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Abstract

This study investigated the GHG emission from 3 processes of white leg shrimp production in an intensive shrimp farm;
namely, pond preparation, culturing and harvesting at the density of 50,000-60,000 individuals/rai in March-May 2019.
The activity data such as energy and materials use, waste and water discharge were collected and greenhouse gas
emission calculated. Results showed that overall GHG emission for 1 crop was 4.33 kgCOZeq/kg product for which
the cultural stage produced the highest amount of 3.63 kgCOze/kg. The use of electricity from aeration, auto feeding
and lighting in the cultural stage was 83.58% of total GHG emission. If intermittence aeration was applied and the

light bulbs were decreased in number and wattage, the total amount of GHG emission could be decreased by 9.88%.

Keywords: Aquaculture, Greenhouse Gas, Intensive Shrimp Farm
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Introduction

The problem of global warming from greenhouse gases
(GHGs) has become more and more critical. The aquaculture
sector is one of the fastest-growing food production
systems in the world (Dorber et al., 2020) shrimp
aquaculture has undergone a rapid development in the
last decades, as it can help to satisfy the increasing
food demand of a growing population. However, shrimp
production can be accompanied by environmental
impacts, such as land cover changes associated with
pond construction, or the degradation of coastal areas
through pollution. Environmental footprinting, has proven
to be a valuable tool for tracing environmental impacts
from human consumption back to their location and
sector of origin. Here, we focus on the land footprint, which
quantifies the area of required land resources to satisfy
human consumption (of shrimp production and shrimp
farming has been especially condemned all over the world
(Ahmed & Glaser, 2016) because of its socio-economic
and environmental impacts. Whiteleg shrimp is a valuable
and ideal species among Asian shrimp producers.
Thailand have been produced whiteleg shrimp with
an intensive production system in the coastal areas
surrounding the upper gulf of Thailand from 1987 to
1989 (Szuster, 2006). Thailand hosted the world’s top
ten providers of both freshwater and seawater shrimp
products in the year 2019 (Phornprapha, 2020). It has
been recognized that intensive shrimp farming is one of
the most important and widely used production systems
in the aquaculture of Thailand. Chachoengsao province
has been reported as having the greatest production of
whiteleg shrimp in all of the coastal zones producing
24,803 tons that were 40.43% of the total whiteleg shrimp
products in Thailand. The total area was 2,141 rai in 2018
(Department of Fisheries, 2020).

The objectives of this study are (i) to determine
materials and energy usage in intensive shrimp processes
(ii) to compare greenhouse emissions of each process
at the pond preparation stage, cultural stage and
harvesting stage of intensive shrimp processing (iii) to
propose reduction of GHGs emissions and energy uses

in intensive shrimp farm aquaculture.

Evaluation of greenhouse gas emission from activities of a coastal

intensive shrimp farm in Chachoengsao Province

Methodology

This study used the basic principle of GHG
emission calculation by multiplying the activity data with
the emission factors (coefficients which quantify the
emissions per unit activity). The emission factors were
derived from the IPCC 2006 guidelines (IPCC, 2006a ;
IPCC, 2006b) and Thailand greenhouse gas organization
(TGO, 2020 ; TGO, 2021a ; TGO, 2021b). The activity
data were investigated in one crop of the entire shrimp
production process of an intensive shrimp farm at
Chachoengsao province in 2019. Data were collected at
the farm by direct measurement of types and numbers
of motor use, light bulb, weight of plastic packages for
transportation and by interviewing the farmers about
farm practices and chemical use in the farm. In addition,
pond water was taken to quantify the chemical oxygen
demand (COD). The conversion of organic matter to
GHG by microorganisms in sediment was not take into
account when calculating emissions. The GHG emissions
was reported in terms of kgCOQeq/kg shrimp harvested.
This research was certified by human research ethics
(KMUTT-IRB-COE-2019-180).

1. Study Site and General Information

The shrimp pond has an area of about 1.5 rai
or 2,400 m’ and shrimp production is typically 3 crops
per year. Data of shrimp production was collected during
March-May 2019. The seeding of super post larvae was
at size ranges 2-5 cm ; weight of one shrimp was 0.1 to
1 g and the density was 50,000 to 60,000 individuals/rai.
The total weight of shrimp after harvesting was 1.8575
tons (1238.33 kg/rai). This study site was changed from
rice paddy field to shrimp farm more than 20 years
previously, thus it was not considered to be GHG
emission from land use change (IPCC, 2006a). In
addition, MacLeod et al. (2019) also mentioned that
landuse change arising from pond construction emits
carbon dioxide (COz) but it is difficult to quantify and

unlikely to be a major source of emissions.

2, Calculation of GHG from Use of Total Energy
Energy uses in aquaculture farms comprise

electricity and fuel consumption. Electricity is used for

aeration, auto feeding and lighting. The fuel oil is used for

water pumping and transportation. Therefore, total GHG
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emission from energy use is the summation of GHG from

electricity and fuel oil.

2.1 Calculation of GHG from Total Use of
Electricity Consumption

To determine the electricity consumption, the
amount of aeration and associated electricity use was
estimated following the method of Boyd and McNevin
(2020). Motors were used for aeration and water pumping.
The power of each motor was estimated from its
horsepower (hp) as shown in equation (1) (Boyd &
McNevin, 2020).

P = 0.746 Ai (1)

where P=Power of an aerator or pump (kW) and
Ai=capacity (hp)
Thus, electricity used for the motor (Em) can be

calculated as equation (2).

E_(kWh) = (100xP) t/Efficiency @)

where, t is the time for which the motor was used

(h), Efficiency is an efficiency of an electric motor (%)

The efficiency of small motors (1-4 hp) is usually
assumed to be 75-79%, and above 90% for a 5 hp motor
(Boyd & Mcnevin, 2020). The more powerful motor is more
efficient in converting electrical energy input to mechanical
energy output. To evaluate the energy use from lighting
(EL), the usage time, numbers and type of light bulb were

recorded and calculated following equation 3.

E_(kWh) = nPt (3)

where, n is number of the LED bulbs, and P is
power of LED bulb (KW)

Total GHGs emission from electricity consumption
(GHGE) can be calculated from the summation of En1 and
EL per amount of shrimp production in one crop as shown
in equation (4).

GHGE (kgCOze/kg) = 0.5986 (Em + EL)/kg

shrimp (4)

J Sci Technol MSU

where, 0.5986 is the emission factor of electricity
in kgCOZe/kWh (TGO, 2021a).

2.2 Calculation of GHG from Total Use of Fuel
Consumption

Small trucks and some water pumps used fuel
oils such as gasohol and diesel. The water pumps used
diesel oil for adding water into the pond during preparation

and for draining water out during harvesting.

Emission from water pumping (Ep) can be

calculated as equation (5).

E, (kgCO,e) = EF x R (5)

where EF is emission factor for diesel oil for
stationary combustion=2.7076 (kgCOze/L) (TGO, 2021a)

and R is amount of oil used (Liter)

According to the collected data, two small
trucks were used for transportation, for which the
GHG emission from transportation (ET) was computed

following equation (6).
ET(kgCOZe) = EF x [distance (km) x rates of

energy consumption (L/km)] (6)

where EF is emission factor, which diesel for
mobile combustion=2.7403 kgCOZe/L and for gasohol=
2.2325 kgCOZe/L (TGO, 2020).

Thus, GHG emission from fuel consumption

(GHGF) can be calculated from equation (7).

GHGF (kgCOze/kg) = (EP+ET)/kg shrimp (7)

3. Calculation GHG from Total Use of Raw Materials
and Waste

The materials used in the farm were chemicals
and shrimp feed so the packaging bags are solid waste.
The packaging bags were collected and weighed after they
has been emptied of feed, chemicals and shrimp larvae.
Water discharge from the shrimp pond to the receiving

water was also estimated and calculated as wastewater.

3.1 GHG Emission from the Packaging Bags
High-density polyethylene (HDPE) was used
for packaging bags of shrimp feed and chemicals. They

are strong, flexible, lightweight and have high moisture
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resistance. The GHG emission from packaging bags
(GHGB) was calculated from the weight of plastic

packages bags in the equation (8).

GHG, (kg CO elkg) = EF xW (8)

where the emission factor of HDPE is 6.7071
kgCOZe/kg (TGO, 2021a), W is weight of the plastic
packaging bags (kg)

If the plastic bags were recycled, the emission

was calculated by equation (9).

EEOL= [(1-RRL) XEd,I] * Etw (9)

where, EEOL is GHG emission during waste
management (tCOze/ton), RRLzRecycIing rate for plastic
material (0.87), EdI=Waste management GHGs emission
value (2.3 tCOZe/ton) and EtW:GHGs emission from

transport of car (zero emission) (TGO, 2021b).

The GHG emission from dead fish and uneaten
food waste from intensive seabass farms was calculated
as food waste and it was assumed that they were
decomposed the same as at a landfil site in which the
emission factor (EF) was 2.53 kg COZe/kg (TGO,2021b).

E orE =EFxW (10)

Where, Edf=Emission from dead fish 2.53
(kgCOze/kg)

Euanmission from uneaten feed 2.53 (kgCOze/
kg)

W=weight of the dead fish or uneaten feed (kg)

Evaluation of greenhouse gas emission from activities of a coastal

intensive shrimp farm in Chachoengsao Province

3.2 GHGs emission from feed

Ammonia is nitrogen waste produced from feed
input. The emission of nitrous oxide (NQO) from different
aquaculture systems could be different significantly,
depending on the environmental conditions. Hu et al.
(2012) stated that nitrification and denitrification processes

are

influenced by many parameters such as dissolved

oxygen concentration, pH and temperature. NZO

emission is evaluated from the shrimp production
in terms of NZO production of 1.69 gN20-N per kg of
production (IPCC 2006 a ; Hu et al., 2012 ; Paudel
etal., 2019)this study estimates emission of N 2 O-N from
aquaculture in Nepal in 2020 and 2030 to be 1.1 x 10
8 g N 2 O-N (x5.2%. Thus GHGs from feed (GHGF) can

be evaluated from equation (10).

GHGF(kg COze/kg) = 1.69 x kg shrimp production
X 265 (GWP of NZO) (11)

3.3 GHGs Emission from Discharged Water

The discharged water from the shrimp pond was
estimated as wastewater which the shrimp pond depth
less than 2 meters. The GHG emission from discharged
water (GHGW) is shown in equation (12) (TGO, 2020).

GHG, (kg CH,)=0.050 x [(Wi x COD/1000)] (12)

where, Wi is wastewater volume (m*) and COD

is Chemical Oxygen Demand (mg/l).

Result and Discussion
The overall input and output of each stage of

shrimp farm in this study is shown in Figure 1.
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Figure 1 Input and Output Evaluated of Shrimp Production in an Intensive System

Pond preparation started in March 2019 and
lasted for 15 days, the cultural stage was 48 days and
the harvesting stage was 1 day in May 2019. There was
no nursery period in this farm because super post larvae
were used for seeding. The duration of the pond cultural
stage was 48 days because the shrimps were starting
to become infected by white spot syndrome virus so the
farmer harvested early. The marketable size was about
30 pcs/kg (FAO,1986) but in this farm, the harvesting
size was 49 pcs/kg. The pond preparation stage had
been started after shrimp harvesting and the water was
pumped out for cleaning accumulated particles from dead
plankton, uneaten feed and feces and was then sundried
for about 2 weeks. Boyd (2019) stated that sunlight
decreases soil moisture, and that it is sufficient to destroy
most of the organisms (including pathogens) remaining
in the pond after draining. It is necessary to prevent the
remaining pathogen from one crop to the next crop after
shrimp harvesting and also to maintain a good quality of
soil and water in the pond. Calcium magnesium oxide
(CaMgO) was applied to the pond floor before adding the
water for killing the germs. A mixture of calcium carbonate
(CaCO3) and slaked lime or hydrated lime [Ca(OH)Z]
was normally used to increase the pH level and to

reduce the turbidity which enables optimum photosynthesis

(Chanda et al., 2019). The shrimp pond in this study did
not have applied hydrated lime or calcium carbonate.
Then, water was pumped into the pond and the chemicals
were applied, such as the blue pond colorant, sodium
bicarbonate (NaHCOs), CaMgO, chlorine, and potassium
permanganate (KMnO4). The application of calcium and
magnesium in the pond gave the essential elements for
aquatic plants and animals (Boyd, 2015). The CaMgO
did not emit CO2 and it was used instead of a mixture
of CaCO3 and Ca(OH)Z. Adding carbonates to soils in
the form of lime (calcic limestone (CaCO3), or dolomite
(CaMg(COS)Z) leads to CO2 emissions as the carbonate
limes dissolve and release bicarbonate (HCOS'), which
evolves into CO2 and water (IPCC, 2006a)

The harvesting stage was only one day in duration.
The volume of water (Wi) of the pond at full capacity was
approximately 3600 m°. During the cultural stage, there
was no water exchange. However, water was aerated
by using aerators. In the harvesting stage, the aerated
water was gradually drained out. Then cleaning the pond
by spraying the water using 1 hp motor for 4 hours. The
remaining of 1.5 m® of water was left in the pond. The
feed conversion ratio (FCR) that is kg dry weight of feed
divided by kg wet weight of shrimp was 1.07.
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1. GHG Emission during Pond Preparation Stage

In the pond preparation stage, the energy used
comprised aeration, transportation, pumping and lighting.
Total greenhouse gas emission from this stage is shown
in Table 1. Boyd & McNevin (2020) stated that many
types of mechanical aerators were used in aquaculture
farming. Among them, the floating electric aerators with

steel paddlewheels were the main means of aeration, and

Evaluation of greenhouse gas emission from activities of a coastal

intensive shrimp farm in Chachoengsao Province

the other types of aerators were vertical turbine, diffuser,
and venturi aerators. The aerators used in this farm were
used for 4 hours in the daytime and for 4 hours at the
nighttime. In the daytime, three motors were used (2 for
2 hp motors and 1 for 5 hp motor), whereas 4 motors
(3 for 2 hp motors and 1 for 3 hp motor) were used in
nighttime. The total electricity consumed for 15 days of
aeration was 871.9 kWh.

Table 1 GHG Emission from Pond Preparation Stage

Sectors Energy & Material use GHG Emission (kgCOzelkg)

Aeration 871.9(kWh) 0.2810

Lighting 54(kWh) 0.0174

Pumping 90(liters) 0.1310

Transportation (diesel) 0.889 (liters) 0.0013

(gasohol) 0.889 (liter) 0.0011

Plastic 0.004(ton) 0.0007

Total 0.4327

Small trucks were use only once for carrying
the chemicals from the chemical shop to the farm during
the pond preparation stage. The distance between the
chemical shop (Tha lay Thong) and the farm was 4 km
and the fuel consumption of the small trucks was 0.11
L/km. Another energy use was water pumping for 4 hours
for which the engine diesel oil consumption was 60 liters/
rai. Moreover, the energy was consumed for 20 individual
18-Watt LED bulbs were used for lighting (7.00 pm.-5 am).

The energy consumption for electricity was 3.6 kWh/day.

Waste generation from this stage is plastic bags
from the chemical used for water adjustment which is
the lowest GHG contribution as shown in Table 1. The
highest emission was aeration (64.92%), followed
by water pumping (30.34%) lighting (4.02%) and
transportation (0.55%).

2. GHG Emission from the Culturing Stage

The material used for the culturing stage was
chemicals and feedstock. The total plastic packaging
bags was 88 bags or 11 kg. In this study, the farmers
sold all the plastic bags as recycled material. Therefore,
the GHGs emission from plastic bags was 1.79 kgCOZe/

ton.

The production of shrimp after harvesting was
1857.5 kg/crop, therefore, the amount of NZO emission
from the cultural stage was 0.004932 kg NZO/ton of shrimp
or 1.31 kg COZe/ton shrimp.

The energy used in the culture stage was for
aeration, lighting, transportation, and an auto feeding
machine. The aerators in this farm were operated for 24
hours/day during the cultural period. In the daytime, two
2 hp motors and one 5 hp motor were operated. There
were three 2 hp motors and one 3 hp motor opened at
nighttime. Also, 3 hp submerged aerators with 16 heads
were used for twenty-four hours in the pond. The total
electricity consumption for aeration during the whole
culture stage of 48 days was 10910 kWh. For lighting,
20 light bulbs of 18-Watt were used with a total of 172.8
kWh during this stage. The electricity consumption of a
1 hp pump for the auto feeding was 134.3 kWh for 30
days and the efficiency of the pump was 79% thus the
electricity consumption for the auto feeder was 170 kWh.
Two small trucks were used for going to a shop. A small
truck using diesel was used 3x and another small truck
using gasohol as a fuel was used 7x. The diesel fuel
energy used was 0.889 liters and gasohol fuel energy

used was 2.667 liters for transportation Therefore, the
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total emission for the culture stage was 3.63 kgCOZe/kg.

Total greenhouse gas emission from the culturing

stage of the shrimp farm is shown in Table 2. The

J Sci Technol MSU

highest emission was aeration (96.94%), followed by
lighting (1.44%) and auto feeding (1.42%).

Table2 GHG Emission from Culturing Stages
GHG Emission
Sectors Energy & Material used
(kgCOZelkg)

Aeration 10910 (kWh) 3.5158
Lighting 172.8 (kWh) 0.0556
Auto feeding 170 (kWh) 0.0547

Transportation (gasohol) 2.667 (liters)
. 0.0045

(diesel) 0.889 (liter)
NZO emission 0.0049 (kgN_Ofton) 0.0013
Plastic waste 0.011 (ton) 0.0017
Total 3.634

3. GHG Emission from Harvesting Stage
During the harvesting stage, the pond water was
aerated and the volume of 3598.5 m®> was discharged.

The average COD concentrations was 63.38 mg/I.

Shrimps were caught in the pond and transferred
to the customers’ vehicles which carried them to the
market. Therefore, the energy used for harvesting did
not include that of transportation of shrimps. During the
harvesting time, the surface aeration pumps were closed
at 2.30 am and submerged aeration was closed at 3.00
am. Hence, the electricity consumption was less than at
other stages. After the shrimps were caught, the water

pump was used for cleaning the pond. In addition, 3,000

liters of tap water were used for cleaning the pipes and
submerged aerators. Total GHGs emission from the
harvesting stage of shrimp farm was 0.272 kgCOZe/
kg. The highest emission of GHG was water discharge
(63.2%), followed by water pumping (32.63%) and
aeration (3.53%). The emission from lighting is 0.43%

as shown in Table 3.

The total amount of GHG emission from pond
preparation, culturing and harvesting were 0.43, 3.63
and 0.27 kgCOze/kg, respectively. A comparison of three
stages of GHGs emissions from the intensive shrimp
farming process of this present study and other researches

is shown in Table 5.

Table 3 GHGs Emission from Harvesting Stage

Sector Energy & Material used GHG Emission (kgCOzelkg)

Aeration 29.75 (kWh) 0.010

Lighting 3.6(kwh) 0.0012

Pumping (electric) 3.78 (kWh) 0.0012

(diesel) 60 (liter) 0.087

Wastewater Discharge 11.4 (kg) 0.1719

Tap water 3m’ 0.0005

Total 0.2718
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Table 4 shows the GHG emissions from
aquaculture production. It was found that the GHG
emissions varied depending on the farm practices
and species cultivated. GHG emission of this study
corresponded with the results of Seeprom & Phoochinda
(2017). Results from Haditomo et al. (2020) revealed a
lower GHG emission from Vannamei shrimp farms in
Indonesia than in Thailand. The GHG emission was also

estimated from activity data same as this present study

Evaluation of greenhouse gas emission from activities of a coastal
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but it did not include the pond preparation period and
transportation. In addition, the value of 2.37 kgCOze/kg
was an average value from 9 farms in which the range
was 1.05-4.67 kgCOze/kg. The report from Robb et al.
(2017) expressed the lower GHG emissions of fish farms
as being lower than emissions of shrimp farms. This was
because cultivation of tilapia, carps and catfish does not

require 24 hours aeration.

Table4  GHG Emission from Various Aquacultural Farms
GHG Emission (kgCOZelkg)
Location Description
P Pond Culture Harvesting  Transportation Total Reference
Preparation
Chacheongsao Activity data analysis (1.86 0.43 3.63 0.27 4.33 This present
Thailand tons/1.25 rai/ 64 days) study
Suphan Buri, Activity data analysis 1.85 2.25 0.02 0.26 4.38 Seeprom &
Thailand (600kg/5rai/ 67 days) Phoochinda
(2017)
Indonesia Activity data (cradle-to-gate). 237 (Haditomo et al.,

Average value of traditional,
intensive and super-intensive
farms

2020)

Bangladesh-Nile  Life cycle assessment

tilapia India- (aquaculture LCA model v1.1)
Indian major intensive system

carps Viet

Nam-striped

catfish

1.58 (Robb et al.,
2017)

4. Proposed Sustainable Aquaculture Practices

The results revealed that the use of electricity
was the main GHG emission. Thus, if a solar cell can be
applied, the GHG emission would also decrease. Solar
cells are clean energy so there is no GHG emission. It was
reported that the capital cost for installation was 170,000
Baht/2 rai for daytime operation of white leg shrimp
culture. The payback period for solar cell application was
11 years and lifetimes were 20-25 years (Lertsatitthankorn
et al., 2020). However, a reserve battery is necessary for
aeration during nighttime. The cost of solar cell installation
is not attractive so intermittent aeration would reduce
energy consumption and operational cost. The aeration
time might reduce during the daytime because the
dissolved oxygen content of the water is gradually

increased from the early morning hours by photosynthesis.

Moreover, the dissolved oxygen level is higher than
the saturation level in the early afternoon (Kepenyes &
Varadi, 1984). The pond preparation process was started
in March, therefore the daytime length was longer and
the intensity of sunlight for the photosynthesis process
was very efficient in producing oxygen. Mohanty (2001)
mentioned that from the view of economics of the culture
operation, the aeration time can be restricted to 9 h/day
at 1-15 days, 11 h/day at 16-30 days, 13 h/day at 31-45
days. 15 h/day at 46-60 days of culture stage and at the
various stocking densities of the average survival rate of
P. monodon shrimp was not extremely large. In the pond
preparation stage, the temperature of water was 30.3
oC and the dissolved oxygen was 5.84 mg/l. Rahman
et al. (2020) mentioned that the good quality of dissolved
oxygen (DO) amount was 4 or 5 mg/l or higher. Thus, the
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aeration time can be decreased by 1 h/day during pond
preparation stage because the DO level was enough and
there were no seeded shrimp in the pond. As for culture
stage, there were submerged and surface aerators. The
submerged aerators should be operated for 24 hours
to avoid adverse conditions at sediment water interface
because black tiger shrimp live on the bottom, whereas
white leg shrimp feed on the bottom. However, 2 hp and
5 hp surface aerators can be turned off after 3 hours (11
A.M to 2 A.M) as this period has high dissolved oxygen,
so the aeration times reduced were from 24 hours/day to
21 hours/day. Tien et al. (2019) mentioned that there is
a greater need for aerators at night than daytime so the
aerators were not turned off at night because daytime has
oxygen from photosynthesis but high oxygen consumption
for respiration during nighttime. This will reduce electricity
use by 9.88% and will also save on cost. However, turning
off the surface aerators may result in higher water
temperature than when they are operating, and the
bottom sediment may be floated as the submerged
aerators were turned on. However, dissolved oxygen
should be monitored in pond water when the surface
aerators were turned off because it may not be applicable
for some farms with a long period of shrimp culture
(90-120 days), particularly when no submerged aerators
are applied. Other indirect activities for reduction of the
GHG emissions are planting trees such as mangrove
trees in the area and decreasing the uneaten feed. It was
reported that S alba could absorb carbon dioxide of 57.6
tons COZIha (Putra et al., 2019). If there is no uneaten
feed in the pond, there will be low organic matter in the
pond, consequently low COD in discharged water. In
addition, the FCR will decrease. The dissolved oxygen
concentration should be monitored to improve
management of aeration (Boyd & Mcnevin, 2020).
Furthermore, a biofloc technology system would produce
higher levels of water quality and shrimp performance,
that could reduce GHG emissions from the wastewater

discharge of the shrimp farm (Krummenauer et al., 2014).

Conclusion
Intensive aquaculture can create job opportunities
and develop its related sector, although it has been

recognized as one of the GHG emission sources for
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Agriculture, Forestry and Other Land Use Sector (AFOLU).
GHG emissions from pond preparation, culturing and
harvesting were 0.432, 3.863 and 0.276 kgCOzeq/kg,
respectively. The highest GHG emission came from the
use of electricity at the cultural stage. The electricity used
accounted for 92% of the total GHG emissions. Thus,
to mitigate the GHG emissions, the use of intermittent
aeration and decrease in the number of light bulbs were

proposed for farm ftrials.

Acknowledgements

This study was supported by the Joint Graduate
School of Energy and Environment (JGSEE), and School
of Energy, Environment and Materials at King Mongkut’s
University of Technology Thonburi (KMUTT).

References

Ahmed, N. & Glaser, M. (2016). Coastal aquaculture,
mangrove deforestation and blue carbon emissions:
Is REDD+ a solution? Marine Policy, 66, 58-66.
https://doi.org/10.1016/j.marpol.2016.01.011.

Boyd, C.E. (2015). Calcium, magnesium Use In Aquaculture.
Global Aquaculture Advocate, September/October,
28-29.

Boyd, C.E. (2019). Shrimp pond preparation crucial for
production, disease prevention. Global Aquaculture
Advocate, March 25, 7-11.

Boyd, C.E. & McNevin, A.A. (2020). Aerator energy use in
shrimp farming and means for improvement. Journal
of the World Aquaculture Society, 52, 6-29. https://
doi.org/10.1111/jwas.12753.

Chanda, A., Das, S., Bhattacharyya, S., Das, I., Giri, S.,
Mukhopadhyay, A., Samanta, S., Dutta, D., Akhand,
A., Choudhury, S. B. & Hazra, S. (2019). 002
fluxes from aquaculture ponds of a tropical wetland:
Potential of multiple lime treatment in reduction of
CO2 emission. Science of the Total Environment,
655, 1321-1333. https://doi.org/10.1016/j.scito-
tenv.2018.11.332.

Dorber, M., Verones, F., Nakaoka, M. & Sudo, K. (2020).
Can we locate shrimp aquaculture areas from
space?-A case study for Thailand. Remote Sensing
Applications: Society and Environment, 20, https://
doi.org/10.1016/j.rsase.2020. 100416.



Vol 40. No 6, November-December 2021

Department of Fisheries. (2020). Fisheries statistics of
Thailand 2018. Fisheries development and planning
division, Ministry of Agriculture and Cooperatives
No.10/2020.

FAO. (1986). Shrimp Culture: Pond Design, Operation
and Management: Harvesting and Preservation.
http://www.fao.org /3/ac210e/ AC210E12.htm#ch12.

Haditomo, A.H.C., Wijayanto, D. & Adi, N.S. (2020).
Greenhouse gases emission estimation from
Indonesia Litopenaeus vannamei shrimp. ACL
Bioflux. 13(6), 3778-3788.

Hu, Z., Lee, J.W., Chandran, K., Kim, S. & Khanal, S.K.
(2012). Nitrous oxide (N20) emission from aquaculture:
A review. Environmental Science and Technology,
46(12), 6470-6480. https://doi.org/10.1021/
es300110x.

IPCC. (2006a). NZO Emissions from Managed Soils and
CO2 Emissions from Lime and Urea Application.
Agriculture, Intergovernmental Panel on Climate
Change, 2019 refinement. 1-54. https://www.ipcc.ch/
report/2019-refinement-to-the-2006-ipcc-guidelines-
for-national-greenhouse-gas-inventories/.

IPCC. (2006b). Wastewater Treatment and Discharge.
IPCC Guidelines for National Greenhouse Gas
Inventories Volume 5 Waste, 5, 1-56. https://www.
ipcc-ggip.iges.or.jp/public/2006gl/vol5.html

Kepenyes, J. and Varadi, L. (1984). Chapter 21 Aeration
and Oxygenation in Aquaculture (Lecture notes,
AdCP Inter-regional Training Course) Budapest:
Food and Agriculture Organization of the United
Nations. http://lwww.fao.org/3/x5744e/x5744e0m.
htm.

Krummenauer, D., Samocha, T., Poersch, L., Lara, G. &
Wasielesky, W. (2014). The reuse of water on the
culture of pacific white shrimp, litopenaeus vannamei,
in BFT system. Journal of the World Aquaculture
Society, 45(1), 3-14. https://doi.org/10.1111/jwas.
12093.

Lertsatitthankorn, C., Rungsiyopas, M., Vinitnantharat, S.
(2020). Economics and Environment of Solarcell
Application for Pond Aeration of Coastal Aquaculture,
Research report, Integrated Research Program,
Effect of Season on Environmental Costing of

Coastal Aquaculture.

Evaluation of greenhouse gas emission from activities of a coastal

intensive shrimp farm in Chachoengsao Province

MacLeod, M., Hasan, M. & Robb, D.H.F & Mamun-
Ur-Rashid, M. (2019). Quantifying and mitigating
greenhouse gas emissions from global aquaculture.
FAO Fisheries and Aquaculture Technical Paper
No.626. FAO.

Mohanty, R.K. (2001). Effect of pond aeration on growth
and survival of Penaeus monodon Fab. Bangladesh
J Fish Res, 5(1), 59-65.

Paudel, S.R., Luitel, S., Adhikari, R., Wagle, A. & You, K.
(2019). Potential nitrous oxide (N20O) emission
from aquaculture in Nepal. International Journal of
Environmental Studies, 76(2), 318-328. https://doi.
org/10.1080/00207233.2018.1560764.

Phornprapha, W. (2020). Shrimp Farming in Thailand :
A Pathway to Sustainability Pomona Senior Theses.
208. Pomona College. California. USA. https://schol-
arship.claremont.edu/pomona_theses/208.

Putra, A., Rudianto, A. and Dewi, C.S.U. (2019) Analysis
of The Ability of Mangrove Sequestration and
Carbon Stock In Pejarakan Village, Buleleng
Regency, Bali. Jurnal llmu dan Teknologi Kelautan
Tropis, 11(3), 511-26.

Rahman, A., Dabrowski, J., McCulloch, J. (2020). Dissolved
oxygen prediction in prawn ponds from a group
of one step predictors. Information Processing in
Agriculture, 7(2), 307-17.

Robb, D.H.F., MacLeod, M., Hasan M.R. & Soto, D.
(2017). Greenhouse gas emission from aquaculture
A life cycle assessment of three Asian systems. FAO
Fisheries and Aquaculture Technical Paper.

Seeprom, J. & Phoochinda, W. (2017). 002 emission
reduction from Vannamei Shrimp Cultures for Moo
3,4,6 in Ongkharak Subdistrict, Bang Pla Ma District,
SuphanBuiri. http://gseda.nida.ac.th/nida/wp-content/
uploads/2017/10/2-Lﬁ]1:}£]’]WJPT-‘LI‘Y]ﬂ’N§Jﬁx‘lﬂmz-
Conference.pdf.

Szuster, B. (2006). Coastal shrimp farming in Thailand:
Searching for sustainability. Environment and
Livelihoods in Tropical Coastal Zones: Managing
Agriculture-Fishery-Aquaculture Confiicts, 86-98.
https://doi.org/10.1079/9781845931070.0086.

TGO (2020). Update emission factor CFO, April 2020.
http://thaicarbonlabel.tgo.or.th/admin/uploadfiles/
emission/ts_578cd2cb78.pdf.

413



414  Zin May Tun, Soydoa Vinitnantharat

TGO. (2021a). Update emission factor CFP, March 2021.
http://thaicarbonlabel.tgo.or.th/admin/uploadfiles/
emission/ts_b934985782.pdf.

TGO. (2021b). Requirements for calculation and report
carbon footprint for organization, The Thailand
Greenhouse Gas Management Organization. http://
thaicarbonlabel.tgo.or.th/admin/uploadfiles/ebook/
content/c858f3c01f/index.html.

J Sci Technol MSU

Tien, N.N., Matsuhashi, R. & Chau, V.T.T.B. (2019).
A sustainable energy model for shrimp farms in
the Mekong delta. Energy Procedia, 157, 926-938.
https://doi.org/10.1016/j.egypro.2018.11.259.


http://www.tcpdf.org

