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SDG Declaration by United Nations

Goal 14. Conserve and sustainably use the oceans, seas and marine resources for 
sustainable development

The world’s oceans – their temperature, chemistry, currents and life – drive global 
systems that make the Earth habitable for humankind. Our rainwater, drinking 
water, weather, climate, coastlines, much of our food, and even the oxygen in the air 
we breathe, are all ultimately provided and regulated by the sea. Throughout history, 
oceans and seas have been vital conduits for trade and transportation.
Careful management of this essential global resource is a key feature of a sustain-
able future. However, at the current time, there is a continuous deterioration of 
coastal waters owing to pollution and ocean acidification is having an adversarial 
effect on the functioning of ecosystems and biodiversity. This is also negatively 
impacting small scale fisheries.
Marine protected areas need to be effectively managed and well-resourced and 
regulations need to be put in place to reduce overfishing, marine pollution and 
ocean acidification.

• Oceans absorb about 30 per cent of carbon dioxide produced by humans, buffering 
the impacts of global warming.

• Oceans serve as the world’s largest source of protein, with more than 3 billion 
people depending on the oceans as their primary source of protein



• Open Ocean sites show current levels of acidity have increased by 26 per cent 
since the start of the Industrial Revolution.

• Coastal waters are deteriorating due to pollution and eutrophication. Without 
concerted efforts, coastal eutrophication is expected to increase in 20 percent of 
large marine ecosystems by 2050.



NCKU's Manifesto on Goal 14

To meet current challenges of the ocean environment and life below the ocean 
surface, NCKU has outstanding teams from transdisciplinary fields developing 
several comprehensive strategies to enhance sustainability of the global aquatic 
environment. NCKU teams offer future-focused degrees in marine environmental 
awareness to our students, society, industry and the next generation. Furthermore, 
NCKU teams integrate Sustainable Development Goal (SGD) 14 into research, 
innovation, teaching, education, academia–industry cooperation and actions. 
NCKU teams engage marine issues with a comprehensive vision and have robust, 
world-leading contributions with regards to sustainable development of: (1) aqua-
culture; (2) microalgae-based green, clean energy; (3) conservation of marine mam-
mals; and (4) education for society and the next generation. Combined with another 
NCKU aspect, i.e. ocean engineering, ocean technology and marine affairs, having 
this framework in NCKU enables us to answer complex questions, provide clear 
actions and lead the world for a sustainable future.



NCKU’s Curriculums Corresponding to Goal4

1. SMART GREEN LIFE
2. AQUACULTURE AND YOU
3. NANNOPLANKTON BIOSTRATIGRAPHY OF THE ONSHORE AND OFFSHORE 
    TAIWAN BASINS
4. MARINE RESOURCES DEVELOPMENT
5. COMPARATIVE ANATOMY
6. EXPERIMENT OF ECOLOGY
7. ADVANCED EVOLUTIONARY BIOLOGY
8. BEHAVIORAL ECOLOGY
9. AQUATIC HISTOLOGY AND PHYSIOLOGY



The sustainable use and protection of the global ocean require effective strategic 
management, in order to cope with negative effects of overfishing, increasingly 
serious ocean acidification and deteriorating coastal eutrophication. In order to 
expand the protection of marine biodiversity, human beings should strengthen 
research capabilities and increase funding for marine science research, to save the 
global marine fish resources, of which the sustainable biological level dropped from 
90% in 1974 to 69% in 2013. Taiwan has also proactively invest resources into more 
studies on global high seas and coastal areas, in order to face the problem of increas-
ing average ocean acidity (about 26%). 

NCKU’s Research Achievements Corresponding 
to Goal14



NCKU (National Cheng Kung University) have brought cooperation between its 
College of Bioscience and Biotechnology, College of Engineering and College of 
Science. In addition to proactively participate as an important role in the meetings, 
the university also provide strategic suggestions and substantive solutions for teach-
ers and students on the current important cross-field marine issues (plastic, food, 
industrial culture development, etc.), aiming to motivate more changes to happen.



Milestones (Major Events)

2009:
(1) National Energy Program Phase I (NEP-I) begins.
(2) Establishment of microalgae cultivation and biorefinery demonstration plant 

in NCKU’s An-Nan Campus.
2010:

Host “Microalgal Biotechnology Conference” at NCKU.
2013:

Free release of the diagnostic PCR method for detection of the emerging shrimp 
bacteria disease AHPND (Acute Hepatopancreatic Necrosis Disease).

2014:
(1)Host i-BioT 2014 International Conference on bioprocessing and biorefinery 

in Tainan.
(2)Initiate SPF/SPR shrimp breeding program.

2015:
National Energy Program Phase II (NEP-II) begins.

2016:
Establishment of a start-up company “Green Fuel Ltd. Co.”.

2017:
(1)Development of Microalgae-based Circular Economy is filmed by Discovery 

Asia.
(2)Research lab of International Center for Scientific Development of Shrimp 

Aquaculture achieves ISO 17025 accreditation.
(3) Development and application of novel functional aquafeed additives for 

aquaculture fish.



(4) Application of Next Generation Sequencing for genomic industry by molec-
ular assisted breeding on Giant Grouper.

2018:
(1)Complete construction of the International Center for the Scientific Develop-

ment of Shrimp Aquaculture.
(2) Development of the smart IoT water quality monitoring system for brood-

stock maturation.
(3) Certification of the world's first official OIE reference laboratory for shrimp 

bacteria disease AHPND.
(4) Signing of MOU between NCKU and MADA (Malaysia Aquaculture Devel-

opment Association) for international research and industrial cooperation in 
aquaculture.

(5) Establishment of Research Center for Circular Economy at NCKU.
(6) Collaboration with Kobe University (Japan) and OP Bio Co. (Japan) for 

applications of microalgae in aquaculture.
2019:

(1) Expected completion of a business ecosystem for shrimp farming in eastern 
Taiwan.

(2) Cross-field cooperation with Fisheries Research Institute, Council of Agri-
culture, Taiwan for grouper broodstock studies.

(3) Field trials of functional aquafeed additives in Translational Centers for 
Marine Biotechnology.

(4) Establishment of Smart Technology in Fish Breeding Production System.
(5) Host i-BioT 2019 International Conference on bioprocessing and biorefinery 

in Taichung.



(6) National Energy Program Phase III (NEP-III) begins.
(7)Co-organize Asian Congress on Biotechnology 2019 (ACB-2019).
(8) Orgaization of the winter camp “I wanna be Aquaman” in Sangu Elementary 

School and Sangu Community to educate the children about the care of envi-
ronment through games together with the story line of “Aquaman.”.

(9) Co-host the USR Achievement Exhibition in NCKU.
2022:

13th Asian Fisheries and Aquaculture Forum in NCKU, Tainan, Taiwan.





Research and breeding program of shrimp for 
the next generation

According to the United Nation’s FAO, development of aquaculture is associated 
with several main SDGs, including SDG 2, SDG 13 and SDG 14. Currently, among 
>70 countries engaged in shrimp farming, Asian countries are responsible for >70% 
of total production. However, aquatic disease issues coupled with climatic and 
ecological changes are the biggest impediments of shrimp aquaculture to achieve 
these SDGs. Consequently, our NCKU shrimp team is committed to innovating and 
producing science-based solutions of disease prevention to increase sustainability 
of shrimp aquaculture and ultimately the world. 
Our NCKU shrimp team, lead by Profs. Chu-Fang Lo and Han-Ching Wang of the 
Department of Biotechnology and Bioindustry Sciences, head a state-of-the-art 
shrimp breeding program and have established a world-class research center, the 
“International Center for Scientific Development of Shrimp Aquaculture” at the 
AnNan Campus of NCKU in 2018. This center includes two laboratories for shrimp 
scientific research, two OIE (World Organization for Animal Health) reference 
laboratories for two emerging pathogens WSD/AHPND and two nuclear breeding 
center buildings. To achieve a sustainable shrimp aquaculture industry, the Center 
focuses on the following important issues: (1) control measures to minimize risks of 
disease outbreak and transmission; (2) genetically based production of specific 
pathogen free (SPF)/specific pathogen resistant (SPR) shrimp; and (3) shrimp 
culture systems that conserve energy and water. The center sustains high-quality 
SPF/SPR shrimp through their complete life cycle using an indoor culture facility 



Core SDGs synergy correlation

with a high level of biosecurity, a closed circulation water system and artificial intel-
ligence to control water quality, light, and feeding.
To move forward on SDG14 combined with several related SDGs, in 2018 the 
NCKU shrimp team initiated establishment of a commercial ecosystem for shrimp 
farming in a 9 Ha area in eastern Taiwan. We anticipate that this system will be able 
to connect the scientific output of shrimp aquaculture from our NCKU shrimp team 
with the environment and the shrimp industry. The NCKU shrimp team also inspires 
students to adopt interdisciplinary learning and critical thinking to integrate 
society/industry and to develop confidence to address future challenges. This team, 
combined with outstanding NCKU professors from a variety of fields, guided the 
students to innovate “No problem: A Biological approach to nitrate sensing and 
regulation” and won a gold medal and the championship for the “Best Environment 
Project” in the 2017 iGEM sponsored by MIT. Our goal is to achieve academic 
excellence by addressing critical topics at the leading-edge of the interplay among 
shrimp-pathogen-environment, generate new knowledge that can be translated into 
key technologies, management and approaches to make cultured shrimp a more 
efficient and sustainable industry, thereby enhancing both science and society.



Sustainable development of fish aquaculture

Ocean covers almost 70% of the Earth surface; in addition to providing water 
resources, it also contributes a wide variety of food resources to support the global 
population. Eventually, when land resources have been virtually completely 
exploited, humans will alter their focus towards exploiting ocean resources. Conse-
quently, ensuring sustainable development of oceans, seas and marine resources is a 
main priority that needs to be initiated. 
Illegal fishing and in particular overfishing has decimated the marine industry, not 
only in Taiwan, but globally. Consequently, many countries have initiated 
science-based research to develop a new strategy for maintaining fish stocks and 
improving breeding stock quality and quantity. Taiwan has abundant ocean fish 
resources; however, without proper management, ocean fish resources are rapidly 
depleting and unable to support demand. The resulting crisis cannot be addressed 
solely by traditional breeding methods. To achieve sustainable development, the 
NCKU grouper team, lead by Prof. Tzong-Yueh Chen of the Department of 
Biotechnology and Bioindustry Sciences, has the view that traditional aquaculture 
must adopt technology. Cross-field cooperation is encouraged and indeed is becom-
ing an important trend worldwide. Furthermore,genetic technologyies to identify 
markers for high growth and high disease resistance can be used to identify the best 
quality grouper broodstock; consequently, this can help reduce harvest of wild fish 
and indirectly achieve SDGs. 
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Providing sufficient food resources can help eradicate poverty and reaching mile-
stones of 2030 Agenda for Sustainable Development by developing functional 
aquafeed additives to address the food crisis. In the future, with improved technolo-
gy, more innovative breeding techniques for aquaculture can be developed and used 
to sustain oceans, seas and marine resources.



Microalgae Biorefinery and Circular Economy 
Team

A circular economy is presented as a system of resource utilization where reduction, 
reuse and recycling of elements prevails. Furthermore, production is limited to a 
bare minimum and when it's necessary to use the product, attempt to reuse elements 
that cannot return to the environment. The potential of using algae to remediate 
waste, including nutrients, metal, carbon dioxide and organic pollutants, has been 
recognized for many decades. Prof. Jo-Shu Chang has a wide collection of microal-
gae and is the world-leading expert in microalgal research, currently ranking #1 in 
the world for publications in the area of both “microalgae” and “microalgal biofu-
els” (according to Web of Science). He and Dr. Chun-Yen Chen are founders of 
National Cheng Kung University (NCKU)’s “Center for Microalgae Biotechnology 
and Engineering.” The NCKU’s microalgae team has state-of-the-art technology for 
production of microalgae-based biofuels and chemicals, as well as flue gas CO2 
reduction and utilization. The team has developed innovative and effective photo-
bioreactor technology to convert CO2 into feed, health food and fuels via integra-
tion of microalgae isolation, cultivation system design and harvesting techniques 
for downstream technology. Furthermore, they also established core technologies 
for microalgae-based wastewater treatment and application of specific microalgae 
as a feed supplement for grouper and shrimp. The NCKU microalgae team has also 
constructed a commercial-scale microalgae cultivation & biorefinery plant located 
at NCKU’s An-Nan Campus. Prof. Chang is the leading PI of the national energy 
project of Taiwan, working on microalgae-based biofuels production and CO2 
re-utilization from 2009-2018. 
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Prof. Chang and his team also developed Asia’s first pilot demonstration system for 
direct use of flue-gas from a steel-making factory to cultivate microalgae. He has 
established platform technologies for re-utilization of CO2 via a phototrophic 
microalgal carbon capture systems, as well as a microalgae-driven circular econo-
my. Associate Prof. I-Son Grace Ng is devoted to synthetic biology, genetic and 
enzymatic engineering as applied in bioenergy and biorefinery. She has been work-
ing with several top researchers in the areas of biofuel, biorefinery and bioremedia-
tion to develop a robust and efficient approach using genetic and proteomic 
techniques to explore novel and functional enzymes of microorganisms. Further-
more, she developed protocols to apply CRISPR/Cas9 techniques on green algae, 
creating novel opportunitie



Microalgae applied to livestock wastewater 
treatment

According to the EPA's survey of land-based water pollution sources in Taiwan, 
livestock wastewater accounts for nearly 10% of all types of wastewater. Among 
them, piggery wastewater is the main source of pollution. If 30 liters per pig per day 
is produced, the amount of piggery wastewater produced in Taiwan is as high as 
200,000 metric tons per day. At present, most of the wastewater treatment facilities 
used by domestic livestock farmers apply the three-stage wastewater treatment 
method developed and promoted by the Animal Production Research Institute of the 
Agriculture Committee. However, the wastewater currently discharged still 
contains high concentrations of nitrogen, phosphorus and mineral salts, causing 
serious environmental impact. In 2018, the Agriculture and Fisheries Commission 
promoted the direct land application of piggery wastewater for agricultural use. 
Studies have shown that direct discharge of piggery wastewater can alter the soil 
characteristics increasing the salinity, leaving the land in unusable conditions. Since 
carbon, nitrogen and phosphorus are the three most important elements for microal-
gal growth, piggery wastewater rich in these nutrients is very suitable as a sustain-
able nutrient source for microalgal cultivation. After laboratory tests, it has been 
shown that microalgae can not only effectively remove COD, nitrogen and phos-
phorus from piggery wastewater, but also produce liquid microalgal biomass for 
direct agricultural land irrigation without soil acidification. The microalgal biomass 
can be further fermented with special strains to produce liquid fertilizer with high 
economic value. 
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Therefore, the use of microalgae to treat livestock wastewater can effectively purify 
wastewater and produce liquid microalgal biomass with high economic value, 
which is a promising technology with great development potential. The technology 
was interviewed by Discovery Channel in 2017 and premiered in public media on 
2017.11.18. In 2018, it won the LEKO Technical Award from the TECO Green Tech 
International Contest. In 2017, our term signed a total of US$70,000 in international 
technology transfer with Asia Nutrition Technologies Co., Ltd. in Vietnam, and 
implemented 3 international industrial-university cooperation projects at the same 
time. In 2018, once again, our term signed a technology transfer with total worth of 
NT$10 million to Nanoplus Ltd.



Microalgae applied to the development 
of technology in aquaculture

Shrimp is one of the high-priced aquaculture products. According to the Food and 
Agriculture Organization (FAO) statistics, the global shrimp market in 2012 was 40 
billion US dollars. The main markets are in Asia, Europe, North America, Central 
and South America, Africa and Oceania. Asia is the world's largest export region, 
accounting for 54.8% of the world's total exports in 2009. The top five exporting 
countries are Thailand, China, Vietnam, India and Indonesia. During 1984-1987, 
Taiwan’s shrimp farming practice flourished, creating Taiwan’s reputation as a 
“cultured shrimp kingdom”, mainly in the shrimp farming technology. However, the 
invasion of various shrimp viruses, drug use and abuse by farmers (disease control 
drugs, disinfectants, herbicides, insecticides, algae growth agents, hormones and 
antibiotics) created a negative environmental impact. Severe pollution with various 
chemicals effectively improved the drug resistance of environmental pathogens and 
high rate of untreatable infections could be seen among farmers, coastal organisms 
and aquatic products consumers. The current survival rate of White shrimp is less 
than 40%, and the survival rate of Kuruma prawn cultures is less than 20%. The 
annual output of shrimp farming in Taiwan is decreasing year by year. The point is 
that there is an increased incidence of cancer in humans every year since they are at 
the top of the food chain and bioaccumulation of several xenochemicals is inevita-
ble. The food safety problem also cannot be ignored. Therefore, we attempted to 
develop a non-toxic healthy shrimp farming procedure with high survival rate and 
lower environmental impacts using sea water resources. The entire process is chem-
ical free to ensure consumer safety and the farming procedure is sustainable. 
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Our team has stepped into the aquaculture field with the unique advantages of 
microalgae/bacteria, emphasizing the concept of ecological balance for Black Tiger 
shrimp and Kuruma prawn culture. Using a variety of microalgae and probiotics 
that promote the growth of shrimps as a "health food" for shrimps, a high-quality 
and sustainable breeding environment was developed for shrimp culture with robust 
shrimp growth and higher survival rates without any antibiotics/drugs. This goal has 
also been favored by Silicon Valley Taiwan Angels (SVT Angels) to attract their 
investments. In addition, our team signed a MOU with OPBIO Factory Co., Ltd. 
(Okinawa, Japan) and Datuk, Malaysia. The application of microalgae/bacteria in 
aquaculture technology and its promotion in the international market will increase 
Taiwan's competitiveness.



 

Implementation plan adapted to environmental 
change in Tainan coastal area (IMPACT)

is held by the Department of Architecture, Department of Hydraulic and Ocean 
Engineering, Tainan Hydraulic Laboratory, Department of Urban Planning, Institute 
of Ocean Technology Marine Affairs and Department of Environmental Engineer-
ing. We aim to explore issues of coastal areas, inform students about the care of the 
surrounding area and social issues by bringing them deep into coastal areas, carry 
out SDGs and promote social responsibility.
Our issues were related to SDG14: Life Below, including a change of sandbar, 
sustainable oyster farming, ocean waste, and coastal environment and settlement 
culture. We do research, simplify and transmit knowledge regarding marine envi-
ronments through courses, events and seminars. Our intentions are to change 
people’s views towards sustainable environment with education and together build 
a sustainable home.
Regarding the curriculum, related courses enabled students to learn about the 
change of sandbar and to improve communication skills during field trips to 
Beimen, Cigu and Jiangjun. Students experienced how to grow oysters. Concurrent-
ly, our team worked with oyster farmers to understand how monomer oyster farm-
ing overcomes decreases in lagoons. There were also practical courses regarding 
marine environments and precipitation, e.g. potential flooding map. Experts in 
marine preservation were invited to share knowledge and inform students.
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This project enabled students and our team to transmit knowledge by conducting 
activities, exhibitions and presentations, a 1-day camp in Jiangjun and Cigu elemen-
tary schools, an educational booth in summer camp and beach cleaning in Milkfish 
Festival. Students learned and subsequently shared messages. In the education 
booth, we have various teaching aids, including Card of Flooding which teaches 
causes and corresponding solutions; and Oyster Farm Matching to identify various 
styles of oyster cultivation. All knowledge is based on our research, although it is 
simplified to an appropriate level to make it easier to understand and share.



Marine Biology and Cetacean Research 
Center at National Cheng Kung University

Marine Biology and Cetacean Research Center at National Cheng Kung University 
(MBCRC at NCKU) was established in 2010. The aim of MBCRC is to provide 
rescue, medical care, recovery, rehabilitation, release and further research on the 
stranded dolphins or whales. The NCKU Cetacean rescue group has been carrying 
out the first rescue task of the stranded whale since 2000. The primary goal/duty is 
always to release the stranded dolphin or whale after integral rescuing, medication, 
rehabilitation and recovery. 
After decade’s efforts on all the intensive rescue works, the first successfully task, 
one stranded pygmy sperm whale returned to the ocean, was achieved in 2010. 
MBCRC has accomplished 7 impressed rescue missions in total 60 rescuing 
individuals of dolphins or whales. In parallel, MBCRC treated more than 220 dead 
stranded dolphins/whales for investigating the cause of death. MBCRC also keeps 
focus on the cetacean research in case the dolphin/whale specimen was fresh 
enough.
MBCRC has established substantive academic and/or educational cooperation or 
exchange programs with National Science Museum of Japan, University of South-
ern California, and Texas A&M University. We are going to set up and organize the 
cooperation of international marine mammal stranding network, for example by the 
hosting of “2019 Asian Marine Mammal Stranding Network Workshop”. MBCRC 
goes to be a World Top Center which integrates the rescue, conservation, education 
and research on the field of the marine biology, cetacean and ocean ecology.
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Global Link




