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Abstract: Antarctic krill resources have great potential for development and utilization, and active participation in
the Antarctic krill fishery can effectively promote China’s pelagic fishery. Up-to-date technologies for professional
fishing and processing equipment are the basic essentials and the guarantee of success in a modern Antarctic krill
fishery. This paper introduces the development and application status of advanced krill ship equipment in other
countries. It also summarizes the progress made by China in the research and development of equipment for
Antarctic krill fishing as well as shrimp powder and oil manufacturing. Furthermore, it analyzes the gap between
China and other advanced countries in professional equipment for Antarctic krill development and the underlying
reasons for the discrepancy. In view of the low specialization, backward production technology, and lack of core
technologies for fishery equipment for Antarctic krill boats in China, we propose some key research directions in
relation to ecologically-friendly and efficient fishing, deep processing technology, and resource exploration and
evaluation technology, and offer some suggestions for the efficient development and comprehensive utilization of
an Antarctic krill fishery.
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1 Introduction

As a potentially huge protein reservoir for human beings, Antarctic krill is the largest single biological resource
on earth. Estimates put the resource reserve of Antarctic krill at nearly 1 <10° t, and the annual fishing capacity at
nearly 1 x 108 t, which is equivalent to the total annual fishing capacity of global marine fishery resources.
Antarctic krill is rich in high-quality protein, omega-3, DHA, and all amino acids necessary for the human body. It
is recognized as a future protein resource bank and described as the “sea ginseng” for human beings. Thus, it has
great development and utilization potential. Antarctic krill resources are closely related to China’s future economic
development strategy and fulfillment of the demand for pure, natural, high-quality protein [1,2]. Given the general
decline in fishery resources, the exploitation of Antarctic krill is attracting increasing attention from all over the
world. In recent years, with a continual increase in international investment and the progress of technology, the
countries with advanced fisheries have built the Antarctic krill fishery into a brand-new marine biological
resources development and utilization industry supported by efficient fishing technology, boosted by high
value-added products and integrated with fishing and deep processing on board, thus stimulating the desire for
investment around the world. In an environment of increasingly fierce international competition for marine
resources, the question is how to speed up the development of China’s Antarctic krill resources. Strengthening and
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expanding the Antarctic krill industry is of great significance to the development of China’s ocean fisheries, the
development of new marine biological industries, the protection of food security, and the fight for rights and
interests in Antarctic Ocean development [3,4].

2 Technical status and development trends in Antarctica krill equipment abroad

Globally, the commercial exploitation of Antarctic krill resources began in the 1970s. Traditional krill
producing countries included the former Soviet Union, Japan, Poland, and South Korea. At present, the
exploitation of Antarctic krill has entered a new period of development and resource competition. Currently,
Norway, South Korea, China, Chile, Poland, and several other countries are engaged in Antarctic krill fishing.

2.1 Technical status of professional equipment for Antarctic krill boats abroad

2.1.1 Efficiency and ecology of Antarctic krill-fishing equipment

With continuous innovation in ship and fishing technology, the fishing capacity of Antarctic krill has been
greatly improved, and the product types are increasingly diversified. The production mode mainly includes side
frame trawling and single stern slipway net plate middle-trawling processing ships, and krill-fishing equipment
increasingly embodies the characteristics of high efficiency, ecological responsibility, and automation. The high
efficiency of Antarctic krill-fishing equipment is mainly due to continuous suction. The multiple broadside trawls
and tail trawls are used combined with a high-efficiency pump to suck the krill into boats while towing without
hoisting the net. The ecologically sound feature is the selective design of the net. This increases the separation net
and escape port in the net body so that large aquatic animals are released naturally, and this achieves an effective
combination of efficient and ecological fishing [5-7]. Japan and South Korea have both adopted the
high-efficiency krill pump fishing technology. In addition, drag balance control and automatic control of net shape
have been developed, and fishing depth is automatically adjusted through fishing-instrument detection signals.
Norway, a newcomer to the krill industry, is the country with the greatest fishing efficiency. The SAGA SEA ship
built by Norway is a large-scale krill-fishing and processing ship with the most professional and advanced
technology in the world. Its fishing efficiency is more than 50% higher than that of traditional trawls. To cope with
the characteristics of Antarctic krill, such as strong clustering and large range, underwater continuous pump
suction fishing technology uses a suction pump and flexible pipe in the bag net to transport the captured krill to the
ship continuously. This avoids the tedious work of hoisting and releasing the net, not only greatly reducing labor
intensity, but also saving time and improving fishing [8].

2.1.2 Specialization and automation of Antarctic krill shipboard processing and comprehensive utilization

Japan successfully developed an Antarctic krill-fishing and processing ship in the early 1970s. This ship is
equipped with multiple sets of equipment for the processing and production of frozen original krill, cooked shrimp,
plastic shrimp meat, and shrimp powder used for feed and food. The highly efficient barrel shelling method is used
to remove the Antarctic krill shell and can process 500 kg shrimp in one hour. This method uses the krill waste to
produce food and recover protein from the wastewater when processing the shrimp. South Korea has developed the
processing technology and a complete set of equipment for frozen shrimp, cooked shrimp, plastic shrimp meat,
shrimp powder, and shrimp oil. Europe is equipped with a complete set of specialized deep processing equipment
to carry out high-efficiency fishing. This has a high level of specialization and automation, and fully utilizes the
industrial model of an automatic assembly line operation in processing. Some of the precooled shrimp products are
made into frozen products for cold storage, but most of them are used for deep processing into shrimp powder and
shrimp oil and even made directly into krill-pellet concentrate feed. The fishing capacity and added value of
Norwegian krill-fishing vessels have been improved by highly efficient and automated shipboard processing
equipment. The daily processing capacity of the equipment is more than 600 t, and the powder yield of shrimp
powder is more than 40%.

2.1.3 Informatization of Antarctica krill resource exploration system

Many countries have actively promoted the application of ship industry technology and information technology
in Antarctic krill professional ships while increasing their efforts in the exploration, investigation, development,
and utilization of deep-sea fishery resources such as Antarctic krill. Their marine fishery equipment technology
has achieved synchronous development with the shipping industry by taking advantage of developments in
electronic information and equipment manufacturing technologies. For example, the Norwegian professional
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krill-fishing boat ANTARCTICA SEA is equipped with specialized fish-detection instruments and information
management systems based on satellite communications.

2.2 Development trend

At present, countries around the world are increasingly interested in the development and utilization of
Antarctic krill and other polar fishery resources. While strengthening their efforts in the exploration, investigation,
development, and utilization of Antarctic krill resources, they continue to promote the development of professional
equipment and technology for Antarctic krill-fishing boats, making them increasingly large-scale, professional and
information-based. To meet the requirements of polar environmental protection and ecological management, the
following will be standard: integrated electric propulsion energy-saving technology, information-3D integrated
detection technology for fishing equipment, a continuous and efficient ecological fishing mode, and a specialized
and automatic shipborne intensive processing mode. Acoustic digital technology and multi-beam technology are
being investigated for the detection and tracking of krill resources over long distances and in deep water. Selective
fishing and automatic control technology are used to ensure the effective release of protected aquatic animals, if
caught by mistake, and the continuous capture of krill in deep-water areas. Multi-layer reciprocating extrusion,
swirl-drying technology, low-temperature refrigeration, and automatic control technology are used to achieve
professional and efficient processing of krill. In addition, there is now a trend for the production of biological
drugs, health products, and other high-value goods from Antarctic krill. In the future, shipborne processing
equipment will be increasingly developed for shrimp primary oil extraction, shrimp powder, and shrimp meat deep
processing.

3 Development status and gap of professional equipment for Antarctic krill boats in
China

Technical research on specialized Antarctic krill-fishing and processing vessels in China started from the 12th
Five Year Plan. In recent years, some key research and development have been carried out on the professional
equipment of Antarctic krill boats, with the support of the Ministry of Finance, the Ministry of Agriculture, and the
Ministry of Science and Technology. The main research progress is as follows:

3.1 Fishing technology and equipment

Recently, DH-256 special trawling gear for Antarctic krill and a horizontal expansion net plate for
shallow-bottom speed krill trawling have been developed. The catch is significantly improved and is close to the
level achieved by Japanese ships. A six-piece structure BAD13B00-TNO1 Antarctic krill net has been developed,
with an average energy consumption coefficient of 0.81 (KWH/10*m?3). However, China has not yet caught up
with Norway and other countries in advanced shrimp pump continuous fishing technology. A submersible shrimp
suction pump has been designed for continuous krill fishing. The analysis and calculation of the krill pumping
suction capacity were carried out using the computational fluid dynamic analysis method. An experimental
simulation system for a krill pump was developed. The feasibility of the technology was verified, but the technical
research needs to be further improved, and marketing of the product prototype is still some way off.

3.2 Shipborne processing technology and equipment of Antarctic krill

The shipborne technology and equipment for processing krill are still relatively backward. The processing of
krill meal on board is based on the ground-based wet processing technology of fish meal, and the equipment is
mainly repurposed from fish-meal processing equipment. Compared with Norway and other developed countries,
there is still a big gap in the quality and output rate of krill meal. The output rate of krill meal is only 14:1, about
one-half of the advanced international level. Moreover, the quality of krill meal is poor, and the loss of active
substances is considerable, so it is impossible to obtain high-quality krill oil. The Institute of Fishery Machinery
and Instruments has carried out research and development of Antarctic krill shipborne shelling and processing
equipment and the optimization of process parameters. Sea trials and performance tests show that the maximum
processing capacity of krill-processing equipment was 1000 kg/h per machine, and the average yield of shelled
krill was 20 %. The shelled production line of Antarctic krill is initiated in China, which fills a gap in the field of
research and development of krill-specialized processing equipment, and has been recognized as a high-tech
achievement transformation project in Shanghai in 2018. At present, this krill meat processing equipment has been
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installed on the “Shen Lan” krill-fishing and processing ship, currently being built in China, and this is a key step
in achieving the localization of krill-processing equipment [9-12].

3.3 Probing technology of Antarctic kill

The investigation and evaluation of Antarctic krill resources have proceeded gradually along with the
development of Antarctic scientific research in the 1980s. China’s fishery resources acoustic assessment and polar
remote sensing technology research are relatively systematic, and significant achievements have been made.
However, research on the equipment and technology supporting the exploration of deep-sea fishery resources such
as the polar regions in China is seriously lagging behind, and the high-end acoustic detection instruments adapted
for the exploration and resource evaluation of modern pelagic fishing are still to be developed in China. At present,
China’s Antarctic krill exploration instruments all rely on foreign fish finder or classified beam scientific fish
detectors. The exploration and catching of Antarctic krill in China is mainly focused on field investigation and
fishing, and remote sensing methods for exploring polar biological resources are still in the initial stages [13~15].

Due to the late start of its Antarctic krill industry, a smaller body of scientific research, weak basic research, and
intellectual property barriers, China’s Antarctic krill ships are mainly foreign second-hand large-scale trawlers,
which are simply repurposed for the krill-fishing industry and suffer from lack of specialized technology and
equipment. The R & D and market development of krill products is still behind, the core technology of processing
on board has not been mastered completely, the production technology is backward, and the fishing efficiency and
processing capacity are lower than that of developed countries. China has an understanding of the basic situation,
key technologies, and industrial development trends in the Antarctic krill industry through research over the past
10 years since the start of its krill fishery. However, there is still a huge gap between China and foreign countries
with respect to the international level of advanced krill equipment.

4 Development direction of China’s Antarctic krill-fishing and processing equipment

The integrated design of fishing and ship processing should be carried out based on the key equipment that is
restricting large-scale development of Antarctic krill resources in China. The research should focus on efficient
new ecologically sound fishing equipment for Antarctic krill, the development of high-value deep processing
technology for krill on board, and information technology for the exploration of krill resources.

4.1 New types of efficient fishing equipment for Antarctic krill

Current studies are focusing on combining fluid drive, aerodynamics and automatic control technologies,
research and development of selective fishing technology, automatic control technology for krill trawling, and
non-damage continuous fishing technology. The efficient development and utilization capacity of Antarctic krill
resources can be improved through system integration.

4.2 High-value deep processing technology of krill on board

To achieve high-value utilization of Antarctic krill by processing on board, the technologies of multi-layer
reciprocating extrusion, swirl-drying, low-temperature refrigeration, automatic control, and other technologies
should be adopted, and research is being carried out into system developments for shelling and meat extraction of
krill, plus efficient processing and freezing of shrimp oil. Professional and efficient processing modes for krill will
be developed in order to further capitalize on the comprehensive benefits of the Antarctic krill industry.

4.3 Exploration assessment and information support of Antarctica krill resources

Digital acoustic detection of Antarctic krill and other new resources is being studied so as to achieve accurate
three-dimensional detection and fish-group prediction of deep-sea fishery resources such as those in the polar
regions. The logistics support and information management systems for Antarctic krill will be based on the
Internet of Things technology through the integration of fish detection and prediction, logistics support, fishing
fleet equipment and operator management, fishing log, catch traceability, and other information.

5 Countermeasures and suggestions

5.1 Strengthen cooperation, innovate and accelerate the localization of Antarctic krill professional fishing
boats and equipment
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We should strengthen cooperation with relevant research institutions in China and abroad, innovate in the
research and development mode, and establish a mixed research and development mode, in order to improve
China’s scientific research and design capacity in the field of Antarctic krill professional ship equipment. Through
the introduction, digestion, and absorption of new techniques, localized production of large-scale specialized
fishing boats and equipment will be accelerated, and the combination of national scientific support and industrial
development will be strengthened.

5.2 Policy guidance to encourage independent innovation of scientific institutions and fishery equipment
manufacturing enterprises

The technological and equipment barriers that restrict the efficient development and utilization of krill should
be overcome as soon as possible. It is important to strengthen cooperation between industry and academia to
promote collaborative innovation between enterprises and scientific research institutions. The prototype of a
specialized Antarctic krill-fishing boat should be created as soon as possible to drive industrial development.

5.3 Implement strategy for training and recruiting talent

Through cultivating a multiplicity of talents, it will be possible to build a professional research team for the
design and construction of advanced krill-fishing boats. We will accelerate the training of fishery practitioners and
enhance their professional skills, as well as improving the level of scientific research to provide technical support
and expertise for the development of China’s ocean fisheries.

References

[1] Tang Q S, Zhao X Y, Leng K L, et al. Antarctic krill fishing and development industry [C]. Chinese Academy of Engineering
and Technology for Development, 2014 report on the development of China’s strategic emerging industries, Beijing: China
Science Publishing & Medlia Ltd., 2014: 184-195. Chinese.

[2] Chen X Z, Xu Z L, Huang H L. Development strategy on Antarctic krill resource utilization in China [J]. Journal of Fishery
Sciences of China, 2009, 16(3): 451-458. Chinese.

[3] Southwell C, Paxton C G M, Borchers D, et al. Taking account of dependent species in management of the Southern Ocean
krillfishery: Estimating crabeater seal abundance off east Antarctica [J].Journal of Applied Ecology, 2008, 45(2) : 622—-631.

[4] Zhao X Y, Zuo T, Leng K L, et al. Engineering science and technology challenges in the Antarctic krill fishery [J]. Strategic
Study of CAE, 2016, 18(2): 85-90. Chinese.

[5] Xu G D, Chen X Z, Huang H L, et al. The fishing technology for Euphausia superba [J]. Hunan Agricultural Sciences, 2011
(19):122-124, 128. Chinese.

[6] Summerfelt S T, John D, Wilson G, et al. Advances in fish harvest technologies for circular tanks [J]. Aquacultural
Engineering,2009, 40(2): 62—71.

[7] Liu J, Huang H L, Li L Z, et al. Research progress of Antarctic krill (Euphausia superba) continuous fishing techniques [J].
Fishery Modernization, 2013, 40(4): 51-54. Chinese.

[8] Qiu J, Liu Q. On the development characteristics of Antarctic krill industry: A case study of Norway Aker BioMarine [J].
Fisheries Information & Strategy, 2018, 33(4): 284—290. Chinese.

[9] Liu Z D, Chen Y, Qu Y H, et al. Effect of pressing processing on the nutritional components of Antarctic krill powder [J].
Marine Fisheries, 2016, 38(3): 311-319. Chinese.

[10] Xu Z, Zhao X Y, Shang D R, et al. Effects of different processing methods on the Antarctic krill components [J]. Journal of
Food Safety and Quality, 2014 (5): 1537-1541. Chinese.

[11] Zheng X W, Shen J, Cai S J, et al. Process optimization of roller extruder with equal diameter of Antarctic krill [J].
Transactions of the Chinese Society of Agricultural Engineering, 2013, 29(A01):286—293. Chinese.

[12] Wang W Y. Research and design of krill factory trawler Shen Lan[J]. Ship Engineer, 2018, 40(S1): 1-3, 97. Chinese.

[13] Yang Y, Zhu G P. Assessment on marine living resources based on acoustic technology and its application in Antarctic krill
abundance estimation [J]. Marine Fisheries, 2018, 40(3): 368—376. Chinese.

[14] Fan W, Wu Y M, Chen X Z, et al. Progress in spatio-temporal distribution of Antarctic krill and environment survey of remote
sensing [J]. Marine Fisheries, 2010, 32(1): 95-101. Chinese.

[15] Wang X L, Zhao X Y, Tang Y, et al. Removal of the inter-instrument acoustic interference and its application in the study of
Antarctic krill swarms [J]. Progress in Fishery Sciences, 2014, 35(2): 22—29. Chinese.



