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Abstract A Grand Challenge programme was initiated at the University of Malaya under the Equitable
Society Research Cluster, to introduce seaweed farming to the coastal communities at Bachok district,
Kelantan. Cultivation trials of selected commercial seaweeds like Kappaphycus (source of carrageenan),
Gracilaria (source of agar), Gelidium (source of agar and pulp) and Ulva (salad) will be conducted using
on-shore and off-shore systems, and the data collected is used for the techno-economics analysis. This
paper discusses the techno-economics of various cultivation systems, as well as the importance of
community empowerment, as a guide to the formulation of a roadmap for the integration of seaweed
farming into the Bachok coastal communities.

Abstrak  Satu Program Grand Challenge telah dimulakan dibawah Kluster Penyelidikan Equitable
Society di Universiti Malaya bagi memperkenalkan pengkulturan rumpair laut kepada komuniti persisiran
pantai di daerah Bachok, Kelantan. Percubaan pengkulturan rumpair laut terpilin seperti Kappaphycus
(sumber carrageenan), Gracilaria (sumber agar), Gelidium (sumber agar dan pulpa) dan Ulva (salad) akan
dilaksanakan dengan menggunakan sistem tepi pantai (on-shore) dan luar pantai (off-shore), dan data-data
yang dikumpulkan ini digunakan dalam analisis tekno-ekonomi. Makalah ini membincangkan tekno-
ekonomi bagi pelbagai sistem pengkulturan serta kepentingan pemberdayaan komuniti, sebagai panduan
kepada perumusan pelan hala tuju untuk mengintegrasikan pengkulturan rumpair laut ke komuniti
pesisiran pantai Bachok.

Keywords: seaweed farming, off-shore system, on-shore system, techno-economic analysis, community
participation, Kelantan

INTRODUCTION was initiated in the 1970s (Sade et al., 2006;

Hurtado et al., 2014). The global increase in

The seaweed industry in Malaysia is demand for carrageenan and the seaweed
focussed mainly around the Semporna area feedstocks, led to the expansion of farming
of Sabah, East Malaysia. Farming of the activities and areas in the Brunei-Indonesia-
carrageenophytes Eucheuma J. Agardh and Malaysia-Philippines (BIMP) region, which
Kappaphycus Doty by both indigenous and is located within the Coral Triangle.
migrant coastal communities at Semporna, Kappaphycus, which is one of the few
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seaweeds that produce kappa-carrageenan, is
intensively cultivated in the Coral Triangle,
which supplies up to 90% of the global
kappa-carrageenan (Hurtado et al., 2014).
Other  seaweeds include  Eucheuma,
Gracilaria and to a much smaller extent,
Gracilariopsis heteroclada and Caulerpa
spp. (Hurtado et al., 2014).

The introduction of seaweed farming
in the Philippines in the mid-1960s had
resulted in improved livelihoods on the poor
coastal populations (Hurtado et al., 2013;
2015). In the late 1980s farming of
Eucheuma was introduced to Indonesia and
Malaysia, resulting in similar observations
of improved livelihoods of the coastal
communities (Sade et al., 2006). A
cooperative approach was implemented by
the Sabah Fisheries Department, which
comprised the womenfolk of the fishing
communities in Sabah, who were trained to
cultivate Kappaphycus and to produce
cottage-scale products (Sade et al., 2006).
In 2012, the Malaysian government
implemented the National Key Economic
Areas (NKEA) with seaweed farming as one
of 13 entry point projects (EPP). This
seaweed initiative aimed to increase
seaweed production to 150,000 tons by
2020, with 12,700 job opportunities and a
contribution of RM 1.4 billion in revenue
(PEMANDU, 2010). This  provided
resources for the Seaweed Cluster Project
(SCP) initiated in 2012 by the Sabah
Fisheries Department and the Mini-Estate
programme. An excellent evaluation of the
SCP was published by Nor et al. (2016).
The SCP was given the mandate to increase
seaweed production, optimize farming area,
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improve seaweed quality and farming
efficiency, while enhancing income of
farmers, and reducing the environmental
impact of seaweed farming (Nor et al.,
2016). The evaluation exercise carried out
by Mr. Adibi M. Nor showed that the “SCP
outcomes were generally negative”. There
was low participation by the target
communities, related to poor governance,
low social integration of the farmers, and
even “limited acceptance of new
technologies”. The farmers only saw a
“high social status” conferred on those who
participated. Recommendations to improve
the SCP included increasing the farming
community by legalizing existing migrant
farmers; establishing seaweed cooperatives;
training farmers to be entrepreneurs; and
involving farmers in governance.

The sucessful establishment of off-
shore seaweed farming in the expansive sea
areas of Sabah indicates that there is good
potential of introducing seaweed farming to
the coastal communities of Peninsular
Malaysia. This can form the basis of a new
and sustainable industry, that can enhance
the livelihood of the coastal communities,
especially those along the coasts of
Kelantan, Terengganu, Kedah and Pahang.
With this in mind, our research team
initiated a project to introduce seaweed
farming using both on-shore and off-shore
systems to selected villagers at the Bachok
district of Kelantan. This project is based at
the IOES Bachok Marine Research Station
(BMRS) and is funded by the Grand
Challenge Programme of the Equitable
Society Research Cluster, University of
Malaya. This paper will review techno-
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economic approaches and studies that have
been reported, followed by a description of
our research approach, focussing on the
farming technologies that we will introduce,
and some preliminary results of culture
trials.

SEAWEED FARMING
TECHNOLOGIES

On-shore Farming Systems (ONS)

The early land-based or on-shore
farming systems (ONS) for commercial
cultivation of seaweeds was limited to use of
earth ponds, especially ponds converted
from shrimp farming and concrete tanks.
Land-based systems, basically comprise
tanks or ponds that contain water that is
agitated to maintain the seaweeds in
suspension and allow exposure to irradiance
(Hafting et al., 2012). Nutrients can also be
efficiently supplemented into a well-
controlled culture medium. Currently only
Ulva (Bolton et al., 2009), Caulerpa
(Horstmann, 1983), Chondrus and Palmaria
are commercially cultivated in large scale
land-based systems, which have potential for
producing feedstocks for functional products
like fucoidins, laminarins and polyphenols
that have high pharmaceutical value
(Hafting et al., 2012). One constraint in
tank cultivation, especially if nutrients are
supplied, is the growth of fouling algae or
epiphytes (Zhang et al., 2012). Presence of
epiphytes can reduce the value and thus
selling price of the seaweeds.

Pond cultivation has been used
mainly for species of Gracilaria, an
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agarophytic red seaweed and the green
seaweed Caulerpa which is cultivated
mainly for use as a fresh salad especially in
the Philippines (Trono, 1998). The system
is based on vegetative propagation where
cuttings of the seaweeds are either
broadcasted into the ponds or planted by
inserting the cuttings into the bottom of the
ponds containing low levels of seawater
(Trono, 1998). The ponds are then drained
after the culture period of 3 to 4 months for
harvest of the biomass. A portion of the
harvested plants are retained for the next
cycle of cultivation. Tank cultivation has
been successfully employed for cultivation
of several seaweed species. Ulva pertusa, a
green seaweed was cultured using deep (400
m) seawater that is rich in nitrogen and
phosphorus, in Owase, Japan (Park et al.,
2013). The growth rate obtained (30 mm?
day™) was twice that obtained with on-fifth
strength PES medium. Ohno et al. (2000)
successfully cultured Undaria pinnatifida
using deep seawater and surface water
during off season. Raceway ponds were
investigated for the culture of Gracilaria in
Israel  (Friedlander & Levy, 1995).
However, this system may not be suitable
for seaweeds that have long filamentous
morphologies, as the circulation by
paddlewheels may case breakage of the
filaments. A solution to this is the use of
ropes to tie the seaweed cuttings which are
then placed in the raceway ponds. The
circulating seawater flows over the cuttings
which are attached to the fixed ropes,
bringing nutrients but not causing breakage
of the plants. The use of on-shore systems
are suitable for the integration of seaweed
culture with aquaculture of aquatic animals
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like shrimps, fish, abalone and oysters
(Phang, 2006; Holdt & Edwards, 2014).
The Integrated Multi-Trophic Aquaculture
(IMTA) has been shown to present both
economic and environmental benefits to the
aquaculture industry (Hadley et al., 2015).
Several empirical studies, based on indoor
tank systems show enhanced growth of
seaweeds when cultured together with fish
(Buschmann et al., 2008; Troell et al., 2009).
Hadley et al. (2015) using a numerical
model showed that Macrocystis pyrifera
removed 75% of dissolved inorganic
nitrogen compared to Ulva lactuca and
Porphyra umbilicalis (5%).

OFF-SHORE FARMING SYSTEMS
(OFS)

The Off-shore Farming systems
(OFS) are commonly used for commercial
seaweeds that are feedstocks for production
of  alginate (Laminaria, Undaria,
Macrocystis), carrageenan (Kappaphycus,
Eucheuma), and agar (Gracilaria), as well
as for food (Porphyra [Pyropia],
Monostroma). The farms are near-shore but
in this paper are considered as off-shore
(within 1 km from the shoreline) as opposed
to on-shore or land-based. In such
cultivation systems, the seed stocks are
either cuttings in which case, the system is
vegetative propagation, or
sporelings/plantlets  derived through a
hatchery/nursery system (Hurtado et al.,
2014). Mature fronds are collected from the
wild and brought to the nursery where
laborious processes take place to facilitate
release of gametes, fertilization and then
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germination into plantlets. The plantlets
may also be derived from spores which are
released through conditioning (temperature
and light treatments) of the fertile fronds
(Mantri et al., 2009; Yu et al., 2013). The
plantlets are normally allowed to attach to
ropes in the nursery tanks, and after growth
to a suitable size and length, the ropes
containing the young plants are out-planted
in the ocean. With vegetative propagation,
cuttings are tied in very innovative
techniques (eg. tie-tie originating in the
Philippines) to ropes and then out-planted
(Hurtado et al., 2014). There are generally
two methods for out-planting. One is tying
the ropes or monolines equipped with
floating apparatus like buoys or even
discarded plastic bottles, with or without
attachment to floating rafts, and anchored by
various mooring systems.  Another is
referred to as “fixed off-bottom planting”,
with the use of ropes attached to stakes
inserted into the sea bed (Hurtado et al.,
2013). The advantage of the floating system
is that the seaweeds are always immersed in
the seawater, irregardless of the tidal levels.
However, the seaweeds and the systems may
be affected by strong waves and currents
near the sea surface and during storms. The
off-bottom  planting system has the
advantage of less strong currents near the
sea bed but it is vulnerable to being silted
over during heavy storms. The seaweeds are
also wvulnerable to predation but the
invertebrates that live on the sea bed, while
the floating plants are more vulnerable to
epiphytism due to the higher irradiance at
the sea surface (Hurtado et al., 2014). In
Tanzania and other countries in the Western
Indian Ocean, “die-off” of the K. alvarezii
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was due mainly to epiphytes and the “ice-
ice” infections (Msuya et al., 2014).
Solutions to this was the improvement of the
off-bottom  planting  techniques and
transference of the farms to deeper (2 -5 m)
waters.

29

SEAWEED PRODUCTIVITIES

Seaweeds are very productive,
especially using mariculture techniques. The
following gives the range of productivities
reported for indoor laboratory-scale to
outdoor culture trials. Gracilaria edulis and
G. tenuistipitata produced growth rates of
13.57 and 19.7 % FW day *, when grown
from  carpospores  under laboratory
conditions (Yu et al., 2013). Kappaphycus
alvarezii and K. striatum were successfully
cultivated using customized 4480 L tanks
with flow —through system and screened
partitions to divide the tanks into six
compartments each. After 40 days’ growth,
maximum daily growth rate (DGR) obtained
was 2.29 + 0.11 % day, with productivity
of 455 + 0.34 g DW m? day* for K.
alvarezii and 2.81 + 0.06 % day™, and 6.17
+ 0.18 g DW m™ day™ respectively for K.
striatum (Zuldin et al.,2016)

Kappaphycus alvarezii from the
Philippines, was cultured in 2-ton concrete
tanks containing 1.6 ton seawater in a flow-
through system with 4 kg biomass per tank.
After 45 days, the SGR was 0.58 + 0.02 %
day * (Luhan et al., 2015) When the
seaweeds were immersed in a tank
containing 10 ppm sodium nitrate for 12 hr
before culturing, the SGR increased to 1.40
+0.30 % day ™ after 45 days.
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Caulerpa lentillifera was cultured in
flasks under indoor conditions, and various
levels of temperature and irradiance. The
maximum specific growth rate (SGR) of
6.93 + 0.40 % day™ was obtained at 27.5 °C
and 40 pmol photons m? s* (Guo et al.,
(2015).

Ulva tepida was cultured by seeding
ropes and subsequently placed in flow-
through outdoor tanks for growth. The
plants were harvested after 14 days, leaving
1cm lengths for the next growth cycle. The
specific growth rate decreased from the 2nd
(15.6 + 4.2 % day™) cycle to the 3rd (10.4 +
8.0 % day™) cycle; and two harvest was
recommended (Carl et al., 2016).

The brown seaweed Saccharina
latissima was cultivated using floating raft
equipped with hanging rope culture system
in northwest Spain. The study showed that
the seaweeds cultivated in moderately
exposed site (16 kg FW m™ rope; 40.2 ton
FW ha?) had higher yields than sheltered
sites (12 kg FW m™ rope; 30.4 ton FW ha™)
after 119 days. This showed that light
exposure and water movement was
important for good growth of the Saccharina
(Peteiro & Freire, 2013).

In  south-west Madagascar, K.
alvarezii was cultivated in various sites of
high and low flow conditions, using off-
bottom and long line planting systems
(Ateweberhan et al., 2015). Average growth
rate was 4.5 + 0.06 % day ™ being higher
using the long line (5.46 + 0.09 % day ™
than the off-bottom (3.99 + 0.07 % day ™)
system. Important factors that influenced
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the growth were sedimentation, daily water
temperature variability, and their interaction.
K. alvarezii was cultivated in three sites in
the Mandapam region, southeast coast of
India, using 3m x 3m rafts (Periyasamy et
al., 2015) The DGR obtained varied from
3.00 + 0.16 t0 3.76 + 0.07 % day ™.
Gracilaria changii, a Malaysian red
seaweed, which produces up to 25% DW
agar with gel strength of 563 g cm™, was
cultured in shallow ponds in the mangroves,
in an irrrigation canal and in a shrimp farm
pond. The average growth rate of cuttings
tied to monofilament lines was 3.3 £ 1.7 %
d', 84 + 1.8% d* and 3.6 + 1.6% d*
respectively. Cuttings were lost to siltation,
wave action, predation and heavy
epiphytisation. These studies showed that
the Gracilaria changii has potential
commercial application in the agar industry
(Phang et al., 1996). Gracilaria sp. was
cultivated using nets in ponds stocked with
Penaeus monodon and Lates calcifer. The
seaweed biomass doubled in one month with
a stocking density of 2 kg per m? (Phang,
1998).

TECHNO-ECONOMIC
CONSIDERATIONS IN SEAWEED
FARMING

Seaweed farming has had a long
history in Asia, with the farming of
Eucheuma and Kappaphycus representing a
major source of revenue for the coastal
communities in the BIMP/Coral Triangle.
The countries within the Coral Triangle,
including Malaysia, are considered as
maritime nations, with long coastlines dotted
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by numerous islands. This has given rise to
successful off-shore seaweed farms, which
contribute  significantly to the global
seaweed trade and industry. The total
production for China, Japan, South Korea,
Vietnam,  Philippines, Indonesia and
Malaysia was 23.153 tonnes wet weight per
year from 2012-2014 (Sondak et al., 2017).
The latter four tropical countries produce
mainly Eucheuma and Kappaphycus, while
the temperate countries produce diverse
seaweeds including the brown seaweeds
Laminaria, Undaria and the red seaweeds
Porphyra and Gracilaria.

A review of the literature reporting
on the economics of seaweed farming as
practiced in the region indicates that in spite
of using traditional and low technology
farming methods, the income generated
from off-shore farms form a substantial
increase in monthly incomes of the farmers.
The wuse of simple raft systems for
cultivating K. alvarezii in the Mandapan
region of southeast India, gave DGR of 3.48
% day”, and based on this, the authors
estimated that each farmer involved would
earn USD250 to 265 per month, an increase
over previous income (USD116)
(Periyasamy et al., 2015). This income can
be enhanced with the following: seed rafts in
seawater column to avoid direct sunlight;
stock at 60 kg FW per raft (3 x3 m);
replacement of lost seeds; and weeding.

The use of rafts for cultivation of K.
alvarezii was carried out from 2008 to 2010,
in three areas in Tamil Nadu, India, and the
participating  seaweed  farmers  were
introduced to best management practices
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that included size of rafts, weight of each
bunch of seedlings, tying seedlings under
submerged condition, replacement of lost
seedlings, etc. (Periyasamy et al., 2014).
The average daily growth rates obtained
ranged from 2.35 to 3.27 %; higher growth
rates were related to better water motion.
Based on a 9-month cultivation period per
year, the participating farmers, using best
agronomic practices, were able to earn
UDS181 -272 per month after deduction of
costs. Women participants were shown to
have incomes from USD1129 — 2402 per
year. This showed that seaweed farming is
beneficial to the coastal communities and
can enhance their socio-economic status,
especially the womenfolk.

When K. alvarezii was introduced to
Brazil, farmers used the “tie-tie” method
adopted from the Philippines to attach the
plants to the monoline used with the floating
rafts (Reis et al., 2015). However, the
tubular net technique replaced the tie-tie”
method and was shown to give higher daily
growth rates (3.48 % day ) and carrageenan
yield (41.96 %), as well as lower farming
costs and reduced epiphytism. Time for
management of the tubular nets was half that
given to the “tie-tie” method.

The importance of having land-based
nurseries to supply seedlings of superior
quality was emphasized by Hurtado et al.
(2013). This would accelerate the growth of
the seaweed industry through expansion of
farming areas and increased productivity
due to faster growth and resistance to
disease and epiphytism.
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The use of fertilisers have been suggested
for improved yields and of biomass and
carrageenan in K. alvarezii. A commercial
extract from Ascophyllum nodosum, known
as Acadian Marine Plant Extract (AMPEP)
was shown to increase daily growth rate and
carrageenan yield in K. alvarezii, as well as
reduce negative effects of epiphytes
(Hurtado et al., 2009; Luoreiro et al., 2010;
Borlongan et al., 2011). The AMPEP was
also reported to have a ‘“vaccine-like”
property (Luoreiro et al., 2012), as well as
increased carrageenan yield although it did
not alter the gel strength (Luoreiro et al.,
2014).

Yoon et al. (2015) wused three
fertilisers, namely AMPEP, Gofar600 (GF)
and natural seaweed extract (NSE) in
concentrations of 3 mg L. GF and NSE
contain varying proportions of extracts from
A. nodosum, Sargassum and Laminaria.
Best daily growth rate was obtained with
NSE (5.94 % day™) > GF (5.19 % day™) >
AMPEP (4.55 % day ™) and control (4.32 %
day™?). Daily medium change gave the
highest growth rate (6.9% day™). A 2-week
acclimatization of the seaweeds in concrete
tanks containing NSE and at a density of 0.4
g L*, before outgrowing, also gave high
growth rate (7.14 % day™) and higher
survival and epiphyte resistance of the
seaweeds.

Epiphytism is a major problem in
seaweed cultivation, especially with use of
fertilisers. The types and occurrence of
epiphytes on Gelidiella acerosa, a red
seaweed that is a source of agar, were
monitored on two planting systems, namely
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floating raft with lines and bottom concrete
block seeded with plants (Ganesan et al.,
2015). Although the number of epiphytes
did not differ, the composition and density
were significantly different between the two
planting systems. Epiphyte density on
concrete blocks was twice that on rafts, due
to availability of epiphyte spores that travel
downwards after release, and therefore were
more available for the concrete blocks
placed at the sea bottom. Exposure to wave,
dessication and UVR of plants on the
floating rafts reduced the epiphytes.
Epiphyte density was positively correlated
to salinity in the concrete block but was
negatively correlated to temperature in both
systems. The survival rate of Gelidiella
acerosa was negatively correlated to salinity
(r=0.943, P<0.001) temperature
(r=0.998, P<0.001).

and

After 40 years of vegetative
propagation method for Kappaphycus and
Eucheuma in this region, Hurtado et al.
(2014) suggested the wuse of planting
materials derived from sporelings from
carpsporophytes/ tetrasporophytes (Yu et al.,
2013), callus tissue and protoplasts (Yeong
et al., 2008). Yeong et al. (2014) developed
protocols for successful callus formation and
regeneration for K. alvarezii and shoot
proliferation and culture of Gracilaria
changii in airlift photobioreactors. Sea-
based nurseries should be established with
expertise from the research institutions, for
sustained supply of high quality seedlings
that are tolerant to infections and have high
growth rates. Existing and potential seaweed
farmers have to be continuously trained to
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instil and improve their technical skills for
greater productivities and higher income.
Although Indonesia became the largest
producer of Eucheuma and Gracilaria
species in the world in 2005, the farmers
remain at the bottom of the value chain
(Poeloengasih et al., 2014). An initiative to
enhance the skills of the farmers in
processing, entrepreneurship and product
development was implemented in Ceningan
Island, Bali, Indonesia. A survey showed
that the farmers had no skills and knowledge
in seaweed processing. They bleached the
seaweed under a clear plastic film under the
sun until the plants were bleached. The
women played a major role, wooden stake
construction, monoline preparation, tying
the plants, out-planting, harvesting and
postharvest management. The farmers were
shown ways to produce products like jelly
candy, cracker, jam and seaweed meatballs;
all these do not require electricity,
machinery and infrastructure.  Business
management in terms of calculating cost of
production and selling price, packaging and
marketing, were taught during workshops.
A mentoring system was proposed based on
the IDEP Foundation and Klungkung Local
Government, which is essential for
providing  continuous  assistance  for
community empowerment, and for uplifting
the status of the seaweed farmers in the
community.

FARMING TECHNOLOGIES AT
BMRS

Both on-shore and off-shore farming
systems will be employed at the IOES
Bachok Marine Research Station (BMRS)
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located at the northeastern coast of
Peninsular Malaysia, facing the South China
Sea. The on-shore farming system (ONS)
consists of plastic tanks with seawater
circulating through a reservoir or via an
overflow system (Figures 1 a, b). Raceway
ponds are being constructed and will be
added onto the on-shore systems to be
studied. The farmed seaweeds include K.
alvarezii, G. manilaensis and U. lactuca. A
green seaweed popularly used as a salad in
the Philippines and Sabah, Caulerpa
lentillifera, locally known as latok, will also
be included at a later stage. This is intended
as a table food for local restaurants and

homes. The off-shore system (OFS)
comprises two floating platforms (25 m?
each) with a net in the centre and used to
launch floating monolines, providing a
farming area of 100 m? (Figure 2). This
OFS is located about 700 m from shore.
Kappaphycus alvarezii and Gracilaria will
be planted using the monolines while Ulva
will be planted in the nets. Local villagers
will be involved in the cultivation of the
seaweeds, as a technology transfer and
community engagement activity. If
successful, the trainees will serve as mentors
for other villagers to embark on this new
income-generating enterprise.

Figure 2. The off-shore system (OFS) a) Floating platforms (25 m?) with a net in the centre and
b) Floating monolines (100 m?)
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CULTURE TRIAL USING THE ON-
SHORE FARMING SYSTEM

Preliminary culture trials using
outdoor plastic tanks were conducted . The
ONS has plastic tanks with total volume 900
L and stocking density of 1.3 g L™ for the
recirculating system; the overflow system
has a total volume of 300 L and a stocking
density of 1.7 g L™ The highest daily
growth rates (DGR) for G. manilaensis and
U. intestinalis obtained over the three month
culture trail, were 1.5 £ 0.6 and 3.4 £ 1.1%
per day, respectively. Our previous studies
based on culture of Ulva reticulata and
Gelidium amansii in shrimp tank waste
effluent, gave daily growth rates averaging
1.6% per day and 1.8% per day respectively
(Rabie et al., 2015; 2016). Using a batch
culture system, the DGR of K. alvarezii, U.
reticulata, G. changii and G. edulis were
0.71, 24, 085 and 0.67 % per day
respectively. The agar yield and gel strength

of G. edulis and G. changii were 18% DW,
264 g cm?, and 27 % DW, 284 g cm™
respectively. In a semi-continuous culture
system, the DGR of U. reticulata and G.
changii was 3.38 and 0.91 % per day
respectively (Rabiei, 2014). The DGR
obtained in the preliminary culture
compared well with reported tank studies,
but were below that of off-shore cultures.

This preliminary culture trial was conducted
with a Bachok villager, Mr. Ahmad
Nurhakim bin Sabri, who has a B.Sc degree
in Marine Technology from UiTM Perlis.
He will lead in the pilot-scale trial with other
villagers. Each of the cultivation systems
will involve two families from the Bachok
vicinity.  On May 2016, we organized a

workshop with the two Penghulu and
villagers to introduce the GC programme to
the participating villagers of Kampung
Kuala Rekang (Figure 3).
villagers attended and
positive

More than 20
showed strong

response  to the  project.

Figure 3. Workshop with the Penghulus and villagers during the Workshop to introduce the GC
programme to the participating villagers of Kampung Kuala Rekang, May 2016. The seaweed
being help up is Kappaphycus alvarezii, a source of carrageenan.
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ROADMAP TO SUCCESSFUL
INTEGRATION OF SEAWEED
FARMING INTO THE BACHOK
COASTAL COMMUNITY

The east coast states of Kelantan and
Terengganu comprise 5.7 % and 3.7 % of
Malaysia’s population of 31.7 million
(Department of Statistics Malaysia, 7 July
2017). The median monthly household
income (2014) was RM 2,716 and RM 3,777
respectively; are considered low compared
with that of Kuala Lumpur (RM 7,620),
Putrajaya (RM 7,512), Selangor (RM
6,214), Labuan (RM 5,684), Johor (RM
5,179), Melaka (RM 5,029) and Penang
(RM 4,702). Of the 17 sustainable
development goals (SDGs), Goal 1 (No
poverty), Goal 8 (Decent Work and
Economic Growth), Goal 9 (Industry,
Innovation,  Infrastructure), Goal 11
(Sustainable Cities and Communities), Goal
13 (Climate Action) and Goal 14 (Life
below Water) may receive some
contribution from the development of
seaweed faming and industry (at least at the
cottage-scale) in Kelantan and Terrenganu.

The Green Economy Indicators (GEI)
(2010-2015) used to measure the
achievements in economic, social and

environment, and to monitor the SDGs
include 80 indicators addressing i)
economic, demographic and social context
for sustainable development, ii) the
environmental and resource productivity, iii)
the natural asset base, iv) the environmental
dimension of quality of life and v) policy
responses and economic opportunities. Our
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study at Bachok, Kelantan, hopes to include
these elements into the roadmap to
successful integration of seaweed farming to
the community.

The techno-economic analysis to be
carried out during the on-shore and off-shore
(near-shore) farming in collaboration with
selected Bachok villagers, has the following
objectives: i) guiding the work-plan to
achieve an economically viable outcome, ii)
provide the best path to commercialisation,
iii) provide an estimate of the cost of
production of the final product, iv) integrate

complex technical and economic
information for the seaweed farming
process, V) to evaluate and compare

alternate processes (ONS & OFS), to help in
defining the project scale and scope for
economic value, measure uncertainty of
project technical and financial risks. This is
useful to direct the technical development of
the farming system towards establishing an
economically viable process.

The economic performance of the
systems can be determined by assessing the
costs (capital costs like matrials for farming
system, boat, shed for storage and drying
seaweeds, tools, etc.; labour) against the
economic benefits (revenue and cash flow).
Valderrama et al. (2013) gives an excellent
account of the social and economic
dimensions of carrageenan  seaweed
farming, based on case studies conducted in
six countries, namely Indonesia, the
Philippines, Tanzania, Solomon Islands,
India and Mexico. Farming of the
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carrageenophytes Kappaphycus and
Eucheuma has been successful mainly due
to low capital and materials costs, and short
production cycles. Organisation of seaweed
farmers into coperatves are a positive social
benefit as it increases community cohesion.
This can bring about improved facilities like
schools. Training in entrepreneurship and
seaweed processing and production of
value-added products are also important
strategies to increase economic benefits.
Hussin and Khoso (2017), provides a good
overview of the relationship between
seaweed cultivation and the local
communities based on the micro-level,
socio-economic and cultural aspects.

The carrageenophyte Kappaphycus
is used as an example for costing, since
Kappaphycus and Eucheuma are the only
seaweeds being commercially cultivated in
Malaysia. Fresh Kappaphycus are sold for
RM 0.50 per kg FW, while dry seaweeds are
sold from RM 2.60 to 3.00 per kg DW.
Export price to China is RM 4.00 — 5.00 per
kg DW (pers. com. Teo Kim Lai, TTJ
Holdings Sdn Bhd.). Using the DGR of
0.71 % FW per day of Kappaphycus, the
biomass yield per growth cycle of 3 months
of the 100 m? monolines will be is 184 kg
FW, then the annual income based on 3
growth cycles, is RM 276. At the
commercial scale of 1 ha farms, the annual
income may be around RM 24,000. Sade et
al. (2006) reported that a typical farm in
Semporna produces 1500 kg DW per arce
cycle (3705 per kg DW per ha). This gives
an annual income of RM 33,345. These two
values set the limit for the construction cost
of the commercial seaweed farm; this does
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not consider manpower, maintenance and

annual operating costs, and market
fluctuations.
The quality of the seaweed

influences the selling price. To assist in this,
the Department of Standards Malaysia with
the assistance of a technical panel, has
published the following, Malaysian Standard
MS 2570:2014. Food grade semi-refined
carrageenan — Specification; Malaysian
Standard MS 2528:2013. Dried seaweed
from Carrageenophytes — Specification; and
Malaysian ~ Standard MS  2467:2012.
Seaweed cultivation — Code of practice.
These documents will safeguard the quality
of Malaysia produced seaweeds and ensure
fair pricing of our exports.

Nor et al. (2016) recommended to
improve the Seaweed Cluster Project (SCP)
initiated in 2012 by the Sabah Fisheries
Department Dby increasing the farming
community by legalizing existing migrant
farmers; establishing seaweed cooperatives;
training farmers to be entrepreneurs; and
involving farmers in governance. Since
seaweed farming is currently not existing in
the east coast of Peninsular Malaysia, the
first step in the roadmap to establishing a
seaweed industry there is the engagement of
the local communities in the culture trials, as
conducted through the Univerity of Malaya
Grand Challenge Programme (GC).

The cost of fabrication of the on-
shore tanks and off-shore floating platforms
and monolines used for the cultivation trials
at the MRS can be reduced by use of local
materials and manpower. The cultivation
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trials conducted with the villagers will
contribute to generation of data for the
techno-economic analysis as well as the
socio-economic study. The villagers will
also be taught the simple processing
methods (viz. harvesting, drying, storage)
and ways to transform the seaweeds into
value-added products like soap,
cosmeceuticals, food, desserts, etc. (Phang,
2010; Phang et al., 2010). Another project
within the same programme is the
development of a high-end product, namely
a seaweed battery, and agarose, which is in
high demand due to use in molecular and
genetic research.

Sondak et al. (2017) reported that in
2014, the seaweeds farms in the Asia-Pacific
region amounted to 2.61 x 10° tonnes DW.
Assuming that 30 % of the DW of seaweeds
is carbon, then in 2014, the amount of
carbon accumulated in the biomass was 0.78
x 106 tonnes y *, equivalent to > 2.87 x 10°
tonnes CO; y ' Increase in seaweed
farming areas can increase CO, removal,
and if the biomass is converted to biofuel,
then further contribution to climate change
may be achieved. Climate related studies
will also be conducted during the GC
project. Carbon fixation rates and
halocarbon emissions (Keng et al., 2013;
Mithoo Singh et al., 2017) will be monitored
using the seaweeds that are cultivated using
the off-shore and on-shore cultivation
systems at the IOES Bachok Marine
Research Station. Marine biogenic sources
of halocarbons emitted from phytoplankton
and seaweeds contribute to ozone
destruction leading to warming of the earth’s
surface. ~ This aspect will be studied

simultaneously with the positive aspects
derived from CO, drawdown by the
photosynthetically efficient seaweeds.
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