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Acronyms and Abbreviations
AI

Artificial intelligence

ASC

Aquaculture Stewardship Council

D-FISH

Directorate of Fisheries

DARD

Department of Agriculture and Rural Development

EU

European Union

GDP

Gross domestic product

Ha

Hectares

ICT

Information and communication technology

IDH

The Sustainable Trade Initiative

IoT

Internet of things

IVR

Interactive voice response

M2M

Machine to Machine

MARD

Ministry of Agriculture and Rural Development

MT

Megatonnes

NAFIQAD

National Agro-Forestry-Fisheries Quality Assurance Department

PPP

Public-private partnership

QR

Quick response

SMS

Short message service

US

United States

VASEP

Viet Nam Association of Seafood Exporters and Producers

VINAFIS

Viet Nam Fisheries Society
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I. Key Findings

1. Shrimp aquaculture is a cornerstone of the Vietnamese agricultural economy, occupying
720,000 hectares nationally.

2. Digital infrastructure is well established in Viet Nam; 90% of farmers own a mobile phone,
and the cost of mobile services is among the lowest in the world.

3. Remote sensing, mobile extension services, and digital financial services remain inaccessible
to stakeholders in the Vietnamese shrimp sector.

4. To date, the adoption of the latest digital technologies has been suppressed due to a range

of barriers including high investment costs, low technical capacity, distortionary policy, an
absence of credit services, and conflicting stakeholder interests.

5. Enabling

policy may include regulation that supports product traceability, value chain
integration, and extension capacity building.

6. Best-bet

digital aquacultural solutions include bundled technologies that capitalize on
smartphones, the Internet of Things, and quick response (QR) codes.

7. Additional

information on stakeholders’ needs and barriers to adoption of existing
technologies would further support successful digital initiatives for the Vietnamese shrimp
sector.
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II. Introduction

Viet Nam’s fishery sector plays a vital role in the economy. Together, aquaculture and capture fishing
account for almost 5% of the national gross domestic product (GDP), and directly or indirectly provide
income to 8.5 million people, or nearly 10% of the total population (FAO, 2019; Lebailly et al., 2017). Viet
Nam’s vibrant aquaculture sector contributes approximately 65% of total fisheries exports and plays an
important role in filling the gap between global seafood demand and the sustainable limits of capture
fishing (Lebailly et al., 2017; Phung & Pham, 2018). The shrimp aquaculture sub-sector is a particularly
critical pillar of the seafood industry; it represents the second largest share of national aquatic exports,
making Viet Nam the third largest shrimp exporter globally (International Trade Centre (ITC), 1999; Phung
& Pham, 2018). The brackish waters of Viet Nam’s Mekong Delta host the vast majority of the nation’s
shrimp aquaculture, accounting for 84% of total production (GSO, 2020).
Despite a drop in 2020 global sales of shrimp resulting from the Covid-19 pandemic, the trend toward
increasing demand remains strong (GLOBEFISH, 2020; Expert Market Research, 2020). Growth in Viet Nam’s
shrimp aquaculture sector is limited by challenges including disease outbreaks, fragmented and weak
value chains, production-induced environmental impacts, food safety issues, and a lack of traceability
and quality control (H. Nguyen, 2016; H. T. K. Nguyen et al., n.d.). If the Vietnamese shrimp industry can
overcome these hurdles in cost-efficient ways, it has the opportunity to position itself as a cost-competitive
and high-quality player on the international stage. The Ministry of Agriculture and Rural Development
(MARD) issued a master plan to address these challenges through various incentive programmes aimed to
support the shrimp industry. Targets have been set to produce 1.3 million metric tons of farmed shrimp
and to achieve nearly U$12 billion in export revenues by 2030. The Vietnamese government is also working
to establish stronger trade deals with major partners (Boston Consulting Group, 2019).
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2.1. The potential for digital solutions in
the shrimp aquaculture sector
Digital agriculture is the integration of new and
advanced technologies into a single system with
the aim of enabling agricultural stakeholders to
improve their products and processes (UN Global
Compact, 2019). Digital tools offer a unique
opportunity to spur sustainable economic growth
and development within the agriculture sector.
They have the potential to enhance stakeholders’
livelihoods by decreasing transaction costs,
enabling key legal processes, improving access and
deployment of financial services, providing decision
support, fostering healthy market competition,
and ensuring effective and sustainable use of
resources. Aquaculture in particular can benefit
from digital agriculture solutions that capitalize on
automation, big data and analytics, and expanding
access to information and resources, to increase
seafood production while reducing the cost
and environmental footprint of operations (van
Biejnen & Yan, 2020).
There are numerous challenges facing Viet
Nam’s rapidly expanding shrimp market.
Aquatic animal diseases and climate variability
are serious constraints to the expansion and
development of sustainable aquaculture (FAO,
2020). Yet aquaculture has much to gain from
digital agriculture solutions which offer key tools
for preparing and accounting for production
vulnerabilities, as well as for enhancing market
and finance risk management strategies. Digital
solutions powered by artificial intelligence (AI) can
minimize aquaculture risks and increase profits
by providing farmers with data-driven decision
support tools to optimize feeding schedules, detect
underwater pollution and disease indicators, and
pinpoint timeframes for the most profitable harvest
(van Biejnen & Yan, 2020). A growing number of
such platforms are becoming available globally to
support farmers’ management decisions. These
cloud-based services can also simultaneously
provide researchers and governments real-time
analytics with numerous uses: for example,
predicting local yields; monitoring global supply;
identifying pollution hotspots, environmental
issues, and disease events; pinpointing input
efficiencies and measuring their effects on yield and
environmental outcomes; finding opportunities
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to improve postharvest supply chains, thereby
helping suppliers reach buyers; creating indicators
for credit access and finance pathways; and
monitoring adherence to certification schemes.
The strength of digital infrastructure in Viet
Nam offers great potential for the integration
of digital tools into Vietnamese agriculture, and
in particular the shrimp sub-sector. Viet Nam
outranks Laos, Cambodia, and Myanmar for
its enabling technology environment on the
Networked Readiness Index (Baller et al., 2016).
The International Telecommunications Union
ranks Viet Nam 86th in the world and 11th in
Southeast Asia on the E-Government Development
Index, a performance rating to reflect how well a
country uses information technologies to promote
access and inclusion of its people relative to other
countries (United Nations Department of Economic
and Social Affairs Division for Public Institutions
and Digital Government, 2020). These scores are
above both the global and regional averages.
Viet Nam is among the top three most affordable
countries in the world in terms of information and
communication technology (ICT). Average rates for
Broadband Internet are less than US$3 per month.
Digital infrastructure is well established; over 64
million mobile phone subscribers nationwide use
3G or 4G connections, and 5G services will begin
enabling advanced Machine to Machine (M2M)[i]
connections in 2020 (Burra et al., 2021; Nhan
Dan, 2020). Viet Nam is relatively advanced in
5G; its roll-out will accelerate efficient transfer of
large amounts of data between, for example, an
IoT and a cloud database that provides real-time
information to application users. Over 99% of both
rural and urban Vietnamese have electricity, 90%
of farmers own a mobile phone, and 10% of farmers
use Broadband Internet on home computers
(Burra et al., 2021). In rural Viet Nam, 68% of
mobile phone users have a smartphone (Mobile
Marketing Association, 2019). Three companies-Viettel, MobiFone, and Vinaphone--account for
93% of total mobile connections (Oxford Business
Group, 2017). Viet Nam is also expanding its
earth observation capacity. The VNREDSat1 earth
observation satellite was launched in 2013, and
[i] Machine to Machine (M2M) describes technologies that enable
networked devices to communicate with one another, take
measurements, and make decisions, often without human
intervention.
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the new Viet Nam Data Cube project will provide
easy access to forest and water quality monitoring
using the Landsat, Sentinel, ALOS-2, and LOTUSat
satellites (Burra et al., 2021). Viet Nam is set to
launch the LOTUSat-1 Earth observation satellite
system in 2023, which will enable faster and more
accurate measurements of natural disasters and
climate change impacts. The project is funded
through Official Development Assistance by the
Japan International Cooperation Agency under its
Special Terms for Economic Partnership program,
and will include the development of the necessary
ground systems along with local human capacity
building (NEC Corporation, 2020). Such landscapelevel data may prove useful in supporting water
quality and mangrove preservation regulation
compliance, as well as generating early warnings
of important changes in water quality. Viet
Nam’s well-established digital infrastructure
opens the aquaculture and fishing industries to
AI programmes and apps that can, for example,
count and size pond populations in seconds and
increase farmer profitability by optimizing stock
feeding schedules, predicting diseases, calculating
the best harvesting times, and adjusting water
quality in response to health indicators (van
Biejnen & Yan, 2020).

2.2. Policy relevance
National policies have begun prioritizing the
expansion of digital solutions in Viet Nam’s intensive
and semi-intensive systems. The government’s
plan for developing the fisheries sector from 20102020 (Decision No. 1690/QD-TTg) emphasized the
need to intensify and industrialise the aquaculture
sector to boost production volumes for both
export markets and domestic consumption. While
specific digital innovations are not mentioned,
the plan identifies the need to apply advanced
technologies in tasks like boosting the production
of disease-free seed, for example. Over this period,
considerable productivity gains were achieved,
particularly through the reorientation of the
processing sector around greater value addition.
It was not until the publication of the national
action plan for developing the Vietnamese shrimp
industry through 2025 (Decision No. 79/QD-TTg)
that the role of digital technologies in supporting
this transition came into the national discourse.
The national action plan supports the construction

of digitally informed intensive systems, with a
focus on the Mekong River Delta and the Central
Coast regions; its benchmark is the production
of 1.1 million tonnes of cultured shrimp products
annually by 2025. Digitally integrated shrimp
systems would include identification codes for
ponds and farming areas, remote sensing of
environmental parameters, and other digital
solutions for monitoring epidemics across value
chains, allowing for faster transmission of early
warning information and increased transparency
and accountability. Ensuring environmental
monitoring and strictly controlling epidemics
in concentrated shrimp farming areas are key
priorities.
The People’s Committees of Provinces and
centrally run cities were tasked with allocating
funds to establish digitally focused information
systems relating to environmental, disease,
market, and pollution monitoring. Based on
the strategic pathways set out by this decision,
province-specific policies and strategies, such as
those in Bac Lieu and Ca Mau provinces, call for
digital solutions in shrimp farming to improve
productivity, yield, quality, and competitiveness.
Bac Lieu’s 2021 development objectives (Decision
No. 17/2020/NQ-HDND) support provincial
investment in high-tech agricultural applications
and research, including a VND 3,000 billion (USD
$130 million) industrial centre for research and
the implementation of advanced technologies
in shrimp aquaculture (People’s Council of Bac
Lieu Province, 2020; Ministry of Agriculture and
Rural Development, 2020). Ca Mau province
has similarly passed an action plan (Decision
No. 60/KH-UBND) to develop the local shrimp
industry, with an emphasis on utilizing new and
advanced technologies to improve production
and processing, support organic certification
and traceability schemes, and reduce production
costs, including for chemical inputs. The goals of
this action plan include boosting value and quality,
ensuring food safety and hygiene, and meeting
the requirements of importing countries (People’s
Committee of Ca Mau Province, 2018).
In 2020, the National Digital Transformation
Programme to 2025, Orientation to 2030 (Decision
No. 74 9/QD-TTg) produced a national roadmap for
the integration of digital tools into the government,
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economy, and society, demonstrating an ambition
for growing Vietnamese digital enterprises
towards becoming global players. The programme
envisions digital tools permeating all sectors and
levels of Viet Nam’s society by 2025, linking 100%
of government databases through a national data
portal, conducting 50% of state management
inspection activities through digital systems (70%
by 2030), and expanding the digital economy to
account for 20% of GDP (30% by 2030). Programme
goals will be achieved through investments in
infrastructure, including fibre optics and the 5G
mobile network, the development of a mobile
money system, the promotion of links between the
state and private enterprise, and fast-tracking the
development of breakthrough technologies such
as artificial intelligence (AI), blockchain, and virtual
or augmented reality. The implementation of the
national digital transformation programme will
assist the shrimp sector in achieving its targets for
digital integration, particularly through provisions
on
data-driven
agriculture, e-commerce,
monitoring, and early warning systems, and the
construction of national databases for natural
resource management.
Despite high rewards and great opportunities
for sector growth, digitization of the shrimp
aquaculture industry faces several challenges
(see section 5.3). Policy implementation and
infrastructure are key to this transformation but
will require great investment in human resource
development. Stakeholders along the entire value

chain, in particular hundreds of thousands of
farmers, must be sensitized to digital literacy and
incentivized to adopt new practices to drive the
sector’s digital transformation. In addition, actors
who benefit from a lack of transparency may
hinder the adoption of technologies and must be
reoriented to new opportunities that encourage
their buy-in. Implementation of digitization policies
requires both national and local coordination and
follow-through.

2.3. The shrimp aquaculture sector in
Viet Nam
Mekong Delta shrimp production systems may be
generally classified as intensive, semi-intensive,
improved extensive, and extensive (Table 1)
(Consulting Researchers, 2017; Oxfam et al., 2018).
Two species of shrimp are produced in the Mekong
Delta: giant tiger prawns (Penaeus monodon) and
pacific white shrimp (Litopenaeus vannamei), also
known as whiteleg shrimp. Giant tiger prawns
are native to Viet Nam and primarily cultured in
extensive, improved extensive or semi-intensive
farming. Pacific white shrimp were introduced
from the eastern Pacific Ocean, off the west coast
of Central and South America. Pacific white shrimp
breeding stock has been legally imported to Viet
Nam since 2008; they are primarily cultured in
intensive or semi-intensive farming.

Table 1: Shrimp production system categories in the Mekong Delta

Improved extensive

Super-intensive

4-5 m2

200/300 m

2

Semi-intensive
200-300 shrimp /m2
0.2-1.0 ha,
2-3 harvests /year,
pellet feed

25-32 m2

25-32 shrimp /m2,
0.3- 0.9 ha,
2 harvests /year,
pellet feed
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4-5 shrimp /m2,
1.0 – 2.0 ha,
1-2 harvests /year, no
added feed

Extensive
1-2 m2

1-2 shrimp /m2,
~50% of mangrove area,
year-round harvest, no
added feed
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The profitability of the shrimp industry, coupled
with recent environmental and land use changes,
has driven the rapid conversion of thousands of
hectares (ha) of rice fields to shrimp aquaculture
in the Mekong Delta (Kruse et al., 2020). The
relatively higher economic value of shrimp
aquaculture appears to be having a positive
impact on rural livelihoods (Ha et al., 2013); the
Vietnamese government reports that shrimp
farming areas generally have lower poverty rates
than the broader region wherein they are situated
(Decision No. 1445/QD-TTg). For example, the
poverty rate of My Xuyen, a coastal shrimp farming
district in Soc Trang province of the Mekong
Delta, is just 1.9%, versus the provincial average
of 4.91% (Vormoor, 2010). Such trends have
earned shrimp aquaculture a place in Viet Nam’s
national economic development strategy. As part
of its 2013 aquaculture sustainable development
strategy, MARD aimed to produce 4.5 megatonnes
(MT) of aquaculture products from 1.2 million ha
nationally by 2020. To help reach this goal, the
Mekong Delta was to host over 800,000 ha of
intensive, semi-intensive, and improved extensive
aquaculture systems and produce nearly 3MT of
various species of fish and mollusks. Giant tiger
prawns were to account for 340,000 tonnes/year
of this total, and their production was to remain
steady over time with an average annual growth
rate of just 0.02%. Pacific white shrimp were to
reach 360,000 tonnes / year by 2020 and continue
growing at an average annual rate of over 11%
(Decision No. 1445/QD-TTg).

The Mekong Delta has already met and exceeded
its shrimp production goals. As of 2019, shrimp
farming alone encompassed 720,000 ha of the
Mekong Delta and yielded about 750,000 tonnes.
Pacific white shrimp have come to dominate the
shrimp sub-sector, with production rising more
than 26% since 2015 to approximately 480,000
tonnes annually. Giant tiger prawn production has
increased by over 10% in the same time period
to stand at around 270,000 tonnes per year
(Consulting Researchers, 2017). Giant tiger prawn
average yield across Viet Nam nearly tripled
between 1991 and 2011, but overall yields remain
below 1 tonne/ha (Liao et al., 2016). The total
value of shrimp exports from Viet Nam in 2019
reached US$3.38 billion and accounted for nearly
40% of total seafood exports (Bang, n.d.). Despite
the rapid growth of the Mekong Delta shrimp
sector, serious issues threaten its long-term
sustainability and profitability. Environmental
issues and poor management practices currently
result in an average annual loss of 10-15% of giant
tiger prawns and 20-30% of Pacific white shrimp
(Cao Le Quyen, Trinh Quang Tu, et al., 2018).
Many of these issues could be ameliorated or
prevented by addressing gaps in information and
communication, on production hazards, product
availability, and pricing, that characterize the
Vietnamese agricultural sector as a whole (Burra
et al., 2021).
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III. Shrimp Aquaculture Sector Challenges

3.1. Factors constraining the shrimp
aquaculture sector in the Mekong
Delta
3.1.1. Environmental factors
Landscape-level environmental factors accounted
for approximately 36% of shrimp mortality in
the 2015-2016 season and seem to have become
increasingly important since then (WWF, 2017). In
recent years, severe drought, saltwater intrusion,
and the post-El Niño lack of rainfall have greatly
increased the salinity of Mekong Delta waters,
making rice production untenable in some areas and
further accelerating the conversion toward shrimp
production. Shrimp production itself increases
salinity and water pollution, creating a negative
feedback loop which is driving salinization further
inland (see section 3.2) (Ca Mau Department of
Agriculture and Rural Development (DARD), 2016;
Olivier M. Joffre, Klerkx, et al., 2018). Throughout
the world, areas with acid sulfate soils see the
precipitation of heavy metals--a global issue which
can impact both human and ecosystem health--and
an increase in shrimp mortality risk as a result of
low pH (Guong & Hoa, 2012). Increasingly extreme
diurnal temperature variation has increased the
risk of disease; one widespread outbreak of early
mortality syndrome virtually halted the Vietnamese
shrimp sector in 2012, sending smallholders into
financial ruin and fostering even greater lender
hesitation toward agriculture (Olivier M. Joffre,
Klerkx, et al., 2018; Switch Asia et al., 2018). The
industry is also highly susceptible to changes in sea
level associated with climate change. Modelling of
future sea level scenarios by the Ministry of Natural
Resources and Environment projects that Viet Nam
will experience sea-level rise above that of the
global average, with the southern coastline and
Mekong Delta likely to be the worst affected. By
2100, mean sea-level rise in Viet Nam is predicted
to range somewhere between 44-73cm depending
on the emissions scenario used (RCP2.6-RCP8.5). A
100cm rise in sea-levels would correspond to almost
39% of the Mekong Delta being inundated (Thuc
et al., 2016). Similar modelling has shown that this
could lead to the destruction of 45% of remaining
mangrove forests, over 60% of rice fields, and 65%
of aquaculture ponds in the Mekong Delta (Kulp &
Strauss, 2019; Veettil et al., 2019).

3.1.2. Input and output markets
Rather than optimizing for productivity, profit, and
sustainability, shrimp production management is
largely reactive to environmental hazards. The
costs of inputs like chemicals, labour, and energy
are high due to extreme market fragmentation,
low producer coordination to leverage economies
of scale, and an over-representation of middlemen
(Burra et al., 2021). Breeding stock tends to be of
low quality, so that the shrimp are weaker and
less resilient to environmental hazards. Producers
in Viet Nam and other countries who have poor
access to high-quality breeding stock may attempt
to reduce exposure to these risks by opting for
low-quality inputs; by overusing medications,
including antibiotics; and/or by harvesting shrimp
before maturity. Additional inputs and smaller
harvests further driveup production cost per unit
yield. Despite these efforts, some 21% of shrimp
farmers have experienced total crop failure, and
those who harvest early may take a net loss of
45-80% of initial investments. In contrast, farmers
who harvest fully grown shrimp earn an average
of 10% net profit on their initial investment
(Vromant et al., 2004). These figures indicate how
profitable shrimp farming could be if the sector
were optimized and stabilized. Total crop failure is
largely preventable through employing optimized
best management practices and through
addressing the issues discussed in the gap analysis
and recommendations section (5.3).
3.1.3. Infrastructure
Inadequate infrastructure further constrains
innovation. Physical infrastructure for shrimp
aquaculture includes, for example, water supply
and discharge channels, supply water treatment
ponds, wastewater treatment facilities, and
electricity supply systems. The presence and
functionality of such infrastructure support
disease mitigation, productivity, product quality,
and, consequently, the competitiveness of
Vietnamese shrimp products in international
markets. There remain significant opportunities
to improve shrimp aquaculture infrastructure in
Viet Nam. Waterways that are not optimized for
aquaculture preclude access to water of sufficient
quality and quantity (Olivier M. Joffre, Klerkx, et
al., 2018). Inadequate rural electric infrastructure
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limits the development of digital aquaculture
solutions and feeds into high fuel costs. Major
aquaculture water supply and discharge systems
are conjoined with agricultural irrigation systems.
This situation entails several risks that can increase
the prevalence of disease outbreaks: crosscontamination of agrochemicals and antibiotics
effluences, contamination from urban or livestock
wastewater, and inadequate filtration. Insufficient
infrastructure to supply sources of fresh water in
times of drought accelerates salinization in shrimp
producing areas, resulting in disease outbreaks and
shrimp die off. Such an incident in 2016 damaged
81,000 hectares of shrimp breeding ponds in eight
provinces, with losses in Ca Mau alone estimated
at VND 260 billion. In response, provincial
governments with support for international donor
organisations accelerated the construction of
irrigation works to mitigate the impact of future
droughts (Urch, 2016). Such initiatives paid off as
a combination of infrastructure improvements,
early warning, and preventative measures saw
the agriculture sector in the Mekong Delta fair
far better when in 2020 the region was again hit
by prolonged droughts and saline intrusion (Dat,
2020).
3.1.4. Extension and knowledge sharing
Agricultural extension work supports producers
of crops, livestock, forest products, and salt;
fisheries and aquaculture; and rural development
efforts. Extension faces several difficulties in Viet
Nam: poor facilities and equipment for agricultural
demonstration models, constrained financial
resources, and insufficient human resources,
including a lack of extension workers at both
the central and local levels and low competency
with advanced technological applications
(NAEC, 2019). A 2019 study that interviewed
140 farmers in Bac Lieu, Ben Tre, and Ca Mau
found that on average 67% of farmers obtained
knowledge through government extension, 66%
from friends, and 49% through feed dealers;
however, there were discrepancies among the
provinces, with only 36% of farmers in Bac
Lieu accessing knowledge through government
extension officers (Pongthanapanich et al., 2019).
As discussed below, there is limited knowledgesharing infrastructure between value chain actors,
and producers tend to mistrust existing public and
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private extension services (Olivier M. Joffre, Klerkx,
et al., 2018; Phung & Pham, 2018). Innovation in
terms of both human resources and operational
mechanisms, ranging from multi-stakeholder
workshops to market platforms, could help
overcome these obstacles (NAEC, 2019). Capacity
building focused on advanced technologies and
global trends would equip extension advisors
with soft skills such as digital literacy, value chain
linkage building, marketing knowledge, familiarity
with export markets, and techniques for building
resilience to climate change impacts. In addition,
digital solutions could help bolster the ability of
agricultural extension to connect local farmers
with businesses, markets, and technological
research (Ministry of Agriculture and Rural
Development, 2019).
Farmers who are organised into farming clusters
have greater access to a broader range of
knowledge sources than non-organised farmers,
with farmer clusters offering an effective
entry point for information dissemination and
participatory training (O. M. Joffre et al., 2020).
Increased access to knowledge and the ability
to validate recommendations through multiple
sources, including through neighbouring farmers,
increases trust in the information provided, which
ultimately leads to higher levels of adoption
for improved practices and technologies (O. M.
Joffre et al., 2020). In Sri Lanka, better farmer
organisation ameliorated the supply chain
management of community-based shrimp
production and increased its environmental
sustainability (Galappaththi et al., 2016). A survey
to gauge cooperative membership amongst
shrimp farmers in three provinces found that all
the farmers surveyed in Ben Tre were members
of cooperatives, but this was true of just 39%
in Ca Mau and only 8.5% in Bac Lieu. These
statistics mirror the level of access farmers had to
government extension services (Pongthanapanich
et al., 2019).
3.1.5. Finance
Loans and credit are crucial for capital investments
in farm and pond upgrades, input purchases,
and hiring equipment and labour (Cao Le Quyen,
2020). However, lending institutions are hesitant
to provide financing due to the high market
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and environmental volatility surrounding the
aquaculture sector (Braun et al., 2019; Olivier
M. Joffre, Poortvliet, et al., 2018). As such, most
shrimp farmers rely on input suppliers and/or
relatives and friends for credit and loans. State
policy banks, which are partially publicly funded,
focus on rural agricultural development, offering
lower rates than commercial banks. Farmers that
meet certain conditions for risk management and
sustainable production are better positioned to
get loan approvals from these institutions. Even
then, however, the amount of credit available to
any given farmer is informed by their education,
social status, and the number of credit institutions
to which they have access (Cao Le Quyen, 2020).
Input providers, who charge 20-40% interest over
the course of the season, are the primary providers
of credit for input purchases (Cao Le Quyen,
Nguyen Tien Hung, et al., 2018). As a result, input
providers who operate on credit hold excessive
price control, so that farmers who borrow from
input suppliers are forced price-takers. Farmers’
limited access to financial services exacerbates
poverty cycles and reinforces already strong
tendencies toward low-quality inputs (Olivier M.
Joffre, Klerkx, et al., 2018).
3.1.6. Policy distortions
Institutional distortions enable all the
aforementioned constraints. Regulatory frameworks for input quality, disease control, and
wastewater management are not consistently
enforced as a result of poor inter-institutional
coordination. There is a near absence of
dialogue between value chain actors; this lack of
transparency and information sharing between
value chain actors leaves regulation primarily
governed by international demand (Olivier M.
Joffre, Klerkx, et al., 2018; Phung & Pham, 2018).
Current land tenure policies prioritizing companies
and agribusiness over households enable land
accumulation at the expense of smallholders
(Switch Asia et al., 2018; To et al., 2019). The current
policy environment also favors trade markets that
demand quantity over quality; disincentivizes
investment;
leaves
market
fluctuations
unmitigated; and limits essential services that
would improve productivity and sustainability,
such as financial services, information services,
weather and market forecasting, risk management,

and support for producer organizations (Phung &
Pham, 2018; Switch Asia et al., 2018).

3.2. Negative impacts of shrimp
aquaculture in the Mekong Delta
3.2.1. Deforestation
Shrimp farming has massively changed the
landscape of the Mekong Delta. In 1968 rice farms
covered more than half of the total land area,
mangrove forests accounted for an additional
25%, and shrimp-based systems were nonexistent. By 1992, rice was still the predominant
agricultural system, but forests had plummeted
to less than 3% of the total area, and extensive
shrimp-mangrove systems covered nearly 10% of
land area. Mangroves are critical for protecting
shorelines, and are essential to enhancing
sedimentation in the Delta, trapping sediment and
reducing wave energy to slow erosion (Phan et al.,
2015). Mangrove forests increased in the 1990s
as shrimp-mangrove systems became a popular
way to generate income while also complying
with minimum-mangrove retention regulations
aimed to reduce coastal erosion. However, the
conversion of land to more profitable shrimprice farming in the 2000s sidelined this ecological
gain (Liu et al., 2020). As of 2015, intensive shrimp
systems covered nearly 19% of the land area (Liu
et al., 2020).
3.2.2. Increasing soil and water salinity and
pollution
Rising sea levels and storm surge increases,
coupled with upstream damming and mangrove
decline, contribute to measurable increases in
salinity encroaching further inland. Saltwater
intrusion has occurred on upwards of 500,000
ha around coastal areas and on 25% of the total
agricultural land area. This has increased salinity
by 8 - 13% in river estuaries of the Mekong Delta
alone. The resulting soil and water salinity levels
preclude rice production, and given the relatively
higher profits associated with shrimp production,
many producers have switched from rice to shrimp
(Chau My Duyen, 2017; Hai et al., 2020; Kruse et al.,
2020; Tan et al., 2020). Intensive shrimp production
systems exacerbate water and soil salinity beyond
a point that can be naturally flushed out given
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average regional rainfall (Vromant et al., 2004).
Where saltwater intrusion does not preclude
rice production, alternating rice-shrimp systems
have lower impacts on soil and water quality and
leverage the added soil nutrients from shrimp
production to support rice yields (Kruse et al.,
2020). Some farmers also cope by producing salt
(Ha et al., 2013).
3.2.3. Pollution of local water resources
Low oxygen levels, acidification, organic
pollutants, and heavy metal contamination
have been linked to intensive shrimp production
(Guong & Hoa, 2012; Ha et al., 2013). Crosscontamination of shrimp antibiotics on rice crops
risks an accumulation of antibiotics in rice-based
food products. Such cross-contamination can also
result in the selection of resistant bacteria in the
food chain, especially when rice plants take up
antibiotics from the soil (Dolliver et al., 2007). In
some cases, nitrate concentrations exceed surface
water regulation limits. Many farms both source
their water supply from nearby rivers and send
pond runoff to these same rivers, exacerbating
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the risk of pollution and disease outbreaks (Cao
Le Quyen et al., 2019). This mixing of agricultural
water supplies with wastewater will become an
increasingly urgent issue as shrimp production
continues to be promoted at scale.
3.2.4. Medium- and long-term risks
To date, the conversion to shrimp production has
improved the livelihoods of former rice farmers in
the Mekong Delta (Ha et al., 2013). Nevertheless,
the unsustainable feedback loops described above
threaten the medium- and long-term profitability of
the sub-sector. When unexpected environmental
hazards arise, they can be difficult to control and
very costly to mitigate, reducing household food
security. School attendance rates often decline as
the funds to pay school fees become unavailable
(Vromant et al., 2004). The dearth of essential
services necessary for innovative, productive
farming systems forces farmers into poor shortterm decisions, such as high-interest credit from
input suppliers (Cao Le Quyen, Nguyen Tien Hung,
et al., 2018).

III. Shrimp Aquaculture Sector Challenges

CHAPTER 4.
Shrimp Value Chain Dynamics
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The above-mentioned challenges impact the different actors across the shrimp value chain in different
ways. It is therefore necessary to break down the shrimp aquaculture value chain (Figure 1) and evaluate
the specific needs of the different actor types in order to identify targeted digital agricultural solutions.

Policy Level

National

Input Provision

Aqua - vet
Hatchery
Feed store

Provincial

Research

Transport & Storage &
Processing
Production

Intensive
Semi-intensive
Improved extensive
Extensive

Marketing
Collector/Trader/
Aggregator
Cold store
Processor
(small, large)

Exporter
Local retailer

Figure 1: The shrimp aquaculture value chain

4.1. Policy
The expansion and enhancement of shrimp
farming is a policy priority. At the national level,
MARD sets regulations for good practices in both
farms and processing plants. Two divisions under
MARD address shrimp farming. The Directorate
of Fisheries (D-FISH) publishes information to
support the management of aquaculture farming,
shrimp farming, and capture fisheries at the
national level; and the Agro Processing and
Market Development Authority (Agrotrade Viet
Nam) oversees seafood and shrimp processing
and marketing. The Department of Animal Health
under MARD plays an important role in disease
management. At the local level, the Department
of Agriculture and Rural Development (DARD)
supports extension services and the development
of producer groups like aquaculture cooperatives
and shrimp alliances, associations, and interest
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groups. DARD also enforces the Fisheries Law
within each provincial district. The Provincial
Center for Agriculture Extension and districtlevel Agriculture Extension stations disseminate
technologies and technical advisories to local
farmers, including shrimp farmers.
Recently, existing public extension centers at
the provincial and district levels have begun
cooperating with private companies and national
and international agencies to deliver technical
knowledge to local farmers. Bac Lieu’s provincial
extension center, for example, has collaborated
with Truc Anh company, Cargill, and other
private enterprises to conduct efficient shrimp
demonstration models and communicate technical
knowledge on provincial television. Quang Tri
province’s extension center has cooperated
with Toan Cau Seafood Company Lmt in Ho Chi
Minh city to develop and launch a free shrimp
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disease diagnosis center in the province (Cargill,
Incorporated, 2019; Phan Viet Toan, 2020). This is
the first no-cost center for water environmental
analysis and disease diagnosis for local shrimp
farmers. At the national level, the draft code
of conduct for public-private partnership (PPP)
in agriculture extension services is progressing
toward approval (Pham Ly, 2020). This code of
conduct is important broadband infrastructure for
PPP schemes to attract private-sector and third
parties into agriculture extension.
Established in 2005, the My Thanh Shrimp Alliance
in Soc Trang province has bridged local shrimp
producers and state management agencies at
both the local and national level. Currently,
the alliance has 175 members, including large
shrimp processing companies, shrimp feed and
seed supplying enterprises, and shrimp farmers;
this last group accounts for 70% of total alliance
members. Since its establishment, the alliance
has also played an important role in disseminating
shrimp farming technologies to members and in
connecting different actors within shrimp value
chains. In terms of digital transformation, the
alliance could help create a favorable cooperation
forum between digital providers and alliance
members, accelerating the adoption of digital
tools.

4.2. Inputs
Input provision in the shrimp aquaculture sector
is dominated by feed and aqua-vet producers,
hatcheries, and local retailers. Viet Nam’s feed
mill market is highly consolidated. Four companies
– Grobest Industrial Viêt Nam, C.P. Viet Nam
Corporation, Uni-President Enterprises, and Thang
Long – represent about 85% of the market. The
hatchery sector is more fragmented. The largest
actor, Viet Uc Seafood, controls about 25% of
the market. A limited number of other largescale and international entities are also involved
in the hatchery sector (Boston Consulting Group,
2019). The remaining larvae are sourced from over
2,300 small and medium-sized shrimp hatcheries
across Viet Nam; together, these produce about
100 million shrimp larvae annually (D-FISH, 2019).
However, the number of shrimp hatcheries that
meet the requirements of disease safety is very
small. Currently only about 3% of the hatcheries are

operating under biosecurity procedures (Ministry
of Agriculture and Rural Development, 2019). Lowquality and pathogenic seed are among the main
causes of disease outbreaks. The use of quality
seed, proper pond preparation, and disinfection
are the most common methods implemented by
farmers to lower the risk of disease outbreaks
(Pongthanapanich et al., 2019). These outbreaks
result in significant losses for shrimp farmers and
higher production costs due to elevated antibiotic
use, which reduces the quality of farmed shrimp
and leads to further environmental degradation. All
these factors decrease the overall competitiveness
of Vietnamese farmed shrimp products in the
global market. In addition, thousands of suppliers
of feed, tools, and veterinary products offer a
highly diversified range of items. In general, these
inputs are delivered to farmers via companyemployed technicians who provide extension
support, or they are directly supplied to farmers’
associations or cooperatives. When it is used,
pellet feed in Viet Nam costs 10-15% more than
in other countries and is responsible for 50-60%
of total production costs and tighter margins for
farmers (Sao Ta shrimp farming company, 2019;
van Duijn et al., 2012). There are a small number
of vertically integrated companies that own supply
channels throughout the value chain, the largest
of which is Minh Phu Seafood, which operates on a
global scale with subsidiary organizations spanning
the whole value chain.
Currently, poor shrimp broodstock production
capacity and a lack of quality and disease-free
seed are the biggest constraints to sustainable
development of shrimp farming in Viet Nam.
Black tiger shrimp broodstock is mostly sourced
through wild capture, while whiteleg shrimp is
mostly imported. On average, Viet Nam imports
about 200,000 whiteleg broodstocks annually, and
nearly 50,000 tiger shrimp broodstocks are caught
from the wild (D-FISH, 2019). The dependence of
broodstock on wild capture and imports leads to
unstable supply, higher costs, and challenges for
quality control.

4.3. Production
Most producers are small-scale; nearly 85% of
shrimp producers have been in the business for 10
years or more (Cao Le Quyen, Nguyen Tien Hung,
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et al., 2018). Large integrated companies, such as
Minh Phu Seafood, Quoc Viet Foods, and Fimex
VN utilize large intensive systems and account
for about 35% of production output (Rubel et al.,
2019). 67% of households report participating in
a shrimp production cooperative, association, or
interest group; the percentage is particularly high
in Bac Lieu province. Producers generally affiliate
themselves with such organizations through a
membership fee. In return, these organizations
offer economies of scale in input purchasing and
harvest sales, as well as contracting, financial
service provision, extension, and business
management training. Producer linkages with
suppliers and purchasers remain limited,
particularly in terms of binding contracts. Only
about 10% of households report having a contract
with an input supplier individually or through a
cooperative. Other producers borrow from input
providers, commercial banks, or relatives to
upgrade their ponds, purchase inputs, and/or hire
labour. Land tenure certificates are commonly
used as collateral for bank loans (Cao Le Quyen,
Nguyen Tien Hung, et al., 2018). Less than 12%
of producers have contracts with purchasers;
the remaining 88% rely on verbal contracts with
middlemen, and the majority of these see no
benefit to more formalized contracts (VIFEP,
2016). Evidence suggests that greater vertical and
horizontal integration in Mekong Delta shrimp
production could together reduce production
costs by 20-40% (Phung & Pham, 2018). The
contribution share of large shrimp production
enterprises accounts for 30% of total shrimp
yields needed for shrimp processing and exporting
(VIFEP, 2020). Some big producers, such as Minh
Phu, Sao Ta, Quoc Viet, Au Vung, and Ui Xi, have
their own sizable shrimp farming areas to supply
their processing needs.

4.4. Processing
Once producers harvest their crops, shrimp
are sold to traders or collectors, who sell to
another collector or registered wholesale agent,
who then sells to a processor. About 70% of
processed shrimp are exported (Rubel et al.,
2019). Shrimp from many small-scale producers
are mixed at the collector level; at this point it
becomes impossible to tell from which farm any
contaminated products may have come (Tran et
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al., 2013). Wholesale agents, who are regulated
under networks established by MARD, bring the
product to processing factories and sell either
for a fixed price or at auction (Seafood Trading
Intelligence Portal, 2020). There are between 300
and 500 shrimp processing companies in Viet Nam,
predominantly located in South Central Coast and
the Mekong Delta (Boston Consulting Group, 2019;
NAFIQAD, 2020; VIFEP, 2020). Most processors
are also exporters or use agents to connect with
international buyers (Seafood Trading Intelligence
Portal, 2020). The largest companies include
Minh Phu Seafood, Quoc Viet Foods, Fimex VN,
Viet Nam Clean Seafood, Stapimex, and Camimex
Group. Processor-exporters must follow the
standards established by their buyers, and in turn
will set quality control for the product they accept.
However, shrimp processors and exporters are far
removed from the production cycle, acquiring
product from a pyramid of middlemen sourcing
from hundreds of thousands of small farms in Viet
Nam and other countries. To meet buyer demand,
raw product is imported and processed, accounting
for over 50% of Viet Nam’s total processing output
in 2017 (Rubel et al., 2019). As such, processors and
exporters have limited traceability mechanisms to
verify the quality claims made by their suppliers.
While contract farming is still largely the exception,
Ben Tre Forestry-Aquaculture Import Export
Company is establishing a stable input network
that guarantees raw shrimp meeting Hazard
Analysis Critical Control Point (HAACP) food safety
standards through contract farming.

4.5. Marketing
The majority of Vietnamese shrimp product is
destined for export markets, predominantly to
Japan, Europe, and the United States (VIFEP,
2016). Foreign consumers are increasingly
demanding higher food safety and environmental
production standards, which are largely imposed
on processor-exporters through quality assurance
inspections and certification schemes. Trade
organizations, such as the Viet Nam Association
of Seafood Exporters and Producers (VASEP),
link leading Vietnamese seafood producers to
exporters to improve quality and value (VASEP,
1995). They also work on behalf of the industry to
provide legal and media support. This food safety
pressure from export markets has catalyzed the
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establishment of regulation under MARD as well
as a variety of certification schemes. The National
AgroForestry-Fisheries
Quality
Assurance
Department (NAFIQAD) inspects all export
product for compliance with certification and
market import standards (Pham & Dinh, 2020).
The Aquaculture Stewardship Council (ASC), Best
Aquaculture Practices, and Good Agricultural
Practices are international certification schemes
that ensure export products meet certain
environmental and food safety standards;
Naturland promotes organic aquaculture and
certification for export to European Union (EU)
markets (Naturland, 2018; Tsantiris et al., 2018).
Good documentation of production practices and
an established chain of custody are necessary
for compliance with these certification schemes.
Such practices are extraordinarily challenging in

Vietnamese production systems due to the large
number of small-scale producers and traders
involved (Aquaculture Stewardship Council,
2010). The application of certification schemes
by shrimp farmers increases the willingness of
stakeholders across the supply chain to adopt
improved traceability measures. However,
economic incentives for farmers to target certified
production are lacking due to low farm-gate
price differentiation and insufficient evidence of
reduced production costs (Thi Phuong Dong et
al., 2021). Producer cooperatives can help address
this issue to some extent by offering small-scale
producers economies of scale, targeted training
and extension services, access to enrollment
in certification schemes, and contracted sales,
among other benefits.
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Viet Nam’s current digital environment enables solutions that leverage mobile networks, cloud-based
solutions, big data and analytics, mobile applications, online platforms, tracking systems, smart sensors,
automated devices, and the internet of things (IoT)[ii]. These technologies could offer Mekong Delta shrimp
producers new options in terms of (i) providing actionable decision support systems to help farmers reduce
mismanagement and unnecessary expenditures; (ii) building the mechanisms necessary to capture, store,
and analyze data from various sources, which serve as the foundation for developing consumer-tailored
value-added services; (iii) ameliorating the current dearth of financial services available to producers,
enabling them to improve their production systems and ultimately their livelihoods by investing in
innovative change; (iv) connecting producers more directly to processors and exporters, thus reducing
value chain inefficiency and profit capture by middlemen, enhancing transparency and traceability, and
increasing profit per yield for producers; and (v) streamlining governmental processes (Burra et al., 2021).
The positive impact of technology access on agricultural productivity and profitability is well documented;
even in the absence of agricultural information and services, simply owning a mobile phone improves
farmers’ livelihood outcomes (Munthali et al., 2018). This impact may be particularly important for women,
who often have less mobility and social interaction. Where technology is used to deploy key services,
such as climate information, early warning systems, credit and loans, land tenure, extension, knowledge
sharing, equipment sharing, market integration, and more, this positive impact is heightened (Tsan et al.,
2019). Some degree of information access for producers is already in place in Viet Nam. Nevertheless,
barriers to digital solutions for Vietnamese shrimp production persist (see section 5.3).

[ii]An Internet of Things is an integrated system of e.g. sensors, software, analytical capabilities, and automation. It is not necessarily related to
the internet.
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5.1. Methods of evaluating digital
agriculture technologies for shrimp
aquaculture in the Mekong Delta

Finally, the specific uses of each technology were
mapped, linking the application of each type of
technology to a core function.

To evaluate the potential of various digital solutions, baseline indicators were developed for the
digital transformation of shrimp value chains in the
Mekong Delta. This process began with a series
of multi-stakeholder consultations with digital
technology providers, shrimp aquaculture sector
experts, and shrimp value chain actors. Through
these consultations, an analytical framework for
the evaluation of digital agriculture technologies
was developed on the needs basis of the different
shrimp aquaculture sector actors. 35 digital solution providers offering up a range of technology
solutions for the shrimp aquaculture sector were
identified, 19 of which were operating or available
in Viet Nam. From this, 9 technology types
performing 5 core functions emerged (Figure 2).

Of the most promising digital solution providers,
11 were shortlisted, each of which completed
an online survey and took part in a follow-up
interview. This interview covered their technology,
the challenges it addresses, target users, barriers
to adoption, their business model, and the role
of policy and institutional support in enabling
greater uptake of digital solutions in the sector.
A breakdown of the technology offerings of 7 of
the most promising technology providers can be
found in the Annexe 1. A multi-criteria analysis was
undertaken to systematically scan the advantages
and constraints of each digital solution in the
Mekong Delta shrimp industry and prioritize them
accordingly.

Monitoring & Response
Farm level – Digital tools that monitor environmental condions/ shrimp growth and those that provide
automated responses to recorded changes. Policy level – Digital tools that support authories in monitoring
shrimp sector developments.

E-Commerce & Market Info
Digital tools which provide informa�on on markets or create a marketplace where goods can be traded.

Traceability
Digital tools that support the tracking of goods across the value chain.

E-Extension & E-Advisory
Digital tools that provide informa�on and training on best prac�ces and how to respond to hazards.

Financial services
Digital tools that support ﬁnancial management and access to ﬁnance or provide a method of payment.

Figure 2: Core functions of digital agriculture solutions in the shrimp aquaculture sector
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The appetite for digital solutions that provide certain functions varies across the different value chain
actors (Figure 3), as does resistance to the uptake of certain technologies.

Policy Level

+

Input Provision

+

+

+

Transport & Storage &
Processing
Marketing

Production
+/-

+/-

+/-

+

+/-

+/-

+

+/-

+
+/+/-

Monitoring & Response

E-Commerce & Market Info

+

+/-

Traceability

Financial services

E-Extension & E-Advisory

Demand for a function

Figure 3: Demand for digital functions across the value chain

Note: Functions that are appealing at each stage are marked with a (+); those that may face resistance,
with a (-); a mixed response is indicated by (+/-).

5.2. Prioritized digital agricultural
solutions by function and technology
While demand for specific digital functions
differs by actor type, all stakeholders along the
value chain benefit directly or indirectly from the
development and adoption of digital solutions
throughout the food system. Digital services that
connect stakeholders, including consumers, can
improve decision making and efficiency, leading
to greater production and value. Smartphones,
which enable mobile apps and online platforms,

and quick response (QR) codes show high
potential for meeting the breadth of function
group goals. Smartphone services are key to
strengthening connections throughout the value
chain to help improve transparency, encourage
knowledge sharing, and eliminate unnecessary
intermediary costs. Tracking technologies, such as
QR codes, enable stakeholders to trace product
origins, production conditions, and pricing. These
technologies can improve marketing by satisfying
customer preferences and can ensure food safety
by supporting best aquacultural practices.
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5.2.1. Monitoring and response
At the local level, this function group enables
supervision of and automatic response to
changing pond conditions, including disease and
feed requirements (Figure 4). These capabilities
help reduce fatalities and gather data on best
practices to optimize production. For example,
fry are particularly vulnerable to changes in water
parameters; failure to effectively manage these
can result in disease outbreaks or massive loss
of fry to die-offs. Likewise, the introduction of
diseased fry into ponds can result in large-scale,
widespread losses. As such, accurate readings
on water environment are particularly important
for hatcheries. Pond monitoring systems also
enable feed and drug producers to evaluate the
effectiveness and optimal use of their products.
Consequently, these actors are often early adopters
of some of the more advanced pond monitoring
equipment; they also have the capacity to invest
in the more capital-intensive equipment. Input
calculators and e-inventory software can further
support managers by helping to calculate shrimp
growth and stock density while suggesting optimal
input use. At the policy level, this function group
supports regulatory monitoring and compliance,
sustainability, disease outbreak early warning and
containment, and ecological impact assessments.

Monitoring and response tools include mobile
apps and online platforms that allow farmers to
continuously survey and analyze their farm culture
data, including oxygen levels, feed consumption,
chemical use, and habitat and disease indicators.
These capabilities allow producers to assess farm
growth, potential risks, expected production,
and environmental impacts. While many mobile
apps and online platforms can offer some basic
services through manually entered data, their full
functionality is often only achieved when they are
linked to smart sensors that allow for continuous,
real-time monitoring of the pond environment.
In order to respond in near real-time to changes
in the water environment and feed availability,
automated devices are increasingly being used.
Automatic feeders for example deliver optimum
feed quantities based on shrimp growth analytics,
offering productivity gains through higher feed
conversion ratios, as feed is responsible for 5060% of production costs. When integrated via
Bluetooth and cloud storage smart sensors,
mobile apps or online platforms and automated
devices are a component of IoT pond monitoring
system tools that enable automation in feeding;
sensors are linked to integrated systems such as
software and analytics via Bluetooth and cloud
storage, which enable real-time monitoring, data
analytics, and instant data sharing to multiple
stakeholders.

Monitoring & Response
Mobile Apps & Online Platforms

Farm/Pond management tools
Environmental (handheld devices)
Environmental (real time monitoring, instant data sharing)
Acoustic (Using AI to calculate optimum feed use)
Imaging (Using AI & Machine learning for growth & feeding
management)

Smart sensors

Automated devices

Automatic feeders

IOT

Integrated system (Sensor, Software, Analytics, Automation)

Remote sensing

National/ Provincial farm mapping database

Cloud storage

Centralised data store for large producers
Centralised data store for policy makers

Figure 4: The monitoring and response function group

Ecommerce & Market Info
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Mobile Apps & Online Platforms

Information/trading platforms
Social networking platforms
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Remote sensing has been used as a tool to map
the distribution of aquaculture ponds in Viet
Nam, with potential to support policy makers in
monitoring the growth of the sector and hotspots
of negative environmental externalities (Ottinger
et al., 2017). To date, despite the technical
feasibility of such approaches, no national
database of shrimp aquaculture pond locations
has been generated. The Viet Nam Fisheries
Society (VINAFIS) and IDH, the Sustainable Trade
Initiative, are currently developing a centralized
database for the aquaculture sector, which will
bring together public- and private-sector partners
to share data for environmental monitoring and
disease surveillance. The initiative is coordinated
through PPP Fish, which was established by MARD
with partners from other government agencies,
non-governmental organizations, and the private
sector, which aims to support the sustainable
development of the aquaculture sector through
the strengthening of PPP (IDH, 2019). The
project uses the cloud-based MySQL database
management system to store data gathered at
ground level on pond environmental parameters,
stocking density, and disease outbreaks to support
them in providing localised early warning and
advisory.
Numerous apps designed to help aquaculture
farmers manage their ponds already exist, and
a growing number of private companies are
developing apps specifically for the Vietnamese
fishery sector. There are even examples of large
processors developing their own applications to be
used by their suppliers, such as Minh Phu who have
partnered with FPT to develop a digital logbook.
These apps support monitoring and response
through their use, for instance, as digital diaries
to record pond management practices, input
calculators to reduce costs through the optimum
use of inputs, growth calculators to determine
optimum harvest dates and projected yield,
and disease identification support. Most mobile
applications provide advanced analytics that
leverage AI and machine learning to monitor shrimp
growth, feed use efficiency, and health. Recent
developments in the sector have seen providers
such as XpertSea and RYNAN Holdings integrate
image recognition capabilities into their mobile
applications, utilizing the smartphone camera as
a low-cost sensor to size and grade shrimp and

monitor their growth. RYNAN Holdings has gone a
step further using the technology to detect disease
and even monitor microbial populations on a Petri
dish. The use of the smartphone camera as a
sensor offers great potential as a low-cost solution
that could be rolled out to small and medium scale
producers, who may otherwise be excluded from
such analytics due to high water parameter sensor
costs.
Farmers looking to use digital monitoring
systems are often offered smart sensors as part
of a package. Water parameter sensors can be
prohibitively expensive for shrimp aquaculture
farmers. The cheapest on the market currently
cost US$1,000, but for more advanced sensors
or to cover a greater number of parameters, this
cost can balloon to US$10,000 or even US$20,000,
well beyond the reach of extensive or even semiintensive farmers — especially when considering
the 2-3 year lifespan of the sensors in harsh saline
water. Conscious of the financial constraints
faced by producers, technology providers have
employed various business models to ease the
financial burden on their customers. Bosch and
RYNAN Holdings, for example, offers a handheld
multiparameter sensor that can be used to
monitor conditions in up to 50 ponds, greatly
reducing the per pond financial outlay for farmers.
Despite efforts to capitalize on economies of scale,
costs are still felt to be very high. A number of
providers offer their software and sensor bundles
on a service-based financing model, where users
pay a monthly fee to use the service, thus reducing
the initial capital requirement; service-based
financing is currently offered by Bosch and Cargill,
while Tep Bac provides their software (Farmext)
for a monthly fee but requires the sensors to be
purchased outright for US$1,000. These payment
schemes allow entry for medium enterprises in
the short term and could become accessible to
small-scale farmers if coupled with inclusive credit
programming.
At the higher end of the hardware market is
XpertSea, which has developed XpertCount2 to
process underwater images with the support of
AI and machine learning in order to rapidly count
and grade shrimp from a pond, alert farmers of
disease outbreaks to proactively avert antibiotic
use and population collapse, and predict optimal
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harvesting time. Such high-end monitoring systems
are accessible to larger intensive companies in
the short term but may become more accessible
to smallholders in the future. AquaConnect, an
Indian technology company that is not currently
operating in Viet Nam, offers on-demand water
testing, replacing the need for costly sensors
by employing a team of runners to collect and
process water samples at a central lab, offering
a low-cost solution while also enabling a larger
number of chemical and biological parameters to
be tested. Tep Bac’s Farmext app functions as a
virtual assistant, using AI and IoT to record water
quality parameters in real time to warn farmers of
immediate instability.

management practices and input use due to
concerns over the implications for certification,
traceability, and taxes. However, the major factors
contributing to the low uptake are the high costs
of adoption, the short lifespan of the tools, and
farmers’ perceptions about their effectiveness as
compared to conventional methods (VKIST, 2020).
5.2.2. E-commerce and market information

At the local level, this function group improves
decision making and competition on, for example,
inputs, sales, processing, hiring, and storage
(Figure 5). E-commerce and market information
platforms enable producers to network with
other actors outside their immediate social circle,
The technologies that serve this function include
share information and access resources, and
mobile applications, online platforms, smart
guarantee pricing between farmers and retailers.
sensors, automated devices, and IoT. Uptake
These capabilities help improve production
of some of these technologies, however, has
strategies and broaden linkages throughout
thus far been low. For example, a 2020 study of
the value chain. Importantly, they also create
500 shrimp farming households recorded that
opportunities for alternative value chains that
only 2.2% of farmers producing in mud-lined
bypass traditional buyers, sellers, and middlemen.
ponds use water monitoring sensors; instead, the
This function group also allows advertising of
majority assess water quality by eye (85.3%). The
market news that can inform stakeholders along
Monitoring
Response
use of handheld sensors
increased to &
about
22%
the value chain of changes and opportunities in
amongst super-intensive farmers producing in
the shrimp sector. Online market news platforms
floating tanks, approximately 11% of whom used
are experiencing widespread success among
management
toolsand processing
Mobile
Online Platformsfarmers,Farm/Pond
an IOT system during parts
of Apps
their &production.
scientists,
suppliers,
Interestingly, the overall willingness to adopt IOT
enterprises. Such solutions must go hand-inEnvironmental (handheld devices)
was lower amongst super-intensive producers
hand with
financing solutions in order to ensure
Environmental (real time monitoring, instant data sharing)
sensors employing
than intensive farmers Smart
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equal access;
producers
who currently
rely use)
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Acoustic (Using
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it (VKIST, 2020). Current constraints to the scaling
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supplier
credit
are
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to
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of monitoring and response technologies have
from the
same supplier, and thus remain wholly
management)
roots in the market preference
for devices
quantity over
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from e-commerce platforms.
Automated
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quality. This preference disincentivizes monitoring
The removal of information asymmetries and the
Integrated
system (Sensor,
Software,
Analytics,
IOT and makes sensors
for quality, such as size grades,
development
of online
marketplaces
will
be keyAutomation)
to
far too expensive to Remote
be economically
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Viet
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data
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Figure 5: The e-commerce and market information function group
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E-commerce
technologies
provide
input
information, industry news, market prices,
weather forecasts, trading platforms, knowledge
sharing opportunities. Such technologies include
mobile apps and online platforms. Companies that
provide e-commerce platforms include Bosch, Tep
Bac, RYNAN Holdings, and AquaConnect. Bosch
and Tep Bac host online platforms for farmers
to access market
news, daily
price information,
Monitoring
& Response
and online trading. Tep Bac’s website publishes
a web-based industry magazine focusing on
technical information
and& forums
for farmers,
Mobile Apps
Online Platforms
scientists, suppliers, and processing enterprises.
Both companies offer service subscriptions that
include further
e-commerce
Smart
sensors tracking, including
digital diary and e-inventory tools that support
management of input stores and product directly
from their smartphone apps. Tep Bac’s website
Automated devices
supports an e-commerce
platform for buying and
selling inputs such as medicine, seeds, and feeds.
IOT
XpertSea services include software for digital data
Remote
sensing
entry and record
keeping,
such as log sheets with
vision markers, that organize and store information
directly in theCloud
cloud.storage
The technologies that serve this function include
mobile applications and online platforms. These
digital technologies
are financially
accessible
Ecommerce
& Market
Info to
small-scale farmers in the short term. Perhaps
the greatest barrier preventing stakeholders from
effectively implementing
and online
Mobile Appse-commerce
& Online Platforms
platforms is low digital literacy. Although the
majority of farmers
have
access to mobile phones,
Cellular
network
the actual usage of innovative features beyond

short message service (SMS) is relatively low.
Continuing to expand digital literacy of farmers
is key to increasing adoption rates of other digital
technologies that can improve and increase
production.
5.2.3. Traceability
At the local level, traceability functions can
help farmers achieve sustainable management
practices, enabling them to enter high-value
markets management
and earn quality
Farm/Pond
tools premiums (Figure 6).
Traceability can also help track quality issues,
such as disease,
back
to the appropriate hatchery
Environmental
(handheld
devices)
Environmental
(real
time
monitoring,
instant data sharing)
for market-wide damage mitigation,
including
Acoustic
(Using
AI
to
calculate
optimum
use)
effective quarantining measures.feed
Traceability
is a
Imaging
(Using AI for
& Machine
learning for growth
& feeding
key element
most certification
schemes
as well
management)
as the Global Sustainable Seafood Initiative. QR
Automatic
codes feeders
enable products to be traced throughout
the value chain in order to verify certification
Integrated system (Sensor, Software, Analytics, Automation)
requirements are met. At the policy level,
National/
Provincial
farm mapping
database
traceability
allows
researchers
and leaders to
identify quality hotspots that warrant intervention
Centralised data store for large producers
and to target
areas
can
benefit from additional
Centralised
data store
forthat
policy
makers
services. Traceability gives policy makers access to
better data to enforce regulations more effectively
and enables local governments to monitor and
enforce regulations related to wastewater and
mangrove destruction. Hyperlinking to cloud
services provides national and global leaders realInformation/trading platforms
time figures on production statistics and sales and
Social networking platforms
allows complex analyses of environmental and
SMSsocioeconomic
& voice calling dynamics.

Traceability
Cloud storage

Centralised data store for tracking and recalling

Mobile Apps & Online Platforms

Supply chain management/ tracking tools

Blockchain

Blockchain based tracking systems

Tracking systems

QR Code labelling, tracking & recall
traceability

Figure 6: The traceability function group
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The technologies that serve this function include
mobile applications, online platforms, blockchain,
QR codes, and radio frequency identification
tags. Market demand and profitability are the
primary constraints to scaling traceability. Paper
reporting is relatively easy to counterfeit, so that,
for example, value chain actors can improve low
profit margins by combining shrimp from different
ponds. Digital traceability would exclude this
option for improving otherwise low profit margins.
In addition, international markets have different
regulatory standards; choosing to adhere to only
one set of standards disables producers from
adapting to the current best market option amid
fluctuating prices. Processing and production
are less likely to adopt practices that promote
traceability if they believe it will lower their sales
in the short term; for producers, this can mean
an entire season of harvest at risk. Processors
may resist traceability technologies if the tools
consequently limit access to enough qualified
product to meet their own quotas.
Tracking and sharing quality production data at
the local level is crucial to supplying the global
market with products that meet health and safety
standards. Traceability tools available to shrimp
producers include QR codes. These are often
coupled with mobile apps and online platform data
analytics and cloud storage for global data retrieval.
Most providers have integrated traceability tools
into their technology packages. Te-Foods offers
Foodchain, a cost-effective end-to-end blockchain
technology required by international retailers such
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as Walmart for pond-to-gate tracing with cloud
storage, ensure the non-corruption of data carried
along the food chain. Tep Bac and RYNAN Holdings
provide farmers with a unique QR code for each
production cycle. This QR code allows production
data to follow the product along the value chain
all the way to the retailer. Bosch software syncs
farmer production data to the cloud, informing
processors and retailers which ponds are under
culture. Traceability technologies can be adopted
by extensive and semi-intensive producers in the
medium term, pending buy-in from processorexporters and either bypassing or formalizing
relationships with middlemen.
Postharvest actors such as collectors, traders,
transporters, and processors are increasingly
challenged to meet regulatory and consumer
demands for higher quality products that ensure
human and environmental health. Adoption and
implementation of traceability technologies can
help meet this challenge. Processors directly
benefit from online platforms supporting supply
chain management, and they are increasingly
embracing adoption of digital tracking systems
such as QR code labeling for tracking and recall.
Monitoring agricultural exports is essential
for ensuring food safety and meeting import
regulations. Processors throughout the value chain
benefit from IoT technologies such as sensors,
software, analytics, and automation that show
real-time product quality parameters necessary
for meeting market specifications.

Imaging (Using AI & Machine learning for growth & feeding
management)

Automated devices

Automatic feeders

IOT

Integrated system (Sensor, Software, Analytics, Automation)

Remote sensing

National/ Provincial farm mapping database

Cloud storage
Box 1: EU Trade and Traceability Mechanisms
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Centralised data store for large producers
Centralised data store for policy makers

Traceability technology could heavily inform Viet Nam’s participation in future trade agreements.
The EU upholds
strict regulations
around the
importation of shrimp; only accepting shrimp produced
Ecommerce
& Market
Info
by authorized countries, ensuring inspection and approval of processing facilities, certification of
export standards, and border entry inspection for foodborne contaminants and veterinary drug
Information/trading
residues (European
Commission,
2015).Platforms
Between 2014-2019,
73 shipmentsplatforms
of Vietnamese shrimp were
Mobile
Apps & Online
Social
networking
platforms
rejected, flagged for attention, or recalled due to the presence
of bacteria,
pesticides, or antibiotics
(European Commission, 2020). Rejected containers are extremely costly to the exporter, who suffers
network
SMS & country;
voice calling
loss of sale andCellular
must pay
for transport back to the export
they also damage the company’s
and the country’s reputations, and thereby potentially lower their standing among their competition
(UNIDO & IDE-JETRO, 2013). Additionally, rejected shipments require NAVIQAD[iii] to trace the source
of contamination down to the farm level from which the product originated. European authorities
require both the exporting company and the competent authority to submit a corrective action plan
Traceability
to prevent future
repetition of the issue (CBI - Centre for the Promotion of Imports from developing
countries, 2020). Shipments can also be turned away for improper labeling or if the product originates
from unauthorized countries. This becomes increasingly relevant as greater amounts of raw shrimp are
Cloud
Centralised data
store for
tracking
and recalling
imported to Viet
Namstorage
for processing and re-export, contributing
to mixed
loads
and opening
a channel
for product from
banned
enter the EU (Palin
etchain
al., 2013).
In 2017,tracking
Viet Nam
Supply
management/
toolsimported
Mobile
Appscountries
& Onlineto
Platforms
over 150,000 metric tons of shrimp from Ecuador and 110,000 metric tons from India— accounting
Blockchain
systemsDigital traceability
Blockchain
for more than 50%
of Viet Nam’s total annual processing
output based
(Rubeltracking
et al., 2019).
tools such as QR codes and blockchain are instrumental to improving quality and food safety, verifying
QR import-export
Code labelling, tracking
& recall
Good Aquacultural
Practices,
preventing non permissible
schemes,
and increasing global
Tracking
systems
demand for Vietnamese farmed shrimp.
traceability

5.2.4. Financial services
At the local level, this function group enables farmers and producers to access banking services, track and
E-Extension
E-Advisory
manage input and
output costs,&
and
buy and sell goods more easily (Figure 7). Online banking and mobile
money ease transactions and can aid in establishing contracts; coupled with e-commerce platforms that
facilitate trade with new buyers, enhancement of digital financial services strengthens the value chain.
At the policy level,
thisstorage
function supports governmentCentralised
efforts todata
bolster
through
increased
store enterprise
for training and
advisory
material
Cloud
production and economic outputs. Financial services that include digital solutions for accessing credit
SMS and IVR for extension and advisory
Cellular network
and tracking the flow of money greatly improve sector performance; they are pivotal in supporting new
businesses and increasing transparency. The technologies
serve this
function include blockchain,
Socialthat
networking
platforms
Mobile Apps & Online Platforms
cellular networks, mobile applications, and online platforms.
Information & Communication tools

Financial services
Blockchain

Cryptocurrency for seafood

Cellular network

Mobile money

Mobile Apps & Online Platforms

Online banking

Figure 7: The financial services function group
[iii]

The

Quality Department of the Department of Fisheries (NAVIQAD), under MARD, is the competent authority responsible for
monitoring seafood and fisheries products sent to the EU. The EU enters into an agreement with this department, giving them
responsibility for mandatory control measures before export.
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Digital financial services are essential to increase
the production and profitability of aquaculture
farmers. These tools enable farmers to manage
inputs and outputs more effectively, to open
pathways for alternative credit scoring, and to
invest in improvements to grow their businesses.
Rudimentary digital financial services are features
of some of the leading mobile apps and online
platforms catering to aquaculture farming.
Bosch (AquaEasy), Tep Bac (Farmext), XpertSea,
AquaConnect, and Cargill (IQuatic) software
programming includes farm and pond financial
management tools aimed to help increase the
value of shrimp while reducing production
costs. Several of these apps provide a basic cost
calculator whereby farmers can track and plan
for input costs and ongoing expenses, allowing
them to estimate expected profits based on their
projected harvest. More complex analytics, such as
the AquaConnect mobile application, uses remote
sensing data, crop success rate, disease history,

and farming practices to facilitate alternative
credit scoring from financial institutions, thus
supporting formal credit access for farmers. Realtime environmental and production data enable
risk scores and insurance products to enter the
value chain.
Digital innovations such as alternative credit
scoring approaches, which employ smartphone
apps and usage behavior data as a proxy to assess
risk of non-payment, have the potential to open
up formal credit lines to farmers. Digital finance
technologies such as blockchain can reduce
processing times and improve input traceability
via e-contracts. Nevertheless, local input suppliers
often supplement their income through informal
loans to producers at exorbitant interest rates,
and thus are unlikely to align themselves with
improved access to credit facilities.

Box 2: Potential for digital finance; A case study of Tanzania
Policies supporting mobile phone-based money transfers greatly increase the commercialization of
agricultural products and provide unbanked farmers with a financial identity that can permit a broader
range of agricultural financial services, such as savings and credit (GSMA, 2017; Kikulwe et al., 2014).
Mobile payments reduce the time and costs associated with traditional cash transactions by eliminating
the need to travel long distances for payments; they also result in improved security and transparency.
In 2007, Tanzania’s telecommunications authority and the national bank issued guidelines for state
“Electronic Payment Schemes” which paved the way for e-payment services via mobile network
operators (Pathways for Prosperity Commission et al., 2019). Such policies conditioned the launch of
digital technologies such as NINAYO, an online agricultural trading platform linking independent farmers,
food processors, and actors across distant markets (Nchimbi & Jankey, n.d.). In 2015 the government
issued policy to improve access to mobile finance through the National Payment Systems Act, which
mandated that all mobile money services be interoperable, allowing customers to send and receive
money to other mobile money service providers at no extra cost. By 2018, Tanzania had six mobile
money operators, and over 65% percent of adults gained access to formal financial services, including
mobile money, an increase from 16% in 2009 (Pathways for Prosperity Commission et al., 2019). Mobile
phone payments have clear impacts on the farming community: 47% of Tanzanian farmers surveyed
reported a reduction in time spent buying inputs or selling crops, and 64% said that phone payments
directly contributed to an increase in profits from farming (Quandt et al., 2020). Similar policy measures
can enhance shrimp farming value chains in Viet Nam by initiating more efficient markets, increasing
traceability through big data, and enabling alternative credit schemes.
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5.2.5. E-extension and e-advisory

At the local level, this function group enables
decision support
mechanisms
on best practices
Ecommerce
& Market
Info
and response strategies to hazards at scale for a
very low cost (Figure 8). Importantly, this function
can reach farmers
where
they need
Mobilewhen
Apps and
& Online
Platforms
assistance; this is particularly important for female
farmers who may be culturally restricted to the
network
home. At theCellular
policy level,
this function supports
multi-directional flows of information between
providers and end users to support agribusinesses
developing services for better market access
and competition.
Optimized local management
Traceability
practices ultimately support government interests
in increasing the productivity of the sector through
improved access to information and advisory
Cloud storage
services. Currently, over 20% of post-harvest
Mobile
Appsthrough
& Onlinesimple
Platforms
losses could be
prevented
changes
in management techniques. This suggests a
Blockchain
broad scope to improve national productivity and
concomitantly reduce the environmental burden
Tracking
systems that serve this
per unit yield.
The technologies
function include mobile applications and online
platforms.
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Centralised data store for large producers
Centralised data store for policy makers

Staffing limitations and inconsistent road
infrastructure limit in-person extension services
for hundreds of thousands of Vietnamese shrimp
farmers. E-extension can help address this issue
by extending the capacity of extension services.
Digital tools supporting e-extension packages
Information/trading
include
SMS andplatforms
interactive voice response
Social
networking
platforms
(IVR) technologies,
cloud storage for training
and advisory material, and social networking
SMS
& voice calling
platforms.
Tep Bac’s Farmext software and
Cargill’s IQuatic app utilize cloud storage to
provide subscribers access to training and advisory
material. IQuatic further applies IoT to analyze
historical successes and failures in order to improve
recommendations to farmers. AquaConnect’s
software provides advisory services including
suggestions for normalizing pond water quality
Centralised data store for tracking and recalling
and regimes to prevent over- or under-feeding,
Supply
chain
management/ tracking tools
following
alerts.
Blockchain based tracking systems

Current constraints to the scaling of e-commerce
and
technologies include
QR
Codemarket
labelling,information
tracking & recall
low digital literacy; low or inconsistent access
to smartphones, internet platforms, or mobile
traceability
service; and a lack of extension programming that
leverages digital solutions.

E-Extension & E-Advisory
Cloud storage

Centralised data store for training and advisory material

Cellular network

SMS and IVR for extension and advisory

Mobile Apps & Online Platforms

Social networking platforms
Information & Communication tools

Figure 8: The e-extension and e-advisory function group

Financial services
Blockchain
Cryptocurrency
for seafood
Box 3: Mobile
Apps and Online Platforms. A Versatile
and Accessible
Digital Tool
Mobile money
Cellular network
Mobile Apps and Online platforms were the only technology group to deliver across all five of the core
Online sector.
bankingThis is testament to their versatility
MobilebyApps
& Online
functions offered
digital
tools toPlatforms
the shrimp aquaculture
as tools for collecting, storing and sharing data and information in accessible and easy to use formats.
It is for this reason that of the 7 most promising technology provides to the sector each made use of
mobile apps and/or online platforms in delivering their service. The below figure looks at the different
types of service that can be managed through mobile apps and/or online platforms, mapping which
were offered by each of the technology providers.
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Figure 9: Mapping of technologies offered by key technology providers and their uses.

5.3. Gap Analysis and Recommendations

Input provision:

Viet Nam’s aquaculture sector is set to benefit
significantly from greater adoption of digital tools
that can address current challenges to production,
increase global competitiveness, and avoid further
environmental degradation. However, these tools
are largely in their infancy and are currently seeing
only low levels of integration across the shrimp
value chain in the Mekong Delta, particularly
amongst SMEs and non-intensive producers. This
section addresses the potential for greater digital
integration at each stage of the value chain and
specifies the recommended steps to achieve it.

Full digital integration in Viet Nam’s input sector
has significant potential to improve the quality
of inputs, drive down transaction costs, and
control the outbreak of diseases. The growth of
e-commerce platforms would create competition
in input markets, increasing the availability of lowcost and high-quality inputs. Producers would
also be able to buy directly from manufacturers
at lower prices by cutting out middlemen. The
integration of monitoring and response tools into
hatcheries would reduce losses by optimizing
the pond environment, allowing for early
identification of disease outbreaks, and halting the
sale and distribution of infected fry to other parts
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of the Mekong Delta. Similarly, the integration
of tracking technologies would allow diseased
fry to be traced back to their hatchery, where
quarantining measures could be introduced.
While large hatcheries have thus far been early
adopters of digital tools, the overall level of digital
integration remains low amongst input providers,
partially due to the fragmented nature of the input
market with its many small players. The following
recommendations outline some available steps to
increase the adoption of digital tools:
•

The introduction of regulations that require
fry to be traceable back to their hatchery
would help ensure hatcheries take appropriate
measures to monitor their stocks for signs of
disease outbreaks. Such regulations would
result in healthier fry, boosting yields in the
sector.

•

Improved access to finance for producers
to purchase inputs would allow them to
break ties with local distributors who offer
informal loans, would increase their capacity
to participate in e-commerce platforms, and
would enable them to obtain a broader range
of products.

•

Recent developments in the inputs sector
show great potential in providing low-cost
disease identification services to smalland medium-scale hatcheries. One such
development is the release of mobile apps
that offer disease identification through AI
and image recognition powered by machine
learning. Enhancing business and intellectual
property protection and broadening financial
inclusion will encourage more sophistication
and expansion of these technologies.

mobile applications. These tools will drive greater
competitiveness and profitability while limiting
producers’ exposure to risks. Increased data about
production will also support the utilization of big
data analytics to unlock even greater efficiency.
Linking pond data to tracking and traceability
tools will improve transparency, rewarding those
who adopt improved management practices and
improving the global standing of the shrimp sector
through lower levels of antibiotic contamination.
Smaller producers who are unable to access the
full suite of digital tools for targeted analytics
and advisory services will still enjoy greater levels
of support through e-advisory and e-extension
delivered by their mobile phones via apps, SMS,
IVR, or social networking platforms. These tools
can improve the management of the sector
and lessen its negative environmental impacts.
E-commerce platforms coupled with formal credit
provision hold the potential to increase producers’
access to high-quality inputs. A range of challenges,
however, limits the adoption of such tools by all
but the largest producers. The following measures
can help close the gap and ensure more equitable
access to digital tools and the benefits they bring:
•

There is a general lack of awareness
surrounding digital tools and the benefits of
their implementation, requiring technology
providers and large processors to run training
and capacity building exercises. These
exercises can be supported by local authorities
like DARD and through the establishment
of PPPs. Increasing the digital literacy of
key stakeholders, and particularly farmers,
is critical to fully leverage the available
technologies.

•

The adoption of monitoring technologies can
be prohibitively expensive, particularly for
smaller-scale producers. Scaling down these
technologies to match the demands and
financial capacity of all scales of production
will be necessary to facilitate improved equity
in access to the tools and the advantages
they confer. These technologies also promise
broader benefits, such as improving the overall
management of the sector and reducing
the abundance of diseases and the negative
environmental impacts of production.

•

Consultations between technology providers
and certification schemes on the potential for

Production:
High fatalities and production costs are
constraining the competitiveness of shrimp
producers in Viet Nam. Digital solutions that
address these issues are very promising. Shrimp
producers can greatly reduce the number of
mortalities and optimize their processes by
developing monitoring and response tools that
are suitable for large producers, like smart
sensors, automatic devices, and the IoT, as well
as tools geared toward small producers, such as
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the remote certification of shrimp through
digitally stored pond management data
would create a strong incentive to adopt
improved pond management technologies.
•

Access to formal financing sources will
also be critical in supporting producers to
modernize through the adoption of improved
technologies and inputs. Prior to 2020, mobile
money was not available through national
telecom operators, and online banking services
are not yet widely employed. Increasing the
use of mobile money and online banking
technologies could help reduce transaction
costs, improve cash circulation, support
transparency, and promote financial inclusion.

•

More advanced financial services, such as
alternative credit scoring and lending, create
opportunities to build credit, better manage
supply inventories, strengthen linkages
between value chain actors, and incentivize
producers to adopt blended technologies such
as digital diaries coupled with QR codes.

•

E-extension and e-advisory services are
increasingly available in developing economies
across the globe thanks to the ubiquity of
mobile phones and the huge economies of
scale in information transmission. Forging
partnerships with mobile service providers
can be an effective way for extension and
aqua-vet actors to work effectively with
farmers when in-person visits are infeasible.
Technologies that utilize basic mobile phone
functions, specifically SMS and IVR, could
help expand these services to reach even the
smallest producers.

Transport, storage, and processing:
Processors are among the largest actors in the
shrimp sector and are therefore often the rule
makes, determining which requirements shrimp
must meet, the level of supporting documentation
needed, and the prices producers will receive. In a
market where most providers can produce clean
shrimp at a competitive price, processors and
transporters will benefit from full transparency.
Detailed production data connected to each
batch will allow them to prioritize only the highest
quality shrimp. However, at present, the market is
characterized by an under-supply of shrimp and a
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large number of producers failing to comply with
quality requirements. This input supply risk leaves
processors in a weaker position when choosing
which shrimp to buy, because they want to
ensure they have sufficient shrimp to process. The
following recommendations identify areas where
processing can drive the adoption of digital tools:
•

Processors can encourage greater digital
integration across the value chain by
requiring shrimp they purchase to have
sufficient records about their production
and to be traceable back to their hatchery.
This outcome is unlikely, however, without
supporting regulation from the government or
trading partners related to transparency.

•

E-commerce platforms have the potential to
bypass middlemen like collectors. It is often at
this stage that the ability to track the source of
the shrimp is lost when stocks from different
ponds or providers are mixed. E-commerce
platforms can also be used to create highervalue markets for shrimp produced under
better management practices.

Marketing:
In the short run, shrimp destined for export
markets are likely to see greater integration
of digital tools in their value chains, in part
because export markets demand increasingly
stringent checks on production methods and the
use of certain chemicals and antibiotics. Better
pond management through digitally enabled
optimization of production methods will diminish
the need for antibiotics and reduce the chemical
levels present in shrimp destined for export
markets. These improvements can be recorded
using traceability tools such as QR codes and
blockchain. The resulting gains in transparency
will make it less likely for marketers to have their
produce rejected for export. These technologies
will likely trickle down into the domestic market
as consumers become increasingly aware of food
safety issues; many modern food retailers already
display QR codes on produce. So far, however,
only a few of the super-intensive supply chains are
using such integrated monitoring and traceability
systems. The following measure is required in the
near future to help expand the use of digital tools
to support marketing:

V. Digital Technologies for Aquaculture
•

•

Expanding the use of QR codes on food
labelling domestically would create highervalue markets for the domestic consumption
of shrimp, which could incentivize broader
adoption of good management practices.
Increased normalization of traceability
standards can incentivize value chain actors
to adopt digital technologies that increase the
visibility of internal processes.

imagery. The recent emergence of digital tools
for the shrimp sector has been mostly driven by
private-sector technology providers. There are a
number of steps that the government must take
to stay abreast of these developments and ensure
Viet Nam is benefiting from and supporting further
digital integration:
•

The Viet Nam Fisheries Society (VINAFIS) and
IDH programme on the centralization of farm
data on the cloud shows considerable potential
in supporting the state-run digitization and
management of the aquaculture sector
for environmental monitoring and disease
surveillance purposes. The establishment
of public private partnerships should be
promoted with technology providers, whose
monitoring and traceability systems can
collect and share ground-level readings of
pond environmental parameters, stocking
density, and disease outbreaks to support
them in providing localised early warning
and advisory. These partnerships should
build human resources to design, launch, and
maintain digitally based services.

•

The private sector will likely remain at the
forefront of technology development. It is
nevertheless important that the authorities
find ways to work more closely with
technology providers. They could do so
through data sharing agreements where
the government acts as a data broker,
consolidating production and traceability data
on a single centralised system.[iv]

•

Public research has been slow to explore
technological
applications
that
could
revolutionize Viet Nam’s aquaculture industry,
largely due to a lack of intellectual property
rights. University research is owned by the
government, and opportunities for PPPs are
limited. As a result, extension programmes
focus on small-scale and low-tech actors.
Policies that protect intellectual property
could de-risk research and investment
in innovation by both institutions and
entrepreneurs.

Reduced certification costs through the
development of digitally enabled remote
certification would increase the quantity of
certified shrimp produced at more competitive
prices, improving market opportunities for
Vietnamese shrimp exports.

Policy:
The digitization of shrimp value chains in Viet
Nam will help the government manage the sector
to sustainably increase shrimp production and
exports. Full digitalization would generate large
quantities of data to support state management
of the sector. Authorities could access water
parameter data and learn about disease outbreaks
across all ponds through a central cloud-based
system, facilitating the delivery of early warning
and advisory information to at-risk areas. The fuller
transparency offered by digital tools could catalyze
a move away from overreliance on antibiotics and
other chemical inputs towards cleaner production
methods, opening up higher-value export
markets in the EU, the US, and Japan. Greater
support for digitization can improve data analytic
capabilities that will enable current solutions to
fully leverage their technological potential. Better
monitoring of the shrimp sector will enable the
authorities to manage the negative environmental
externalities of production in the Mekong Delta
by, for example, identifying sources of surface
water contamination and mangrove degradation.
Building the capacity of the Provincial Center for
Agriculture Extension and district-level agriculture
extension departments to deliver training and
advisory services through digital tools will
increase their outreach, particularly with smaller,
more fragmented producers. Finally, monitoring
on a landscape level is attainable through the
use of remote sensing to monitor pond locations
and characteristics based on water colour,
supplementing round data with high-resolution

[iv]

Production and traceability data would likely take the
form of a select subset of the data gathered at farm
level, potentially with some level of anonymity built in to
avoid any resistance from producers.
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D

igital agricultural solutions hold great promise for the shrimp farming industry in Viet Nam. The
potential benefits of digital solutions begin at the hatchery and pond levels and extend all the way to
bolstering national climate resilience, protecting environmental resources, enhancing national markets,
streamlining market flows, and augmenting access to global markets.
The Vietnamese shrimp industry must meet international food safety and sustainability standards in order
to remain competitive in the global marketplace. Digital agricultural solutions that support monitoring
and response, e-commerce and market information, traceability, financial services, and extension and
advisory services are best positioned to bring high-impact solutions to Viet Nam’s aquaculture sector. Each
actor along the value chain has unique needs that require tailored digital solutions. The market failures
that digital technologies seek to address, including imperfect information, informational asymmetries,
environmental externalities, and high transaction costs, may currently be exploited by other actors along
the chain. In these cases, the introduction of targeted digital interventions at one stage may fail to account
for the competing priorities of actors at other stages who could suffer negative consequences as a result
of the technology and will therefore resist it.

Bundled technologies can help overcome negative impacts on other value chain actors who may be
resistant to digital interventions. Bundled technologies include a set of digital solutions, such as software,
databases, and service products, that are integrated in such a way as to bypass resistant value chain actors
or leverage regulation to incentivize these actors to align with the new digital solutions (World Bank, n.d.).
One example of bundled technologies is the integration of unmanned aerial vehicles, data analytics, and
cloud-based services used to establish on-farm monitoring systems. Unmanned aerial vehicles (drones)
provide landscape-level data and high-resolution imagery. Data analytics leverages this information
to generate practical real-time alerts about environmental hazards that can support the decisions of
producers, consumers, researchers, and policy makers alike. Cloud-based systems are key to storing and
quickly retrieving these large amounts of data. Such bundled solutions show tremendous promise for
increasing efficiency and environmental sustainability. However, adoption remains stymied by a lack of
capital investments and policy support; sensor-equipped drones are illegal in Viet Nam (Burra et al., 2021).
Another example of bundled technologies involves smartphone digital diaries, IoT integrated systems
with sensors, software, analytics, and automation, and QR codes used to inform value chain actors
and consumers about a variety of metrics pertaining to how food is produced and its impact on the
environment. Digital diaries are available to farmers directly from their smartphones, and they provide
access to a suite of tools with immediate benefits, including record keeping for farm operations and
input supplies. The socioeconomic and landscape data that farmers input to digital diaries is uploaded
to the cloud, where it can then be accessed by IoT integrated systems, which are growing increasingly
sophisticated via M2M learning. Efficient use of farm inputs and greater pond health are measurable
outcomes of IoT automation. Pond-specific QR codes linked to digital diaries enable tracking for hundreds
of thousands of disparate production cycles, helping to categorize each harvest for appropriate markets
and at appropriate prices. Again, while this technology bundle offers immense benefits for some actors,
other may hesitate to embrace the transparency that comes with big data. Policy and financial support for
bundled digital technologies that incentivize the best management practices can help bypass or engage
these actors and enable scaled adoption.
Viet Nam has laid a strong foundation for digital infrastructure; nevertheless, several digital technologies key
to the shrimp sector’s sustainable growth are not yet available in the country (see the Annexe). Other tools
are already available, but have low adoption rates due to market failures, high investment costs, conflicting
stakeholder interests, and/or policy distortions. These functional technology gaps suggest key leverage
points for private enterprises and policy makers. Bundled technologies and policy revisions show promise
for addressing conflicting stakeholder interests and market failures; PPPs can lower investment costs and
broaden the availability of these technologies. Additional research and analysis pertaining to stakeholders’
needs and barriers to the adoption of existing technologies would further support successful digital initiatives
for the Vietnamese shrimp sector.
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Annexe

Annexe 1: Mapping of technologies offered by key technology providers and their uses
Tepbac
Bosch (Farmext) Xpertsea Te-Foods Aquaconnect

Cargill
(IQuatic)

RYNAN
Holdings

Monitoring/Response
Mobile Apps/
Online Platforms

Farm/Pond management
tools

Yes

Yes

Yes

No

Yes

Yes

Yes

Environmental (handheld devices)

Yes

No

No

No

No

No

Yes

Environmental (real time monitoring,
instant data sharing)

Yes

Yes

Yes

No

No

No

Yes

Acoustic (Using AI to calculate
optimum feed use)

ID

No

No

No

No

No

No

Imaging (Using AI & Machine
learning for growth & feeding
management)

No

ID

Yes

No

No

No

Yes

Automated
devices

Automatic feeders

ID

No

No

No

No

PP

Yes

IOT

Integrated system (Sensor, Software,
Analytics, Automation)

Yes

Yes

Yes

No

No

No

Yes

Remote sensing

National/ Provincial farm mapping
database

No

No

No

No

Yes

No

No

Centralised data store for large
producers

Yes

Yes

Yes

No

Yes

Yes

Yes

Centralised data store for policy
makers

No

Yes

No

No

No

No

Yes

Smart sensors

Cloud storage

E-Commerce/ Market Info
Mobile Apps/
Online Platforms

Information/trading platforms

ID

No

Yes

No

Yes

No

Yes
Yes

ID

Social networking platforms

No

No

No

No

No

Cellular network

SMS & voice calling

No

No

No

No

No

No

No

Cloud storage

Centralised data store for tracking and
recalling

No

Yes

No

Yes

Yes

PP

Yes

Mobile Apps/
Online Platforms

Supply chain management/ tracking
tools

No

Yes

No

Yes

Yes

No

Yes

Blockchain

Blockchain based tracking systems

No

No

No

Yes

No

No

Yes

Tracking systems QR Code labelling, tracking & recall

No

Yes

No

Yes

No

No

Yes

Traceability

E-Extension/ E-Advisory
Cloud storage

Centralised data store for training and
advisory material

ID

Yes

No

No

No

Yes

No

Cellular network

SMS and IVR for extension and
advisory

No

Yes

No

No

No

No

No

Mobile Apps/
Online Platforms

Social networking platforms

No

Yes

No

No

No

No

No

Yes

Yes

No

No

Yes

No

No

Information & Communication tools

Financial services
Blockchain

Cryptocurrency for seafood

No

No

No

No

No

No

No

Cellular network

Mobile money

No

No

No

No

No

No

No

Cost calculator/ Financial
management

Yes

Yes

Yes

No

Yes

Yes

ID

Online banking

No

No

No

No

No

No

No

Credit scoring

No

No

No

Yes

No

No

Mobile Apps/
Online Platforms

ID= In Development

PP= Partner Provided
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