ificity of sea transport in order to eliminate the risks and their effects that may
damage the machines during transport and cause a serious hazard.
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In recent years in Poland., have been established many companies dealing in
the formation of containers especially for sea transport These companies are often
located near seaports and provide packing services, especially those which, due to
their dimensions or weight, cannot be formed on euro-pallets. The process takes
place in such a way that the load on truck trailers arrives at the company from
cargo producers, there is packed, secured, and then loaded into the container,
properly lashed in the container and labelled appropriately. The important ad-
vantage of these companies is their excellent knowledge of the regulations on the
principles of forming sea containers and securing the cargo. (DANPOL Skrzynie
transportowe, n.d.; Cordstrap, n.d.).

The IMO regulations cited in this chapter are aimed at increasing the safety of
maritime navigation and eliminating the human factor, and are addressed main-
ly - but not only - to participants in maritime transport (container shippers, sea
carriers, ports, freight forwarders) and designers of sea-going ships.

However, the knowledge of potential threats that may occur during sea trans-
port and the specificity of sea transport and container handling in seaports may
contribute to increasing the awareness of machine producers on how to increase
their resistance to external factors and their effects, and in particular, which result
from the laws of physics accompanying transport processes. On the other hand,
threats caused by human error should also be included in the analysis, but they are
not always predictable enough.

Nowadays, in sea transport, containers are transported on ships called con-
tainer ships. Currently, the largest container ships in the world are approx.
400 m long, 61.5 m wide and, when fully loaded, can carry approx. 24,000 TEU.
All containers on the ship are arranged according to a previously prepared load-
ing plan, which takes into account many factors, e.g. the order of unloading the
containers in the port, the gross weight of the container, the type of container, the
length of the container, or the container power needs. In addition, the containers
are secured to ensure the ship’s stability during the voyage. Examples of container
ships are shown in Figure 2.

In maritime transport technology, a sea container is classified as a cargo unit
(CTU), but from the point of view of transport safety, it also plays a protective role
in relation to the cargo, i.e. it protects the cargo against external factors, but also
protects the environment against cargo (if it can have the properties of harmful to
the environment). Despite this, it is necessary to know the specificity of sea trans-
port and the behaviour of the ship in a wave.

Due to the place where the exposures arise throughout the ship’s voyage, ex-
posures to the containers may occur during the loading of the container onto the
ship, during the sea transport and during the container unloading in the port.



a) 13.360 TEU / L=365,9 m, W=51,2m b) 13.344 TEU / L=365 m, W=51,2m

Fig. 2. Examples of containerships
Source: own photoes made on the North Sea (2015).

Moreover, due to the type of exposure, one can distinguish climatic and me-
chanical exposures. Climatic hazards affecting the containers and the loads placed
in them (especially when it comes to open containers) result from the impact of
climatic conditions, such as: wind, sunlight, rainfall, snowfall, salt fog, sea water.
The effects of the impact of climatic exposures have already been discussed in
greater detail in publications (Szyszko, 2014; 2016) how they can have a destruc-
tive effect on the packaging, as well as accelerate the corrosion processes of steel
elements, both on the ships equipment, as well as on the transported steel loads.
The second type of exposure is static and dynamic mechanical exposures. Static
exposures result mainly from the weight of loads and containers placed on top
of each other as a result of the force of gravity. On the other hand, dynamic ex-
posures result from accelerations resulting from physical phenomena in the sea
transport process and as a result of physical phenomena in the process of lifting
and lowering containers into the holds.
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Types of containers via types of sea containers

There are many types of containers on the market, but not all of them can be used
to transport cargo by sea. Below has been presented main type of containers that
are currently on the market (ANGA Kontenery, n.d.):

— office containers - designed to suport office facilities, often of a temporary
places, e.g. at construction sites, terminals, temporary seasonal sales points,
guarded car parks, etc.,

— storage containers — intended for temporary storage of private goods, e.g. as
a result of renovation of a house or apartment, for commercial companies
for the safe storage of goods unsold in a given season, for storage of devices,
equipment and tools of a seasonal time of operation,

— gastronomic and commercial containers — often called pavilions intended
for gastronomic or commercial purposes,

— habitable containers - intended for habitation, they are often used as holi-
day homes or hostels,

— sanitary containers — constituting sanitary facilities for public places, such
as beaches, swimming pools, playgrounds, exhibition fairs, concerts, etc.,

— social containers — constituting social facilities for employees of construc-
tion sites and other places,

— guardhouse containers — providing social facilities for property protection
services,

— technical containers - intended for the installation of various types of tech-
nical, electric, pneumatic and hydraulic devices, e.g. power generators or
pumping stations and

— sea containers — intended for the transport of cargo by sea after obtaining
the appropriate certificates.

As can be seen above, there are many types of containers, but only sea contain-

ers are dedicated to the transport of cargo by sea.

In Poland, the entity that issues the approval of a container for sea transport
is Polish Register of Shipping (PRS) based in Gdansk. Each container that goes
to a seaport is verified in terms of correct labelling, and above all, whether it has
the so-called CSC SAFETY APPROVAL plate. A container, when it obtains such
a plate, means that it meets the requirements for containers so that they can be
intended for sea transport in accordance with the requirements of the CSC Con-
vention and the provisions of the Polish Register of Shipping regarding the con-
struction and operation of sea containers (PRS, 2014).



Types of sea containers, that enable to carry agricultural machineries

Then, the existing types of sea containers were overview on the basis of the CSC
Convention, ISO Standards and PRS regulations, and a subjective selection was
made for those types that allow for safe placement and lashing of agricultural ma-
chineries in the container (Group A), those types were indicated where there are
restrictions, but may be used only for selected machines (Group B) and the third
group are containers in which it is not possible to use for transport agricultural
machinery due to their specialized purpose for specific loads (Group C).

N
Group A — Types of sea Group B — Types of sea Group C — Type of sea
containers used to containers with restriction containers not used to
carriage of agricultural to carriage of agricultural carriage of agricultural
machineries machineries machineries
J
platform container ] general purposes [ tank container
— container |
flat rat container open top container refrigerated
] — conatiner
open sided container dry bulk container

double door container

Fig. 3. Types of sea containers used and not used to carry agricultural machineries

Source: own study based on legal regulations.

Figure 3 presents types of containers according to their purpose, divided into
those in which they are adapted to transport agricultural machinery, types of sea
containers in which the transport of agricultural machinery is limited and those
in which it is not allowed.

Figure 4 presents only those sea containers that can be used to transport ag-
ricultural machineries. With regard to the division shown in Figure 3, they apply
to the types of containers from group A and group B. However, the restrictions in
transport that occur in group B will be discussed in case studies.
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a) Platform container b) Flat rat container

Group B
c) general purposes container d) open top container

D} 08156 8
20

e) open sided container

Fig. 4. Sea containers enable to carry agricultural machineries

Source: photoes from Ecocontainers (n.d.) and Hapag Lloyd (n.d.).

Moreover, PN-ISO 668: 2018-05 - Freight containers series 1 — Classification,
dimensions and maximum gross masses, defines the types of containers accord-
ing to their dimensions, introducing into the international circulation the mark-
ings presented in Table 1.



Table 1. Containers markings according to IS0 668 and CSS Code

The length The high of the container
of the container <g g 86" 98"
10 1DX /18 1D/10 - -
20 1CX / 28 1C/20 1CC/ 22 -
30 1BX / 38 18/30 1BB/ 32 1BBB / 35
40 TAX / 48 /40 TAA T 42 TAAA/ 45
45 - - 1EE/ L2 EEE /LS

Source: PN-IS0 668:2018-05 - Freight containers series 1- Classification, dimensions and maximum gross masses.

Results of the Research

Case Study 1 - agricultural machinery’s elements - a flat pallet or a wooden
box-pallet — general purposes or double door sea container - a container ship
Case Study 1 concerns a situation when small size element of agricultural machin-
erieselements are placed on a pallet or a wooden box-pallet, and then loaded into
a general purposes container.

Figure 5 presents examples of wooden box-pallets or pallets with wooden pads,
especially adapted to the transport of machine parts, such as: enginees, drive’s el-
ements, gears, valves, electric motors, etc., with dimensions corresponding to the
1200 x 800 euro pallet or the 1200 x 1000 industrial pallet.

&

Fig. 5. Examples of box-pallet and pallets with wooden pads
Source: RAJA (n.d.).
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An important aspect during applying such types of wooden box-pallets or oth-
er wood elements and wooden stevedoring materials used for securing cargoes
inside the containers is that wood materials must be certified for the use of a given
type of wood in this pallet for international exchange trade according to the provi-
sions of the International Plant Protection Convention (IPPC, 1957), established
by Food and Agriculture Organization (FAO) in Rome. In order to effective elim-
ination of spreading of pests in international trade has been developed Interna-
tional Standards for Phytosanitary Measures (ISPM 15, 2009). The standards in-
cludes general rules for the recognition of new methods, rules for supervision by
the relevant national services, the performance of preventive treatments, rules for
labelling confirming the fact, that phytosanitary treatment has been carried out in
accordance with the recommendations and recommended procedures, including
destruction of packaging wood materials if found by authorized authorities of the
National Plant Protection Organizations of the importing country that there are
traces of live pests on them. (Noskowiak, 2010).

In the document - related to ISPM 15, 2009 - Regulation of wood packag-
ing material in international trade represent the guidelines, which cover all forms
of wood packaging materials, like: crates, boxes, packing cases, flat pallets, cable
drums, spools/reels, and box-pallets, and dunnage wood used to securing cargoes
in CTU (Euroshipping, n.d.).

On the other hand, wooden packaging does not include packaging made en-
tirely of wood-based materials such as plywood, particle board, oriented strand
boards or veneer boards made of glue, heat and pressure (such packages are con-
sidered to have undergone sufficient treatment to eliminate the risks associated
with raw wood) and raw wood packaging with a thickness of 6 mm or less (Euro-
shipping, n.d.). The example of marking of wooden material applied in transport
has been presented on the Figure 6.

XX -000
YY

Where: XX - the code of the country
000 - number of the producer
YY - Treatment code (HT, MB, DH, SF)

Fig. 6. The example of marking of wooden materials used in transport
Source: ISPM 15 (2009), ROTOM (n.d.).



The ISPM 15 standard (also called fumigation and IPPC) describes the treat-
ment of wooden and wood packaging. It ensures the elimination of all organisms
that can harm ecosystems in the countries to which wooden packaging is trans-
ported. According to this standard, most of the packaging made of wood in in-
ternational traffic must be treated in this way. The thermal treatment of the wood
must be performed at 56°C for 30 minutes and made in special certificated drying
room in which the heat treatment process takes place (ROTOM, n.d.).Table 2
includes internal dimensions of selected containers.

Table 2. Internal dimensions of general purposes sea containers

Internal dimentions of the container Internal dimentions
Type of the IS0 Symbol [mm] of the container doors
sea container [mm]
1 2 length width high width high
1AAA | 45GP 2684 2566
1AA 426GP 11998 2395 2261
1A 40GP 2356 2134
1BBB | 35GP 2684 2566
General BB 32GP 8931 2395 2261
purpose |1B 30GP 2330 2356 2286 2134
container 1400 | 996p 2395 2061
5867
1C 20GP 2356 2134
0 10GP 2802 2356 2134
1EEE | L5GP 2694 2566
13542
1EE L2GP 2684 2261

Source: PN-ISO 668:2018-05 - Freight containers series 1- Classification, dimensions and maximum gross masses,
CTU Code (n.d.) and Hapag Lloyd (n.d.).

Table 3. The most important and specific features included in case study 1

Special precautionary
measures

Types of carrying

Limitations . C
agricultural machineries

Advantages

easy loading of
a palletinto
a container

provide IPPC certifica-
tion for wood materials
used inside the con-
tainer

the limitation as to the size
of the load resulting from
the dimensions and load of
the pallet

components and spare
parts for agricultural ma-
chineries

Source: own study.
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Case Study 2 - agricultural small machineries or components - wooden
frames or small wooden transport box - general purposes container, double
door, open sided - a container ship

Case Study 2 concerns a situation when medium size element of agricultural ma-
chineries or small machineries are placed into wooden frame or small wooden trans-
port box and then loaded into a general purposes container, double door, opened
sided orf lat rack type of container and loaded on container ship. This example refers
to situation when machinery does not have special - originally designed by producer
- attachment points intended for lashing it in the container.

Wooden transport boxes can be totally closed (Fig. 7b) for special protection
of inside cargoes against the impact of bad weather conditions, like rain or snow
fall. But very important role play also such solutions, where boxes can be partly
opened o constituting a wooden frame construction to protecting cargoes with
irregular shape for movement during transport (Fig. 7a).

a) wooden construction frame b) closed small wooden transport box

Fig. 7. Examples of wooden transport boxes
Source: DANPOL Skrzynie Transportowe (n.d.).

Figure 7 presents examples of wooden transport boxes, especially designed
and adapted to the transport of machine parts, such as: large engines, cabins,
small machineries, which due to their dimensions and weight cannot be loaded
on a euro-pallet.

The most important aspects to consider in this case:

1. the issue of using certified wood - those topic has been discuss in the case

study 1 (discussed in case study 1),

2. the issue related to the preparation of the transport box and the distribution
and securing of the cargo in it,

3. the issue of loading the box into the container,

4. the issue of the arrangement of the box inside the container,

5. the issue of lashing the box inside the container.



An important aspect to take into account is the permissible load on the con-
tainer floor. In the case of the general purposes container, the values are presented
in Table 4.

Table 4. Maximum load of the permissible on the floor of general purposes container

The length of GP Mass of cargo per 1m[t] Mass of cargo per 1m? [kq]
container 30480 32500 34000 30480 32500 34000
4y 1,93 2,08 2,19 828 892 939
L0 2.2 2,38 2,50 947 1019 1073
20 4,80 5,15 540 2061 2209 2319

Source: Informative material (2016).

On the basis of the information in the table 4, it can be seen there is a wide
variation in the strength of the floor of containers. The highest floor strength has
20’ container. Those type of containers are very often applied for heavier loads
formed in pallets, but 45’ are mainly applied for lighter loads formed into pallets,

as well.

Whereas for containers open sided minimum door openings reduced internal
height and load distribution and planning guide approximately 10% lower than
GP container (CTU Code, n.d.).

Table 5. The most important and specific features included in case study 2

the container

Special precautionar Types of carrying
Advantages P mzasures y Limitations agricultural
machineries
General easy loading of | provide IPPC certification limited load
purposes |a transport box into | for wood materials used distribution
container a container inside the container
easier and faster components and
loading and unload- | provide IPPC certification - p .
Double door |. . limited load | spare parts for agri-
. ing boxes from con-| for wood materials used C .
container 2 . L . distribution | cultural machininer-
tainer in compare in|  inside the container ies. small machines
@ contfilner like: small fertilizer
eaS}/ Io:'dm? and load distribution |  Spreader, baling
Cl;r: anes”i]r?tc??t?e provide IPPC certification | and planning | Press, swath tedders,
Open sided gontainer for wood materials used | guide approx- bale wrappers
container | ... inside the container imately 10%
it is not necessary lower than
for a forklift to enter containergp

Source: own study.
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Case Study 3 - small and medium sizes agricultural machineries or compo-
nents - open top sea container - a container ship / semi-container ship

Case Study 3 concerns main two situations, like: small size agricultural machin-
eries are roll on into the container and small sized agricultural machineries or com-
ponents that are non-propeller are loaded by lift on - lift off system. In the container
vecicles are lashing and loaded on the container ship or semi-container ship.

Open top containers are very often used to transport cars, machines, by the
system roll on-roll of or other specific non-propelled devices, that can be loaded
by lift on - lift off system. They can be also used to transport small and medium
sized agricultural machineries. Table 6 includes internal dimensions of open top
containers.

Table 6. Internal dimensions of open top sea containers

et | mome | SRS | v

container | 1 2 | length | width high width high
WA | ST | 2649 2570

Opentop | TAA K0T 2350 - 2338 50
1cc 2UT | 5895

Source: PN-ISO 668:2018-05 - Freight containers series 1- Classification, dimensions and maximum gross masses,
CTU Code (n.d.) and Hapag Lloyd (n.d.).

Vehicles are driven into the container by a small ramp and should be small
sizes and make enough space has to be left for the driver to get out of the vehicle
and for setevedor enable lashing.

Securing cargo in open-top containers needs a mixture of lashing and chock-
ing system. Chocking protects the cargo against slipping. To secure lengthwise,
wooden beams are to be laid-out between cargo and corner posts of the container.
Chocking crosswise should be done as far below as possible against the side walls.
The forces must be distributed over an area as large as possible by horizontal tim-
bers. Side and front walls are not designed for selective stresses. Whereas, lashings
prevent cargo tipping and increase the friction on the floor. All open-top contain-
ers have small lashing eyes on the corner posts, as well as on the floor and on the
roof rails, each with a Maximum Securing Load (MSL) of 12 t. (CTU Code, n.d.).

Open top container is very similar to a general purpose container, with regard
to general structure and dimensions, but the only exception is the lack of a roof.
During transport containers are covered by canvas, plastic or reinforced plastic
material often referred to as a tarpaulin, “tarp” or “tilt” (CTU Code, n.d.).



Table 7. The most important and specific features included in case study 3

Advantages Special precautionary Limitations Types of carryjnq .
measures agricultural machineries
easy and fast load- small size rolling machin-
ing and unloading eries (agricultural tractor
vehicles by roll on - for fruit growing)
Open top roll off system, provide IPPC certifi- small sizes non-propeller
container | availability to car- | cation for wood ma- | limited load | machineries with special
with riage of cargoes | terials used inside the | distribution lifting hooks for lift on
doars that are overhight container - lift off system (small
it is not necessary fertilizer spreader, baling
for a forklift to enter press, swath tedders, bale
the container wrappers)

Source: own study.

Case Study 4 - agricultural machinery - a platform or a flat rack container -
a container ship or a semi-container ship

Case Study 4 concerns a situation where a small size agricultural machinery is
loaded into a flare rack or platform container and then loaded on a ship. Such situa-
tion may concern several variants, e.g. the machine is previously loaded into a wood-
en transport box, the machine is loaded on a wooden base and shrink-wrapped or
the machine is loaded directly into a flat rack container.

The platform or flat rack containers and flatrack are especially dedicated to
cargoes that cannot be transported in other containers due to its weight or height.

Rating and load distribution flat rack maximum gross mass values have in-
creased over the past years 45,000 kg. Securing cargo on a flatrack must involve
a combination of lashing and chocking, but the preferred by shippers lashing
method is cross lashing (Hapag Lloyd, n.d). Figure 8 presents a few solution that
can be applied to agricultural machineries.

During transport cargoes into flat rack containers, especially vehicles, are ap-
plied solutions for protection against environmental influences. Examples include
wooden shipping crates or heat-shrinkable foil. In the case of using wooden box-
es, their must be certified as is described in case study 1.

Professional packaging of machines and devices in heat-shrinkable foil for ma-
chines and devices will enable the protection of cargo against harmful external fac-
tors that may occur during container sea transport. The use of modern heat-shrink-
able films with UV filters and an additional coating with volatile corrosion inhibitors
will effectively protect steel elements (DANPOL Skrzynie Transportowe, n.d.).

This is especially important as the load is also exposed to salty seawater, salt
MIST and rainfall.
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a) closed wooden transport box

b) wooden construction frame +

heat-shrinkable foil heat-shrinkable foil

Fig. 8. Examples of using a flat rack containers
Source: a, b - DANPOL Skrzynie Transportowe (n.d.); ¢ - Cargo RestTraint Systems (n.d.).

Table 8 includes internal dimensions of flat rack containers.

Table 8. Internal dimensions of selected sea containers

Type of 1S0 Svmbol Internal dimentions of the container | Internal dimentions of the
the sea y [mm] container doors [mm]
container 1 2 length width high* width high
TAA 42PC 11652 2245 | 1953/ 6%" - -
Flat rack
1cC 22PC 5638 2194 1953 / 6" - -

* - refers to the high of front/rear walls

Source: PN-ISO 668:2018-05 - Freight containers series 1--classification, dimensions and maximum gross masses,

CTU Code (n.d.) and Hapag Lloyd (n.d.).



Table 9. The most important and specific features included in case study 4

Special Types of carrying
Advantages precautionary Limitations agricultural
measures machineries
Cargo inside the . provide IPPC cer- | the limitation components and
wooden  transport| easy loadingof | . .. spare parts for ag-
tification for wood | of the wodden | .
box and loaded on| atransport box . ricultural machines,
. . materials used transportbox | ..
the flat rack con-| intoacontainer | . . . ’ like: grippers, lawn
. inside the container sizes
tainer mowers
Cargo on the wood additional pro- pr_owqe IPPC cer the limitation |  small agricultural
en frame and cov- . tification for wood . .
; cection of ma- . of the flat | tractors with or with-
ered by heat-shrink- . - materials used . .
4 chines by foil | . . . rack sizes out cabins
able foil inside the container
Cargo directly in the | is applied to - .| the limitation for machines resistant
) machineries require to weather conditions,
platform or flat rack | overhigh car- - X of theflat |~ .
. specialized lashing . i.e. small agricultural
container goes rack sizes ; .
tractors with cabins

Source: own study.

Conclusions

. Very important property of agricultural machineries as the cargo in sea con-
tainer transport system is that they are classified as a dynamic cargo. It means
that the machines able to change their positions and able to change the posi-
tion of the centre of gravity during carriage. Proper securing of the machine is
required to prevent the machine from moving or overturning during carriage.
Therefore it is essential that the machine has originally designed by producer
special handles to facilitate its attachment in the container.

. Knowledge of the rules for securing rolling loads (which include agricultural
machinery) on ro-ro ships in accordance with the requirements of the CSS
Code may contribute to the consideration of introducing additional reinforce-
ments in order to increase the resistance to mechanical stress that may arise
during sea transport and during unloading from land transport in port and
loading onto the ship.

. Increasing the following parameters of machines, such as the grade ability and
the lower ground clearance, may have a positive effect on increasing the level
of safety when loading and unloading machines from various means of trans-
port, especially when using access ramps for containers.
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Abstract

This paper addresses some issues related to human resources education for the transport, shipping and
logistics (TSL) sector. The analysis covered both the sector’s evolution in response to progress in techni-
cal solutions, computer science and robotics, and the stereotypic views on how people work in it. The au-
thors presented certain aspects related to the labor market, including the differences in wage levels and
the persisting trend of employment growth despite the difficulties faced during the COVID-19 pandemic.
Other topics discussed are the reasons for introducing and adjusting secondary and tertiary education
systems in Poland with a view to address the changing needs of the logistics labor market. Emphasis was
placed on how attractive this industry is (especially in terms of wages) but also on the barriers to hire,
including the generation Z lacking confidence in their skills and competences as they enter the labor
market. This paper also presents the existing education qualifications and standards at different levels,
and the fields of university studies offered in Poland for future TSL managers.

Keywords: transport, shipping, logistics, TSL industry, human resources education, labor market for log-
isticians, challenges in the logistics labor market

JEL: 125, 015, J24

Introduction

Over the recent years, the labor market in the broadly defined logistics sector has
been among the most stable employers for graduates of both secondary schools
and specialized university programs (holders of a bachelor, engineering or M.Sc.
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diploma). It demonstrates certain particularities, has some requirements that ade-
quately match the needs of enterprises both at local and global levels, and witness-
es growing interest from employees. The can be explained by the logistics evolving
from its traditional forms (usually related to haulage and storage) to increasing-
ly modern solutions which include procurement planning and management of
sourcing and distribution processes. The two first decades of the 21* century wit-
nessed dynamic development of the logistics sector which underwent considera-
ble changes and extended its scope of impact. This translated into redefining the
profile of employees being sought (Zurek, 2019).

Logistics and to be more precise, the sector for transport, shipping and logistics
(TSL) services is no longer composed only of drivers and freight forwarders. Now,
it also includes specialists dealing with new technologies, such as automation, dig-
itization, strategic planning and management, and a number of other domains.
Hence, most of them are “digitally advanced” employees referred to as technology
talents (Deloitte, 2017) which are continuously sought after in other sectors, too.
As a consequence, state-of-the-art logistics (especially digital logistics) faces cer-
tain limitations in accessing competent human resources; this situation also partly
results from the potential candidates having a quite traditional vision of the sector.
For many of them, TSL heavily relies on transport, and offers jobs primarily to
truck drivers and warehouse employees. In practice, logistics is an industry that
requires technologically advanced solutions, including artificial intelligence, the
Internet of Things, robots, automation and predictive analytics (Bujak, 2007; 2014;
Blaik, 2019). However, this view continues to be shared by only a small number of
students and graduates (potential employees). As a consequence, although gener-
ation Z believed to be multitaskers who cannot do without their computers (Ku-
bera, 2021) enters the labor market, it is still difficult to address the TSL sector’s
demand for workforce (KDS, 2021). As shown by recruitment practice, genera-
tion Z generally lacks social skills, which means they do not trust their digital skills,
lack self-confidence and cannot communicate directly in interpersonal relations.
This considerably deteriorates their performance in many industries, whether or
not related to state-of-the-art technologies. Also, already at the recruitment stage,
a discrepancy emerges between what they learned in schools and universities and
what is expected by the employers (TTR, 2021). Such a multitude of restrictions
largely result from an inadequate education system, and make it extremely difficult
to address the demand for employees in the transport, shipping and logistics sector
on an ongoing basis. In turn, in an effort to be more efficient in looking for em-
ployees, the representatives of that sector enter into relationships with educational
establishments by requesting and supporting the creation of specialized fields of
study and by letting interns work onsite with cutting-edge equipment etc.



The purpose of this Chapter is to provide a synthetic description of the sys-
tem for human resources education for the TSL industry and to show the market
elements, i.e. supply, demand and prices (wages) for graduates entering the labor
market related to transport, shipping and logistics. It follows a monograph ap-
proach and relies on document analyses and observation methods. Factual ma-
terials were sourced from available literatures, including reports and forecasts by
international organizations monitoring the labor market (ManPower, Deloitte),
data from the Central Statistical Office and information from industry web por-
tals. An in-depth analysis was carried out of formal and legal documents and leg-
islative acts relating to the area of education concerned.

A desk research was performed to thoroughly analyze the information and
capture the changes witnessed in the TSL sector. This served as a basis for de-
termining the professional requirements for candidates and identifying market
demand for labor in that industry.

The way modern logistics evolves

As the volume of good offered grows, there is increased demand for services re-
lated to their transport and storage. This can be explained by a number of factors,
including worldwide socioeconomic changes due to processes such as popula-
tion growth and widening income gaps. Irrespective of where they live and how
wealthy they are, the societies expect logistics operations to become more and
more efficient this is when digitization comes into play. In other words, there is
need both for technologies to accelerate the processes themselves and for an ad-
equate number of duly skilled employees to handle the technologies. As there is
a growing dearth of highly qualified human resources, the expectation for the near
future is that intensified measures will be taken to streamline some warehousing
tasks by using robotization processes, employing drones to take over courier ser-
vices, and implementing numerous new solutions driven by progress in AI (arti-
ficial intelligence). However, contrary to what the futurologists believe, humans
will not be replaced by robots (Frey and Osborne, 2013; Dominiak, 2020); this
can be explained by the processes being operated at large scale, on the one hand,
and by the growing need for personalization (e.g. gift packing etc.), on the other.
According to updated forecasts, it is also necessary to adjust some warehouses
to the needs of the ageing workforce (a concept referred to as silver warehouses)
(Kohlbacher et al., 2011; Brdulak, 2014).

In other words, “the logistics changes because... it has no other option” (Le-
wicki, 2021). The above statement is the fullest possible description of changes
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which take place in that sector and make it possible to keep pace with modern
megatrends. They are driven by economic factors, including the virtually unlimited
availability of communication and transport networks, by technological aspects,
i.e. emergence of new technologies (also in the construction industry) which pro-
vide advantages such as enabling dynamic development of state-of-the-art storage
facilities, and by social processes from the changing preferences of customers (and
of future employees) through to education, healthcare and leisure (Bujak, 2021).

A lot of things have changed since the 1950s which are believed to mark the
beginning of modern-era logistics. In the 2020s, the TSL sector reached a stage
described as revolutionary. Logistics have naturally evolved from retail operations
related to replenishing stocks by sourcing goods directly from manufacturers or
wholesalers (in the 1970s), through to distribution centers controlled by stores
(in the 1980s) and to a global economy which needs international distribution
centers (at the turn of the millennium) (Laskowska-Rutkowska, 2014). Today’s
stage can be described as shifting to activity robotization and process automa-
tion. In this reality, logistics operators become fully-fledged business partners and
are no longer only outsourcers of transport, storage and redistribution services.
Increasingly often, they offer next-level quality of services related to: developing
logistics processes; designing storage facilities; selecting a warehousing location;
inventory storage and management; packing and repacking; labeling; and more
and more frequently small repairs; B2B and B2C order fulfillment; handling
returns and complaints; or even ordering marketing materials and packaging
(Laskowska-Rutkowska, 2014; Lewicki, 2021).

The evolution of the logistics model entails both quantitative and qualitative
changes in demand for staff, which are reflected in a number of ways, including
by supply and demand aspects of the labor market. The type of professional tasks
gradually becomes wider and more complex. Also, there is increase in demand
for essential social competences, including foreign language skills, ability to work
in multi-cultural teams, communication skills etc. It becomes necessary to make
rapid decisions, think flexibly and be generally self-reliant in action. Many of
these characteristics turn out to be barriers preventing the employees, especially
fresh graduates, from accessing that sector.

Labor market for logisticians

The development pace of the TSL labor market can be inferred both from the
analyses of information coming from this market and from periodic reports pub-
lished by associations of economic analysts. The periodic publications include



the “ManpowerGroup Employment Outlook Survey” which provides a basis for
a synthetic description of changes taking place in specific sectors of the economy.
The analysis of subsequent editions of the Survey from 2018 to 2021 suggests there
is relative stability in the development trends witnessed in the Polish TSL sector.
Despite the negative forecasts for the whole trading sector (related to the intro-
duction of a nearly total ban on Sunday trading in 2018), the sector continued to
develop. Importantly, unlike many other parts of the economy;, it avoided stagna-
tion brought by the COVID-19 pandemic (early 2020 and next years). Most un-
dertakings in this industry fulfilled their recruitment plan, and some of them even
reported being understaffed due to the situation prevailing in the labor market
(Barometr, 2021). Indeed, it turns out that immediately before the pandemic and
right after it broke out (March 2020), the labor market experienced shortage of
warehouse employees, drivers and some more specialized logistics staff. This was
directly related to the candidates having insufficient knowledge of today’s require-
ments and tasks faced by TSL employees, and to educational services still being
not developed enough to prepare people to work in that sector. Furthermore, the
workstations, their equipment and the scope of professional and personal compe-
tences expected from potential candidates evolved as the technology progressed.

Irrespective of actual limitations to supply, employment in the TSL sector has dy-
namically grown over the last two decades at a rate of ca. 94,000 per year. Wages
have undergone a similar evolution (Fig. 1).
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Fig. 1. Changes in employment and salaries in the Polish TSL sector (2004 = 100).
Source: GUS (2020).
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It needs to be emphasized that wages are highly diversified across the Polish
TSL sector depending on the job specification, the scope of duties and, often, em-
ployee age (Pecold, 2022). The extent of these gaps can be illustrated by a compar-
ison of three jobs (forwarder, international forwarder and logistics specialist) in
two age brackets (18-25 and 26-30 years old) (Fig. 2).
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Fig. 2. Differences in salaries between selected TSL jobs depending on age
Source: GUS (2020).

Despite the wages being relatively high (for Polish conditions) and growing,
the logistics sector is expected to witness increased competition for work can-
didates in the near future. The way the labor market is affected by the pandemic
plays a decisive role in that process, although the situation was viewed as difficult
even before the pandemic. The employers will face new challenges, including the
need for developing a new teamwork model and the issues involved in employee
motivation and engagement. The flexibility and security of work and the respon-
siveness to changes become key challenges in the post-pandemic reality, especial-
ly as the world’s geopolitical stability increasingly often gets perturbed (as demon-
strated by the Russian aggression against Ukraine in March 2022, for instance).
The location of offices, the working mode (remotely or onsite), the ability to shift
to a hybrid system, taking the wellbeing into account, and the employers’ efforts
taken to keep their employees in a good mental condition are the consequences of
the pandemic experience which will grow in importance. Also, the ability to col-
laborate with people from remote locations (previously quite rare due to technical
reasons) will become more and more widespread.



In the coming years, employment in the TSL sector is forecasted to keep grow-
ing at a rapid annual rate of ca. 10% (Survey, 2021). Hence, the sector will con-
tinue to experience increased demand for employees. However, the differences
in expectations between employees and employers are a distinct question which
will be decisive for the employment. According to studies, 53% of TSL compa-
nies report demand for hard-skilled employees. This mostly means having skills
such as IT system management, risk analysis, inventory optimization, continuity
planning in the supply chain, certifications granted by the Office of Technical In-
spection, WMS operation, ability to handle machinery and equipment, forklift
operator license, knowledge of e-Commerce processes and tools, knowledge of
artificial intelligence and process automation topics, and forecasting skills (Rynek
logistyki, 2020). The above does not mean the logistics sector does not expect the
candidates to demonstrate soft skills (the acquisition of which is viewed as diffi-
cult by 47% of companies), primarily including transparency, team management
skills, reliability and responsibility. Also sought after are the willingness to learn
and improve one’s qualifications and (as a key aspect during the pandemic) the
ability to work remotely; work under pressure and embrace change; adaptability,
flexibility, mobility and self-reliance in action. Not all of these competences can be
acquired during the education process, some of them are the consequence of the
candidates’ personality traits.

In addition to lack of expected competences in job candidates, the barriers to
hiring are excessive wage expectations (reported by as much as 61% of operators)
as well as lack of job candidates (58%) and insufficient professional experience
(44%) (Rynek logistyki, 2020).

Education for the TSL sector

While logistics does not form a separate scientific discipline in the Polish educa-
tion system, both secondary and tertiary establishments try to educate candidates
for the TSL sector. For more than ten years now, there has been renewed inter-
est in education fields related to it. Meanwhile, a discussion is ongoing on how
to combine essential general knowledge of students/graduates with their future
specialization. It results in reaching a consensus according to which the educa-
tion of human resources for logistics should be of a complementary nature, i.e. it
should combine social science content (subjects such as management, economy
and law) with hands-on skills of how to operate a computer, use programs etc.
(Pawlisiak, 2014). The practical implementation of that concept is reflected in the
emergence of numerous secondary and tertiary fields of education. However, the
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goals pursued by universities which launch logistics-related fields of study remain
debatable. Some of them use logistics as an incentive in their “fight for students”
while not paying attention to their graduates’ professional skills and future career
paths. Others try to change their teaching methods and argue for a process-based
approach to logistics studies by pointing to its role in enterprise management (at
micro and macro levels), in building a competitive edge, in the financial standing
of enterprises, in creating business strategies, in supply chain management and,
generally, to how important logistics is to the national and global economy (Kur-
asinski, 2014).

Secondary vocational education for the TSL industry

Although wrongfully underestimated, vocational education is an important part
of the Polish education system, primarily of the system for human resources edu-
cation for the economy as a whole. In Poland, vocational education has for many
years undergone a series of major reforms designed mostly to improve the quality
and efliciency of education and to better align the professional background of
young people with the needs of the labor market and employers (Sztanderska and
Drogosz-Zabtocka, 2019). From an organizational point of view, prior to Septem-
ber 1, 2017, the Polish educational system was mostly composed of basic voca-
tional schools with a 3-year curriculum and 4-year technical schools. Currently,
the vocational education system comprises the following types of schools:

— three-year stage 1% sectoral vocational schools-specific schools for students

aged 15to 18,

— two-year stage 2" sectoral vocational schools-specific schools for students

aged 19 to 21,

— five-year technical secondary schools for students aged 15 to 20,
— three-year schools preparing for employment (Eurydice, 2022).

Additionally, professional skills can be acquired in post-secondary schools
with a program duration of one to two and half years. They are strictly profes-
sional and do not include general educations. The candidates are required to be
graduates of a general or industry-specific secondary school.

Vocational education is based on a system of identified professional qualifi-
cations which the pupils and students acquire and demonstrate throughout the
education process (rather than just at the end of the education program). The
applicable classification of vocational education paths includes a list of 245 occu-
pations attributed between 32 industries (ORE 2019). The qualifications mean nu-
merous skills that the graduates of a specific school are expected to demonstrate



and which are verified during an exam taken to validate a qualification identified
for the occupation concerned. Starting from school year 2019/2020, every occu-
pation has up to two qualifications attributed for which an exam needs to be taken
(previously, this was not unified; for instance, the “logistics technician” was the
only occupation to have as much as 3 qualifications attributed to it).

The dynamic growth of the TLS sector and the increasing demand for labor
in related occupations are the reasons behind the growing number of schools
offering dedicated education programs. In 2011, there were 594 of them vs. 694
in 2017 (according to Bujak and Rajczakowska, 2019). As regards vocational ed-
ucation for the TSL industry, the logistics technician was the leading occupation,
followed by: the forwarding technician, the port and terminal operation tech-
nician, the rail transport technician and the road transport technician. In turn,
the warehousing logistician is the relatively youngest of the logistics occupations
offered, and is an education path that can be followed in 1* cycle industry-specific
schools. Upon validating their qualifications classed as SPL.01 (AU.22.) “Ware-
housing operations,” graduates of a school for warehousing logisticians can also
obtain a logistics technician vocational diploma, provided that they validate their
qualifications classed as SPL.04 “Transport organization” and have a secondary or
industry-specific secondary education (Bujak and Rajczakowska, 2019).

The subsequent reforms to the vocational education system resulted in chang-
ing the core curriculum for certain occupations. This mostly involved modifi-
cations to what is referred to as the teaching schedule for each occupation and
to professional qualifications required from graduates. Tables 1, 2 and 3 provide
a summary of qualifications broken down by occupations introduced under con-
secutive reforms to the core curriculum.

Being granted a professional title, including a technician, depends on passing
a written and hands-on exam for all qualifications required in the occupation con-
cerned. This means reaching the required score, i.e. no less than 50% and 75% of the
maximum score in the written part and in the hands-on part, respectively. Note that
the acquisition of a certain qualification can be validated at any point during (and at
different stages of) the education process. Usually, this is done during the summer
or winter examination sessions (June/July and January/February, respectively), with
the latter generally being a retake session. In practice, e.g. in the case of a 5-year
educational program in a secondary technical school, the pupils validate their first
and second qualification in the third and in the fifth grade, respectively. Note that
in order to graduate, they are not required to validate their qualifications for the oc-
cupation concerned. A person who took the exam and successfully validated every
qualification identified for his/her occupation obtains a professional diploma, i.e. is
granted the title of technician. The exams intended to validate the pupils’ occupa-
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tional qualifications are organized and supervised by the head of the Central Exam-
ination Committee together with 8 Regional Examination Committees (supervised
by the head of the Central Examination Committee).

Table 1. Qualifications - occupational core curriculum (2012)

Occupation name and | Qualification I
. L Qualification name
numeric ID designation
Forwarding technician A.28 Transport organization and management
333108 A.29 Customer and contractor support
Logistics technician A.30 Organizing and monitoring the resource and information
333107 flow in production, distribution and warehousing processes
A3l Managing technical resources in the course of transport
processes
A32 Organizing and monitoring the resource and information
flow in organizational units
Port and terminal opera- | A.33 Supporting travelers in ports and terminals
tion technician A34 Organizing and carrying out works related to transshipment
333106 and storage of goods and cargo in ports and terminals
Rail transport technician | A.44 Organizing and managing rail traffic
31928 A.45 Planning and managing rail transport
Road transport technician | A.69 Operating road vehicles
31927 A0 Operating road vehicles

Source: own study based on ORE (2017a).

Table 2. Qualifications - occupational core curriculum (2017)

Occupation name and | Qualification -
- L Qualification name
numeric D designation
Warehousing logistician | AU.22. Warehousing operations
432106
Forwarding technician | AU.31. Organizing transportation and supporting customers and
333108 contractors
Logistics technician AU.22. Warehousing operations
333107 AU.32. Transport organization
Port and terminal opera- | AU.33. Supporting travelers in ports and terminals
tion technician AU.34. Organizing and carrying out works related to transshipment
333106 and storage of goods and cargo in ports and terminals
Rail transport technician | AU.46. Organizing and managing rail traffic
31928 AU.4T. Planning and managing rail transport
Road transport techni- | AU.04. Operating road vehicles
cian AU.69. Organizing transportation by road vehicles
31927

Source: ORE (2017b).



Table 3. Qualifications—occupational core curriculum (2019)

Occupation name and Qualification I
. L Qualification name
numeric 1D designation

Warehousing logistician SPL.O1. Warehousing operations
432106
Forwarding technician SPL.05. Organizing transportation and supporting cus-
333108 tomers and contractors
Logistics technician SPL.OM. Warehousing operations
333107 SPL.04. Transport organization
Port and terminal operation | SPL.02. Supporting travelers in ports and terminals
technician SPL.03. Handling cargo in ports and terminals
333106
Rail transport technician TK0.07. Organizing and managing rail traffic
31928 TK0.08. Planning and managing rail transport
Road transport technician | TDR.01. Operating road vehicles
31927 TDR.02. Organizing transportation by road vehicles

Source: ORE (2019).

The situation in the education market and the growing interest in logistics are
the reasons why some secondary and upper-secondary schools turned their at-
tention to the possibility of educating forwarding technicians and logistics tech-
nicians. In turn, the employers reported a shortage of employees with a vocation-
al or secondary education in the field of transport, shipping and logistics, and
witnessed strong fluctuations in these two occupational groups. The Ministry of
National Education and Sport addressed these expectations by enhancing the Pol-
ish vocational education classification with two occupations referred to as “for-
warding technician” and “logistics technician.” The above was confirmed by the
Regulation of the Minister of National Education and Sport of May 8, 2004 on
the classification of vocational education occupations (Journal of Laws [Dz.U.]
No. 114, item 1195). The Regulation provided a basis for organizing education in
the field of logistics-related occupations, defined in a much broader sense than
before. Examples of measures taken to address this problem include the Euge-
niusz Kwiatkowski Technical School Complex (TSC) in Grodzisk Wielkopolski.
From school year, 2007/2008, the TSC has been educating logistics technicians,
a profession of great interest to graduates of primary schools located in the dis-
trict and in neighboring communes. An interesting finding from the experience
of the logistics technical school is that the group of candidates is predominant-
ly feminine. The vocational training program for logistics technicians came to
supplement and boost the attractiveness of the educational offering not only in
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the Grodzisk Wielkopolski TSC but also in many other secondary schools. It is
reasonable to guess that it managed to fill the gap left by the declining interest in
vocational training for economy technicians. Because of the growing popularity
of this field of vocational training and the demand for duly qualified logisticians
from local employers, the TSC management decided to open another section for
logistics technicians starting from school year 2016/2017, namely a uniformed
section as part of the Certified Military Uniformed Sections project supported by
the 5" Lubusz Artillery Regiment based in Sulechéw (ZST, 2022).

Tertiary education for the TSL industry

A modern knowledge economy needs well-prepared professionals, including not
only holders of a secondary school diploma but also university graduates capable
of assuming managerial functions in the TSL sector. In a context of demographic
decline and growing competition in the market for education services, address-
ing that sector’s demand for human resources becomes an interesting alternative
for tertiary schools which often must seek new, attractive fields of study in or-
der to recruit students. However, this can only be done by the best universities
which, on top of theoretical classes, can provide the students with an opportunity
to enroll in internships and acquire additional certifications and qualifications.
In the Polish realities, educating human resources for the TSL sector continues
to be a relatively new proposal, even though logistics (as an interdisciplinary sci-
ence) has many points of contact with technical, computer, management and eco-
nomic sciences. In practice, the above means that logisticians can be graduates
of a business, general or technical university (Swiekatowski 2014). In Poland, the
concept itself of logistics education is not new; for many years now, it has been
supposed to be based on three domains:

— Business Logistics: educating specialists that address the needs of the business,
and are prepared to carry out strategic analytics and economic assessments
across the global supply chain,

— Logistics Management: educating specialists prepared to control logistics sys-
tems for supply, production and distribution,

— Technical / Industrial Logistics: educating specialists prepared to systemically
analyze, design, implement, deploy and operate logistics systems and to man-
age them in a specific area (Korzen, 1996).

In accordance with the above concept, Business Logistics should be taught by
economic universities and faculties of economics at general universities, whereas

Logistics Management programs should be offered both by economic universities



and universities of technology. In turn, technical universities should teach Tech-
nical / Industrial Logistics since they are in a position to deliver sophisticated
technical know-how which is essential in working as a logistician. However, it
turned out in practice that because of growing market demand for TSL specialists
and the interest from pupils and students in learning logistics, a new discussion
started in early 2000s on what is the desired education profile for that occupation.
Since 2004, on the initiative of the Polish Logistics Association, a working debate
has been ongoing to tell if “a logistician is an engineer or an economist?” That
question was answered by the General Council of Higher Education who adopt-
ed the “tertiary education standard for logistics” in 2006, with an engineering or
a bachelor diploma as the two possible education paths. The engineering path in-
cluded more hours spent on learning math, system engineering, system analytics
and commodity science. Also, it provided for physics or chemistry courses which
were not covered by the standard bachelor path. Conversely, the bachelor pro-
gram included content related to marketing and professional ethics. Graduates of
the bachelor program could continue their education by enrolling to second-cycle
studies no shorter than 4 semesters whereas graduates of the engineering program
could select a second-cycle program with a duration of no less than 3 semesters
(Journal of Laws [Dz.U.] No. 164, item 1166, Appendix 61).

The adoption of a dedicated education standard resulted in making logistics
the leading field of study for TSL human resources. Another reason for it being
so popular was the 2010 redefinition of the classification of occupations and spe-
cializations for the purposes of the labor market. It included occupations directly
dedicated to graduates of tertiary programs, such as logistics director, logistics de-
partment manager, logistics specialist (Journal of Laws [Dz.U.] No. 82, item 537).

Education for TSL human resources is offered by both public and non-pub-
lic establishments. In the Polish education market, there are two tertiary schools
directly dedicated to logistics, namely the Poznan School of Logistics (WSL) and
the International University of Logistics and Transport in Wroctaw. In addition
to academic teaching, the first one (WSL) is active in educating secondary level
teachers, including by offering postgraduate programs and organizing the Teach-
ers’ Forum and the National Logistics Contest intended to disseminate modern
logistics knowledge.

In academic year 2021/2022 in Poland, education for TSL human resources was
offered by as many as 115 establishments, and there will be 116 of them in the next
academic year (2022/2023). The existing group of schools will be joined by the
University of Warmia and Mazury which announced the launch of an engineering
program in logistics. In previous years, there was much less interest in fields of
study related to logistics; in academic year 2007/2008, education for logisticians
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was offered by 61 tertiary establishments (including 21 public and 40 non-public).
However, that number grew to reach 110 (38 public vs. 72 non-public) in academ-
ic year 2011/2012. While the universities offered education in logistics mainly as
part of the eponymous field of study, they also launched specialization fields in
logistics as part of existing fields of study such as management, economy, finance
and accounting or international relations (Stawiarska, 2014; Swiekatowski 2014;
Kacperska 2021). The growing number of specialization fields was undeniably
a way to address the needs of the labor market. However, in some universities, it
resulted from marketing efforts rather than from knowing what the labor market
needs (Swiekatowski, 2014).

The logistics education standard adopted in 2006 by the General Council of
Higher Education provided a precise definition of the education profile and the
characteristics of graduates of fist-cycle and second-cycle programs. The changes
in higher education, especially the implementation of the National Qualifications
Framework for Higher Education (KRK, 2010), provided the universities with au-
tonomy in their programs, thus enabling the launch of unique fields of study other
than what was provided for in the education standard. This considerably acceler-
ated the emergence of new fields of logistics education. The implementation of
the Qualifications Framework was underpinned by the Bologna process designed
to ensure mutual recognition of qualifications and periods of studying abroad,
and resulted in the need for defining the education profiles for the fields of study
concerned. Hence, the existing tertiary programs can have a general academic
or a practical profile. Table 4 presents the list of fields of study currently in place,
broken down by cycle and education profile.

It turns out that the largest group of universities is formed by those offering
first-cycle and second-cycle programs in the field of logistics and those offering
long-cycle M.Sc. programs. Note that the latter are almost entirely new fields of
study with a practical profile launched in 2019-2021 by military universities (Mil-
itary University of Technology, Polish Air Force University, Polish Naval Academy
of the Heroes of Westerplatte).

The autonomy the universities have in defining their programs resulted in
launching new fields of study which referred to logistics already in their names.
Twenty of them were created by academic year 2021/2022, but this number is
highly likely to grow in the future. While most of the newly established fields of
study were first-cycle engineering programs, some second-cycle programs also
emerged, e.g. Logistics in the economy, Logistics and administration in the media,
Manufacturing and logistics engineering.



Table 4. Fields of study for the TSL industry

Studies
second-
first-cycle programs | cycle long-cycle
No. Field of stud NL.mee'r .Of rograms | Prodrems
y prog
universities - MSc /
b[?chelor engineering|  \'c " M.
egree | degree O
engineering
1 Logistics 63 33 32 30 3
2 | Transport 27 1 26 19 -
3 | Transport and logistics 6 - 6 4
4 Business logistics 2 1 - 2
5 Logistics in the agri-food sector 1 1 1
6 Logistics in the economy 1 - - 1
7 International logistics 1 - 1 -
8 Economic logistics 1 - - - 1
9 Engineering logistics 1 - 1 - -
10 | Logistics and transport 1 - 1
T |Logistics and freight forwarding 1 - 1
12 | Logistics and administration in 1 1 - 1 -
the media
13 |Rail transport 1 - 1 - -
14 | Transport, shipping and logistics 1 1 - - -
security
15 | Vehicle engineering 2 - 2 2 -
16 |lLogistics engineering 1 - 1 - -
17 | Transport and logistics 1 - 1 - -
engineering
18 | Manufacturing and logistics 1 - - 1 -
engineering
19 | Manufacturing logistics and 1 - 1 - -
engineering
20 | Transport engineering 1 - 1 1 -
21 | Logistics engineering* 1 - 1 - -

Source: own compilation based on data published at the POLon site.

The fields of study that address the demand from the TSL industry are popu-
lar not only because of their interesting program content, but mostly due to the
graduates not encountering any problems in the labor market (which means, in
practice, an opportunity to earn a good to excellent salary). The information on
the graduates’ earnings is provided by numerous rankings that track their careers,
including the Polish Graduate Tracking System (GTS) established on the orders
of the Ministry of Education and Science. The GTS is the Europe’s most innova-
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tive system in its class because it provides data originating from the Social Insur-
ance Institution and POLon (the Integrated System of Information on Science
and Higher Education, https://polon.nauka.gov.pl/siec-polon). GTS presents data
on people who graduated two years ago, and allows to rank the fields of study by
such criteria as wages, unemployment rates and time to find employment. Also, it
enables developing infographics that show the earnings and professional activity
of graduates of specific tertiary establishments (ELA, 2022).

In order to demonstrate how attractive it is to work in the TSL industry, a de-
tailed analysis was carried out of gross salaries earned during the first year after
graduation®. The analysis relied on data for Logistics since it is the most popular
field of study related to the TSL industry. Gross salaries are shown in a tabular
form (Table 5).

Table 5. Total gross salary of Logistics graduates in PLN

Specification Years
0m | 208 | 209 | 20w | 208 | 2019
general academic profile practical profile
Full-time first-cycle | min 176200 | 1840.62 | 199031 | 157593 | 126122 | 1628.09
studies max 357545 | 375150 | 3548.96 | 294785 | 3093.22 | 4039.20
Extramural first-cy- | min 263505 | 2662 | 294737 | 219668 | 227779 | 2875.00
cle studies max 36201 | 469251 | 510846 | 327768 | Gl444l | 49057
Full-time sec- min 265314 | 225300 | 167786 | 206250 | 185762 | 287701
ond-cycle studies | ., 349503 | 443127 | 393159 | 324744 | 300943 | 367573
Extramural sec- | min 2762.61 | 4340.63 | 3755.88 | 3415.06 | 268307 | 3594.59
ond-cycle studies | ., 513636 | 4768.68 | 571829 | 401330 | 455375 | 482818

Source: own study based on Polish Graduate Tracking System (ELA, 2022).

As corroborated by the above data, Polish graduates of Logistics programs
earn high wages which encourages students even more to enroll in that field of
study. The amount of salaries earned by graduates grew consistently from one
year to another (this is true for both the minimum and the maximum wages),
and depended on the form and profile of studies (general academic / practical).
However, a decisive role is played by previous professional experience, as testified
by the fact that irrespective of their profile, higher wages can indeed be expected
by graduates of extramural programs who usually can boast longer working expe-

2 Gross salary data from a GTSS survey presents the median of mean salaries from all income streams
in the fist year after graduation



rience than full-time students. Interesting findings can be derived from 2019 data
which clearly shows a significant difference in both the minimum and maximum
amounts of gross salary between the forms of studying. Graduates of first-cycle
programs could expect a maximum wage varying in the range of PLN 4905 to
PLN 5108 compared to PLN 4828-PLN 5718 for second-cycle graduates (with
the monthly salary in the transport and storage sector averaging at PLN 4512 in
June 2019).

The information on wages encourage the students to continue studying the
same or a similar field of study in a second-cycle program. In addition to becom-
ing an M.Sc., holders of a second-cycle diploma are provided with an opportunity
to earn even more and to further develop their professional career in the TSL
industry.

Another clear conclusion from GTS data is that the employers become more
and more interested in the profile of studies. It would seem that the TLS sector
should in principle give preference to graduates of programs with a practical pro-
file. However, it follows from the above data that higher wages are paid to grad-
uates of general academic programs. This can be reasonably explained by such
programs being widely available (as the general academic profile is taught by large
academic centers with adequate authorizations, highly-qualified staff etc. whereas
the practical profile is usually offered by smaller academic establishments) rather
than by how the students themselves view the quality of their education.

Conclusion

The evolving industry of transport, shipping and logistics is increasingly eager to
embrace new emerging solutions in both the technological and the organizational
area. Once implemented, the novelties quickly set a standard for the operators
active in the industry who, as a consequence, report growing demand for quali-
fied workforce. As the deficiency of talents is widespread in the 21% century labor
market (both in Poland an beyond), the undertakings must take urgent measures
to source “tailored” human resources. This can be done through a coordinated
collaboration between educational institutions and establishments, local govern-
ment entities and the relevant stakeholders. In Poland, such measures have actu-
ally been taken since early 2000s, including the definition of separate occupation-
al qualifications for logisticians and the amendments to the core curriculum for
tertiary establishments which provided them with the ability to launch new fields
of study (often in response to practical demand). As shown by previous experi-
ence, there is persistent interest in learning broadly defined logistics, both at sec-
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ondary (logistics technician, forwarding technician) and tertiary levels (bachelor,
engineering and M.Sc. degrees). However, a discussion is still ongoing on how to
optimize the education of human resources so that their qualifications be the best
possible match for expectations of TSL businesses.
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Abstract

This Chapter presents different aspects of making logistics sustainable in the agri-food sector, especially
in farms. The analysis was based on a study of the literature on the subject and on the author’s own
research. The first Subchapter indicates the role and place of logistics in the pursuit of strategic goals
of sustainable development of an agricultural enterprise. The second one discusses Logistics Social Re-
sponsibility, a relatively new concept, by identifying its role in managing sustainable food supply chains.
The next Subchapter presents the author’s unique propositions for methodologies to be used in measur-
ing the sustainability of logistics in agricultural enterprises, and illustrates them with case studies. The
efficiency of transportation processes in the light of making them sustainable in agricultural enterprises
is another topic addressed in this Chapter. The relevant analysis was carried out from the perspective
of CO, emissions. The last Subchapter summarizes the role and importance of logistics in food supply
chains; it identifies the particularities of and challenges faced by logistics in this kind of supply chains.
Also, it proposes a definition of agri-food logistics by taking account of LSR guidelines and presents a new
approach to the classical logistics model which is suggested to be enhanced with the right responsibility
for environmental protection (7R - 8R).
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Introduction

The implementation of sustainable development of societies started in late 1900s
and became one of the major steps in agricultural development (Ryszkowski,
1998; Zigtara, 2000). The concept of sustainable development was first presented
at the 1972 Conference on the Human Environment in Stockholm. In turn, “Our
common future,” a report published in 1987 by the UN World Commission on En-
vironment and Development, defined sustainable development as “development
that meets the needs of the present generation without compromising the ability
of future generations to meet their own needs” (Runowski, 2000). Although the
concept of sustainable development refers to all types of economy, it was triggered
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by the adverse impacts of farming on the environment. Hence, the recommenda-
tions included reducing the intensity of agricultural production (simplifying the
technologies, using less fertilizers and pesticides), taking part of the land out of
farming; engaging the farms in non-food production activities; increasing food
safety etc., so as to drive internal harmony in implementing the processes of an
agricultural enterprise.

This could be attained, for instance, by enhancing the management practices
with the concept of logistics which generally focuses on optimizing material and
information flows both within the enterprise and throughout the supply chain
(Christopher, 2000). Logistics is indeed the driving force behind planning, han-
dling, implementing and controlling the transformation of products in time and
space. When harmonized, these actions launch the flow of physical and informa-
tion streams. It follows from the above that as logistics coordinates and integrates
the phases and processes taking place both in a single enterprise and in the whole
supply chain (to guarantee that the buyer receives the right product at the right
time and place), it should naturally be viewed as a tool which offers features that
could be potentially used in making development a sustainable process (Skow-
ronska, 2006).

Another finding is that the implementation of the sustainable agriculture con-
cept cannot be limited to seeking an environmental balance. Instead, it should be
placed in a broader context and refer to social wellbeing in general terms (Wo$
and Zegar, 2002; Michna, 2000). Therefore, in implementing that concept, efforts
should be made to look for management methods that could ensure the attain-
ment of production, economic, environmental and social goals (Runowski, 2004).

Taking the above into consideration, the purpose of this Chapter is complex,
the purpose of this Chapter is complex, as the following issues related to making
logistics a sustainable process in the area of food production were presented:

— the role and place of logistics in the pursuit of strategic goals of sustainable

development of an agricultural enterprise,

— the role the concept of logistics social responsibility plays in managing sus-

tainable food supply chains,

— methodologies for measuring the sustainability level of logistics in agricul-

tural enterprises: case studies,

— efficiency of transport processes vs. how to make them sustainable in agri-

cultural enterprises,

— the role and importance of logistics in food supply chains: particularities,

challenges, definition of agri-food logistics.



Role and place of logistics in the pursuit of strategic goals
of sustainable development of an agricultural enterprise

Efforts made to define a sustainable development strategy for agricultural enter-
prises resulted in identifying three strategic goals consistent with that concept,
namely: (i) agri-environmental sustainability, (ii) improvements in the quality of
human labor, (iii) increase in revenue.

In view of the above, the purpose of research conducted by Wajszczuk (2008)
was to identify logistic processes which affect the formation of sustainable devel-
opment of agricultural enterprises and, when optimized, can contribute to strate-
gic goals of the concept contemplated in this Chapter.

Research on these aspects was carried out with large agricultural enterprises
engaged in typical agricultural production activities but differing in their field ar-
rangement patterns. All processes and related costs were identified based on fun-
damental logistic processes, i.e.: (i) processes related to physical flow of materials,
raw materials, semi-finished products, finished products, machinery and humans,
(ii) stockholding management processes, (iii) information flow processes.

The research resulted in identifying three types of logistic processes depending
on the level of the factor that affects the sustainable development of agricultural
enterprises. The results of this analysis are shown in Table 1.

Table 1. Differences in costs of selected logistic processes depending on the level of the factor that af-
fects the sustainable development of agricultural enterprises

Logistic process Factor name and level
A. Traveling between the farming center and the field Field arrangement pattern
(PLN'/ ha of land under crops) advantageous disadvantageous
872 401.]
B. Traveling over the fields Technological simplifications
TS T
672.4 511.1

Machinery performance

low high
785.5 675

C. Loading an‘d unloading ' Mechanization level
i puietn,
PLN/ha of agricultural land n.2 5.8
201.6 197.2

Source: Wajszczuk (2008).
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The conclusion from the analysis is that the cost index of two-way travel be-
tween the farming center and the fields was on average 4.6 times greater (varying
in the range of 3.1 to 6.9) in enterprises with a disadvantageous field arrangement
pattern than in enterprises with an advantageous one. Other factors that affected
the differences in that index are the amount of technological operations involved
in the production of certain crops, and the location of land under crops in relation
to the farming center (which is the consequence of crop rotation). The amount of
technological operations depends on the crop type and on the technology used;
some of the enterprises covered by this study relied on a number of technological
simplifications such as zero tillage or combined plant protection and fertilization
operations.

The use of the abovementioned technological simplifications also considerably
affects the number of travels across fields (which also depends on the efficiency
of machinery used). As shown by research, optimizing these aspects undoubtedly
contributes to reducing the number of travels (the difference in costs, for the same
crops, was from 24% to as much as 46%), and significantly helps alleviating the
adverse effects of the soil being compacted by machinery wheels. This is an im-
portant issue for plant production since the compaction of soil by the machinery’s
driving mechanisms leads to changing the physical and biochemical properties
of soils, reducing plant yields and increasing the amount of energy consumed to
cultivate compacted soils (Wielicki and Wajszczuk, 2000). The findings in this
area are consistent with the pursuit of the first strategic goal of sustainable devel-
opment of agricultural enterprises: agri-environmental sustainability.

Having in mind the implementation of the second strategic goal of sustaina-
ble development of agricultural enterprises—which is to improve the quality of
human labor—it seems crucial to mechanize loading and unloading operations,
including particularly arduous activities involved in animal production, such as
feeding and removing manure. These are the most labor-intense logistics opera-
tions of agricultural enterprises, accounting for 70-75% of total expenditure relat-
ed to transportation, as generally corroborated by research. The above is particu-
larly true for businesses where the mechanization levels of these operations are
low (Wajszczuk, 1998). On the other hand, enterprises with high mechanization
levels of loading and unloading operations were observed to have reduced human
labor inputs by ca. 50% while staying at a similar level of costs related to work per-
formed by machinery used in these processes. This was the consequence of using
modern yet costly technical solutions. Therefore, there was a reduction in costs
of human labor, on the one hand, and an increase in machinery operating costs,
on the other. Such a way of optimizing logistic processes (and, thus, the costs
of logistics) is referred to in the literature as trade-off relationships (Milewska,



2005). Figure 1 below summarizes the role of logistics in the pursuit of strategic
goals of sustainable development of agricultural enterprises based on the analysis
carried out above.

STRATEGIC GOALS OF SUSTAINABLE DEVELOPMENT

L

Reduced soil compaction —

trgﬁ% er;rgdéjip]ggl ggssages of Reduced labor

venl Vi | .

technological simplifications, outlays with a o

|(ncr ase operatin% width of reduction of onerous Optimization of
machinery) works by increasing logistics costs by
Ol?timization of expanse the level of reducing them or
shape resulting in .
og,@é%ﬁ&?s?n bassages » mechanization in | making trade-offs
Re ds‘and between fields loading/unloading

. operations
Improved product quali

t[wnrgug“ op m?l,zat?orgofa by
storage conditions

Fig. 1. Role of logistics in the pursuit of strategic goals of sustainable development of agricultural enter-
prises

Source: Wajszczuk (2008).

The role the concept of logistics social responsibility plays
in managing sustainable food supply chains

As the work on the sustainable development concept progressed, new comple-
mentary concepts started to emerge, notably including Corporate Social Respon-
sibility (CSR) (Ciliberti et al., 2008). As noted by Keijzers (2002), initially both
concepts developed in parallel and have only recently become largely convergent.
In the past, sustainable development was a topic focused solely on environmental
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protection issues whereas CSR placed emphasis on social aspects such as human
rights (Robinson, 2004). Today, many researchers consider sustainable develop-
ment and CSR to be synonymous (Lehtonen, 2004).

Over the years, the logistics too have gained a social focus in their environ-
mentally-oriented measures. The common portion of these actions was defined as
Logistics Social Responsibility (LSR) (Carter and Jennings, 2002).

Corporate Social Responsibility issues are of particular importance in food
supply chains (FSCs). Food-related diseases (e.g. EHEC, BSE) and the increasing
globalization of food production are the reasons why consumers become more
and more aware of the importance of where their food comes from (Soysal et al.,
2012). In these areas, consumer pressures resulted in greater interest in food pro-
duction traceability and in the quality and freshness of food. Since logistics offers
great opportunities in this respect and involves considerable costs (Wajszczuk,
2018b), it appears that logistic enterprises attempt to implement the LSR concept
in their management practices to a broader extent. Because of new trends in sup-
ply chains (especially in FSCs), traditional FSC management strategies become
inadequate, which requires the entrepreneurs to create new ones aligned with
a new, rapidly developing concept: Sustainable Food Supply Chain Management
(SESCM) (Soysal et al., 2012), where LSR plays a key role.

Methodologies for measuring the sustainability level of logistics
in agricultural enterprises: case studies

LSR is a relatively new concept, and its scope keeps evolving. It is being enhanced
with new topics, e.g. ethical aspects, working conditions, philanthropic attitudes
etc. (Carter and Jennings, 2004). Hence, a number of scientific centers make nu-
merous attempts to develop comprehensive methods for assessing the state of
implementation of that concept, both in enterprises and across supply chains.
Previous attempts were of a more general nature and focused on assessing enter-
prises active in different industries (Murphy and Poist, 2002; Ciliberti et al., 2008).
Hence, there is lack of industry-specific and enterprise-specific methods.

Having the above in mind, as the next goal in his research work, the author
attempted to develop a series of methodologies for measuring and assessing the
sustainability of logistics in food enterprises (in a processed-based approach) in
the light of the LSR concept. The first attempts were presented in a paper titled
Scorecard model for assessing process compliance with CSR and LSR (Waw-
rzynowicz et al., 2014). As mentioned earlier, CSR and LSR are complementary to
one another, and therefore that paper attempted to develop a tool for a continuous



verification of all activity areas of an agricultural enterprise, with both concepts
being taken into account. A pilot model was prepared based on research carried
out with Farm Frites Poland Dwa, a company specializing in industrial cultivation
of potatoes and seed potatoes, holder of a Global GAP (Global Good Agricultural
Practices) certificate.

The development of a scorecard model for assessing CSR and LSR strategies
required an analysis to be conducted of all processes implemented in the enter-
prise, including those related to cultivation, fertilization, plant protection, irriga-
tion, harvesting, warehousing, transportation etc. A process mapping technique,
which is one of the key tools of a process analysis, was used to identify specific
processes covered by the study.

This resulted in developing a scorecard in the form of a matrix that allows to
check and assess the fulfillment of a strategy with the use of identifiers for three
main areas, i.e. economy, environment and society.

The matrix should be used for each mega-process (which results in a separate
endpoint) because some of the sub-areas covered by the analysis can be related to
more than just one product. In view of the above, three identifiers were used: F:
fulfilled, U: unfulfilled, P: partly fulfilled, NA: not applicable.

The identifier-based analysis resulted in verifying whether specific sub-areas
meet the defined CSR and LSR requirements of the strategy in place in the enter-
prise concerned. Also, the information collected this way enables defining further
action for particular sub-areas covered by the strategy that takes account of the
concepts contemplated above.

The research continued based on previous experience and having in mind the
new trends in the concept of how to drive sustainable development of agricultur-
al enterprises, so as to come up with a more precise tool used in measuring the
sustainability of logistics in this type of businesses, with particular emphasis on
LSR. This resulted in proposing a methodology underpinned by LSR which uses
a process-based approach to measuring the sustainability of logistics in food en-
terprises (Wajszczuk, 2016a).

At the initial stage of LSR development, 47 different practices/sub-processes
were defined for the purpose of analyzing (at an above-industry level) five main
strategic processes which lay the foundations for that concept (Carter and Jen-
nings, 2002), namely:

— Purchasing Social Responsibility (PSR),

— Sustainable Transportation (ST),

— Sustainable Packaging (SP),

— Sustainable Warehousing (SW),

— Reverse Logistics (RL).
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A structural assumption was made that the methodology dedicated to agri-
food businesses would comprise four stages. The first (basic) stage consists of
identified sub-processes that form part of the five main strategic processes men-
tioned above. Hence, of the 47 sub-processes, the ones of relevance to the agri-
business sector were selected, and the resulting list was supplemented based on
findings from the author’s own research (Wajszczuk, 2013). The environmental
(ENV), social (SOC) and economical (ECON) sustainability areas were identi-
fied for each sub-process. The second stage evaluates the implementation of dif-
ferent national and international standards applicable to social, environmental
and qualitative aspects. The third stage of the methodology proposed examines
the publication of non-financial reports. This means voluntary reports which de-
scribe the relationships between the enterprise and its stakeholders, and provide
the interested parties with information on environmental, social and economic
measures taken by the enterprise (Shepherd et al., 2001). In turn, the fourth stage
evaluates whether the reports are available online, because practice shows that
most of them are in-house documents not delivered to the public. In addition to
the scope of assessment outlined above, the purpose of the three last stages is to
verify the information obtained from a survey during the first (basic) stage.

For the proposed method of assessing the sustainability of logistics in agribusi-
nesses, the analysis resulted in identifying a total of 73 sub-processes within the
five main LSR processes. This includes 26 sub-processes verified when assessing
the agribusinesses in terms of purchasing social responsibility (PSR); 20 sub-pro-
cesses verified to determine the implementation level of sustainable transporta-
tion (ST); 8 sub-processes used in assessing compliance with sustainable pack-
aging (SP); 7 sub-processes which enable determining the degree of sustainable
warehousing (SW); and 12 sub-processes used in verifying the sustainability of
reverse logistics (RL).

When verifying the sub-processes, account needs to be taken of the type of
the enterprise considered, i.e. its location in the supply chain. Some sub-processes
are characteristic of agricultural enterprises and will not be used in describing
processing or trade companies (and vice versa). Having this in mind, one of four
options is assigned to each sub-process in order to quantify the information re-
trieved from the survey:
not applicable: no score, not subject to assessment,
not implemented: a score of 0,

— partly implemented: a score of 1,
tully implemented: a scored of 2.
Then, the scores are aggregated within specific main LSR processes and within

sustainability areas (Table 2). With this score aggregation system, it is possible to



individually assess each main LSR process (5 indicators) and determine the sus-
tainability implementation degree in the social, environmental and economical
dimension of the LSR concept (3 indicators).

Table 2. Number of sub-processes in main LSR processes, total number of sub-processes per sustainabil-
ity area, and maximum potential scores

Main LSR processes Total in

A sustainabilit
Sustainability areas PSR ST SP SW RL areas y
a|bla|bla|blalblalhb a b

Social B126 316 | 241112124 21 42
Environmental 8 116 |12 |24 | 7 |14 | 6 [ 12|12 | 24 45 90
Economic 16 132121241 2 12141316 34 68
Total ST 1 74 | 27 | 54 110 |20 | 9 |18 | 17 | 34 X X

a: number of sub-processes confirming the implementation degree of a main process/sustainability area
b: maximum score for the implementation of a main process/sustainability area
Source: own study.

Data presented in Table 2 suggests that social sustainability is verified with
21 sub-processes, with PSR as the largest group. In turn, the environmental sus-
tainability assessment is represented by the largest group comprising 45 sub-pro-
cesses (including ST and RL and the largest sub-groups, each with 12 sub-process-
es). The economic dimension is represented in 34 sub-processes, with the largest
group being composed of 16 PSR sub-processes. The fact that such a structure of
sub-processes emerges out of the method proposed emphasizes the importance of
the environmental dimension.

The sustainability of an area / main process in the light of LSR will be assessed
with relative indicators expressed as a percentage. The following five-point scale
was used:

— > 80%: the area / main LSR process is highly sustainable,

60% to 79%: the area / main LSR process is fairly sustainable,

40% to 59%: the area / main LSR process is moderately sustainable,
20% to 39%: the area / main LSR process is poorly sustainable,

< 20%: absence of sustainability in the area / main LSR process.

In accordance with the assumptions, data retrieved from the survey in the
first stage of the method proposed is verified with data coming from the three
subsequent stages. In order to effectively implement LSR-compliant principles of
sustainable logistics while remaining competitive in the food market, agribusi-

nesses should launch and increasingly rely on procedures for deploying quality
certification systems/standards that control the raw materials / products delivered
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and the way they flow across the supply chains until reaching the end custom-
er (Wajszczuk, 2016b). The list of standards covered by the second stage of this
method is presented in Table 9.7, page 124 of the author’s publication discussed
in this Chapter (Wajszczuk, 2016a). Hence, the second stage will consider the
implementation degree of relevant systems/standards. As some of the sub-pro-
cesses presented in the first stage fall within the scope of certain standards, this is
a verification stage.

In summary, the abovementioned publication proposes a comprehensive
method for measuring and assessing logistics sustainability in agribusinesses. As
a key component, it uses the proposed survey to verify the quantity, type and im-
plementation of LSR-related sub-processes. If further aggregated, the data makes
it possible to individually assess each main LSR process and determine the im-
plementation degree of sustainable logistics in the social, environmental and eco-
nomical dimension of the LSR concept.

As mentioned earlier, the first LSR-based methods for assessing the sustaina-
bility of logistic processes were of a more general nature. Therefore, in the litera-
ture on the subject, there is dearth of research findings on how much is logistics
sustainability compliant with LSR at industry level or by enterprise type within an
industry.

Having the above in mind, the author used his proprietary methodology—as
adapted for the purposes of agricultural enterprises—to measure logistics sustain-
ability with five main LSR-compliant areas/processes being taken into account.
The study was focused on assessing the sustainability and implementation of pro-
cesses in a purposefully selected large agricultural enterprise which had already
attained much progress in implementing a sustainable development strategy (es-
pecially in terms of CSR) and in three small farms.

As mentioned earlier, Farm Frites Poland Dwa, the enterprise selected for
this study, specializes in industrial cultivation of potatoes and seed potatoes. It
holds a Global GAP (Global Good Agricultural Practices) product quality certif-
icate, participates to the McDonald’s Agriculture Assurance Program and oper-
ates ca. 3200 ha of arable land (AL) in the Pomorskie voivodeship. On the other
hand, three family farms based in the Wielkopolskie voivodeship were selected for
a comparative analysis. They focused on mixed (vegetable + animal) production
and had 58 ha, 64 ha and 71 ha of arable land, respectively. Thus, the cognitive
purpose of this pilot study was to test the methodology proposed and obtain first
data on sustainability levels of logistics in large and small agricultural enterprises.

The analysis delivered some outputs on the main LSR processes and sustaina-
bility areas which, after being duly aggregated, resulted in a number of indicators.
The indicators for main LSR processes were compared in accordance with the



grading scale adopted in this methodology, and provided grounds for concluding
that FFPD demonstrates greater sustainability in its processes than family farms.
Two processes in place at FFPD (ST and RL) proved to be highly sustainable (each
at a level of 83%). Warehousing (SW) was fairly sustainable (at 69%) whereas me-
dium levels of sustainability were recorded for PSR (51%) and SP (50%). Con-
versely, small/family farms were found to have poor levels of sustainability for
the above processes and demonstrated unsustainable reverse logistics (RL) (with
a rate of 17%). Transportation turned out to be their most sustainable process,
reaching a medium level of 48%. In turn, the implementation of PSR, SP and SW
was reported to be poorly sustainable.

The results of the analysis of logistics in the second (social, environmental
and economic) dimension proved that LSR practices followed by FFPD generate
a fair level of sustainability in the environmental and economic area while offering
a medium level in the social area. In turn, sustainability levels recorded in family
farms are much lower, with a medium rate of 42% in the social area and a poor
score of 29% in the environmental dimension. Furthermore, logistic processes
were found to be non-sustainable in the social area.

The case studies carried out with the large enterprise and the three small ones
demonstrated that the degree of logistics sustainability grows faster in the former
than in the latter. This is true for each main LSR process and for the social, envi-
ronmental and economic dimensions.

As a continuation of research into this method for measuring and assessing
logistics sustainability in agribusinesses, the verification was restricted to family
farms engaged in mixed (plant and animal) production with different resources
of agricultural land. Hence, the study focused on five family farms located in the
Wielkopolskie voivodeship, with the following areas of arable land: (F1): 32 ha,
(F2): 58 ha, (F3): 64 ha, (F4): 71 ha and (F5): 131 ha. All of them were engaged
in mixed (plant and animal) production and differed in their field arrangement
patterns (Wajszczuk, 2018a).

The results of assessing the degree of logistics sustainability and LSR compli-
ance in selected family farms demonstrate quite a low level of sustainability and
thus corroborate the findings from a pilot study carried out with that group of
holdings (as described above). Another observation is that the scores vary be-
tween enterprises of different sizes. There is a positive correlation between the
logistics sustainability level and the area of land, whether it comes to specific main
LSR processes or the social, environmental and economic aspects. The results are
presented in Tables 3 and 4.
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Table 3. Logistics sustainability degree in specific areas

o Total in sustainability areas
Sustainability F1 Fo F3 F4 Pt
areas
score | % |score| % |score| % |score| % |score| %
Social 5] 125 6| 150 6] 150 71 175 8| 200
Environmental 9 1.3 15| 18.8 22| 215 241 300 27| 33.8
Economic 13 19.7 27 318 26| 394 311 470 331 500

Source: own study.

According to the analysis of three specific sustainability areas, LSR practices
implemented in the farms under consideration result in a poor degree (F3, F4 and
F5) or total absence (F1 and F2) of sustainability in the environmental area, and
in a total absence of sustainability in the social area. In turn, the highest sustaina-
bility levels for logistics were demonstrated in the economic area.

Table 4. Logistics sustainability degree in main LSR processes

Total in main LSR processes
Main LSR processes F1 F2 F3 Fé4 F5
score| % |score| % |score| % |score| % |score| %
PSR 10 139 15| 208 15| 208 19| 26.4 21 292
ST 2] 231 18| 34.6 27| 519 31| 59.6 31 59.6
SP 3| 1838 3| 18.8 3| 188 3| 18.8 6| 375
SW 0| 00 2| 125 4| 250 4| 250 5 313
RL 2| 67 Ll 133 5/ 167 5| 167 5 167

Source: own study.

Meanwhile, as shown by a comparative analysis of indicators for main LSR
processes, Sustainable Transportation is the most sustainable process in all farms
under consideration. Conversely, no sustainability was reported in the area of Re-
verse Logistics.

The verification of the method for assessing the sustainability of logistic pro-
cesses in terms of LSR can be summarized as follows: with the growing public
pressure on improved safety of foodstuffs in the supply chain, agribusinesses who
purchase primary products from small farms will require the latter to increasing-
ly implement LSR principles for the sake of transparency. Based on that emerg-
ing trend, it may be concluded that even small enterprises, such as family farms,
should intensify the implementation of LSR principles in their development strate-
gies, thus becoming responsible suppliers of primary products for large processors.



Efficiency of transport processes vs. how to make them sustainable
in agricultural enterprises

Over the last decade, in assessing the sustainability of logistics and - to be more
precise — of transportation processes, more and more attention has been paid to
how efficient these processes are from the perspective of CO2 emissions.

Indeed, one of the important problems of transportation processes is how they
impact the environment. According to a World Economic Forum (2009) report,
logistic processes (especially including transportation) account for ca. 2800 meg-
atons of CO2 emissions per year, which is ca. 6% of total CO2 emissions from hu-
man activity around the globe. In turn, the results of a research based on lifecycle
assessment, performed at the Carnegie Mellon University in the United States,
suggest that transport processes account for 11% of 8.1 million tons of annual
greenhouse gas emissions related to food consumption (Gant et al., 2015). Mean-
while, the World Bank estimates that logistical processes account for ca. 15% of
total greenhouse gas emissions (Irigoyen, 2014), with 60% being generated by
transportation processes.

The latter form an integral part of technological processes used in agricultural
production and, due to production activities being distributed over space, cannot
be eliminated. As mentioned earlier, many years of research show that they gen-
erate high outlays and costs while also having a significant environmental impact.

In the light of the above considerations, it becomes key for agricultural enterpris-
es to seek the right relationship between necessary improvements in the efficiency
of transportation processes and growing social demand for these processes to be
environmentally friendly. The need to look for environmentally friendly solutions
results from a number of reasons, including a shift in consumer attitudes. It follows
from previous studies that many consumers prefer buying products from enterpris-
es which take care of the environment and maintain good social relationships.

The vast majority of studies on transportation emissions focus on road trans-
port. Meanwhile, there is lack of research into emissions from internal transpor-
tation, especially in agricultural enterprises which—as shown by a number of
previous studies—are production and transportation businesses at the same time
(Wolszczan, 1988; Krysztofiak, 2010; Wajszczuk, 2013).

Therefore, the author wanted his study to assess the efficiency of transportation
processes used in plant production in terms of how they impact the environment.
Primary data was retrieved from a survey with 16 selected family farms mostly
engaged in plant production and located in Greater Poland (Wajszczuk, 2018c).
The assessment was put in a context of how to make these processes sustainable in
terms of their CO2 emissions.
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The efliciency of transportation processes can be assessed from different an-
gles. It is important for the indicators to reflect the particularities of the enterprise
and of the processes it implements (Gebczynska, 2012). Hence, in this case, effi-
ciency was determined based on the ratio between the mass of items transported
and the outlays and costs per hectare of crops concerned. Another determinant
of efficiency of transportation processes is the quantitative and qualitative status
of vehicles and the way they are used in the production processes (Tabor, 2008).
Highly worn-out low-performance equipment with a low annual usage rate will
not only generate high unit costs but also have an adverse environmental impact.

Therefore, to address that aspect, the sustainability of transportation processes
was assessed by determining the CO, emissions index. The calculation was based
on a formula compliant with REDcert, the systemic principles for the calculation
of greenhouse gas emissions in accordance with Directive 2009/28/EC (2009).
The following formula (1) was used to calculate CO, emissions generated by in-
ternal transportation during plant production activities:

GHGep = (NT x Won X Wweon X WEon) / 1000 (1)

where:

GHG_, - total CO, emissions in kg per ton of products and materials transported per ha,
NT - outlays on transportation processes in kWh/ha,

W._ - diesel oil unit consumption ratio in kg/kWh [0.22 kg-kWh™'],

eon — €nergy value index for diesel oil in MJ/kg [43.1 M]J-kg"],
WE_ - CO, emissions index for diesel oil in gCO2eq/M] [87.64 gCO2eq-MJ"'].

The comparative analysis resulted in determining plant-specific indexes of
human labor and equipment inputs, energy inputs and costs of transportation
processes. The efficiency of these processes and CO, emission indexes were cal-
culated as the next step. This allowed to conclude that the group of root crops and
maize grown for silage had the highest efficiency of transportation processes and
the lowest unit CO, emission index. The average unit emission index was 6.22 kg-
CO,t" for sugar beet and slightly over 10 kgCO, -t for silage maize and potatoes.
In turn, the highest unit CO, emission indexes in transportation processes were
recorded for rapeseed (70.48 kgCO,-t") and green peas (42.60 kgCO,t") which
also demonstrated the lowest efficiency of transportation processes.

In the context of the goal of this study, the conclusion was made that an in-
crease in efficiency of internal transportation processes of agricultural enterprises
goes hand in hand with a reduction in unit CO, emissions.



Today, it is of utmost priority to seek the appropriate relationship between the
efficiency and environmental impact (viewed from the perspective of CO, emis-
sions) of transportation processes. Also, this study is consistent with the European
Commission’s 2050 roadmap for a low-carbon economy (2014) which states that
CO, emissions of the transportation sector need to be reduced by ca. 60% against
the 1990 baseline by 2050. Greenhouse gas emissions from road transport in-
creased by 29% between 1990 and 2007. That negative trend subsequently came
to a stop; due to high prices of oil, greater efficiency of passenger car engines and
slower growth in mobility, the period 2007-2011 witnessed a decline in green-
house gas emissions by 6%.

The research on these topics and the findings derived from it should be viewed
as a basis for broader study projects carried out not only in family farms but also
in large agricultural enterprises, all the more since they deploy transportation
processes on a larger scale.

Role and importance of logistics in food supply chains:
particularities, challenges, definition of agri-food logistics

Based on the findings from the author’s own research and on a study of the rele-
vant literature, this part of the present Chapter structures the knowledge on the
particularities of food supply chains (FSCs) in the context of logistics, with par-
ticular focus on agricultural enterprises. It presents the role and importance of
logistics in FSCs. Also, having in mind the growing environmental, social and
ethical requirements for food supply chains, it formulates the challenges faced
by logistics and outlines its further development paths in the agri-food sector.
The summary attempts to answer the following question: in the light of the above
considerations, what is the adequate definition of logistics for the agri-food sector?

The many years of research carried out both by the author himself and by dif-

ferent scientific centers were used to detail the list of characteristics of agricultural
production which determine the logistics of agricultural enterprises. These in-
clude (Kapusta, 2008; Klepacki, 2011; Wajszczuk, 1998a; 1998b; 1998¢):

— the spatial nature of agricultural production (considerable costs of internal
transportation resulting from traveling multiple times per season to each
field which can be located a couple or ten to twenty kilometers away from
the farming center),

— dependency on climate conditions and seasons (seasonality often results in
the need to quickly generate large amounts of stocks which occupy much
storage space),
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— timeliness of economic processes (untimely harvesting can entail consider-
able, if not total, crop losses; disruptions in the transportation of certain
products, e.g. milk, can result in it losing its properties and, thus, its com-
mercial value),

— continuity of the production process with intermittent labor processes (this
results from the seasonality effect and means uneven demand for produc-
tive inputs),

— diversity of cargo (e.g. cereal gains, beet roots, potato tubers, dried or succu-
lent roughage, milk, livestock; this results in the need to own a diversified
vehicle fleet) (Cepinskis and Masteika, 2010); animal transport is subject to
particular restrictions, as laid down in applicable regulations of the Euro-
pean Union?,

— extremely large total cargo mass (including both the number of tons trans-
ported and the number of travels); this is illustrated by the results of pre-
vious research which suggest that depending on the production line and
intensity level, a total of 20 to 80 tons of cargo per hectare of agricultural
land is transported every year,

— agricultural goods being transported in one direction (good management
practices make it possible to alleviate that inconvenience in external trans-
portation: transporting the product for sale and returning to the base with
productive inputs purchased; however, this is impossible in internal trans-
portation between the base and the field); empty runs are characteristic of
agricultural enterprises, and result in extremely low vehicle usage ratios
(varying in the range of 10% to 95%) (Gebresenbet and Bosona, 2012),

— short distance traveling on poor quality roads (poor quality of roads has
a detrimental effect on the quality of agricultural produce, especially such
as succulent roughage: forage, fruit, certain vegetables etc.),

— many agricultural products being largely unfit for transportation and stor-
age due to short life and vulnerability to damage (this is combined with
the presence of risk of losses during transportation over excessive distanc-
es or during prolonged storage; particularly vulnerable items include plant
products such as forage, fruit, vegetables and animal products such as milk
and meat); moreover, if improper transportation, warehousing and pro-
cessing technologies are taken into account, harvest and post-harvest losses

* The first European Union’s Directive on the protection of animals during transport was adopted
in 1977. The new provisions have been applicable since 1991 and 1995. Accordingly, a transporter of
live animals must meet the following conditions prior to departure: be authorized to transport ani-
mals; entrust the transport of live animals to competent staff who demonstrate adequate skills and
knowledge; plan the journey; ensure the use of adequate vehicles; ensure that water, feed and rest are
provided as and when needed; the animals must be fit for transport.



reach 60-70% in developing countries vs. only 1-2% in the U.S. (Gebresen-
bet and Bosona, 2012; Tan, 2012).

Therefore, already in 1913, Albrecht Thaer had a good reason to believe that
whether they want it or not, farms are transport undertakings (Wolszczan, 1988),
now a well-known saying.

In view of the progressing globalization and the particularities of agricultural
production presented above, it can be concluded that these characteristics are not
only determinant for logistics in agricultural enterprises but also affect the func-
tioning of whole FSCs by amplifying and generating new determinants. For in-
stance, they hamper FSC traceability, an extremely important aspect which makes
it possible to quickly locate the source of a threat and remove defective products
from the market. Based on a literature study, the following problems (which at the
same time pose a number of challenges to logistics) were identified in this area:

— how to ensure consistent product quality across many small farms (a problem
which results from the variability of weather and biological factors which
affect organoleptic properties such as taste, smell, texture etc.),

— different sources of supply for particular batches of raw materials (a factor
which is related to the one listed above but is amplified by the international-
ization of supply chains resulting from the quest for new, affordable sources
of raw materials),

— many supplies of diversified raw materials contribute to the problem of con-
tamination (infection) and to difficulties in ensuring a consistent recipe for
further processing in the supply chain,

— continuous production is the prevailing production type in AFSC (produc-
tion of milk, sugar, flour etc.: it is difficult to ensure the traceability of raw
material sources); it is the contrary for other sectors where discrete pro-
duction prevails (assembly of vehicles, washing machines etc.: it is easy to
ensure the traceability of particular parts and components),

— presence of a number of independent intermediaries across the supply chain
(from farm to fork): this contributes to numerous disruptions in the infor-
mation flow and, as a consequence, to making excessive stocks upstream in
the supply chain (the bullwhip effect?); also, the large number of players in

* The bullwhip effect (also known as the whiplash effect or the whipsaw effect) means that changes
in demand get amplified along the supply chain. Relatively small variations in demand from final
customers grow as the information on the demand is transferred upstream to the producer and then
to the suppliers. The effect of demand amplification was identified and described for the first time
in 1958 by Jay Forrester. He believed that the main reason behind it was the behavior of managers
who made rational decisions, i.e. overestimated the increase or decline in customer demand and as-
sumed that these variations would continue. Also, he pointed out to other sources of that effect: the
existence of a time gap between the submission and the fulfillment of an order and material flows;
and the impact of promotional campaigns on demand fluctuations.
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the supply chain encourages the establishment of many formal and infor-
mal relationships which obstruct the desired development of partnership
and trust across the chain,

— the above problem leads to the emergence of long marketing channels and
results in unequal power relations in the supply chain; this leads to the es-
tablishment of business models which cannot be sustainable for small and
medium enterprises; the final price of food can reach almost 250-350% of
farmgate prices, especially in developing countries (Verma, 2013),

— poor infrastructure and limited access to inputs (technologies, funds, innova-
tions) required to attain high levels of efficiency; this is believed to be the
biggest challenge for suppliers from developing countries (OECD/WTO,
2013) while also being a standard (e.g. ISO 22000° or FSSC 22000°) re-
quired by global markets’,

— there are major difficulties in determining the systems and mechanisms
which coordinate horizontal cooperation between farms, mostly due to lack
of confidence and financial support, especially in developing countries (e.g.
absence of proven business models, lack of state-of-the-art warehousing
infrastructure, lack of ICT solutions, trainings etc.).

The solution that could be efficient in alleviating, if not eradicating, the above
problems is to quickly implement short food supply chains, a model which be-
came extremely popular during the COVID-19 pandemic that disrupted the glob-
al supply chains.

Short supply chains bring advantages to both producers and consumers as well
as to the environment. Consumers increasingly often demand products of proven
origin, sourced from local suppliers, processors and farmers. The farmers too are
interested in shortening the supply chain of farm products by avoiding intermedi-
aries. This way of selling has a number of consequences, including lower product
prices for final buyers. Consumer expectations trigger the establishment of differ-
ent kinds of local food networks, including farmer marketplaces, direct sales by
producers, or sale and delivery to the customer.

> ISO 22000: the definition of food quality and safety standards.

¢ FSSC 22000: a standard developed by the Confederation of the Food and Drink Industries of Eu-
rope and notable food producers as an enhancement to ISO 22000.

”Food CERT, 2015. ISO 22000, ESSC 22000, http://www.foodcert.pl/is022000?gclid=CKHgi8nOxc-
MCFQ6WtAodnl4AlA , accessed on January 22, 2015.



Summary and conclusions

In summarizing the above considerations which take the particularities of FSCs/
agricultural enterprises into account, the analysis should be geared to the defi-
nition of logistics. The term itself* was defined in 1998 by the Council of Supply
Chain Management Professionals. However, since that time, the differences be-
tween economic sectors and the progress in industry-specific logistic technolo-
gies have resulted in the emergence of multiple definitions of logistics which are
adequate for specific sectors. Based on a review of definitions provided in selected
publications and on the author’s own research (Ahumada and Villalobos, 2011;
Angeles Sanfiel-Fumero et al., 2012; Chen et al., 2012; Gebresenbet and Bosona,
2012; Hsiao et al., 2010; Kukovi¢ et al., 2014; Liping, 2012; Kramar et al., 2013;
Vanécek and Kalab, 2003; Wajszczuk, 2012), the term agri-food logistics (as de-
fined below) was proposed to be used in the context of the agri-food sector:

Agri-food logistics is an important part of the economy and an integrated sys-
tem comprising the processes of planning, implementing and controlling the flow of
materials, raw materials and agri-food products and the accompanying informa-
tion, from their manufacturing locations to the final buyer, through warehousing,
processing and trading links, designed to secure the smooth supply of safe foods and
products used for other purposes® to the customer at minimum cost and in an envi-
ronmentally friendly manner.

In the light of the above, the classical approach to logistics expressed by the
“7R” formula (Coyle et al., 2002: Right product; Right quantity; Right condition;
Right place; Right time; Right customer; Right price) fails to exhaust the scope of
and requirements for logistics in food supply chains, and should be supplemented
with another “R” which stands for the Right environmental responsibility. Hence,
the modified “8R” principle defines eight procedural requirements for the process
of material, raw material, animal and agri-food product flows, and the adequate
way of performing the basic logistic tasks in FSCs / agricultural enterprises.

The presentation of different aspects of making logistics sustainable in the
agri-food sector gives grounds for the following conclusions:

1. The study of the relevant literature and the author’s own research identi-
fied some particularities of FSCs which need to be taken into consideration
when designing dedicated systems.

8 CSCMP’s Definition of Logistics Management: Logistics (management) is that part of supply chain
management that plans, implements, and controls the efficient, effective forward and reverse flow and
storage of goods, services and related information between the point of origin and the point of consump-
tion in order to meet customers’ requirements.

? E.g. biomass production for energy generation (biofuels).
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2. 'There is seemingly increased pressure on optimizing logistics in three di-
mensions (costs, time and environment), which is consistent with the im-
plementation of sustainable development strategies.

3. Considering the growing consumer expectations for the quality and safety
of food and animal welfare, as well as the growing social expectations and
legal requirements for environmental protections, the LSR concept is likely
to further develop, especially in food supply chains.

4. Also, there will be greater concentration of farms, processing plants and
warehouses so as to decrease their number while increasing their size.

5. 'This will drive greater integration inside the chain and will contribute to
building relationships between all links.

6. In order for FSCs to be able to compete efliciently, it will be necessary to
implement systems to certify the quality and delivery method of raw mate-
rials and products.

7. 'The main problems facing FSCs, as identified in this study, are in particular
related to long global models which at the same time represent a challenge to
logistics.

8. Over the last decade, food economics has witnessed the rapid implemen-
tation of short supply chains, a model which became extremely popular
during the COVID-19 pandemic that disrupted the global supply chains.

9. A definition of agri-food logistics was proposed which takes account of
LSR guidelines.

10. It is proposed that the classical approach to logistics be extended with the
right responsibility for environmental protection (7R > 8R).
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